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Foreword

The 20th International Conference on Human-Computer Interaction, HCI International
2018, was held in Las Vegas, NV, USA, during July 15–20, 2018. The event incor-
porated the 14 conferences/thematic areas listed on the following page.

A total of 4,373 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 76 countries submitted contributions, and 1,170 papers and
195 posters have been included in the proceedings. These contributions address the
latest research and development efforts and highlight the human aspects of design and
use of computing systems. The contributions thoroughly cover the entire field of
human-computer interaction, addressing major advances in knowledge and effective
use of computers in a variety of application areas. The volumes constituting the full set
of the conference proceedings are listed in the following pages.

I would like to thank the program board chairs and the members of the program
boards of all thematic areas and affiliated conferences for their contribution to the
highest scientific quality and the overall success of the HCI International 2018
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts, I
would like to express my appreciation to the communications chair and editor of HCI
International News, Dr. Abbas Moallem.

July 2018 Constantine Stephanidis
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The 21st International Conference on Human-Computer Interaction, HCI International
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Abstract. Our daily life is characterized by increasing digitalization. As a result
digital technologies are becoming an integrated part of everyday activities. The
most used devices are desktop PCs or laptops, tablet PCs, and smartphones,
which mainly differ with regard to the screen size and the method of data entry.
Given the growing diffusion of technological devices, the increasing ownership
of multiple devices, and the resulting different usage patterns between devices, it
is essential to gain insights into which devices are used for which activities. The
aim of this analysis was to examine a total of 21 activities people engage in on a
day-to-day basis with regard to desktop PC or laptop, tablet PC, and smartphone
usage. When considering user characteristics with regard to technology, one of
the most influential factors is the user’s age. Therefore, the sample (N = 1923)
was analyzed with regard to four different technology generations. Results show
that there are significant differences in device usage between the activities under
study and between the four analyzed technology generations.

Keywords: Human-system interaction � Ergonomic design � Handheld devices
Usability � Ageing

1 Introduction

The proliferation of smartphones and tablet PCs is now increasing the time people
spend engaging with digital content and the range of places in which they do so. In
2017 the market share of smartphones was 50.9%, desktop PCs1 44.8%, and tablet PCs
4.3% [1], whereas in 2015 the market share was highest for desktop PCs with 62.4%,
followed by smartphones with 31.1% and tablet PCs with 6.5% [2]. These numbers
show that the market share of smartphones increased and even got ahead of desktop
PCs in recent years.

1 Desktop PCs and laptops can be used interchangeably through the use of external screens and input
equipment. Furthermore, desktop PCs and laptops are less usable – or not usable at all – in mobile
situations than smartphones and tablet PCs. Therefore, desktop PCs and laptops are regarded as
belonging to the same category and therefore are termed desktop PCs throughout this paper.
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Although the boundaries between desktop PCs, tablet PCs, and smartphones are
sometimes fuzzy, Lugtig and Toepoel [3] proposed that all devices can be classified
along two dimensions: (1) method of data entry and (2) screen size. In order to use a
desktop PC, information input is carried out by a combination of hand movements with
a mouse and character entry is administered through a keyboard. Tablet PCs and
smartphones on the other hand use touchscreens that are operated by finger contact
with the screen while text entry is carried out via an on-screen keyboard. Another
important difference between desktop PC, tablet PC, and smartphone is the size of the
screen. Desktop PCs usually have a screen size of 17 inches or larger, while smart-
phones at the other extreme are endowed with a screen that is about 5 in. The size of
tablet PCs can be ranked in between the sizes of smartphones and desktop PCs but the
screen sizes of tablet PCs varies widely between 7 in. on the low end and 18.4 in. on
Samsung’s Galaxy View tablet PC as an example. Regarding the difference in screen
size, variations may lead to differences in the visual presentation of information, which
in turn might influence a user’s perception of the information. Bruijne and Wijnant [4]
studied the speed of the interaction comparing desktop PCs, tablet PCs, and smart-
phones and found that there was no difference between desktop PC and tablet PC
usage, while smartphone users were slower than desktop PC and tablet PC users. The
authors proposed the difference in screen size as a possible reason for their results,
while variations in the Internet connection could not fully be ruled out. Overall, finger
navigation is less precise than mouse navigation, which might lead to a decrease in
interaction speed depending on the size of the device. Determined by the design of the
software or the app, the necessity to scroll might also have an influence on speed and
might cause smartphone usage to be slower.

Given the growing adoption of smartphones, the increasing ownership of multiple
devices, and the resulting different usage patterns between desktop PC, tablet PC, and
smartphone, it is essential to gain insights into which devices are used for which
activities. Knowledge of the activities users pursue with which device might promote
the design of relevant content in the form of, for example, user interfaces that are suited
for interactions in mobile situations. In addition, knowledge of activities that are not
pursued with a specific device up to now might give insights into possible problems
and hurdles for the interaction. Knowledge about the non-use of a specific device may
enable researchers and practitioners to consider ways to improve the interaction.

1.1 Previous Findings

So far, multiple studies have investigated different activities in relation to device usage.
Jokela et al. [5] for example studied smartphone usage by means of a diary study and
found that smartphones are used for a wide range of different tasks like e-mailing, text
messaging, making phone calls, web browsing, social media, listening to music, and
calculating. Commonly, the usage of smartphones also includes taking pictures, and for
some subjects of the study the phone is in fact their primary camera. However, Jokela
et al. [5] also found that smartphones are not regarded as suitable for handling large
amounts of information or complex tasks. For complex tasks, which might include
writing long texts, administering detailed work, and handling large amounts of content,
the desktop PC or laptop is still the preferred device and has not yet been replaced by
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other devices in the way it has for entertainment-oriented tasks. Computers are also
considered as reliable devices that participants fall back to when their other devices fail
at a task.

In research carried out with a young age group Galley et al. [6] found that the main
functions of tablet PCs are the spontaneous retrieval of information and in the enter-
tainment sector. The advantages of easy interaction because of their small and handy
sizes and better start-up times compared to desktop PCs and laptops are striking.
Another major advantage is the handwriting recognition capability [7–9], but the lack
of 3G support for tablet PCs was an often reported disadvantage [6], and moreover they
are acknowledged to be unsuitable for the typing of long texts [5, 10]. With techno-
logical developments over the past decade having resolved the issue of 3G support for a
variety of devices, including the tablet [11], the only remaining issue is the difficulty of
administering complex or detailed work.

To summarize the tablet PC’s position in comparison to other devices, it can be said
that in spite of good prerequisites, a tablet is an “intermediate thing” [6] due to various
restrictions compared to other devices such as laptops, smartphones, or analog tools. So
it seems to find its purpose where the small smartphone reaches its limits and the large,
feature-rich desktop PC is not practical enough [6]. However, some statistics suggest
that the tablet hype is over because of stagnating sales figures while sales numbers of
smartphones continue to increase [12]. The main cause for this development may lie in
the fact that people are not changing or upgrading their tablet PCs as often as other
devices, in addition to a lack of use in their everyday lives [13].

Age-Differentiated Analyses. In order to further study the importance of age in the
use of computational devices, age-related analyses have been carried out (e.g. [14–17]).
With regard to the general usage of technological devices, different distributions of
ownership by age are noticeable. While ownership of smartphones in 2017 is more or
less comparable between the age groups of 14–29 (95%), 30–49 (97%), and 50–64
years of age (88%), only 41% of persons who are older than 64 years own a smart-
phone [18]. Tablet PC ownership even drops to 3.4% in this age group. Tablet PC
ownership is highest in the group aged up to 19 years (29.8%), while the respondents
aged 20–29 (21.5%) and 30–39 years of age (23.6%) achieve similar rates. In the
middle-aged group (40–59 years of age) tablet PC ownership varies between 6.9% and
14.8% [19]. With regard to desktop PC usage the younger groups showed similar
penetration rates as in smartphone ownership (10–15: 97%; 16–24: 98%; 25–44: 97%)
and reaches values of almost 100%. The group aged 45–64 years is behind the younger
age groups with a penetration rate of 88%. As was the case in smartphone and tablet PC
ownership, the oldest age group older than 65 only has a comparatively small share
proportion of computer users (48%) [20].

There is also a gap between subjects of different ages with regard to activities in the
entertainment sector. As a study on the use of social networks in relation to age in the
USA in 2017 shows, mostly people between the ages of 18 and 29 are the ones who use
social networks such as Facebook (86%) to connect with people, Instagram (58%) for
sharing photos, and YouTube (71%) to watch videos [21]. On the other hand, people
over 60 years of age have the largest proportion of those who do not use these services
at all (27%). In addition, entertainment activities like listening to Internet radio and
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watching videos or TV programs online with a smartphone or tablet PC are signifi-
cantly more common among younger age groups [22]. With regard to gaming, as an
activity which is also included in the entertainment sector, age-related differences are
also noticeable. Younger subjects are most likely to engage in gaming activities.
Among subjects aged 16–24, 57% engage in gaming activities, followed by 39% of
subjects aged 25–34. In contrast, users over 45 years of age are less likely to engage in
gaming (16% of 45–54 s, 10% of 55–64 s, 4% of 65–74 s and 2% of over-75s).
Regarding the device that is used for gaming activities it was found that users prefer
smartphones and gaming consoles [23].

There is also a growing interest in online shopping, as was documented by
Kuoppamäki et al. [22]. Surprisingly, the use of mobile input devices for online
shopping does not differ between young and old consumers. Another service that is
gaining increasing popularity and can not only be administered through personal
contact but also through the use of desktop PCs or mobile devices is Internet banking
[24]. Here, the most important variable that predicts the adoption of Internet banking
services is age [25]. According to data from 2016, the usage of Internet banking differs
between younger users, who most often use Internet banking for making cash with-
drawals abroad or carrying out transfers, and older age groups, who prefer face-to-face
service in bank branches [26]. No data are available about which device is preferred for
Internet banking, but as banking is an activity that depends greatly on trust and is a
rather complex activity, it can be expected that the desktop PC is the device that is used
most often for banking activities.

Other activities that are often administered with smartphones and tablet PCs are
navigation and buying tickets. Traditionally, maps that were either bought as large
hardcopy versions or printed by using desktop PCs were used for navigation. Nowadays,
navigation can easily be administered bymobile devices that use satellite information. But
unlike younger users aged 18–29 years, who are likely to use their smartphones for
turn-by-turn navigation (80%), the percentage of users who are 50+ and use their
smartphone for navigation drops to 44.5% [27]. Young consumers, primarily aged
between 16 and 24 years of age, are furthermore the most likely users to utilize the
smartphone at least weekly as a ticket or boarding pass or to gain entry to an event [23].
The advantage of mobile ticketing lies in its general efficiency through the use of mobile
technology, as access is possible independent of time and space. Furthermore, queues are
reduced and activities like printing a ticket are made redundant [28].

Instant messaging has become a popular form of communication. In addition to the
basic chatting feature, most instant messaging services provide additional features such
as file transfer or video calling [29]. While the number of users of messaging apps
worldwide in 2016 was 1.56 billion, the number by 2019 is expected to reach up to
2.18 billion and by 2021 2.48 billion, as forecasted by Statista in January 2018 [30].
According to a ranking of the most popular social networks and messengers, the
Facebook Messenger and WhatsApp share the fourth place in January 2018 behind
YouTube, and Facebook [31]. In Germany WhatsApp is one of the leading short
message services [32]. According to a survey from the Social Media Atlas 2016/17,
55% of social media users in Germany actively use this instant messaging service [33].
Hameed and Kamran [34] reported that younger-aged participants may send and
receive more than 100 text messages a day. In comparison, in 2011 adults aged over 55
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sent or received on average a maximum of nine text messages a day [35], although
Keränen et al. [36] pointed out that these numbers are increasing.

1.2 Technology Generations

Understanding user requirements is one essential part of studying human-computer
interaction. Taking chronological age into account, however, is often not productive as
aging processes are highly individual, resulting in ambiguous measurements. There-
fore, considering the subject’s age in combination with period and cohort effects seems
promising. Age, period, and cohort effects must be considered as being interrelated, as
it is impossible to deal with one without also dealing with the others. Age effects are the
result of getting older and deal with specific effects in different age groups. Period
effects are the consequences of influences that vary through time and are associated
with all age groups simultaneously. Cohort effects are the consequences of being born
at different times and are associated with variations in successive age groups in suc-
cessive time periods (e.g. long-term habits or long-term exposures), so different gen-
erations are exposed to different factors. Estimating the effects of either one of those is
not easy because the effects may be confounded with the others [37].

Building on existing theories regarding age-period-cohort models, the concept of
technology generations was introduced by German sociologists in the early 1990s [38].
These researchers defined a technology generation as “groups of birth cohorts whose
conjunctive experience with technology is differentiated by social change” (p. 493).
The authors state further that technological change, and especially changes in basic
technologies, enhances inter-cohort differences, thereby raising the likelihood of a
conscious perception and description of differences as generational differences. The
concept of technology generations includes technologically-related cohort effects and
refers to cohort variations with regard to changes in the social and cultural
environment.

A range of birth cohorts that show behavioral similarities or shared norms and
values based on common sociological environments and predominant developments
during the formative period (the period of time between adolescence and young
adulthood, operationalized between 10 and 25 years) is called a generation. Studies
about age cohorts have shown that after young adulthood, individuals are less likely to
change their attitudes, norms and values. During the formative period, subjects undergo
a number of crucial transitions, like from school to university or from parental home to
independent living. Researchers found out that acquired norms, skills and values during
that period tend to be constant and influence behavior later in life [39]. Sackmann and
Weymann [38] point out that individuals experiencing the availability of the same types
of products during the formative period display similar product usage many years later.
Thus, different technology generations appear to behave differently with respect to
technology, which is the result of differences in their experience gained in their for-
mative years. Going further, Docampo Rama et al. [40], whose approach consisted of
distinguishing technology generations by interface usage, infer that generation-specific
technology experience could induce differences in the usage behavior of current con-
sumer products. Older people may be at a disadvantage in using present complex user
interfaces, as they did not acquire that skill in their formative period earlier in life.
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The question then arises where the boundary between different birth cohorts
occurred. Following earlier investigators [41, 42], Docampo Rama et al. [40] define
changes in basic technology causing generational differentiation as the point in time
where 20% diffusion within the population has been reached. At that point, it is
regarded as likely that persons who do not have such technologies themselves have
experienced them in their social surroundings (e.g. in their families, with their friends
or at work). In order to get information about the degree of diffusion of a technology,
Sackmann and Weymann [38] used qualitative interviews, group discussions, surveys,
and secondary data analysis to develop and test their concept of technology genera-
tions. As a result of this, Sackmann and Weymann [38] distinguished generations from
birth cohorts that currently are displaying similar behavior with regard to technology
based on technological achievements in their formative periods. Hence, four different
technology generations were initially identified:

• the mechanical generation (born before 1939)
• the generation of the household revolution (born between 1939 and 1948)
• the generation of technology spread (born between 1949 and 1963), and
• the computer generation (born between 1964 and 1979).

In 2013, a new generation was added by the authors to this typology of technology
generations:

• the internet generation (born in 1980 and later)

In summary, generation-specific experience with technology might influence the
usage of currently available technologies, as older people did not encounter the
complex interaction patterns that are necessary to handle modern technologies in their
formative period. Therefore, age differences in this study are analyzed with regard to
different technology generations.

1.3 The Present Study

While previous work provides some approaches of analyzing different activities with
regard to device usage, none of them takes a large group of users and a comparison
between different devices into account. Furthermore, some numbers are quite obsolete,
so that by now it can be expected that the numbers changed and need to be updated.
Thus, the research that was conducted aimed to analyze the range of devices that are
used for a total of 21 activities people engage in on a day to day basis. The activities
were selected and reviewed in workshops with associates and scientists in the domains
of psychology, computer science and engineering. To obtain a large sample size, the
study was administered via an online questionnaire. Participants were assigned to four
age groups according to the four youngest of the five technology generations proposed
by Sackmann and Weymann [38]. The following research questions were addressed:

RQ1: Are there differences in the use of devices between different activities?
RQ2: Are there differences in the use of devices between different technology
generations?
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2 Method

2.1 Procedure

The questionnaire started with a short introduction of the study and demographic
questions. After that, subjects were asked to specify with which device they administer
different activities. The activities under study are depicted in Table 1. Subjects could
specify whether they engage in those activities via desktop PC/laptop, via tablet PC, or
via smartphone. Other answer options were “I engage in this activity via personal
contact” or “I do not do”. In addition, five activities (17–21) were added where the
answer option “I engage in this activity via personal contact” is not possible and was
therefore deleted.

2.2 Subjects

A total of 1923 subjects aged 19–77 took part in the online questionnaire. Their mean
age was M = 49.67 years (SD = 14.96). The age structure was not equally distributed
(Fig. 1). For the analysis, subjects were classified according to four age groups in
accordance with the technology generations proposed by Sackmann and Winkler [43].
Due to a lack of subjects, the fifth group could not be studied. The resulting age groups
are characterized as follows:

• The first group, called “the Internet Generation” and aged 19–36, consisted of
N = 461 persons (M = 30.6, SD = 4.24).

• The second group, called “the Computer Generation” and aged 37–52, consisted of
N = 661 persons (M = 44.59, SD = 4.45).

• The third group, called “the Generation of Technology Spread” and aged 53–67,
consisted of N = 514 persons (M = 60.51, SD = 4.4).

• The fourth group, called “the Generation of the Household Revolution” and aged
68–77, consisted of N = 287 persons (M = 72.6, SD = 3.05).

Table 1. Activities that were analyzed and corresponding answering options

Activities Answering options

(1) Internet banking, (2) acquire timetable
information, (3) buying tickets,
(4) navigating, (5) gaming, (6) writing letters,
(7) shopping, (8) watching videos, (9) passing
on confidential information, (10) watching
television, (11) watching/reading news,
(12) seeking information of everyday life,
(13) taking notes, (14) using calendar
function, (15) writing e-mails, (16) reading
e-mails, (17) using short messaging services,
(18) using video telephony, (19) sharing
photos, (20) using social networks, (21) using
voicemail

I engage in this activity via desktop
PC/laptop,
I engage in this activity via smartphone,
I engage in this activity via tablet,
I engage in this activity differently e.g.
through personal contact, (only for activities
1–16)
I do not do
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3 Results

In order to analyze differences between the four age groups, chi-square tests were
analyzed for the different activities, as the measurement was at the nominal level. The
level of significance was set to a = .05. Effect sizes are depicted by Cramer’s V and
can be classified into low (r � .10), medium (r � .30) and large (r � .50) Field [44].
An overview of the results is shown in Table 2. Overall, significant differences were
found between the tasks with regard to the activities and the four different age groups
(p < 001). The detailed analysis of the specific results for each age group separately as
well as a comparison between the age groups is added descriptively.

3.1 The Internet Generation

The Internet Generation as the youngest age group that was studied uses a smartphone
for several of the activities that were analyzed and it was found that the smartphone is
the most popular device in this age group. Figure 2 shows the rates of different
activities according to device. Overall, the proportion of smartphone use never drops
below 20%. This shows that the smartphone is a common device for all kinds of
activities in the daily lives of young people. As such, the smartphone holds a leading
position for sending short messages (78.6%), using voicemail (72.8%), sharing photos
(67.6%) and using social networks (70.2%), appointment scheduling (67.6%), navi-
gation (66%), and doing bank transactions (55.6%). The activity that the smartphone is
used the least for is passing on confidential information (21.6%), and the proportion of
young smartphone users who use their smartphone for watching TV is also low
(23.7%) in comparison to the other activities. With regard to sharing confidential
information, there was a high proportion of subjects who do not even carry out this
activity (45%).

The tablet PC is more prominent regarding activities of the entertainment sector
such as watching videos (23.5%), watching TV (20.8%), and gaming (22.1%). Desktop
PCs are preferred when writing letters (38.5%) and writing e-mails (41.4%). But
surprisingly, the smartphone has already replaced the desktop PC for writing e-mails
(47.5%) and also for reading e-mails (smartphone: 54.2%, desktop PC: 29.5%).

Fig. 1. Age distribution of participants
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Comparison to Other Technology Generations. The proportion of subjects in the
youngest age group that engages in the surveyed activities is at least 78%. In com-
parison, an average of 48.7% of the “Generation of the Household Revolution” does
not carry out the surveyed activities. As a consequence, the results of the Internet
Generation have a higher explanatory power than the results of the Generation of the
Household Revolution. With regard to the activity “passing on confidential informa-
tion” it is noticeable that the proportion of subjects engaging in this activity via a
smartphone is low in all generations that were studied. Despite the low overall numbers
using the smartphone in order to pass on confidential information, the proportion of
subjects engaging in this activity in the Internet Generation is relatively high. It seems
as if young people have more trust in technological devices and therefore share their
confidential information via their smartphones.

Table 2. Results of significant chi-square tests (p < 001) for overall differences between
technology generations

Activity N df Pearson 

chi-square 

Cramér’s V 

Internet Banking 1836 12 569.06 .32 

Timetable Information 1708 12 340.50 .26 

Buying Tickets 1810 12 436.73 .28 

6771noitagivaN 12 334.40 .25 

3871gnimaG 12 436.72 .29 

Writing Letters 1830 12 242.24 .21 

4671gnippohS 12 502.88 .31 

Watching Videos 1764 12 651.88 .35 

Passing Confid. Information 1814 12 226.34 .20 

Watching Television 1822 12 377.36 .26 

Watching/Reading News 1667 12 328.69 .26 

Seeking Information  1687 12 456.82 .30 

Taking Notes 1774 12 233.74 .21 

4571rednelaC 12 317.09 .25 

Writing E-Mails 1703 9 355.25 .26 

Reading E-Mails 1649 9 451.48 .30 

Short Messaging Service 1850 9 262.17 .22 

Video Telephony 1827 9 427.74 .28 

Sharing Photos 1801 9 451.22 .29 

Social Networks 1784 9 603.475 .34 

3481liamecioV 9 296.83 .23 
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Using the smartphone for watching TV does not seem very common, with 23.7% in
the Internet Generation doing so. However, the other technology generations show
even smaller numbers (the Computer Generation: 7.8%, the Generation of the Tech-
nology Spread: 2.5%, the Generation of the Household Revolution: 1.2%). It might be
the case that using the smartphone to watch television is only on the rise and will
spread among the other generations as well. Alternatively, older subjects might find the
screen size not big enough for watching TV.

With regard to tablet PC usage it was noticed that the Internet Generation uses the
tablet PC more often than any other generation. However, with an average usage of
13.8%, tablet PC usage is ranked in the lower segment.

3.2 The Computer Generation

Overall, the most popular device in the Computer Generation is the smartphone (on
average 32.4%) followed by the desktop PC or laptop (on average 31.0%), as can be
derived from Fig. 3, which shows bar graphs of the study results indicated in the
percentages of device usage. For example, members of the Computer Generation more
often use the desktop PC for shopping (48.7%) instead of the smartphone (23.1%).
Smartphones are mainly used to send short messages (63.9%), for navigation (52.7%),
and organizing appointments (51.60%). Surprisingly, this generation has a relatively
balanced proportion of subjects that engage in specific activities and subjects that do
not engage in those activities. For example, 33.8% use a smartphone for video tele-
phony, while 47.1% do not, just as 37.9% use the smartphone to share photos, whereas
38.6% do not share their photos. Equally ambivalent is the use of social networks
(smartphone: 41.8%, I do not do: 26.5%) and voicemails (smartphone: 47.9%, I do not
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Fig. 2. Bar graphs for the different activities and the distribution of answers in percent for the
Internet Generation
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do: 41.7%). Tablet PCs are used on average with a proportion of 8.23% in the specified
activities, while gaming (15.7%) and watching videos (16.5%) still stand out with the
highest percentages.

Comparison to Other Technology Generations. Compared to the Internet Genera-
tion, the preference for the desktop PC in competition with the smartphone shows an
opposite order of precedence (Computer Generation: smartphone: 34%, desktop PC:
55.1%; Internet Generation: smartphone: 54.2%, desktop PC: 29.5%) and writing
e-mails (Computer Generation: smartphone: 28.2%, desktop PC: 61.3%; Internet
Generation: smartphone: 47.5%, desktop PC: 41.4%). The same pattern is seen in
activities related to bank transactions (Computer Generation: smartphone: 25.4%,
desktop PC: 47%; Internet Generation: smartphone: 55.6%, desktop PC: 28.6%) and
watching videos (Computer Generation: smartphone: 23.1%, desktop PC: 48.7%;
Internet Generation: smartphone: 44.7%, desktop PC: 26.7%). In comparison to device
usage in the Internet Generation, where the smartphone is ahead of the desktop PC by
over 30% points, the Computer Generation shows results that are similar, as smart-
phone and desktop PC usage only differ by roughly 1.5% points.

3.3 The Generation of the Technology Spread

The Generation of the Technology Spread is characterized by a high percentage of
answers that state that the activity in question is not carried out (on average 32.6%), as
is depicted by bar graphs in Fig. 4. It is particularly noticeable that this generation does
not engage in activities that have emerged in recent years. Examples include video
calling (72%), sharing photos (61.9%), social networking (52.9%), using voicemail
(52.6%), gaming (47.3%), and watching TV (43.1%).
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Fig. 3. Bar graphs for the different activities and the distribution of answers in percent for the
Computer Generation
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The device that most activities are carried out with is the desktop PC or laptop. The
use of the PC is particularly evident in collecting timetable information (43.5%) and
shopping (48.9%). Also, the gap between the proportions of smartphone and PC users
in relation to reading (smartphone: 16.8%, desktop PC: 67.5%) and writing e-mails
(smartphone: 13.4%, desktop PC: 73%), as well as writing letters (smartphone: 3.8%,
desktop PC: 63.5%), is striking. The smartphone is used in particular for writing short
messages (56.1%), sending voicemails (39.2%), acquiring calendar information
(37.2%), and navigation (37.5%). Particularly notable is the low proportion of smart-
phone users in this category with regard to shopping (7.3%), watching videos (6.6%),
writing letters (3.8%), and buying tickets (5.2%).

Comparison to Other Technology Generations. Noteworthy is also the fact that
tablet PC usage is very limited in the Generation of the Technology Spread. The
highest level of tablet PC usage was found in the category watching/reading news
(15.2%). In comparison, the Computer Generation showed the highest proportion in
tablet PC usage for the activities gaming and watching videos. Regarding smartphone
usage the biggest difference was found between this group and the Internet Generation.
Smartphone usage in the Internet Generation only rarely drops below 30%, whereas in
this group smartphone usage is generally below 30%.

3.4 The Generation of Household Revolution

The most striking finding regarding the Generation of the Household Revolution is that
most of the subjects under study stated that they are not engaging in the surveyed
activities (on average 48.73%), as is depicted by bar graphs in Fig. 5. In exact per-
centages, this means that 33.1% of respondents do not use electronic devices to
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Fig. 4. Bar graphs for the different activities and the distribution of answers in percent for the
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undertake bank transactions, 30.2% do not use them to collect timetable information,
and 41.5% do not use them to buy tickets. In addition, 39.9% do not use a device for
navigation, 42.2% of respondents do not watch TV on computer devices, 44.4% do not
write notes on such devices, and 40.7% do not schedule their appointments with the
help of an electronic calendar. Even more striking is the proportion of people who do
not play computer games (67.4%), do not watch videos on a computer (66.9%), do not
send short electronic messages (56.7%) or send voicemails (73.7%), do not make any
video calls (83.1%), and do not share their photos electronically (78.1%). The activity
that the most people in this age group do not engage in, however, is social networking,
with a proportion of 86.9%. It might be possible that spouses or close relatives engage
in those activities for the subjects in this group, which would explain the high levels of
non-engagement in the surveyed activities. The fact that many things are generally not
done electronically is also reflected in the levels of smartphone and tablet usage. It was
found that only a small proportion of subjects in this generation use a smartphone, with
the average proportion of smartphone users below 10% in this group. The only activity
that stands out is using a smartphone in order to send short messages (38.7%).
Compared to the smartphone, the tablet is even less used by this generation, so that the
average proportion of tablet users is below 5%. Nonetheless, almost one in ten uses
them to read news or to seek information on everyday life.

Comparison to Other Technology Generations. The electronic device that is most
used by this age group is the desktop PC or laptop. A particularly high use of the PC is
evident in the writing of letters (62.6%) as well as in writing e-mails (63.5%) and the
reading of e-mails (59, 9%). These proportions of users are almost as high as in the
Generation of the Technology Spread. Since there is a high proportion of subjects that
do not engage in the surveyed activities, the explanatory power of device usage is less
strong in this group than in the three younger technology generations.
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Generation of Household Revolution

Desktop PC, Tablet PC, or Smartphone? An Analysis of Use Preferences 15



4 Discussion

Developing ergonomic user interfaces requires an understanding of which activities
users carry out with their devices. The analysis presented in this paper provides
up-to-date numbers of which activities are carried out by users, which devices are used
for those activities, and which activities are not carried out with electronic devices but
rather through personal contact. To understand how different age groups interact with
electronic devices, the results were analyzed for four different technology generations.

First of all, it was noticeable that the proportion of subjects that stated that they are
not engaging in the surveyed activities is steadily increasing the older the subjects get.
It might be the case that the types of tasks subjects engage in are changing depending
on age. As a result, for further analysis more tasks that are typically performed by older
people should be added to the questionnaire, for example monitoring vital parameters.

Furthermore, results showed that the older subjects get, the more likely they are to use
a desktop PC or laptop instead of a smartphone and/or a tablet PC. This trend might be
caused by the fact that smartphones as well as tablet PCs were developed later than
desktop PCs and laptops and therefore the diffusion is less progressed. Another expla-
nation for not using smartphones and tablet PCs as often as desktop PCs and laptopsmight
be their smaller screen sizes. Smaller screen sizes might be a problem for the elderly as
aging is frequently associated with visual impairments as well as impairments in the fine
motor skills required to input information when the screen is small.

Another interesting outcome was found in the statistical analysis. Effect sizes that
were calculated for the chi-square tests that tested the differences between activities and
age groups showed significant effects that can generally be classified as moderate
according to the guidelines by Field [44]. The smallest effect sizes and the fewest
differences between the age groups were found for the activities writing letters, taking
notes, writing short messages, and passing on confidential information.

Comparing the results of the analyses presented in this paper to previous findings
showed that the use of technological devices in the older group was a lot lower than the
rates of ownership that were found by other researchers. For example, it has previously
been found that of subjects aged 64 years and older 48% own a desktop PC, 41% own a
smartphone, and 3.4% own a tablet PC. The result for the oldest technology generation
of this study showed an average of 24% for desktop PC usage, an average of 7.2% for
smartphone usage, and an average of 3.9% for tablet PC usage. Maybe the reason for
this discrepancy lies in the sample. Previous studies tended to base their sample mainly
on single cultural groups, whereas this study used a sample composed of subjects from
the United States, Germany, China, and Japan.

With regard to the classification of the sample of the study there is one limitation
that is worth noting. The participants were grouped into four different technology
generations based on their age. As was already mentioned, age processes are highly
individual and this makes the arrangement of participants in groups according to
chronological age difficult. Furthermore, there are aging processes which might account
for the differences in the studied activities, such as impairments in fine motor skills. To
derive a complete picture, these factors need to be included in future research.
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4.1 Conclusion

Generally, the device that is used the most for the analyzed activities and taking all
technology generations together is the smartphone, followed by desktop PC and tablet
PC. With regard to the activities it was found that participants primarily use their
smartphone for short message services, the tablet PC is primarily used for watching
videos, the desktop PC is primarily used to write e-mails, while the answer option
“other” was most commonly stated for watching TV.

Overall, the results of the questionnaire study show significant differences in the
way technology generations carry out daily activities. This supports the structure of
those age groups while highlighting the importance of studying age effects in human–
computer interaction. It places particular challenges on computational design approa-
ches that postulate accessibility and equal opportunities for all age groups. According
to ISO/DIS 9241-11 [45] accessibility is defined as “usability of a product, service,
environment or facility by people with the widest range of capabilities.” It is noted that
the concept of accessibility considers the whole range of user capabilities and is not
restricted to users with disabilities. Bearing this approach in mind, the results of this
study should be interpreted with regard to commonalities between the age groups in
terms of device usage. As a result ten activities were extracted that are characterized by
agreement in device preference for at least three of the four analyzed technology
generations. The technology generation that showed a preference for another device
was taken into account only as long as the deviation from the overall preference was
less than ten percentage points. The resulting ten activities that are eligible for “design
for all” approaches are depicted in Table 3. As a main result of this study was that a
large proportion of older subjects do not engage in the activities that were surveyed, a
next step would be to analyze why the elderly do not engage in those activities and how
engaging in those activities can be supported.

Acknowledgements. This publication is part of the research project “TECH4AGE”, which is
funded by the German Federal Ministry of Education and Research (BMBF, Grant
No. 16SV7111) supervised by the VDI/VDE Innovation + Technik GmbH.

Table 3. Overall device preferences

Desktop PC:  Writing letters 
                        Writing e-mails  
                        Passing on confidential 

Smartphone: Taking notes 
                        Using calendar function  
                        Navigating  
                        Using short messaging services 
                        Using video telephony 
                        Sharing photos 
                        Using social networks 
                        Using voicemail 
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Abstract. With ageing, older people’s need for assistive technology is
increasing. Older people’s emotional responses towards assistive technology is
not fully understood. The present study is aiming to understand older Hong Kong
people’s emotions elicited by using assistive technology. A qualitative research
method was adopted in the current study. Face-to-face interviews and focused
groups were conducted with 50 community-dwelling older adults in Elderly
Services Centers in Hong Kong. Results indicate that the assistive technology
experienced by older people include mobile phones, walking aids, hearing aids,
emergency alarm services and computers. Older people have both positive and
negative emotional responses in regards to assistive technology. Assistive tech‐
nology has the potential to provide safety and secure and reduce risks for older
people. However, it may also elicit negative emotions such as anxiety, frustrating,
prejudice and discrimination. To increase an optimal user experience, we need to
pay more attention to older users’ emotional and psychological needs besides
usability, and to adopt a positive and integrated design approach during assistive
technology development. Several design suggestions were provided based on the
results.

Keywords: Assistive technology · Ageing · Stigma · Emotional design

1 Introduction

Population ageing is prevalent and impacting every aspect of life. Ageing is associated
with increase in non-communicable diseases and functional impairment in hearing and
vision perception, mobility and cognitive abilities. Assistive Technology (AT) could be
used to partially compensate for functional declines and improve independence of older
people. For instance, mobility aids such as walking stick, wheelchair, and handrails
could enhance mobility of older people with movement difficulty [1]. E-home moni‐
toring system could detect emergency situations at home, thus increased safety and
independent living [2, 3]. Older people with hearing defect may gain benefits from
hearing aids [4].

Successful implementation of this technology into older people’s daily lives is
depending on their acceptance and continued usage. However, assistive technology might
elicit negative feelings or emotions, which may result in abandon the product. Older people
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expressed the concern of feeling of stigmatization and perceived visibility or attention
received when using contactless monitoring devices in public settings [2, 5]. They were
unwilling to use ATs that would make them feel undignified and embarrassed, or signify
the users as loss of function or frail [1, 5].

The human centered approach emphasizes understanding and satisfying the needs,
requirements and capabilities of users. Current research and practice in development of
AT is aiming primarily at usefulness and usability, i.e., effectiveness, efficiency and
satisfaction, by adopting human factors engineering and ergonomics approach. More‐
over, theories in understanding technology acceptance, such as Technology Acceptance
Model [6], the Technology Acceptance Model 2 (TAM2) [7], and the Unified Theory
of Acceptance and Use of Technology (UTAUT) [8] were mainly focused on the tech‐
nique matters such as usefulness and ease of use. The desirability and emotional
responses from users during the course from product acquisition to usage is overlooked
[9, 10].

Usability might determine whether a product could be used while emotions deter‐
mines whether people are willing to use. Product emotions result from appraise of the
product and could be attributed to product function, aesthetics, and associated meanings
[11]. The emotions elicited from product include surprise, amazement, disappointment,
satisfaction, disgust, attracted to, indignation, admiration, boredom, and fascination, etc.
Norman has classified the product emotions into three levels: the visceral level is relating
to the appealing and physical features of the product; the behavioral level is relevant to
interaction and usability with the product; and the reflective emotion is connected to
social image, meaning, culture, and long-term user experience [12]. To increase the
acceptance and usage rate as well as an optimal user experience, there is a definite need
for AT designers to go beyond traditional focuses on usefulness and ease of use to further
explore emotion, motivation and meaning associated with using assistive technology.
The emotional and psychological responses that occur before, during and after assistive
technology usage should be given more consideration.

The present paper intents to make a contribution to a better understanding older
people’s emotions elicited from using assistive technology in Hong Kong. Assistive
technologies (AT) here refers to products, environments and/or services in order to
maintain or enhance functional health, security, safety and quality of life. The results of
the study could benefit AT designers and developers.

2 Methods

2.1 Research Design

A qualitative research method was adopted in the current study. Face-to-face interviews
and focused groups were conducted with 50 community-dwelling older adults in Elderly
Services Centers in Hong Kong. Focus groups were adopted to capture a broad and
diverse range of individual attitudes and thoughts concerning assistive technology, and
reasons for using or not using assistive technology, as well as barriers and facilitators
influencing older people’s acceptance of assistive technology. Individual interviews
were based on the tentatively theoretical constructs identified by focus groups so as to
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further explore personal usage experiences at a detail level. Invitation letters introducing
the researcher as well as explaining the purpose of the study and the use of data were
sent to local elderly centres which had participated in the phase I study. The centres were
responsible for recruited members to participant in either individual interviews or focus
group discussions. The sample size here was determined by theoretical saturation of
data, which refers to the method where sampling continues until no new information or
concepts are generated.

2.2 Participants

The mean age of participants were 67.47 years old, and 44 out of 50 of them were female.
A number of 24 of the older adults participated in four focus groups, and 26 respondents
participated in individual interviews. Most participants had obtained primary education
and above (64%), lived with family members (84%), and were of middle economic status
(86%). Many of them were married (38%); the rest reported marital status as widowed
(32%) or divorced/separated (30%). Fifty percent of the participants self-reported fair
health conditions; 44% reported their health conditions to be excellent or good; only 6%
reported poor or very poor health conditions.

2.3 Procedure

An interview guide was used by the interviewer to ensure that all principal questions
were addressed in focused group and individual interviews. The principle questions were
“What assistive technologies do you know or currently in use in your daily life?”, “What
do you think of the idea of using assistive technology?” “What do you like and dislike
about assistive technology?”, “What are the main reasons for using those tech‐
nology?”, “What are the main reasons for not using assistive technology?”, “What are
the difficulties/barriers when you are using assistive technology?”.

The qualitative data were transcribed and coded using NVivo 10 software package.
The frequently mentioned words or any meaningful units were marked and extracted,
and then labeled with codes. Through constant comparison between transcripts, similar
codes were combined into analytic concepts. Concepts were then grouped by similarity
at a more abstract and theoretical level, whereby themes were finally identified.

3 Results

Thematic analysis was employed to generate insights into older people’s feelings and
emotions elicit from actual or anticipated use of assistive technology. The assistive
technologies mentioned by older adults include mobile phones, walking aids, blood
pressure monitor and blood glucose monitor hearing aids, emergency alarm services and
computers.

Two themes were extracted from the emotional responses of older people towards
various kinds of assistive technology (shown in Table 1). The positive emotions refer
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to perceived or experienced emotional benefits of using AT; while the negative emotions
refer to the psychological and or social costs of using AT.

Table 1. Emotions associated with using assistive technology

Themes Definition Examples
Positive emotions
Safety and
security

The extent that
technology is
perceived to be safe
and secure

“Mobility aids can make me feel safe when I need
to go out”
“Digital locating devices are good for older people
with dementia, because they won’t be lost when they
walk out alone”

Useful and
helpful

The AT is useful and
would provide
assistance for people
in need

“I have diabetes and hypertension; thus, I use blood
pressure monitor and blood glucose monitor every
morning”
“Mobile phone is so useful, because we can easily
find our children if there is any emergency”

Negative emotions
Anxiety An individual’s

apprehension when he
or she is faced with the
possibility of using
AT

“I feel apprehensive about using electronic things”
“My mom did not want to use a mobile phone
because she does not know how to charge the
battery, and she is afraid of making a mess”

Confusing and
frustrating

The experience of
using AT is unpleasant
and frustrating

“Computers and smartphones are too complicated
for me, and I always make mistakes and need my
children to help me figure out”
“My experience with my mobile personal
emergency phone was unpleasant, because I do not
know how to use it”

Denying
necessity

Deny the need for
using ATs

“I do not use walking stick, but occasionally I will
use umbrella for the same purpose”
“I am in good health currently, when I became older
I would consider the assistance technologies”

Prejudice and
discrimination

Concern that using AT
is associated with
discrimination and
negative reactions

“I would not use emergency alarm service because
I am not as weak as that”
“I am not that old to use those stuff”
“I would only use the mobility stick when I really
can’t be able to walk”

Older people expressed some positive and favorable emotions with actual use of
assistive technology. Older people were feeling more secure and safe with the usage of
AT. Some of the participants mentioned that using a walking stick would “make me feel
more secure” because it reduces the risk of falls or accidents. Moreover, not only the
older adults themselves, with AT their caregivers and family members would also feel
more secure (“my daughter brought me this mobile phone with personal emergency
services, without the phone, she is worried about me when I am out alone…”).
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The positive emotional response from older adults is also attributed to the perceived
instrumental benefits of actual use of AT, which helped users to achieve independence
and valued outcomes. For example, older people with high blood pressure and diabetes
found biochemical parameter monitor useful for self-monitoring. Mobile phones could
help them to communicate with family members and friends whenever and wherever.
Those instrumental benefits match older people’s concern of independence and would
lead to feeling of satisfaction.

Participants also expressed negative feelings in regards to AT. Anxious reactions
were mentioned by the interviewees when interacting with new and digital technologies,
like mobile phones and computer-related technology (“I feel apprehensive about using
electronic things”). It seems that the user interface and operational process of electric
technologies are too complicated for older participants, they were afraid of making
mistakes and had frustrating experience (“Computers and smartphones are too compli‐
cated for me, and I always make mistakes and need my children to help me figure out”).

Negative emotions associated with AT were also associated with deformed social
image of the users. The assistive nature of AT is always associated with declined ability
and defeat. It was found that there was generally a negative prejudice or some discrim‐
ination attached to the use of assistive technology like emergency alarm services and
walking sticks; and when asked why participants did not want to use such technologies,
they responded “I am not that old to use” and “I do not need stuff like that.” Some
participants would deny the need of AT despite the benefit and would use other everyday
common product to replace AT (“I do not need a walking stick, I could use my umbrella
instead”).

4 Discussion

The study investigated older people’s emotional responses towards assistive technology.
The results are in accordance with previous studies that older people have both positive
and negative attitudes towards AT [2, 5, 13]. The study shows that the assistive tech‐
nologies that older people had currently experienced were mainly focused on physical
capacity compensation, in particular in the domains of mobility, safety, hearing and
communication. It is found that the AT has the potential to enhance functional benefits
via increasing independence and reducing risks for older people. Those instrumental
benefits elicit positive emotional reactions like safety and secure. These positive
emotions were also reported in previous studies relating AT usage among older people
[2, 14]. Older people are preferring to ageing in place, that is to stay at home for as long
as possible, whereby AT has the potential to maintain independence and help achieve
the aim.

Negative emotions elicited by AT include anxiety, frustration and unpleasant, deny
of need, and prejudice and discrimination. Although AT has physical and functional
benefits, the assistive nature of AT might conflict with older people’s psychological and
social needs whereby the assistive technology might signify fragile, disability and rein‐
force ageism and isolation feelings. In our study, one participant voice out that he
preferred to use umbrella or shopping trolley as mobility aids instead of walking stick
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or crane. This result is in accordance with the study of Claes et al. [2], which shows that
although majority of the older people perceived the usefulness of home monitoring
devices, they would only consider to actual use in later life or when their health has
deteriorated. In the studies of Kelly et al. [4] and Parette and Scherer [15], older people
also expressed cosmetic concern of using AT. To avoid to be seen as weak and to main‐
tain social image and self-esteem, older people would deny their needs for AT, reduce
the frequency or reject AT usage, although AT would provide benefits [15].

Moreover, older people had frustrating and unpleasant experience with digital tech‐
nology due to complexity. Ageing is associated with declining in working memory and
focusing of attention, therefore, older people may need more time and hand-on practice
in learning new knowledge and skills [16]. Digital technology with complicated human-
interface may confuse older users and result in cognitive overloading and anxious. The
over-complexity of technology for older people was also reported from previous studies
[1, 17, 18]. Without enough technical and human support for learning and usage, older
people always had frustrating and unpleasant feelings with interacting with modern
digital technology [13].

Product emotions are related to individuals concern [11, 19]. If the concern and the
product features were matched, pleasant emotions will occur; otherwise, mismatch will
result in unpleasant emotions. The results of study demonstrate that current Assistive
Technology practice adopted a problem-driven approach whereby reducing risks and
compensating for declined physical capacity was the main focus. However, social and
psychological well-being of older adults were undervalued. Although current AT
provides functional benefits for older adults but it also elicits negative prejudice and
ageist stereotype, which may result in social exclusion and deceased self-esteem. It
seems that by making use of AT, older adults’ functional needs were met at the expense
of compromising social and psychological benefits. Promoting a better quality of life in
older adults, their feelings, motivations, and values have to be addressed [10]. Therefore,
in order to maximize the benefits of AT usage and improve the well-being of older
people, there is a need to turn the everyday assistive technology into desired, pleasant,
and appealing objects by adopting a positive and integrated design approach into assis‐
tive technology development.

5 Positive and Integrated Design Approach

Positive and integrated design approach is aiming at increase people’s well-being and
enables human flourishing, through experiencing positive affect and pursuing personal
goals [20]. The idea of positive design approach emphasizes design for happiness,
including pleasure, personal significance and virtue of individuals [20]. This approach
is different from current AT practice which is problem-driven aiming to eliminate or
reduce physical and functional deficiencies, because eliminating deficiencies is not
enough in the pursuit of quality of life and well-being of older people. Therefore, positive
and integrated approach is advocated in AT development.

Based on the emotional themes evoked by using AT in older adults, some design
guidelines were suggested here to align with the needs of older adults.
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5.1 Aesthetic Features

According to Norman, the physical features of the product would initiate people’s
immediate emotional reacts [12]. Older people also care about the image they presented
to others. The appearance of AT should avoid looking at traditional medical devices and
minimize the perception of the assistive nature.

Desmet had adopted an emotional-driven approach in a children’s wheelchair design
[19], whereby wheelchair was interpreted as a playful outdoor transportation facilitator
which encourage go out and explore instead of rehabilitation. Wheelchair users – the
children and their parents – were participated in the design process and their emotional
demands were assessed.

Given that assistive nature of product might elicit negative stereotype and signify
fragile and weakness, the aesthetic features of AT should be free from stigma and be
perceived by as neutral, pleasant and attracted. In the current study, older people used
umbrella or shopping trolley as walking aids, which gives designers a direction that the
appearance of AT could look as everyday normal objects to avoid deviance.

5.2 Usability

The AT should be easy to use. Ease of use impact on the technology acceptance and
usage directly and indirectly through perceived usefulness [21]. Many older people have
unpleasant interacting experience with digital technology because these devices were
too complicated to operate and consume too much cognitive efforts. Whereas, informa‐
tional and emotional supports were not provided.

The interface designers need to make allowances for cognitive capacities of ageing
audiences. For example, physical changes in vision, hearing, and finger dexterity may
lead to preferences for devices with larger fonts, sounds within certain frequency ranges,
and layouts that require less precise finger movement [22]. Cognitive changes, such as
reduced working memory capacity, declines in information processing speed, and ability
to disregard unwanted information, create a need for technological interfaces that have
fewer distractions, provide memory cues, and are simple to learn and understand.

5.3 Well-Being Promoting

The application domain of AT should go beyond compensation for physical defeat and
activities of daily living. Social and psychological well-being of older people also need
the intervention of AT. Social isolation is more pronounced among older people accom‐
panied by a decline in health or increased impairment [23]. The key defense against
social isolation is to improve communication and to develop a network of social support.
Social robots and internet-based communication technology has been developed for
older adults addressing social needs [24, 25]. AT which is fun, entertaining, joyful,
educational and could boost happiness and well-being would be a new direction for
development. There is also a consensus that using technology alone is insufficient to
meet the needs of older people. Other supports, like information, training and supports
should be also provided and integrated into technology usage cycle [2, 13]. The use of
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AT should increase comfort, productivity and vitality. The interaction between AT
should be empowering and help older people obtain sense of control and enhance self-
esteem and self-confidence.

6 Conclusion

The present paper aimed to get a better understanding older people’s emotions elicited
from using assistive technology through a qualitative method, and tried to incorporate
the positive and integrated design approach into assistive technology development to
address emotional requirements. It is highlighted that in addition to functionality and
usefulness, the emotional dimensions of AT usage should be considered during design
process.

There are several limitations of the current study. Firstly, the health conditions and
functional capacities were diverse among older people. The participants of the current
study were recruited from community with good and/or fair self-reported heath condi‐
tions, and many of them did not have the actual experience with AT usage. The emotional
reactions to AT they voiced out might be different from older people who were more
physically dependent. In future studies, a sample with diverse heath conditions could be
recruited. For example, older people living in elderly centres and whose who cannot
independently complete daily activities of living could be recruited. Moreover, the
emotions and needs from main care givers of older people could be investigated as well.
Because study also reveals that the negative stereotype of using AT also impact family
members [19]. Secondly, subjective and objective instruments could be used to measure
emotions elicited by a specific AT produce or a design prototype of AT. For instance,
the Product Emotion Measurement (PrEmo) is a questionnaire measured 14 emotions
towards a specific product [19]. Other objective indicators like electrical signals
produced by muscles, eye movement, and/or electroencephalography, could be used
jointly with subjective responses in assessing human emotions.
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Abstract. The implications of robots’ design for their acceptance in nursing
settings, particularly for elderly people and those involved in their care, have not
been thoroughly considered from an information design perspective. This
research gap is addressed here, as such a perspective enables consideration of
several important socio-cultural aspects of robots, including potentially signifi‐
cant elements of visual culture. Since all these aspects influence views of robots
as aids for elderly people, there is a need to understand how robots’ design (in
terms of appearance) and perceptions of aging influence intended elderly users,
their relatives, caregivers and decision-makers. Robots materialize digital tech‐
nology, both metaphorically and literally. AI and embedded systems enable
robots to act, but the shape and materials selected to make them influence our
interactions with them. Thus, as shown in this paper, application of an information
design perspective can provide deeper insights about the influences of current and
historical culture and media on both the perceptions and experiences of aging,
and relations of these perceptions and experiences to the acceptance (or lack of
acceptance) of robots as tools for nursing old people.

Keywords: Robots · Aging · Culture

1 Introduction

We are facing several major demographic and socio-economic challenges related to the
nursing of elderly people. Costs of their care are rising because the population of elderly
people is growing, while shortages of nursing staff and caregivers are envisaged due to
the resulting demographic imbalance [1]. Potential solutions are offered by rapid devel‐
opments in health technology, including robots designed to provide support in health‐
care, nursing environments and domestic applications. Robots have been made and used
for several decades, and portrayed in cultural media for almost a century, but they are
minor and not entirely positive elements of elderly people’s cultural heritage. Partly for
this reason, elderly people have relatively little knowledge of, interest in, and acceptance
of, digital technology generally and robots specifically [2]. The resulting resistance to
the intrusion of digital technology into their lives is multi-dimensional, and some aspects
have been addressed to varying degrees (as outlined in following sections). However,
previous studies on robotics and culture have either generally ignored cultural heritage
or focused solely on national differences and neglected other potentially relevant cultural
factors. More specifically, the implications of robots’ design for their acceptance in
nursing settings, particularly for elderly people and those involved in their care, have
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not been thoroughly considered from an information design perspective. This research
gap is addressed here, as such a perspective enables consideration of several important
socio-cultural aspects of robots, including potentially significant elements of visual
culture. Since all these aspects influence views of robots as aids for elderly people, there
is a need to understand how robots’ design (in terms of appearance) and perceptions of
aging influence intended elderly users, their relatives, caregivers and decision-makers.

Here, I argue that the perception of robots has been strongly influenced by the
portrayals of robots in popular culture (which have frequently been scary and threat‐
ening), thereby extending previous studies on human responses to robots [3–6]. An early
example was the destructive Maschinenmensch created by a deranged scientist called
Rotwang to resurrect the women he had loved in Fritz Lang’s movie Metropolis (released
in 1927) and the novel with the same title by Thea von Harbou [19]. Since then, robots
have played key roles, ranging from intensely malevolent to deeply altruistic, in
numerous literary works and movies.

The discussion about technology and old people needs to be contextualized with
respect to the perception of robots and how aging is perceived and understood in western
culture. This paper discusses the relation between the experience of ageing and the
perception of robots intended to play roles in the nursing or healthcare of elderly people
from an information design perspective.

Moreover, cultural contexts must be considered to acquire deeper insights into
elderly people’s views and experience, the wider public’s perceptions of elderly people,
human responses to robots generally, and robots’ potential roles in nursing the elderly
specifically. For example, how much does the representation of aging and robots in
culture and various media influence views regarding potential roles of robots in nursing
old people? The aim of this paper is to contribute insights into how culture and media,
current and historic, influence both the perception and experience of aging, and relations
of these perceptions and experiences to the acceptance (or lack of acceptance) of robots
as tools for nursing old people.

2 Background

According to the EU [7] and Swedish Digitalization Committee [8] we are facing
changes that will pervade every part of society. The changes are expected to result in a
flexible society where the citizens must be prepared for ‘lifelong learning’, including
the acquisition of digital skills, to enhance both their personal lives and professional
prospects [8]. The literality of the term ‘lifelong’ in this context is debatable, but it does
encompass old age (especially the personal elements of lifelong learning). Thus,
researchers in both information design and humanities disciplines have considered some
relevant aspects of digitalization, but they have largely ignored others, including robots.
To address the neglected issues, an information design perspective may be helpful for
acquiring nuanced understanding of general perceptions of robots and effects of cultural
factors on acceptance of or resistance to them. Moreover, combination of such a
perspective with consideration of visual elements of cultural heritages should contribute
to understanding of human-computer interaction (HCI) generally, and particularly the
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complex relations between the elderly, wider public, technology, cultural factors, and
roles of robots in elderly care.

Interest in the influence of cultural factors on the design of robotic systems and use
of robots has increased with the globalization of robotics, science and technology [4].
However, in robotic science a simple approach to culture has been generally adopted,
involving grouping people by nationality, age and/or sex [4, 9–11], focusing particularly
on differences in traditions between Oriental and Occidental cultures. Notably, people
in the West are supposedly discomforted by social and humanoid robots and potential
interactions with them due to human exceptionalism [4], while Japanese and Korean
people are reportedly more comfortable with robots due to animist beliefs [9–11].
However, more nuanced analysis that does not rely on supposed national or ethnic char‐
acteristics (often based on crude historical categorizations) is required [12].

Culture can be defined as the ideas, customs and social behavior of a society, but it
is rarely (if ever) perfectly homogenous and generally groups of people within societies
have distinguishable subcultures. Buildings, artefacts, ethnicity and language are also
parts of a culture, some but not all of which will be shared by all associated subcultures.
Everything that is visible and created by people of today or in the past is an element of
visual culture. Moreover, visual expressions in technology, design and art are clearly
influenced by each other. Cultures can be partly delimited by geographical and political
boundaries, but many aspects are cross-national as groups of people distributed over the
globe can share common interests and through them create cultures with distinct
symbols, vocabularies, lifestyles and dress codes [13]. Thus, a more nuanced definition
of the culture of a group of people is needed, which encompasses (inter alia) class,
lifestyle, gender and sexuality.

Elements of both ‘high’ and popular culture influence our understanding of
phenomena generally [13], collectively providing a lens through which we perceive new
and unknown things, and thus our perceptions of aging, old people and robots. However,
studies on HCI and the elderly have paid little attention to the influence of cultural
expressions such as visual art, movies, theatrical works and literature on our under‐
standing of technology and aging. Many previous sociological studies of aging and
culture have ignored the ways cultural texts, literature and movies construct multiple
narratives of aging that to some extent conflict with social theories of aging [14]. In
recent decades several Swedish novels about the experience of aging have been
published, and visual artists have portrayed themselves and friends in the process of
aging. However, effects of the representation of aging in literature and visual art on our
perceptions of aging have been largely ignored by researchers.

Moreover, there is no coherent definition of old or elderly people [15]. Researchers
often divide elderly people into two age-based groups: 65–80 years old and 80 to ca. 90
years old, implicitly defining the elderly as those who have reached standard Western
retirement ages and (thus) are no longer contributing productively to the economic
development of their societies. However, digital literacy is increasingly required
throughout the population to meet numerous challenges [8], so age-related barriers to
use of digital technology, especially in the nursing and healthcare of elderly people,
must be addressed. To do so it is crucial to understand the development of robots, the
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aging population, cultural attachments to the past, the resistance to robots and digital
technology associated with aging, and the complex interactions involved.

3 The Perception of Aging

Perceived associations between age and both knowledge and wisdom have profoundly
changed recently. Since we admire and desire youth we do not value life experience as
much as previous generations. Today people are active in old age compare to previous
generations, people turning 65 years old are a target group for travel agencies and various
kinds of consumptions. However, people are more active in old age than in previous
generations, for example people in their late 60s are a major target group for travel
agencies and retailers of various consumer goods.

People who do not yet fit into the categories (however defined) have a very vague
idea of what it means to be elderly or old, inferred from paintings, photographs, books,
movies and of course relatives and people in the neighborhood. However, both old
people’s perceptions of themselves and other people’s perceptions of them change over
time. Moreover, the clothes, norms and activities of elderly people affect both their
behavior and the way they are perceived. As we age ourselves, our view of elderly people
and our distinctions between the elderly and old change. Notably, people rarely identify
themselves as old. This is because age can be regarded as a cultural construction that is
symbolically located in a biological metaphor [16], but it is also a process and not a
stage [14]. The experience of age is partly individual, but influenced by culture, gender,
class, ethnicity and sexuality. However, age is not only something that we experience,
it also affects how people are treated. This could partly be explained by age-associated
roles that people tend to play. Teenagers and young adults often obviously play various
roles, but we rarely recognize the role play among elderly to the same extent, although
self-narration is important not only for description of the self, but also for the emergence
and reality of identity [17]. The concept of age as an indicator of social status has been
criticized [18], but it is still a basis for social discrimination and our expectations of
elderly people, particularly in relation to technology.

Aging can also be regarded partly as a negotiation between the inside and outside,
the experience of being the same as before but looking different. Simone de Beauvoir
suggests that old age is an internalization of the difference between the subject and what
she or he represents for the outside world [14]. “Within me it is the Other – that is to
say the person I am for the outsider – who is old: and the Other is myself” [14]. Visible
effects of aging differ among individuals, early signs may include loss of hair and/or
gray hair.

Although we know our chronological age, the aging is abstract and so is recognition
of the losses of capacities; it takes a while for people to realize that their eyesight,
hearing, strength and stamina are not as good as they were.

This is not the only highly relevant aspect of the embodiment of human experience,
i.e. the inextricable linkage between the human body and mind. We need a body in order
to be human, and face to face interactions involving gestures play important roles in
both communication and emotional relations [20]. Thus, communication is thereby
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embodied. Disembodiment occurs when a person’s identity becomes separated from
their physical presence, as in virtual reality. But the body doesn’t really disembody. It
simply floats into another space. The essence of it merges in with the other understand‐
ings of the body. One’s consciousness extends to the edges of one’s online identity. The
second self becomes as much as the primary self, and one acts through it” [21]. These
concepts raise intriguing questions about requirements for “face to face” communication
with a robot, and our experience of (and responses to) non-human bodies. We can
become emotionally involved with inanimate things, such as objects that remind us of
certain times, places or people, and even mundane objects with no such resonance (such
as an ordinary cup, lamp, chair or dress) although we receive no responses from them.
Familiar objects are often highly valued and old people want to take them if they move
to an old people’s home, and now or in the very near future those valued things will
almost certainly include smart phones, computers and other digital devices.

4 The Perception of Robots

Robots and robotic systems are associated with many apprehensions. It has been
suggested robots are related to monsters [22, 23], because both monsters and robots are
post-human, they are “the Other” [3]. Monsters are representations of peoples’ fear and
the world’s perceptions. They make us re-evaluate cultural assumptions regarding
ethnicity, gender and sexuality, the perception of differences and tolerance in relation
to deviations [24].

However, resistance to robots also has deeply rational foundations, in fears that
people may be replaced by robots in future labor markets or that robotic systems with
Artificial Intelligence (AI) may attack or supplant humans, as in Terminator movies
released in the 1980s and postulated by thinkers who cannot be easily dismissed such
as Stephen Hawking [29]. One of the discussions related to AI concerns whether or not
operators in manufacturing industries will serve the robots or vice versa. In increasing
applications in these industries humans and robots work close to each other, and share
working space. However, humans and robots very rarely handle the same components
simultaneously.

Anxieties related to elderly care and robots include fears that inhuman care by robots
will replace the human care provided by caregivers and that this will result in losses of
caregivers’ employment or devaluation of their work. The ambivalence regarding robots
generally and as aids for the elderly in daily life is clearly relevant to robots’ acceptance,
and may be at least partly related to technical capacity being prioritized more than users’
needs or responses during robots’ developments. In efforts to address this issue, both
nursing and healthcare scholars have considered what we can learn from monsters in
popular culture [3]. Notably, researchers involved in the Caring Monster project found
that monsters do not always have “monstrous” characters. Monsters’ nature, meaning
and position as “the Other” in relation to humans can change over time [3]. The philos‐
opher Mark Coeckelburgh has raised a related discussion regarding what he calls doom
scenarios [25] in relation to robots in elderly care. He argues that robots and other infor‐
mation technologies will inevitably become accepted parts of old people’s lives, that it
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may not even be possible to discuss the elderly’s capabilities independently of tech‐
nology, and that technology must be defined [26].

However, many people’s ideas about humans’ relations with robots are imaginary,
since most people have little or no personal experience of real robots. Thus, their ideas
about robots emanate mostly from movies, TV programs, exhibitions or visits to manu‐
facturing companies with various levels of automation. An interesting factor is that
robots’ appearances depend on their purposes, and we do not even recognize some (such
as automatic lawn movers and vacuum cleaners) as robots. When customers visit some
shops of the Japanese clothes manufacturing and retailing company Uniqlo they may
meet a robot, called Wakamaru, designed by Toshiyuki Kita and made by Mitsubishi.
Wakamura is a commercial product intended to increase the company’s profits, but it is
interesting from a perception perspective. Originally designed to assist the elderly or
disabled, these robots are supposed to have abilities not only to pick out the right pants
for you, but also to make eye contact and participate in a simple conversation. The
harmless-looking little figure interacts and communicates with customers by using its
AI to “look at them” through eye-like sensors and following their movements
(Uniqlo.com). The interaction based on “eye contact” creates an emotional relation that
is one-way but seems two-way because the robot apparently “looks at us” when we look
into its “eyes” [5]. A two-armed robot called YuMi, produced by ABB Corporate
Research, is also interesting in this respect. It was originally intended to participate in
automated assembly processes, but when it was introduced it was displayed together
with a painting by the robot in a department store window in Stockholm. The reason for
showing the robot in that context was unclear since it was in an interior design setting,
but it was probably at least partly intended to play down the presence of a robot, to create
acceptance. When YuMi was first demonstrated by ABB the company emphasized its
ability to interact with users by following their motion patterns, which created a feeling
of communication between the humans and robot.

5 Robots’ Appearance

Robots materialize digital technology, both metaphorically and literally. AI and
embedded systems enable them to act, but the shape and materials selected to make them
influence our interactions with them. Robots that are designed as humans are often
experienced as uncanny as they are humanlike but not human.

There could be several reasons for this. One is the metaphoric link between robotic
nature and lack of emotionality or empathy with other people. Another is the cognitive
dissonance associated with encountering something that cannot be readily defined,
understood and categorized as (for instance) a species, animal or human. Thus, it
conflicts with our organization of knowledge, thinking and understanding of the envi‐
ronment, raising uncertainties about suitable responses.

Representations of bodies in cultural artefacts may also be important. From early
Christianity the body was covered in visual representations, and naked bodies were not
portrayed in Western art until the Renaissance. From then until modernism the naked
female body was the most frequent motif in art. It was not until early 20th century when
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the male body became interestingly for the artist. Artists also portrayed the male body,
to a lesser extent, particularly strong muscular bodies of working class or peasant men
in the early 20th century [27]. Nevertheless, despite interest in the body’s appearance
there has been general acceptance of the Cartesian concept that the body is separate from
the mind, which controls intellectual activities and the body (but not in the modern sense
of body control in terms of self-monitoring, maintaining fitness etc.). Today we accept
that our bodies are part of our identities and not separated from our minds. However,
the Cartesian separation of mind and body might invoke a perception that robots’ bodies
are similar to ours, but not sufficiently familiar, and their intelligence may be out of
control and alien.

Thus, robots’ visual designs influence our perceptions of them, and we may even
apply gender stereotypes to them, as people tend to think that robots with “male” and
“female” torsos are respectively suitable for traditionally male and female tasks [28]. In
addition, research indicates that people respond to single communication modalities
(face, head, body, voice, locomotion) but this is not necessarily related to a higher degree
of anthropomorphism [5]. These response patterns will probably influence the accept‐
ance of robots in various contexts, and an intriguing question is whether robots will
cement traditional stereotypical gender roles and codes or loosen them. The relationship
between bodies’ representations and gendered expectations of robots has been apparent
at least since Rotwang made a female robot that met traditional ideals of beautiful women
in Metropolis.

6 Living with Robots

Living with robots will not necessarily lead to replacement of humans. It could provide
people with support that will increase their ability to meet friends and relatives, thereby
strengthening their social life. In many cases robots may re-embody people who have
lost full physical capacities. An example of a successful robot is the telepresence robot
Giraff, which enables elderly people to remain in their homes for longer and retain
connections with friends and family members who are elsewhere in the most personal
manner possible. The robot can be moved around and display images of remote friends,
family, doctors or nurses on its screen, almost as if they were in the same room.

Moreover, combination of the Giraff’s telepresence capabilities and the Giraff Plus
solution can help elderly people avoid needs to visit the hospital or a doctor (which can
be very trying, especially if they have pain, movement problems or bad eyesight). The
latter involves placement of sensors around a user’s home to collect environmental and
physiological data. The environmental sensors can detect motion, pressure, use of
household appliances and the status of other fittings. For example, if a door or window
is open a signal can be sent through the system to a caretaker, while the physiological
sensors can measure blood-pressure, -oxygen and -sugar levels and send the information
to the healthcare provider.

The Giraffe is already on the market but there is still no robotic guide dog. This is
problematic for old people with bad eyesight, which could hinder them from taking
walks by themselves, especially if they live in a large city with many people on the

36 Y. Eriksson



streets and heavy traffic. If young people lose their eyesight, they get mobility training
and learn to walk with a stick and a guide dog. For an elderly person, this is probably
too demanding, and it takes a while for the dog and its owner to get to know each other
and learn how to communicate.

However, there would be numerous advantages if a user’s stick and guide dog could
be replaced by a robotic dog that could guide the user smoothly and safely along pedes‐
trian paths and across streets through the ability to recognize traffic and people. Such a
robot could also recognize routes and can tell the user where he or she is. The user could
take walks whenever he or she wanted and be totally independent of a human assistant.
In addition, the robotic dog could carry groceries from the store back home. For an old
person of today this may seem like science fiction, but probably not for an old person
in the near future. Today, many children and young adults are familiar with robots as
toys, cleaning appliances and gardening devices. Robots are already parts of their daily
lives, some of which they will have emotional attachments to and probably take with
them as important souvenirs if and when they move to a home for the elderly in the
future.

7 Conclusion

Age is not a condition, but there is a tendency in society and research to group people
by age and to define users from specific age groups. The paper has discussed aging as a
process and not a stage. Moreover, elderly and old people are concepts that are often
used without any further problematization, but they are ambiguous. For example, they
may be based on peoples’ self-images or other people’s perceptions of them. However,
both self-images and other people’s perceptions of elderly and old people are colored
by culture and media.

However, increases in age of Western populations and advances in healthcare are
leading to increasing expectations of lifelong health, rather than increasing afflictions
by illness and weakness with age. Indeed, much of the loss of sensory capacities is
already compensated by technological devices such as hearing aids and speech synthe‐
sizers.

When robots are introduced as alternatives for human caregivers, people are gener‐
ally resistant. This is probably at least partly due to robots’ portrayals, especially in
popular culture. Thus, by applying an information design perspective we can gain deeper
insights into the influences of historical and current culture and media on both the
perceptions and experiences of aging, and relations of these perceptions and experiences
to the acceptance (or lack of acceptance) of robots as aids for nursing old people. Robots
could provide additional support for people who need help in their daily life. More
relevant and important issues regarding robotic aids for elderly people may be the socio-
economic differences, particularly the gaps between those who can and cannot afford
such aids.

A change in expectations regarding the requirements of elderly and old people is
needed. Notably, to enable lifelong learning and help them to maintain independence it
will be essential to develop educational practices that enable people who lack digital
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literacy to participate in and benefit from the digitalized society. Moreover, in order to
develop well-designed robots that people of all ages can use, it will be essential to include
users in the design process

Attitudes regarding robots and how they can support elderly and old people are
changing, but there is still a fear that robots will replace humans. However, elderly
people could potentially find that living with a robot was more secure and comfortable
than encountering new human faces every day or week.
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Abstract. Although the mobile phone is currently one of the most pervasive
communication technologies, little discussion of it has been framed within a
gender perspective and fewer of those discussions from an aging perspective. The
study focuses on older women as a meaningful group; one that is constantly
underrepresented in academic and commercial studies of the mobile phone. The
focus of the research is on the use of the mobile phone by older Portuguese women
using a Life Course approach. The key findings are that the mobile phone has
different roles and affordances depending on women’s life stages. If it is true that
young women show a higher pre-disposition to a more diversified and intense use
of the mobile phone, older women do not always correspond to the stereotype of
lack of interest or skills, on the contrary the mobile phone seems to play a very
important role in many of these older women’s lives.

Keywords: Older women · Mobile phones · Gendering · Life course

1 Introduction

The paper aims to provide a better understanding of the relationship between women
and technology through an inquiry into the significance of mobile phones in the lives of
Portuguese women, focusing on older women. The results stem from a wider study of
the mobile phone as a site where the nuances of women’s experiences with technology
becomes visible, through a life-course approach [1].

It is a feminist claim that our relation to technology is a gendered relation and that
“technology itself cannot be fully understood without reference to gender” [2, p. 32]. If
the mobile phone is an expression of our identity, then it also gendered. How does this
gendering occur? The option for using the verb “gendering” is rooted in the under‐
standing that gender is socially constructed. The aim is to study gender as a process [3].

If society is co-produced with technology, the gender effect cannot be ignored in the
design, development, innovation and communication of technological products: “Tech‐
nology, then, can tell us something we need to know about gender identity. Gender
identity can tell us something we need to know about technology” [2, p. 42]. The emer‐
gent “technofeminism” theory proposes a relation in which technology is, at the same
time, cause and consequence of gender relations [4, p. 107]. Technofeminism allows us
to consider women’s agency and offer a more complex account of the gendering process,
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one that incorporates contradiction. The research took up Wajcman’s challenge to
provide a study of how different groups of Portuguese women responded and assimilated
the mobile phone in their daily lives.

One of the first motivations for conducting this research is the empirical observation
of how women feel so comfortable using the mobile phone. Younger or older they all
carry one in their bags and treat it as a mundane object. This observation was followed
by the statistical evidence that women, contrary to other technologies, were adopting
mobile phones at the same rhythm as men [5]. The following step was to question this
apparent equality in numbers [6]. In fact, much of the previous research on gender and
mobile phone use was conducted in comparative terms, women versus men [7]. In this
type of research, we end up finding no meaningful differences, such as …, between men
and women. In addition, that lack of differences is left with no explanation. This work
wanted to fill this gap and contribute to an explanation; thus, the research is not centered
on differences between men and women, but rather on women’s specific experiences,
leaving space for the contradictory effects and meanings for different groups of women.
Therefore, it is not about differences between men and women but about the different
meaning of mobile phones and their trajectory in women’s lives.

The research methodology aligns with the taking of a cultural perspective of mobile
communications. Albeit blending quantitative and qualitative methods in an interpreta‐
tive research strategy, the work clearly opts for a qualitative dominant mixed method
designed to answer the question of what the meaning of the mobile phone for different
groups of Portuguese women, at different life stages in their life trajectories, is. We argue
that the role women play in their lives, either a spouse, a mother, a working woman, a
caretaker, is determinant in their use of the mobile phone. Moreover, this role is deter‐
mined by their position in the life course and not by their position in the cohort.

The key findings are that, contrary to a theory of a dominant use for a technology,
an Apparatgeist, as proposed by Katz [8] the mobile phone has different roles and
affordances depending on women’s life stages. As embodied objects, mobile phones are
part of very complex power relationships and if it is true that women have conquered
mobility in many ways, they are still constrained in their achievements by an unbalanced
gendering of time, space and expectations about their role in society.

For Katz and Aakhus [9] the logic that drives personal communication technologies,
such as the mobile phone, is one of “perpetual contact”. This has been a controversial
theory with authors such as Mimi Ito strongly disagreeing with a theory of Apparat‐
geist. For Ito technologies are “both constructive and constructed by historical, social
and cultural contexts” [10]. Our understanding is also that knowledge is always contin‐
gent, grounded on the theory “situated knowledges” [11], on the need to specify contexts.
The research also rooted in the believe that the study of everyday use of technology, and
new media, provides a significant contribution to the understanding of how these tech‐
nologies unfold, of how they are domesticated [12].

Portugal has certain characteristics that make for an interesting case study for the
study of the gendering of the mobile phone. Besides having a high mobile phone pene‐
tration rate it also has one of the highest employment rates for women. However, Portu‐
guese society is also full of contradictions in what concerns gender equality: motherhood
does not seem to hinder women’s commitment to working outside the home but that
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does not translate into a more equal gender division of labor. Portuguese women end up
being burden by the pressures of a double shift. They are also the main caregivers for
children and the elderly and thus time constrains are amongst their main hurdles.

To analyze women’s practices towards the mobile phone the research resorted to
qualitative data to provide a more nuanced interpretation and understanding of the use
of mobile phones by Portuguese women. Going through the numbers [13], we found
that ownership seems to be especially determined by income level, age and education
with the lowest percentages being for women that are older, retired, with no formal
education, a low-income level, and the highest percentages for women that are younger,
student or active workers with secondary education and a high income. It was also clear
that the use of the mobile phone is mostly private with family members concentrating
most of contacts. Friends are important for young women or for those women that are
students. However, in the interviews, it was possible to identify that mature independent
women also had a similar behavior to that of young women and students. Mature inde‐
pendent women, either because they do not have a stable relationship, are divorced or
widows, have the need to reach out outside the family, resort to friends as their support
network, and thus have similar practices to those of younger people.

The mobile phone is always the most private and personal technology for them, the
one thing they are more physical close to; the one thing they always carry along. Albeit
this proximity, there is a low level of personal choice. Women’s phone choices suffer
from the “wife-phone” and “job-phone” effect meaning that they either get them from
their husbands, sometimes much like a used car, or they have a mobile that belongs to
the company they work for. These effects sometimes lead to low levels of personaliza‐
tion. However, lack of personalization does not mean that they do not value the mobile
phone. Women value the mobile phone not for the device itself but for the role it plays
in their life, and they show a high degree of dependency across all life-stages although
underlying reasons vary: for mature independent it is accessibility, and for empty nests
a blend of autonomy and safety.

The research showed that mobile phones have different roles depending on women’s
turning point location, so it is all about the role women play and not about socioeco‐
nomics. Thus, contrary to the image projected in statistics, interviews provide a life
trajectory for the mobile that does not present a linear trajectory across the life course
of women’s lives as shown by mature independent women and empty nesters.

The paper focuses on older women as a meaningful group; one that has been
constantly underrepresented in academic and commercial studies of the mobile phone
[14–16]. The field of mobile phone studies, as much of new media research, is centered
on young people’s practices and neglects adult women as an interesting and powerful
group. The paper seeks to contribute to gain knowledge about the relationship between
women and mobile phones and to critically investigate if and why mobile phones
increase technological intimacy for women, and what is the trajectory of the mobile
phone in women’s lives? How do mobile phones enter women’s lives, how do mobile
phones evolve by means of use? The paper will give voice to older women to trace this
trajectory and to investigate when do women come closer and distant to the mobile
phone. How does the mobile phone affects women’s experience of mobility? Two of
the most important human perceptions are space and time. We define ourselves as human
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beings in a certain time and space context. These dimensions are being transformed as
our experience is mediated by mobile technologies. But how is this transformation
occurring in older women’s lives? Are women conquering new spaces that were tradi‐
tionally hostile to them? Do mobile phones affect the power regulation and negotiation
of a woman’s place? Are women allowed a larger scope in the management of their
time?

2 Research Design

The qualitative data was drawn from 37 in-depth, semi-structured interviews, interviews
to Portuguese women, from which one older mature independent, and seven empty-
nesters, which are the two life-stages focused in this paper:

Mature Independent
• Ana, 56-year-old, assistant, single.
Empty Nesters:
• Deolinda, 51-year-old, hairdresser business owner, widow, now living in a new

relationship;
• Fátima 2, 56-year-old, retired insurance professional, married, and grandmother of

one;
• Fernanda F., 52-year-old, computer manager, married;
• Fernanda R., 65-year-old, retired topographer, married, grandmother of two. She

was taking care of one of her grandchildren;
• Manuela, 56-year-old, pre-retired saleswoman, divorced in a new relationship;
• Maria, 60-year-old, retired teacher, married, grandmother of three;
• Paula, 59-year-old, retired administrative, married, grandmother of two. She takes

care of one of her grandsons.

These women were aggregated into seven groups corresponding to a life course
approach.

As a concept, the life course refers to the age-graded, socially embedded sequence
of roles that connect the phases of life. As a paradigm, the life course refers to an imag‐
inative framework comprised of a set of interrelated presuppositions, concepts, and
methods that are used to study these age-graded, socially embedded roles [17, 18].

Some previous research on gender and technology seemed to argue that gender
differences were less marked in the younger population [19] but other authors argue that
gender differences in behavior are shaped as much by socialization as by generation [20].
In the scope of this latter view, gender roles would depend on the stage of life women
and men are, and thus gender differences will not disappear in the future: “the behavior
of adults who currently find themselves at these life stages would in this case be a better
predictor of what future adult online behavior will look like than young people’s current
behavior” [21, p. 353]. Also, generations should not be regarded as homogenous groups,
but rather as complex constructs [22].
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To define the seven groups or seven life-stages we used a modified version of the
market research study1 of Portuguese consumers [23]. The study used five variables
(marital status, age, occupation, number of people in the household and children and
teenagers in the household) to reach the life cycle of the Portuguese consumer constituted
by eleven distinctive groups: single dependent; young independent; nesting; married
with children aged 0–6 years old; married with children aged 7–12 years old; married
with children aged 13–17 years old; married with teenagers aged 18–24 years-old; other
married coupled; sole caregivers; empty nests; independent over 35 years-old.

In our research, we have aggregated women into seven life stages: single dependent;
young independent; nesting; mothers; single mothers; mature independent and empty
nests. Women in the single dependent life stage are above 18 years old but still depend
on their families financially and still live with them. In the next life stage young women
have gained their financial independence, although they may still live with family they
are able to control purchase decisions. The nesting life stage is determined by the begin‐
ning of a co-habitation relationship that might or not be formally constituted as marriage.
The next life stage is that of motherhood; contrary to the Marktest study we have aggre‐
gated women with children at different ages but we acknowledge some differences in
the use of the mobile phone according to the age of the kids and if they are old enough
to have a mobile phone of their own. We then have single mothers either because they
have become widows, because they have divorced or separated their partners. We were
particularly interested in analyzing the effects of the absence of the masculine part of
the couple in the relationship of women to technology. Women in the mature inde‐
pendent life-stage are those that are around the age of 35, have no children and either
have never been involved in a co-habitation relationship or have divorced or separated
their partners. Finally, empty nesters are women whose children have left home and who
have retired or whose job has reached a stagnant level. This last stage has also become
more complex to define, and thus presents much variability.

As for the selection of women for the seven groups we constructed a convenience
sample. This is a non-probability sample that uses criteria that are useful to the research.
This type of sample was chosen because it was the one that best fitted the “ideal types”
strategy of analysis. However, although individuals are representative of a certain type
and the interviews provide heterogeneity this is not a probabilistic sample and thus has
to ambition to be statistically representative. Women interviewed were also identified
by “snow-ball” from a pool of urban heterosexual women.

As an analytical strategy we used “ideal types”. Max Weber used the notion of “ideal
types” in association with the construction of pure cases to illustrate a conceptual cate‐
gory. In the scope of Max Weber’s work, ideal types are fictions, but in this research,
following a similar strategy by Turkle to study computer cultures [24], we have isolated
real cases that serve the same function – to highlight particular aspects of the gendering
of the mobile phone.

The ideal type analysis was conducted under the method used by Soulet [25]
following the methodological proposal for an interactive approach to qualitative
research design by Maxwell [26]. The method is structured into two levels of analysis.

1 A sample of 10.093 interviews of the Portuguese population.
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In the first level of local interpretation we look at each interview and how each life story
helps us answer our research questions. At this first level the researcher starts by writing
a synopsis, which is a synthesis of the discourse. This is the first level of abstraction and
conceptualization. The following step is to write the inner history of the interview
providing a chronological reading from the point of view of the interviewee in relation
to the problem being analyzed. To complete the first level, the researcher draws a
message that we can define as what each person wanted to tell us. These three steps are
conducted for every single interview and then the researcher proceeds to the second
level of global interpretation - a transversal interpretation of the individual stories, then
of the aggregated ideal types, which in the scope of this research are the seven life-stages
and finally the all stories as a whole.

To conduct this analysis, we did not wait for the categories to emerge from the
analysis, rather our analysis was already informed by some major categories: identity,
dependency, affectivity, norms and social fears, safety and control. Our goal in analyzing
this category was: to provide an account of older women’s daily lives (technology uses,
media diets, routines), and determine its impact in their technological intimacy; to
analyze the mobile phone use, the affordances it allowed to older women, such as identity
construction, affectivity, safety and control; and how these affordances were translated
into uses as those of personalization, micro-coordination, creativity, and entertainment.

3 Results

The stories of older women that we present here illustrate the multiplicity of facets of
their emerging relationship with mobile phones, and how their life stories intersect with
different specific uses of technology, and the mobile phone. This paper gives voice to
their subjective experience of the mobile phone as a gendered technology, as a tool for
“gender work” and “gendered work” [27]. For each life stage, we have chosen the stories
of several individual women so that we can provide a deeper understanding of these
women’s lives as a whole.

Ana is an example of the challenges mature independent women face when they find
themselves back or still in the game for a romantic relationship. Living alone these
women use the mobile phone as a social networking tool and in that sense approach it
in much the same manner than young dependent or teenagers. It is also a safety tool
providing them freedom of movements even when alone. Finally, Fátima and Maria
show how empty nests are not so empty after all. Even after retirement as is the case of
Maria, many women find themselves having to take care of their grandchildren or return
to work to provide extra money for their families. Fátima and Maria also represent
opposite poles in terms of media ecology, which has provided very useful insights to
how different media ecologies are determinant in the uses of the mobile phone.

3.1 Mature Independent: Ana D., Still in the Game

What we call mature independent women are those women that live solo, never married
or are now single, through divorce, separation or because they have become widows and
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have no children. Ana is a 56-year-old woman that has was never married nor had a long
stable cohabiting relationship. We could not find national statistics to support the
evidence but international data points in the direction of a greater interest of single
women for technology. According to the “Targeting the Single Female Consumer”
report2 single women were much more likely to say they would like to buy a home
computer than married women and they were also more prone to innovation. The mobile
phone caters to their solo lifestyles by providing a social networking tool and safety to
sustain their independence and freedom of movements.

Ana D. a 56-year-old woman that lives alone with her cat. Ana is a very hard-working
woman that keeps two jobs to uphold her independent lifestyle: “I would like to have a
person to share my life with, but I don’t sacrifice myself for that”. She has a high media
use that ranges from the TV to the daily use of the computer, reading books and going
to the cinema. Because of her workload, she finds herself pressed for time: “I wanted to
be able to give up my second job as a translator to be able to go to the beach more, spend
more time with friends, go to concerts and museums”. She also plays games on the
computer and she does not like to share neither the computer nor the mobile phone, “I
have too many private messages there”.

Safety was the trigger for getting a mobile phone: “Once I got stuck on the high-way
and I could not reach a person. I felt I had to get something to talk with my dad. Before
that I felt that no one needed to know my whereabouts, but we can also lie with the
mobile phone”. Today she has two, a job-phone and a personal one. The personal one
she chose because it took good pictures and because it was a clamshell model, “I am
very distracted, and I kept making calls by mistake”. She uses the camera to take pictures
of the cat, but the main purpose of the mobile is to keep her company and an emotional
reassurance tool: “I keep all my messages and notes in there”. If she could choose she
would have an iPhone because she confesses to enjoy technology and would value
having Internet and e-mail access.

For Ana it would be hard to go without her mobile, “without noticing we pour our
memory into it” and she feels calmer with she has it. Emotional reassurance and freedom
of movements are for her the main benefits. These are also important benefits for empty
nesters.

3.2 Empty Nesters: Fátima and Maria, Nests Not So Empty After All

Empty nesters are finding out that their nests are not so empty after all and that they are
so time constrained as they were before, when they had a job. For them the mobile phone
means safety and a connection with the outside world. They show high usage and leisure
uses when combined with low Internet usage or lack of Internet skills.

As we could see form the quantitative analysis, ownership and use drops for older
womenwomen, but we must understand that this is a nuanced reality. We are going
to tell the story of two friends, Fátima and Maria, to illustrate the importance of inter‐
preting the use of the mobile phone in articulation with the user’s media ecology.
Fátima, with low Internet skills, is strongly dependent on her mobile phone: “I feel

2 Source: Business Insights.
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naked without it (…) it is always in my pocket and goes with me everywhere (…). It
is how I keep in touch and it is safety, now even more”, but Maria says she rather use
the computer. Companies often underestimate the interest of older women on mobile
technology [28]. however, our interviews have shown that they are keen to under‐
stand, enthusiastic to learn, and use some advanced features of mobile phones such
as MMS (multimedia messaging services).

Maria is a 60-year-old retired school teacher that was obliged to take full time care
of two of her three grandchildren, a nine-year-old-boy and a three-year-old girl. She also
looks after another granddaughter. Because of that, she says that she “wakes up running
and sleeps running against time. Now that I am retired it is even worse that when I was
working, and my husband only helps with the car pools because I don’t drive which is
actually my main regret”. The daily routine of taking care of three children leaves little
space for leisure activities like the radio or the TV. However, she does use the Internet
daily for everything from paying the bills to searching health topics related to the kids.

Time constrains also inhibit a closer relationship with friends which she describes
as having the same issues. To keep in touch, she rather uses the landline phone because
from her point of view it is cheaper than the mobile. She has one over eight years, but
she says she did not want one and still does not use it much. But with the increasingly
complex school schedules she now started to value the mobile phone: “I went to pick
up the kids from school, but it started to rain, and I had no way to call my husband. I am
starting to recognize that it comes in hand.”

Although she considers herself very proficient in the use of the computer, on the
mobile phone she only uses voice and read text messages and neglects all other features
including personalization. Her friend Fátima is on the opposite pole.

Fátima is a 56-year-old retired insurance professional that also takes care of one
grandson, she does embroidery as a hobby, and made a small business out of it. During
the week, her life revolves around the television, which is always on, “I have five TV
sets, one for each room and I go around the house I always have one turn on and some‐
times they are all turn on”. However, Fátima never used the computer or the Internet;
and her husband performs all online activities. However, it is completely different with
the mobile phone, she has one over many years and she uses voice and text messages to
keep in touch with friends and family and to coordinate the daily activities. She even
uses it for her small handicraft business: “it keeps me company and it is also a way to
feel safer. I once had a flat tire in the middle of nowhere and I truly regretted not having
a mobile phone”. Fátima also valued having a camera feature and took pictures of her
grandchild to send or show his mother and keep as a souvenir.

Fátima never turns her mobile phone off and she carries it everywhere, in fact, she
was one of the fewest women that kept her mobile phone on the table during the whole
interview. Fátima is a good example that the mobile phone provides a communication
channel for those women that have no Internet skills; it is their way of keeping in touch
by sending text messages and conducting their casual conversation.
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4 Conclusion, Discussion and Limitations

The paper’s main aim was to better understand the trajectory of the mobile phone in
older women’s lives. A striking finding in our research was that the trajectory of the
mobile phone across life-stages does not have an expected adoption curve as older
women do not always correspond to the stereotype of lack of interest or skills, on the
contrary the mobile phone seems to play a very important role in many of these older
women’s lives. Because this research was qualitative and restricted to Portugal and to
an urban sample, it would be interesting to provide an extensive analysis through a cross-
country quantitative survey based on a life-stage approach. It would also be interesting
to compare older men and older women’s life-stages and life courses and understand
the differences in touch-points with technology and the difference in affordances at each
life stage. This could serve as a basis for the definition of better gender politics in schools,
companies and society at large.

In the stage of mature independent the irregular trajectory of the mobile phone
becomes very clear. These women, some even above the age of 50, use the mobile phone
in much the same way a young independent would use it; the mobile phone becomes
again a social networking tool. For the empty nesters, the mobile phone brings a diver‐
sified set of affordances: safety, connection with the outside world, entertainment. These
women even show a high usage rate and leisure practices when combined with low or
lack of Internet skills. Fátima is one of the best examples of the deep connection that
empty nesters can have with the mobile phone: “I feel naked without it (…). It is always
in my pocket and goes with me everywhere (…). It is how I kept in touch and it is safety,
now even more”. We could not help but notice the resemblance between Fátima’s
discourse and that of the young dependent women interviewed. For the empty nesters,
their fragility originates mainly on their own biological aging process that sometimes
also leads to isolation. For them the mobile phone means safety and a lifeline to the
outside world as well expressed in the words of Fátima: “I feel naked without it (…) it
is always in my pocket and goes with me everywhere (…). It is how I keep in touch and
it is safety, now even more”. It is also a source of entertainment and leisure when
combined with low Internet usage or lack of Internet skills.

What is transversal to all these women is that the mobile phone is always the most
private and personal technology they use or own. They also show a high degree of
dependency across life stages although, as we have seen, the underlying reasons for that
dependency may vary.

Although many of the studies are centered on teenager’s personalization practices,
in the interviews the group of women that was more enthusiastic about personalization
were the empty nesters, which might reinforce the job-phone effect theory. Empty
nesters are retired and thus have only personal phones and have more freedom for
personalization as explained by Manuela (56-year-old, pre-retired saleswoman,
divorced in a new relationship, empty nester), an empty nester: “I have three mobile
phones, one for each provider. I like to play games, take pictures and use the text-
messages. I use the pictures that I take to personalize it and I have a ring-back tone
service in two of them. I don’t have it in all three because it becomes too expensive bit
I like to know that when people are calling they are going to hear a music that I chose”.
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The paper gave voice to older women so that they could explain how the mobile
phone affected their experience of mobility. The mobile phone enables women to keep
in touch despite their space constrains. It becomes an especially useful tool when they
see their mobility reduced in certain stages of their lives such as when they become
older: “At this stage in my life is when I value it the most to be available and to be in
touch with people and to do my things with grandchildren. I don’t drive so I am
always dependent on my husband to pick me up and the mobile is helpful to coordi‐
nate things”. (Maria, 60-year-old, married empty nester). It allows them to extend to
outer spaces a function that they valued so much in the landline telephone – keeping
in touch with those that are emotionally important, it is what Klára Sándor calls
“mental safety in your pocket” [29]: “It would be extremely complicated to be
without the mobile phone. I would be a nervous rack. If I forget my mobile phone it
seems that I am lost and that I need exactly all that I have on my mobile phone. I did
not feel this before but now it seems that the mobile phone is part of us. I rarely
forget it at home because the first thing I do in the morning is placing it in my
handbag. I feel much more reassured when I have it and I now it is turned on, so I do
not switch it off when I go to bed. Someone might need my help”. (Fernanda F., 52-
year-old, married, computer manager, empty nester)

In Portugal, a country that registers one of the highest employment rates for women,
women’s time constrains are high. According to the national survey on the uses of time
[30] the combined professional work, household and family care average duration is
6.96 h for the employed male population and 8.67 h for women with the great discrep‐
ancy being that household chores only account for 20 min in the male population and
3 h in the female population. Leisure time is also reduced for women with the average
being 2.30 for the male population and 1.42 for the female population. These numbers
even show a bigger gap in the unemployed population where men only devote 2.08 h to
household chores and family care versus 5.58 h for women and in the retired population
where numbers are very similar 2.08 for men and 5.19 for women. These time differences
are absorbed by leisure time to which retired men devote 5.26 h versus 3.24 h for women
So, even in advanced life stages the constrains on women’s tine are not reduced. This
portrait of time constrains for retired women is well described by one of the empty nesters
women interviewed: “I wake up in a hurry and I sleep in a hurry. Now that I am retired
it is even worse than when I was working. In the morning must dress two kids, get them
ready and take them to school. I come back to pick up my other granddaughter. Then I
make lunch for her and my husband and I clean up the house. I give lunch to my grand‐
daughter and at half past three I must pick the kids from school. We get home and it is
time for bath e get my smallest granddaughter ready for her mother to pick her up and
lately my daughter is doing her master’s degree so many times she ends up sleeping over
and instead of two grandchildren at my care I end up with three. It is time to get them
asleep and go to sleep in a hurry so that the show can start all over again the next morning.
My husband who is also retired only helps with the car pools. He sometimes only makes
everything worse because he likes to see everything tide up but he only does something
when it is strictly necessary or I ask him to do it. With all this I end up having little or
no time for television or a book. I never had so little time as now. When I worked, I had
more time. At the weekends it is time for heavy duty cleaning and sometimes we go
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down to our house in the country where I also end up doing the cleaning”. (Maria, 60-
year-old, retired teacher, married, grandmother of three, empty nester)

Time is indeed the best example of how women have moved so much and at the same
time, stand so still. Women live “in the fast lane” [31] and the accounts of daily routines
of the women we interviewed are a vivid example of competing priorities, of juggling
spheres, due to women’s professional commitments. However, women’s time is
constrained by gendered domestic division of labor where women are still perceived to
have the sole or main responsibility for household work and family care giving and
management. This trait especially burdens mothers in dual earning households but is also
extended into later life stages such as empty nesters with grandchildren to take care off.
Women’s time is also not theirs, their rhythms are dictated by others, by others’ needs. In
this context of “temporal crisis” many address the mobile phone as a tool of acceleration
that would increase pressure on an already stressful environment. Nevertheless, what our
interviews have shown once again is that the nature of a technology or an artefact can only
be understood in the co-construction with user and context. Women have shown a clear
agency in the use of the mobile phone. Experiences vary across life stages in accordance
with different time needs but what they have in common is that the mobile phone was
incorporated into their lives as a tool for the management of their interactions with family
and friends and for the micro-coordination of their everyday lives.

Throughout their life stages, women face different challenges and needs that are
expressed in different relationships with technology. It is not a linear progression but
instead is related to their “situated knowledges” and specific locations. Each woman
tells a different story, has a different voice. The question is if someone is listening.
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Abstract. In the course of demographic change, an increasing propor-
tion of older people in need of care pose enormous burdens for the care
sectors of today’s society, which could dramatically aggravate in the next
decades. Developing Ambient Assisted Living (AAL) technologies is one
approach to support older people and people in need of care to live as long
as possible independently at their own home. Besides technical opportu-
nities and functions, future users’ acceptance is decisive for the success
and long-term usage of innovative technologies. Thus, for AAL technolo-
gies it has to be explored which factors are crucial for acceptance and
to what extent those factors differ with regard to diverse user groups.
Referring to existing technology acceptance models (in particular the
UTAUT2-model), it is questionable whether such models can be adapted
and are appropriately usable for the context of AAL technologies. In this
paper, we therefore investigate potential users’ attitudes towards AAL
systems as well as the importance and relationships of technology-related
and user-specific characteristics in a scenario-based online questionnaire
study using an adapted and extended version of the UTAUT2-model.
The undertaken adaption led to a better understanding of influencing
factors for AAL acceptance: privacy concerns need to be addressed as
an additional predictor. Regarding user factors, age, Attitude Towards
Technology (ATT), and caregiving experience were revealed as influenc-
ing factors, whereas gender and health status did not show any effects
on AAL acceptance.

Keywords: Ambient Assisted Living · Technology acceptance
UTAUT2 model · User diversity · Aging

1 Introduction

An aging population and rising care needs in the course of demographic change
represent enormous strains for today’s societies and in particular for the care
sectors [1]. An increasing number of older people in need of care due to chronic
c© Springer International Publishing AG, part of Springer Nature 2018
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diseases or disabilities is confronted with a lack of care specialists especially
in geriatric and nursing care institutions [2,3]. One approach to address this
growing gap refers to the development of ICT and AAL technologies in order to
enable a safer and facilitated life for older people within their individual home
environments. Those very diverse technical approaches can be used to detect
falls [4,5], to monitor vital parameters, to facilitate life by smart automation,
or to serve as a daily reminder, e.g., for drugs or (medical) appointments [6,7].
Although the technical possibilities and functions are promising, those systems
have rarely been used in real life so far [8]. This is exactly the area technology
acceptance research focuses on, aiming for an understanding and weighting of
factors that influence the acceptance and adoption of technologies [9]. In light
of demographic change and rising challenges, user diversity in terms of age,
gender, and health status has to be integrated in technology acceptance models
to examine if different factors are decisive for e.g., younger vs. older or healthy
vs. diseased people’s perception of supporting technologies. In this study, we
therefore adapted the UTAUT2 model to the context of a holistic AAL system in
order to examine acceptance-relevant factors, especially focusing on differences
regarding user diversity (i.e. age, gender, attitude towards technology, health
status, caregiving experience).

2 Perception of AAL Technologies

This section presents Ambient Assisted Living (AAL) technologies and systems
as a possible solution to the challenges of demographic change, and raises the
questions of user acceptance and the impact of user diversity factors.

2.1 Acceptance of Assisting Technologies

As introduced, present and future western societies face great challenges deal-
ing with the effects of demographic change [1]. Besides political and societal
processes [10], technical inventions can play a crucial role providing solutions
to these challenges. With the development of ‘ubiquitous computing’ [11] and
continuous improvements in information and communication technologies (ICT)
[12], the widespread and everyday use of smart home [13] and AAL technologies,
from the technological point of view, could be state of the art. There are several
research projects and prototypes for single as well as ubiquitous home integrated
assistive technologies [14,15]. However, AAL technologies, as one sort of smart
home solutions, still do not play a key role in assisting everyday life. Besides
challenges of market entrance barriers for new technologies [8], there is one key
player for the use of AAL-technologies: the user’s acceptance.

Considering technology acceptance research there are several approaches in
modeling the understanding, measuring, and prediction of usage intention of
technologies. Starting with the Theory of Planned Behavior (TBP) [16] and
the Technology Acceptance Model (TAM) [17], which both have their advan-
tages and disadvantages [18] and the integration of several other models [19],
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these models were continuously improved, extended, and also led to a Unified
Theory of Acceptance (UTAUT) [20]. This unified model was extended as the
UTAUT2 model [21] and is used in this research paper. Although the unified
models tempt to be used as they come for all technologies, the adjustments
for the specific type of technology is still necessary (here AAL technologies, see
Sect. 3.2.2). In order to apply new attributes to existing models, an exploratory
and qualitative pre-study leads to new insights for new technologies in addition
to a validating quantitative model-based user study.

2.2 Effects of User Diversity on AAL Acceptance

Regarding technology usage and the factors influencing acceptance as well as
usage intention, the greatest empirical variance is caused not by one technology
or technology attributes but by the user itself [22,23]. To understand accep-
tance it is crucial to know and understand the user, as diverse as she or he is.
Concerning the definition of AAL-technologies, the user addressed is an older
or needing adult, whose condition could be improved or could stay better by
applying to these technologies [14]. Therefore, three influencing user factors play
an important role when analyzing AAL acceptance: age, gender, and health sta-
tus. As there are several studies on the impact of theses factors on medical and
assisting technologies with different outcomes (from positive and negative to no
significant influence) [24–26] and there are also interacting effects [22], we will
not state three different hypotheses, but examine their individual impact on our
adapted UTAUT model.

In addition, the general attitude towards technology (ATT) [27] often influ-
ences technology acceptance [28], although recent studies also showed different
effects on acceptance of AAL technologies and the intercorrelation with gender
and age [22,25]. However, the effect of ATT on factors influencing the usage
intention will be examined in our adapted UTAUT model.

Recent research shows another factor influencing AAL acceptance concern-
ing the private [29] and professional [30] caregiving point of view. Caregiving
experience as a user factor will be a fifth factor influencing UTAUT predictors
in this research study (see Fig. 1).

3 Empirical Approach

This section describes the qualitative preceding study presenting the basis for
our quantitative approach, the online questionnaire design, our applied statistical
procedures as well as the study’s sample.

3.1 Qualitative Prestudy (in AAL Research Context)

Preliminary to the development of the questionnaire, two focus group studies
were performed. The two groups differed in age: the younger group with 5 par-
ticipants had a mean age of 24.4, whereas the 7 participants in the older group
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were on average 60.7 years old. For obtaining comparable results, a joint focus
group guide was used in both groups. The group discussions were recorded and
later on transcribed, so that a code system based on an inductive approach could
be created to group and compare the contributions of the participants.

Both group discussions were started with a brief introduction in aims and
capabilities of Ambient Assisted Living, followed by detailed video presentations
of four concrete AAL systems. The participants were asked to discuss their
initial impressions of the systems and to form and rank general requirements
and conditions for using an AAL system. At the end of the group sessions, new
living concepts as for example multi-generational houses were discussed as an
alternative to AAL.

The evaluation revealed several conformities and also differences between the
younger and older group. For the presented systems, the younger group tended
to choose their role as an involved relative over emphasizing their own situation
as older adults. Thereby, they rated the usability of the devices for the current
elderly generation. Regarding privacy concerns and evaluating the usefulness, the
age difference seemed to be not decisively. The groups chose the same favorite
out of the four systems and also had similar concerns using a camera-based
system for fall detection.

In consensus, it was stated as a general requirement, that the privacy in no
case should be fully devoted to a complete security. Also, the alarms generated
by the system should not be handled by relatives but special emergency centers.
The younger group added, that the system should act unobtrusively and only
step in if the user needs help. The older adults claimed that they want to choose
the recipients of the collected data.

The permanent recording and processing of audio and video signals through
sensors was rejected by both groups. Only the infrared sensor (which technically
also works like a video camera) seemed to be an acceptable trade-off between
privacy protection and system detection precision.

Several social factors also emerged in the discussions. The older participants
mentioned, that the use of such a system also depends on the social integration
of elderly people. If there is a large family which lives nearby, they rated the use
as rather superfluous and preferred the care of a relative over a system. But for
living alone seniors they valued AAL as notable improvement and saw it as a
possible way of connecting to far off living relatives.

With those findings, a further quantitative study seemed quite interesting to
have a closer look on the similarities and differences of different age groups in
behalf of AAL use intention, requirements and conditions and also for detecting
further user factors which influence those properties.

3.2 Questionnaire Study

The questionnaire consisted of three parts who were used for (1) obtaining demo-
graphic information, (2) presenting an AAL scenario and (3) evaluating the sce-
nario through UTAUT items. The design was motivated by the findings of two
focus group interviews with each 5 and 7 people carried out prior this study.
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3.2.1 SF-12 and Health Scale for AAL
The SF-12 delivers a physical and psychological component summary for the
classification of the current health state of an individual [31]. The greatest advan-
tage of this measurement lies in its low item count as it uses only a third of the
36 questions originally used in SF-36 which it was derived from for determin-
ing the two values. For this study, only the physical component summary was
considered, because our study was limited to systems that treat physical health
impairments.

To obtain a greater focus on the AAL context, we used a further scale which
asks for different medical needs and chronic diseases [27]. The scale value indi-
cates, if one of the four used items was answered with yes and therefore a par-
ticipant has some kind of health impairment (value = 1 for health impairment, 2
for no impairment for uniformity with SF-12). The strong correlation with the
physical component summary of the SF-12 shows its validity and suitability for
evaluating the physical health state in AAL context (r(147) = 0.413; p < 0.01).

3.2.2 Adjusting UTAUT to AAL Contexts
The UTAUT model was initially created by Venkatesh et al. in 2003 and received
a revision in 2012 to extend the original model with HM, PV and HT as addi-
tional constructs to the existing PE, EE, SI and FC [20,21]. It provides age,
gender and experience as influencing user diversity factors. The optimization in
2012 were validated through a user study concerning the use of mobile Internet
technology.

For using UTAUT2 with our user study, we had to fit the items to AAL
contexts and the scenario which was used in our questionnaire design (see
Sect. 3.2.3). The existing constructs already cover interesting influence areas such
as the Expectancy to which degree effort is accepted to derive benefit from an
AAL system (EE). Also the relevance of Social Influence (SI) mirrors in AAL
contexts and possibly clarifies the role of relatives in decision making to buy or
not to buy such a system. The construct Price Value (PV) seemed questionable
as the scenario in our study was based on an exemplary system.

The qualitative prestudy showed privacy as an important component of the
discussed requirements and conditions for system use. Therefore, we designed
the construct Privacy Concerns, which deals with fears in terms of privacy and
data security and also includes conditions for the involvement of relatives and
doctors. Other research indicated, that also the design of the system components
and their integration into the user’s home could play a role for acceptance [32].
The second added construct Design and Integration covers the perception of the
system in visual aspects.
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3.2.3 Questionnaire Design
The first part of the questionnaire contained general demographic items (age,
gender, education level). For a deeper insight on possible factors for AAL accep-
tance, user factors like health status (measured through SF-12 and own scale,
see Sect. 3.2.1), social situation and attitude towards technology (ATT, Cron-
bach’s Alpha α = 0.844) were measured. The analysis of the social situations
contained the living situation (alone/in community), the availability and dis-
tance to caregiving relatives, and prior knowledge of caregiving (if he/she gives
active care or if a family member needs care).

The questionnaire’s second part started with an introduction into a scenario.
It was used to familiarize the participants with possibilities to use an AAL sys-
tem in everyday life and pointed out security functions (fall detection, reminder
for medicine intake) as well as comfort functions (automatic light switch, fitness
tracker). The scenario narrated a full regular day living with the system, begin-
ning with waking up in the morning till going to bed at the end of the day. It
also involved communication with a doctor and family members.

Subsequent to the scenario, the UTAUT items were surveyed. They were
randomized for each participant and comprised 36 items spread over the dimen-
sions Performance Expectancy (PE), Effort Expectancy (EE), Social Influence
(SI), Facilitating Conditions (FC), Hedonic Motivation (HM), Price Value (PV),
Experience and Habit (EH), Behavioral Intention (BI) who were derived from
the UTAUT2 model of Venkatesh et al. (2012) and Privacy Concerns (PC) and
Design and Integration (DI) who were added due to the experiences of the prior
focus group studies. Each dimension contained 2 to 5 items. Completing the full
questionnaire took about 25 min. All items were set as mandatory, so that only
complete datasets were used for further analysis. Data was collected in Germany
in summer 2016 by using an online survey tool and in addition a paper-and-
pencil questionnaire to both enable younger and older people’s participation,
because we wanted to collect a preferably broad age span for comparing dif-
ferences through age in further analysis. Participation was voluntary and not
gratified.

3.3 Statistical Methods

All items concerning the UTAUT model and ATT were evaluated through a 6-
Point Likert scale (1 = totally disagree to 6 = totally agree). Data was analyzed
using bi-variate correlations and independent-samples t-tests of model- and user-
related factors,

3.4 Description of the Sample

In total, n = 177 people participated voluntarily in our study and filled in the
online survey. In order to reach also older people who wouldn’t have access to
the online survey, also a printed paper-based version of the questionnaire was
provided. Due to incomplete answers, 32 data sets were excluded so that 145
complete data sets remained for the further evaluation.
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The mean age of the participants (n = 145) was 41.6 years (SD = 17.56;
min = 19; max = 75) The sample comprised 53.1% females and 46.9% males.
43% of the total sample completed an university degree which shows an above
average level of education in comparison to the German population, of which
16% hold an university degree [33].

The measurement of the participants’ health state was conducted by inquir-
ing the SF-12 and an own scale (compare Sect. 3.2.1), which correlated strongly
and showed with a mean of 52.1 (SD = 7.34) for the SF-12 a slightly better
average than the standardized value for the American population (Mean = 50,
SD = 10). As measured by the own health scale, 38.1% of the sample had to deal
with some kind of health impairment in their everyday life.

Furthermore, some questions aimed on analyzing the experience and contact
with caregiving tasks of the participants through affected family members. 27.1%
of them stated that at least one of their family members were in need of care. 8
participants (5.1%) took active care for a family member.

Concerning attitude towards technology, the sample had above average means
compared to the German population (Mean = 4.9, SD = 0.87). The scale ATT con-
sisted of five items and showed a high reliability (Cronbach’s Alpha α = 0.844).

Describing our sample, the overall correlations between the examined user
factors can be seen in Table 1. It shows that age and health correlated meaning
older people had more health impairments, lower caregiving experience, and a
slightly lower ATT as well as there were slightly more older men than women.
Also women had a lower ATT than men. Participants with a better health status
had a slightly higher ATT.

For further analyses, group segmentations referring to age and ATT as user
diversity factors were carried out using a median split. Thereby, two age groups
were differentiated: “young” (≤40 years) and “old” (>40 years). Referring to
ATT (min = 1; max = 6), a group with a comparably “lower ATT” score (M ≤
5) and a group with a “higher ATT” score (M > 5) were considered.

Table 1. Inter-correlations of user factors (bottom), ATT = Attitude Towards Tech-
nology, Health = Physical Health Status (SF-12), CGEXP = Caregiving Experience).
†= p < .1, * = p < .05, ** = p < .01.

Age Gender Health ATT CGEXP

Age — .166* −.368** −.206* −.219**

Gender — .307**

Health — .177*

ATT —

CGEXP —
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4 Results

This section presents the results of our quantitative questionnaire study starting
with the results referring to the adapted UTAUT2-model (model-related dimen-
sions) and followed by analyses regarding user diversity influences. Subsequently,
the results of regression analyses are presented (a) for the whole sample and (b)
for diverse user groups (participants with a low and a high ATT; participants
with/without caregiving experience).

4.1 General UTAUT Results

The main approach of this study was to examine the suitability of the UTAUT
model evolved by Venkatesh et al. and to modify it for AAL contexts, if necessary.
As described in Sect. 3.2.3, we aimed to fit the existing UTAUT model to AAL
contexts and therefore added the dimensions Privacy Concerns and Design and
Integration.

Most of the classic dimensions gained high reliability scores (Cronbach’s
Alpha above α = 0.8, see Table 2). SI an FC still showed values above α = 0.5.
Only the Price Value was unacceptable in its reliability with α = 0.451 and was
not considered for the further evaluation.

Performance
Expectancy

Facilitating
Conditions

Effort
Expectancy

Social
Influence

Hedonic
Motivation

HabiT

Design &
Integration

Privacy
Concerns

Behavioral
Intention

Age Gender Health
Status ATT Caregiving

Experience

p < .05
p < .01

Fig. 1. General influence of UTAUT dimensions on Behavioral intention, ntotal = 145.



60 P. Halbach et al.

Table 2. Correlations of user factors (bottom) and the AAL system’s evaluation
(upper) on the adapted UTAUT model’s dimensions (PE = Performance Expectancy,
HM = Hedonic Motivation, HT = Habit, EE = Effort Expectancy, SI = Social Influ-
ence, FC = Facilitating Conditions, BI = Behavioral Intention To Use, ATT = Atti-
tude Towards Technology, HEALTH = Physical Health Status (SF-12), CGEXP =
Care Giving Experience). †= p < .1, * = p < .05, ** = p < .01.

PE EE SI FC HM HT PC DI BI

PE — .787** .566** .584** .565** .801** −.652** .193* .787**

EE — .530** .678** .637** .824** −.591** .275** .779**

SI — .345** .327** .430** −.380** .463**

FC — .638** .717** −.426** .335** .708**

HM — .740** −.483** .392** .723**

HT — −.639** .314* .851**

PC — −.689**

DI — .239**

BI —

Age −.166* −.236** −.170* −.171* −.481**

Gender −0.156†

Health

ATT .138† −.172* .373** .317** .191* .187* .161†

CGEXP .149† .166* .173* .171*

In terms of interrelatedness, DI and SI revealed the weakest correlations to
the other UTAUT dimensions. PE, EE, FC, and HT were strongly correlated
with BI and also among each other. PC showed consistently at least medium
negative correlations with the UTAUT dimensions and also a strong correlation
with BI (r(147) =−0.689, p < 0.01).

4.2 Influence of User Diversity

We included various factors regarding user diversity in our study to investigate
their influences to the applied UTAUT model. Besides the classical factors for
user diversity like age and gender, also the health state, the attitude towards
technology, and the caregiving experience were examined to check their relevance
for the AAL context.

1. Age: The age of the participants correlated with FC, HM, EH, PC, and DI as
stated in Table 2. With raising age, the participant’s evaluation of their ability
to use the system, the fun, concerns with Privacy, and importance of design
and integration decreased. The factors PE, EE, SI, and BI were not related to
age for this sample. Especially the missing correlation to BI, which was used
to evaluate the acceptance in the UTAUT model, showed an interesting result.
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By investigating relations to the other user diversity factors, two significant
correlations were obtained: with raising age, the attitude towards technology
and the health state decreased.

2. Gender: T-Tests revealed that only the EE dimension of the UTAUT model
was rated slightly different by women compared to men. Men were less willing
to put effort in learning the system use (Mean = 4.2, SD = 1.16) than women
(Mean = 4.5, SD = 1.05, t(145) = 1.9, p = 0.06).

3. Health Status: As mentioned in Sect. 3.2.1, the health scale was significantly
related to the SF-12. Surprisingly, the current health state of the participants
didn’t show any impact on the UTAUT factors.

4. ATT: The ATT showed small correlations with the UTAUT dimensions SC
and DI and medium correlations with FC and HM. In contrast to the other
User diversity factors, the ATT indicated a relationship to the Behavioral
Intention.

5. Caregiving Experience: The results revealed significant group differences
for the Caregiving Experience with the factors EE, SI, HM, and DI (see
Table 2).

4.3 Intention to Use Results

To analyze the predictors for the intention to use more precise relating to the
emerging user diversity factors, a regression analysis was conducted. At first, the
analysis of the whole sample indicated HT, PE, PC, and FC as predictors with
80.3% explained variation of variance (see Fig. 2). In addition, we conducted
regression analyses to uncover user diversity influences. As gender and health
status revealed almost no significant correlations with the model-related dimen-
sions, those two factors were not investigated in more detail. Instead, the factors
age, ATT, and caregiving experience were focused: “young” vs. “old” (see Fig.
3), comparably “lower” vs. “higher” scores ATT (see Fig. 4), and “having” vs.
“having no caregiving experience” (see Fig. 5).

The regression analysis for the two age groups revealed two different models:
for the young group, 76.6% variance of AAL acceptance was explained based on
the model dimensions HT, PC, and PE; for the older group, the regression model
explained 83.0% variance of AAL acceptance based on five model dimensions:
HT, HM, PE, SI, and DI.

The regression analysis for two ATT groups revealed HT, PC, and FC as
coincident predictors for the two groups. The model explained a higher variance
of AAL acceptance for the low ATT group (adj.r2 = .810) compared to the high
ATT group (adj.r2 = .769). The results showed differences for the relevance of
HM, which was an additional predictor for the high ATT group and PE as a
predictor for the low ATT group. HT was the most predictive factor for both
groups, whereby this factor differentiated clearer from the other predictors for
the high ATT group.
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Fig. 2. General influence of UTAUT dimensions on Behavioral intention, ntotal = 145.
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Fig. 3. Influence of UTAUT dimensions on Behavioral intention, comparing younger
(≤ 40) and older (> 40) participants.
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Fig. 4. Influence of UTAUT dimensions on Behavioral intention, comparing partici-
pants with lower and higher scores referring to their attitude towards technology.
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Fig. 5. influence of UTAUT dimensions on Behavioral intention, comparing partici-
pants with and without caregiving experiences.
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The comparison of the regression analysis results for the caregiving experi-
ence groups showed very different models. The only similarity laid in the pre-
dictor HT, which explained the highest amount of variance variation for both
models. For participants with caregiving experience, HM was the only further
predictor and 73.0% of variance were explained. For participants without care-
giving experience, the model reached an adjusted R square of 82.6% and was -
in contrast - based on four predictors: HT, FC, PE, and PC.

5 Discussion

Within this section, the results are discussed starting with an assessment of using
an adapted version of the UTAUT2-model for the evaluation of AAL technology
acceptance. Further, user diversity influences are discussed, limitations of the pre-
sented study are considered, and recommendations for future research are given.

5.1 Using Acceptance Models for AAL

The previously reported results show, that the UTAUT2 model contains several
constructs which are affecting the behavioral intention. The most influencing con-
structs were HT,PE, and EE which leads to the assumption that in particular the
familiarization to everyday use, the effective advantage, and the required effort for
using an AAL system matters for its acceptance. Therefore, it is important that
such systems are easy to integrate into the user’s everyday life offering clearly vis-
ible advantages, while the additional expense is preferably low. Further, privacy
concerns are also a crucial factor for acceptance since the measured construct influ-
ences all other UTAUT factors negatively including the behavioral intention. AAL
systems thus should provide high security of personal data and the user’s privacy.

Those findings are also supported through previous research. Weegh et al.
examined 16 papers to develop an Acceptance Model based on TAM2 by
Venkatesh and Davis and the System Acceptability Model by Anderson. Besides
additional acceptance criteria as financial ability & willingness, human replace-
ment, awareness, and government/politics/legal aspects, their findings also
include perceived usefulness, perceived ease of use, control and security, privacy
versus independence/safety, user involvement, reputation/alignment to current
lifestyle, and experience as relevant for the acceptance.

The study of Steele et al. focusing on a concrete wireless sensor based system
showed that it is rather important for the user that the system is affordable
and that he is able to interact with it and stays in control [34]. Most of the
participants were unable to fully recognize the potentials of such a system and
took the view that it should be used for emergencies only in the sector of elderly
care. Interestingly, they also were at least concerned about the privacy of the
collected health data because the fast availability of help was far more important
for them than their privacy of medical data. Steele concluded, that a system with
a simple interface and least amount of interaction are more likely to be accepted
by elderly persons.
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The results of Demiris also show that the user’s perceptions of AAL technol-
ogy focuses mostly on a reactive role (for detecting emergencies). For the partic-
ipants of his study, privacy importance was depending on the level of need [32].

Regarding to medical technology in particular, Ziefle et al. saw the Impor-
tance of Privacy in terms of data protection as a strong universal claim which
corresponds to the perception in our results. Hence, the importance and rele-
vance of privacy as an acceptance criterion can be rated as very high and should
be included by acceptance models for AAL technology.

Further research should also examine to include additional factors for mea-
suring acceptance such as Steinke, who considered trust as further extension and
found positive influence of trust at perceived ease of use and perceived reliability,
though trust seemed not to be directly related to the intention to use [35].

Concluding, the application of our adapted UTAUT model pointed out, that
it is feasible to measure the acceptance of AAL technologies with conventional
acceptance models, but that a certain adaption to this context is mandatory and
the proposed model is still not complete since it omits further possible barriers
besides the privacy concerns.

5.2 Influence of User Diversity

The observed influences of user diversity indicate that gender and health status
seem irrelevant for the behavioral intention. In contrast, age, the individual
attitude towards technology (ATT), and caregiving experience influenced AAL
acceptance.

Ziefle et al. analyzed the attitudes of users towards different types of AAL
services and found that the evaluation of different usage settings of AAL is
unrelated to age and gender interpreting that the precautious attitude towards
AAL applications is a universal phenomenon [23].

The performed regression analysis in our study with grouping the partici-
pants into low or high ATT resulted in a closer understanding of its effect on
the behavioral intention which also appeared slightly in bivariate correlations
(r(147) = 0,161, p = 0,051). Previous research already demonstrated that the
acceptance of AAL systems significantly depends on the participant’s experi-
ence with information and communication technology and increases with higher
experience [36].

In other studies, the influence of age and health status has a contrary influ-
ence at the intention to use. While Himmel et al. found, that the acceptance
of AAL technologies rises for older and more ill persons [22], Steinke revealed
that younger people with a better perceived health condition are more willing to
use AAL [37]. This shows, that those two user diversity factors seem to be too
unspecific for differentiating of user groups. A possible improvement in further
studies would be to connect them to other factors like the living situation as
made by Steinke in 2012 [38]. However, as shown in Fig. 3 the current results
revealed age-specific influences on the UTAUT dimensions: while younger people
focus more strongly on Performance Expectancy and Privacy Concerns, for older
people Effort Expectancy, Social Influence, Hedonic Motivation, and Design and
Integration are more important.
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Caregiving experience appeared as an additional interesting factor for user
diversity and showed several relations to UTAUT dimensions (EE, SI, HM, DI)
although it was only surveyed with one item and the investigated participants
were not chosen in regard of this factor. The regression analysis revealed that
the existence of caregiving experience lowered the count of UTAUT constructs
as predictors for Behavioral Intention. This could lead to the assumption that
experience with care simplifies the look on AAL systems, because it strengthens
the awareness of the problems which are tackled by those systems and supportive
technology for caregivers is initially rated more valuably. The study of Siegel et
al. shows already, that the perspective of care professionals differs from the
perspective from the actual target group as they directly refer to cognitive or
health impairments while evaluating such technology [39]. It would be interesting
to combine these perspectives in future research.

Having the demographic change in mind it can also be estimated that the
raising demand for care will require new approaches including caring relatives
and new community concepts as stated by Hong et al. [40]. For this develop-
ment it is indispensable to further investigate the acceptance criteria for AAL
technologies depending on more facets of caregiving experience.

5.3 Limitations and Future Work

Our empirical approach provided valuable insights into a model-based evaluation
of a holistic AAL system and the suitability of adapting the UTAUT2-model for
the context of AAL technologies. Nevertheless, there are some limitations and
suggestions for subsequent research in the field, that should be considered.

Referring to the applied methodology, the dimensions of the UTAUT2-model
were successfully adapted and extended for the context of AAL technologies and
systems. However, the model-based approach is restricted on a fixed number of
dimensions. In a very sensible field like care, aging, and assisting technologies,
more affective evaluations (beyond the model-based factors) are of importance
to do justice to perceived benefits or concerns referring the usage of technologies.
Thus, future studies should aim for a combination of model-based and affective
evaluations. Another aspect refers to the fact that the results depend on the
applied method: in the present study a scenario-based approach with a “fictive”
and not a real AAL system was under study. As previous studies showed [41]
evaluations of a fictional system might influence the results and could lead to an
overestimation of perceived barriers and an underestimation of potential benefits
for instance. Thus, it is of importance for future studies to aim for hands-on
evaluations of AAL technologies and systems.

There are also some limitations with regard to the study’s sample. First, the
sample size was sufficient and the sample was balanced regarding gender and
age. In contrast, there were significantly high proportions of people with high
or very high levels of education and additionally also a very positive attitude
towards technology (ATT). For future studies it would be useful to aim for
a more diversified spectrum concerning education level and attitude towards
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technology in order to do also justice to people with low education levels and a
more negative attitude towards technology.

As a last sample-related aspect, the study was conducted in Germany repre-
senting only a single, very country- and culture-specific perspective. As health
care systems, their (financial) regulation, and policy circumstances are extremely
country-specific, we assume that also the acceptance of AAL technologies and
systems as well as the trade-offs between benefits, barriers, and use conditions
differ depending on diverse countries and cultures. Therefore, it is of impor-
tance to aim for comparative studies in the future addressing direct culture- and
country-comparisons of AAL technology acceptance.
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36. Gövercin, M., Meyer, S., Schellenbach, M., Steinhagen-Thiessen, E., Weiss, B.,
Haesner, M.: SmartSenior@home: acceptance of an integrated ambient assisted
living system. Results of a clinical field trial in 35 households. Inform. Health Soc.
Care 41(4), 1–18 (2016)

37. Steinke, F., Bading, N., Fritsch, T., Simonsen, S.: Factors influencing trust in
ambient assisted living technology: a scenario-based analysis. Gerontechnology 12,
81–100 (2014)

38. Steinke, F., Fritsch, T., Brem, D., Simonsen, S.: Requirement of AAL systems:
older persons’ trust in sensors and characteristics of AAL technologies, p. 1. ACM
Press (2012)

39. Siegel, C., Hochgatterer, A., Dorner, T.: Contributions of ambient assisted living
for health and quality of life in the elderly and care services - a qualitative analysis
from the experts’ perspective of care service professionals. BMC Geriatr. 14(1),
112 (2014)

40. Hong, S., Vincenzo, D.F., Ning, G., Chris, B.: The missing ones: Key ingredients
towards effective ambient assisted living systems. J. Ambient Intell. Smart Environ.
2, 109–120 (2010)

41. Wilkowska, W., Ziefle, M., Himmel, S.: Perceptions of personal privacy in smart
home technologies: do user assessments vary depending on the research method?
In: Tryfonas, T., Askoxylakis, I. (eds.) HAS 2015. LNCS, vol. 9190, pp. 592–603.
Springer, Cham (2015). https://doi.org/10.1007/978-3-319-20376-8 53

https://doi.org/10.1007/978-3-319-20376-8_53


Acceptance and Practical Use of Assistive
Technologies for Frail Seniors and Caregivers:

Interview Surveys on Nursing Homes

Akihiko Kamesawa1(✉), Reina Yoshizaki2, Shiho Hirose3, Nana Shinozaki4,
Ren Komatsu2, Satomi Kitamura4, Ou Fu5, Ningjia Yang2, Ayako Ishii4,

Yuka Sumikawa4, Taiyu Okatani5, Kazuki Kaneko2, Yoshiyuki Nakagawa2,
Taichi Goto4, Takahiro Miura6, Taketoshi Mori4, Tohru Ifukube6,

and Junichiro Okata2,6

1 Graduate School of Arts and Sciences, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

akky6126@yahoo.co.jp
2 Graduate School of Engineering, The University of Tokyo,

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
3 Graduate School of Frontier Sciences, The University of Tokyo,

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
4 Graduate School of Medicine, The University of Tokyo,

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
5 Graduate School of Information Science and Technology, The University of Tokyo,

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
6 Institute of Gerontology, The University of Tokyo,

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Abstract. Nowadays, with population aging, shortage of care workers is
becoming a serious problem in Japan. Therefore, the introduction of assistive
technologies at nursing care sites is a measure expected to reduce the work burden
of caregivers. However, there is not much knowledge of assistive technologies
required for a smooth introduction yet. Thus, especially regarding monitoring
sensors, our study clarified the factors of technology acceptance and their influ‐
ence on nursing care sites by interview surveys to the caregivers in nursing homes.
In addition, based on the findings obtained from the survey, we presented several
policies for future surveys about the introduction of assistive technologies in
nursing care sites.

Keywords: Adaptation · Assistive technology · Monitoring system · Seniors
Caregivers

1 Introduction

Population aging is progressing globally. This demographic movement is an almost
irreversible phenomenon, and each country needs to take appropriate measures, such as
an increase in social security and medical expenses. In particular, the trend is remarkable

© Springer International Publishing AG, part of Springer Nature 2018
J. Zhou and G. Salvendy (Eds.): ITAP 2018, LNCS 10926, pp. 70–84, 2018.
https://doi.org/10.1007/978-3-319-92034-4_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92034-4_6&domain=pdf


in Japan. It is estimated that the aging rate will exceed 30% in 2025, and the number of
elderly people is estimated to increase by more than seven million people [7]. In addition
to the aging rapidly proceeding in this way, the declining birthrate is also a factor that
is spurring the population decline. The declining production-age population due to the
declining birthrate is pressing the review of fundamental reforms of the conventional
social security system that has supported the life of the elderly after retirement.

Along with the aging society, one of the areas where measures are most needed is
the care field. Elderly people who need medical care and nursing care also are expected
to continue to increase, but there is a decisive seriousness of lack of caregivers. The
Japanese Ministry of Health, Labor, and Welfare (MHLW) calculates that nearly
400,000 caregivers will run short by 2025 [8]. In fact, among nursing care workers,
dissatisfaction is raised not only in terms of work volume, wages, and working hours,
but also, because of the physical and mental burden. A survey on long-term care work
in Japan, conducted in 2016, reports that as for dissatisfaction concerning the burden of
working conditions and work, 53.2% said that “labor is insufficient” and “wages are low
for job content” at 41.5%, “paid vacation is difficult” at 34.9%, and “the physical burden
is large” at 29.9% [6]. One common background to these reasons is that work produc‐
tivity is poor. Care workers must provide suitable care for each elderly person. Therefore,
it is difficult for them to work efficiently, and the working environment has not been
improved at nursing care sites.

One of the effective breakthroughs in this situation is the introduction of assistive
technologies at nursing care sites. It is expected that these technologies will help reduce
or eliminate the workload of care workers and improve productivity by helping with or
substituting for care. At the same time, even for elderly people, the burden on the mind
and body is reduced by reducing unnecessary care and the possibility of achieving
sustainable care. The Japanese Government actively encouraged the dissemination of
medical devices, including assistive devices, by revising the law in 2014.

However, the introduction of assistive technologies is still stagnant at Japanese
nursing care sites. Assistive technologies are not actively used by nursing care workers.
According to a questionnaire survey conducted by the MHLW, about half of the subjects
did not recognize the care robot [7]. However, about a 40% “expectation for reduction
of nursing-care burden by introduction” was confirmed, and it is known that there is
sufficient need for assistive technologies. Under such circumstances, MHLW notes that
there is a mismatch between the nursing care site and the development side. There may
be a lack of knowledge for advanced assistive technologies and some prejudice in the
care field. Since nursing care has been done by the hands of people than before, care
workers may feel resistance to lack of physical contact. Meanwhile, as to the develop‐
ment side of assistive technologies, it is pointed out that the practical needs of nursing
care sites are not sufficiently drawn [7]. Certainly, unless it has enough usefulness to be
used in care practice, it may rather cause some danger and productivity decline. In order
to improve the situation, to revitalize their communication will be necessary for the
nursing care workplace and the technology development side. However, there are not
many studies focusing on needs research and technology acceptance in assistive tech‐
nologies. We need to advance such a study from the aspect of both quantitative and
qualitative researches.
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Therefore, the purpose of our research is to clarify a part of technology acceptance
and user evaluation of assistive technologies at nursing care sites. For this reason, we
conducted interview surveys at a nursing home that introduced specific assistive devices
(targeting monitoring systems in this research) and another that have not been intro‐
duced, and compared the results. We can define a monitoring system as a device intended
to prevent or detect falling of an elderly in advance, such as when getting up from bed
or walking in a living room. A monitoring system having such a function is expected
not only to ensure the safety of the elderly but also to contribute to the reduction of the
frequent patrol in a nursing home of nursing workers. However, its introduction is not
progressing. For this reason, examining cases of introducing monitoring sensors will
lead to improvement of the relationship between elderly people and nursing care
workers.

The main questions explored in this study are as follows:

Q1. What are the factors that achieve the acceptance of a monitoring system?
Q2. By introducing a monitoring system, how has the nursing care changed?

2 Related Work

This chapter reviews previous studies related to this research. Section 1 introduces some
well-established technology acceptance models as a model for analyzing factors for
accepting technology. This section especially reviews a technology acceptance model
for elderly people. Section 2 reviews several user studies related to assistive technologies
for elderly people. These studies focus on the usefulness and impact of assistive tech‐
nologies rather than individuals using assistive technologies. Taking into account both
viewpoints, this study examines a monitoring system.

2.1 Technology Acceptance Models

The technology acceptance model (TAM) [1, 2] shown in Fig. 1 is one of the basic
models for explaining and predicting the factors determining user attitude towards
accepting new technology. Better measures explaining the factors that influence an
individual’s intention to technology can encourage technology acceptance by manipu‐
lating or changing the factors. Therefore, TAM proposes essentials among these factors
and shows mutual relationship among the essential factors. TAM incorporates six factors
listed as follows [20]:

– External variables (EV), such as demographic variables, the influence of perceived
usefulness (PU), and perceived ease of use (PEU).

– Perceived usefulness (PU) is defined as ‘the extent to which a person believes that
using the system will enhance his or her job performance.’

– Perceived ease of use (PEU) is ‘the extent to which a person believes that using the
system will be free of effort’.
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– Attitudes toward use (A) is defined as ‘the user’s desirability of his or her using the
system’. Perceived usefulness (PU) and perceived ease of use (PEU) are the sole
determinants of attitude toward the technology system.

– Behavioural intention (BI) is predicted by attitude toward use (A) combined with
perceived usefulness (PU).

– Actual use (AU) is predicted by behavioural intention (BI).

Fig. 1. Technology acceptance model (TAM) (Malhotra and Galletta 1999 [14])

It can be said that this diagram has served as a basic explanation model of technical
acceptance [10, 26, 27], but some problems remain on the other hand. One of the aspects
of the TAM of individuals that is not taken into consideration, is a lack of social factors
in the model. Therefore, when considering such social aspects, Venkatesh et al. extended
the TAM and proposed the Unified Theory of Acceptance and Use of Technology
(UTAUT), which attempts to explain the behavioral intention to use technology and
technology usage behavior [29].

Factors constituting the properties of UTAUT are divided into two types. The first
type are the determining factors of the acceptance of technology, such as the expected
performance, the expected lifespan, the social impact and the facilitating conditions.
These factors directly affect the acceptance of technology and are the independent vari‐
ables in the model. The second type are the individual factors, such as gender, age,
experience and autonomy of use, which are the intermediary factors that affect tech‐
nology acceptance. These variables are not presented as the direct factors of technology
acceptance, but as the variables that indirectly influence technology acceptance through
changing the former four factors as the medium. Using UTAUT that is configured in
this way, Venkatesh et al. reported that it was able to explain 70% of the individual’s
intention to use information technology [29].

The fact that UTAUT not only included factors of social influence, but also personal
factors, indicates that it is also effective in explaining the technology acceptance of
specific users, who have been narrowed down in advance. This viewpoint gives the
possibility of explaining the technology acceptance of seniors in particular. Various
developmental models for technology acceptance by seniors have been proposed. The
next section reviews such technology acceptance models for seniors.

Seniors are said to be different in personal and social aspects from others. Indeed,
aging has been found to have a remarkable influence on the acceptance of technology.
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For example, previous studies have reported that technology acceptance [17] and usage
of new technologies [19] decrease with increasing age. While a decrease in technology
interest has been reported, there are also studies reporting the importance of experience
with technologies. Künemund and Tanschus report that experiences involving tech‐
nology have a greater influence on technology interest than a simple age effect [12]. It
has also been reported that the technical acceptance of seniors changes in each property
characterizing seniors, such as physical aspects [4, 22, 24], cognitive aspects [4, 24],
social aspects [13, 22], and psychological aspects [21, 32]. It has been clarified by
previous studies that it is difficult to explain or predict the specificity of technology
acceptance of seniors in general technology acceptance models.

Based on this background, Renaud and Biljon proposed the Senior Technology
Acceptance & Adoption model for Mobile technology (STAM) shown in Fig. 2 [20].
STAM modeled the acceptance process as driven by the factors that influence mobile
phone adoption in the context of elderly mobile phone users.

Fig. 2. Senior technology acceptance model (STAM) (Renaud and Biljon 2009) [20]

The model emphasizes the distinction between acceptance and adoption of tech‐
nology. Acceptance is attitude to technology determined by various factors while adop‐
tion is a process starting with the technology and ending with the user embracing the
technology and making full use of it. Based on the adoption process [13], they proposed
a model that can analyze key factors that influence acceptance in each stage. In
explaining technology acceptance, it is extremely important to capture adoption as
another aspect. In technology engagement, people are involved whether they accept it
or not in how they use it. Therefore, taking adoption into account seems to enable
capturing even more practical use of technology.
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For the adoption process, Renaud and Biljon rely on the technology adoption process
proposed by Silverstone and Haddon [23]. Silverstone and Haddon argued that domes‐
tication is important for technology to be used in practice, and that the process leading
to domestication can be analyzed in four stages. The four processes are appropriation,
objectification, incorporation, and conversion, respectively, as shown in Table 1.

Table 1. Domestication adoption process dimension (Lee 2007) [13]

Dimension Description Examples of potential themes relevant in user
experience research

Appropriation Process of possession or
ownership of the artifact

– Motivation to buy a product
– Route to acquire information about a product
– Experience when purchasing a product

Objectification Process of determining
roles product will play

– Meaning of a technology
– What function will be used in users’ life?
– Where is it placed? How is it earned?

Incorporation Process of interacting with
a product

– Difficulties in using a product (usability
problems)
– Learning process (use of instructional
manual)

Conversion Process of converting
technology to intended
feature use or interaction

– Unintended use of product features
– Unintended way of user interaction
– Wish lists for future products

Based on this viewpoint, this study investigates acceptance and adoption of assistive
technology for seniors in nursing care sites. The nursing care site is a practical site where
people are in contact and interact every day. Therefore, as suggested by STAM, deep‐
ening consideration is important not only for acceptance but also for adoption at the
same time.

2.2 User Study

Assistive technologies for seniors are technologies used to help the elderly with their
daily problems [30]. For example, cognitive assistive equipment, the movement
supporting equipment, communication robot, and so on, have been developed in addition
to the monitoring system. Nelson and Dannefer reported that heterogeneity increases
with age and the needs and capacity of elderly people for technology are diverse [18].
It is also known that aging causes changes in physiological and cognitive abilities and
affects the ability of older people to use technology [4, 24]. These studies claim the need
to appropriately know the characteristics of the relationship between the elderly and the
technology.

For example, important findings have been obtained regarding communication
robots. Wu et al. reported that barriers to the introduction of robots specialized in
communication functions are unfamiliarity with computer technology and concern for
lack of communication with people [33]. In addition, some studies have proposed
concrete practical policies and development guidelines for communication robots. Wada
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has conducted experiments using the therapeutic robot and has developed the manual
of the robot therapy for seniors [31]. Miura et al. explains the impression of the seniors’
communication robot based on the difference in physical weakness through the scores
on the systems’ usability scale (SUS) and the interview survey [16].

In addition, equipment for seniors is also studied from the viewpoint of technology
design. Kobayashi et al. show guidelines on design about the target size and the method
of the initial setting of the user interface by conducting experiments on the seniors’ use
of touch panel devices [11].

On monitoring systems, there have been some previous research. Veer et al. revealed
that adequate coaching and training are necessary for introducing technology by a ques‐
tionnaire survey targeting nurses in the Netherlands [28]. Iio et al. clarified the relation‐
ship between the range of fall detection and feeling of security and the difference of
intention to use between seniors living in nursing homes and other seniors from an
interview survey on seniors and caregivers who actually use a fall detection monitoring
system [9]. Dolničar et al. reported that monitoring sensors were accepted positively,
particularly by caregivers while both the caregivers and the elderly showed a concern
that the monitoring system would reduce the opportunities for visits through interview
surveys conducted by actually introducing equipment in Slovenia [3].

3 Research Design

The findings of this study were obtained by comparing the results of two interview
surveys. The first interview survey was conducted with the staff of Nursing Home 1
(NH1), which did not use a monitoring system, and the second interview was conducted
with the staff of Nursing Home 2 (NH2), which actively used a monitoring system. The
surveys for both nursing homes lasted several hours and were conducted between
February and August 2017, respectively. Semi-structured interviews were adopted for
the surveys.

3.1 Interview to NH1

The survey was conducted in NH1 by interviewing three caregivers. The main question
of this survey was either why the monitoring sensors had not been installed in the facility,
or why they had ceased to use the monitoring sensors once they had been introduced.
Although there was a range of sensors, we chose to listen mainly to the functions that
were common to each sensor.

NH1, which was the subject of the survey, was a relatively small facility, with almost
30 private rooms and 36 employees. Twenty-nine elderly people were present, and the
average age was about 87 years old.

3.2 Interview to NH2

The survey was conducted in NH2, by interviewing one caregiver and two managers.
The main question of this survey was the background of the introduction of the
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monitoring system, the opinion on the function of the monitoring system after intro‐
duction, and the change from the introduction to the present. The monitoring system
introduced in the NH2 is a silhouette image sensor by an infrared camera that mainly
aims at motion detection. The state of the care receiver is determined by a computer,
which sends a silhouette image of the surroundings of the care receiver’s bed at all times,
from the image sensor through the wireless connection. When an action for alarm is
detected from the determined state, the alarm is sent to the mobile device of the care‐
givers and the silhouette movie is saved before and after 10 s. The silhouette movie
being taken constantly can be seen in real time from the mobile device of the caregiver.

NH2 had 120 private rooms and 45 employees, which was a relatively bigger facility
than NH1. There were 41 elderly people who were present, and the average age was 87
years old.

The transition on use of the monitoring system in NH2 from the introduction was as
follows. Through several adjustments, NH2 was able to fix the practical use of the
monitoring system. Figure 3 shows the approach in chronological order.

Fig. 3. The transition from the introduction of the monitoring system

4 Findings

In this chapter, we show the results of interview surveys to Nursing Home 1 (NH1),
where monitoring systems have not been installed, and Nursing Home 2 (NH2), where
monitoring systems have already been installed. Each interviewee had a lot of various
answers, but we show the difference between NH1 and NH2 based on three major points:
correspondence to alarm notification, difference in the concept of privacy, and visuali‐
zation of life rhythm as an unexpected effect.

4.1 Settings of Alarm Notification

When a monitoring sensor detects the elderly person falling and getting up, the system
will alarm the caregiver. The caregiver will receive the notification through the tablet at
hand and can check the situation of the elderly person. The interview surveys found that
notification through an alarm created difficulties common to both sides.

In the survey for NH1, we found some negative opinions about the monitoring
system. One of their concerns was stress caused by the alarm. NH1 had installed a
monitoring system before, but there were many false alarms due to slight body
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movements by the elderly. Thus, the NH1 staff had to go to the elderly’s room every
time the alarm sent notification. Such a situation increased the number of visits and their
psychological stress. It confirmed the paradox that the technology that should originally
have reduced the work of caregivers would rather increase it.

Such a situation was confirmed in NH2. NH2 also originally installed monitoring
systems in order to reduce the number of patrols at night, but the staff said that the
installation caused confusion due to too many alerts. In the case of NH2, however, they
could successfully solve such problems by dealing with them. NH2 collaborated with
the developer side and could successfully renovate the system.

One of their ideas was to limit the target. The necessity of assistive technologies
changes greatly depending on the bodily abilities of the elderly. In other words, measures
such as introducing them collectively for all rooms of the nursing home will not only
increase the amount of work but also cause unnecessary expenses. Initially, NH2 intro‐
duced monitoring sensors for all rooms on a trial basis, but now, only the room for the
elderly suffering from dementia is equipped with the sensors. This may reduce the risk
of injury.

Furthermore, NH2 changed the detecting system based on each target. They could
change the function of the monitoring system according to the elderly by limiting the
target. It enabled the sensor to detect each stage such as when the elderly sit up in bed,
sits at the end of the bed and stands up. This contrivance can decrease the staff’s workload
greatly.

These results suggest that the personal adaptation of technology is needed. In nursing
care, each resident has a different degree of bodily function. Therefore, it should be
needed to change functional settings according to each person. In this case, uniformity
of functions may lead to increase the risk of injury and workload.

4.2 Privacy

As to the installation of the monitoring sensor, we should consider about the privacy [15,
34]. Its function of monitoring the target may hinder his/her privacy, so the elderly do
not have a good impression on the system. Even in the field of nursing care, the behavior
of residents is always detected by the camera and thus the elderly cannot escape from
the camera as long as they are in the room. These ethical resistances to the system have
been shared among people.

The same situation was also confirmed in NH1 where monitoring systems have not
been installed. NH1 staff said they wanted to minimize the use of monitoring systems
basically because they thought that the use of them was a deterrence to residents. They
also suggested that installing monitoring sensors might indirectly narrow the possibility
of residents’ behavior. As Townsend, Knoefel, and Goubran report [25], they also have
a concept of a trade-off between safety and privacy given by the monitoring sensor.

On the other hand, in NH2, we did not find such trade-off scheme at all. Surprisingly,
NH2 staff said that the privacy of residents was reversely secured when they introduced
monitoring sensors. Since they could control the monitoring system, NH2 staff success‐
fully reduced the number of patrol. The staff said that this ingenuity increased the private
time for residents. Nursing care leads to some mental diseases not only for caregivers,
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but also, for the elderly. The installation of the monitoring systems reduced caregiver’s
unnecessary assistance, so the elderly might have a sense of rest. This result is partially
consistent with the survey conducted by Dolničarr et al. [3], but NH2 staff have no fear
of decreasing the number of visits.

Considering the answers by NH2, the problem is not a trade-off between safety and
privacy, but a trade-off between gaze and contact on privacy inhibition. The monitoring
sensor might cause a hindrance of privacy, but at the same time, it contributes to reducing
direct interpersonal contact. NH2 staff found positive aspects of monitoring sensors.

It seems that the way of thinking about privacy and the unexpected effect of the
monitoring systems are found in the consistent use of them by NH2 staff. It should be
noted that this fact was not found at the interview with NH1 staff. They did not notice
the positive effect of monitoring sensors, which brought not only unnecessary work but
also invasion of the elderly’s privacy. NH2 staffs said that reducing staff’s work volume
is the result of securing residents’ privacy. The function of the monitoring sensor is not
only to detect dangerous behaviors of residents.

As we use certain technology constantly, sometimes, we can find it has some unex‐
pected functions. Of course, we cannot find whether the function will have a positive or
a negative effect, but these results suggest that it is important for technology acceptance
in practical situations. Nursing care also has many practical and interactive scenes.
Caregivers and the elderly keep in touch with each other on a daily basis; thus, assistive
technologies that mediate between them might have an unexpected result. Considering
this situation, we should take these side effects into consideration when we develop a
new device.

4.3 Visualization of Life Rhythm

As another unexpected effect, one more thing can be mentioned. According to NH2
staff, they are currently using the image of the room recorded by the monitoring sensors
to accurately grasp residents’ lifestyles and ADL. The monitoring sensor introduced in
NH2 has the function of recording for 10 s before and after a specific operation is
detected. Initially, this function was incorporated in order to examine the cause of the
fall afterward. However, in addition to that, the NH2 staff saw this video from another
perspective and helped to objectively grasp the behaviors of residents. By virtue of the
accurate understanding of the life rhythm and physical ability of the residents, which
they could only know subjectively until now, it has become possible to provide more
appropriate personal assistance.

NH2 staff pointed out that they were able to improve the excretion QOL of residents
by carefully grasping their life rhythm. When the elderly excrete by themselves, they
must do such movements as sitting up and rising, and the monitoring sensor detects the
situation. As intended usage, it would have been within the extent that caregivers
remotely confirm the appearance on the tablet. However, the NH2 staff became aware
of the timing of the overall excretion of the day through the alarm and the appearance
of an image. As a result, it became possible to go to the room when the residents were
needing to excrete, and safe and efficient assistance became possible.
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On the other hand, the motion pictures of the monitoring sensors also proved to
contribute to the proper grasp of ADL or physical ability of the residents. The NH2 staff
said that there are occasions when they assisted the elderly more than was necessary, and
that it is difficult to assist them appropriately. Unnecessary nursing care interferes with the
elderly exerting their own physical functions, and this may result in them becoming
weaker. The monitoring system solved such dilemmas. By viewing the motion pictures of
residents’ movements, it became possible for caregivers to understand their appropriate
need for assistance. NH2 staffs said that there were some residents who took an active
action that they would not have expected at all. In other words, the monitoring system has
the potential to lead to an improvement in the physical functions of the elderly.

The practice of daily care by caregivers included these potential functions. It may be
difficult for technology developers to anticipate multiple functions that the monitoring
system can have in the development stage. The interview survey conducted by this research
suggests that technology should be developed in collaboration with caregivers and that
technology acceptance will be completed when the communication is successful.

5 Discussion

In this chapter, we would like to add some implications in the context of technology
acceptance from findings mentioned above. Due to the nature of the survey, this research
was not carried out based on the series of TAMs mentioned in Sect. 2. It was found that
the application of these models was not successful because of the specificity of the
nursing care. These facts seem to lead to the improvement of TAMs and a contribution
to user study.

5.1 Correlation Between Caregivers and Elderly People in Technology
Acceptance

One of the factors of difficulty in applying TAMs is that in the nursing care field, tech‐
nology acceptance is never done by one person but can be accomplished in the interac‐
tion between caregivers and elderly people. As assistive technologies are used by
humans and for humans, uncertainty increases, and further flexibility is required of them.
Even if they are accepted by caregivers, if incompatibilities arise due to the physical or
mental attributes of the elderly people who are cared for, practical use does not go well.
Sometimes it can also cause fatal danger. In nursing care sites where safety is required,
assistive technologies must be designed for each elderly person. At the same time,
assistive technologies must also contribute to the efficiency of the caregiver’s work.
Instead, even though it is optimized for the elderly, if it increases the workload of nursing
care workers, problems such as shortage of personnel and job separation can be caused.

The problem concerning the setting of the alarm indicated by our research reflects
such a correlation. Our study revealed that technology acceptance was achieved through
personal adaptation of alarm detection and decrease of work volume. Even in previous
studies, both aspects have been pointed out separately. The survey of the fall detection
monitoring sensors for the elderly in the nursing home by Iio revealed the relationship
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between accuracy of the detection and safety in nursing care [9]. A survey of nurses who
work at a medical and welfare center in the Netherlands conducted by Veer et al. [28]
pointed out that proper coaching and training on the use of technology is necessary.
Thus, these studies suggest that technology acceptance should be considered from both
sides of the subject and object simultaneously.

The previous models, such as TAM, targeted individuals exclusively. Attributes of
others who interact with him or her are merely considered as social aspects of him or
her or factors on the usefulness of technology. However, at nursing care sites, the attrib‐
utes of both caregivers and the elderly are equally important, and the usefulness of
technology and technology acceptance are closely linked in the correlation. Therefore,
to construct a model that predicts the introduction of assistive technologies at a nursing
care site, it is necessary to think about schemes that put these two attributes and rela‐
tionships in range.

5.2 Finding Potential Usages by Users

Second, the findings of our study suggest that continued practice may result in discovery
of new functions of technology. The interview survey revealed that the monitoring
system contributes to securing privacy in another way and that it is also helping to
improve QOL and ADL by grasping appropriate life rhythm and physical abilities, which
is the function and effect discovered in daily practical use by caregivers. This aspect has
affinity with cases indicated by Forlizzi and DiSalvo [5]. They pointed out that practical
use of the cleaning robot changed user and family behavior and emphasized the impor‐
tance of grasping how human interaction with robot has changed. Our study makes the
same conclusion. Particularly in nursing care sites, the relationship between caregivers
and the elderly is so close that it seems that the long-term impact of assistive technologies
on them cannot be missed.

These points are not related to technology acceptance, but technology adoption
emphasized by Renaud and Biljon [20]. In proposing STAM, they presume stepwise
changes in how to engage with technology. In the process of Objectification to Incor‐
poration and (Non-)Conversion, a notion that technology acceptance is not only under‐
stood by mere attitude, but decided in the practical use of technology is assumed. As
mentioned above, the interview survey conducted by our study also confirmed the
gradual change of technology adoption.

However, the potential use of monitoring systems by caregivers revealed by our
study cannot be described as Conversion. NH2 staff keep using the primary usage at the
development stage while using another method at the same time. Such a fact can be said
to be Diversification rather than Conversion. Diversification of usage shows that the
Adoption Process is never a single track; it may be a multi-track structure. Based on
these findings, the technology adoption process may need to be refreshed.

It seems that further research is necessary to determine if the suggestions described
above only remain in the specificity of nursing care facilities subject to this interview
survey. From now on, an investigation into such viewpoints will also be required in other
areas.
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6 Limitation

In our study, interviews were only conducted with caregivers, and not with the elderly.
Although it is difficult to conduct interviews with the elderly, because of their physical
or mental weakness, it is necessary to collect their direct opinions on assistive technol‐
ogies. It is our intention to change the nature of the interviewees in our future research.

7 Conclusion

This study investigated the possibility of introducing assistive technologies in nursing
homes. Through the interview surveys, we established what the barriers are to intro‐
duction of monitoring systems, as well as the actual practical effects of doing so. The
main contribution of our research was to clarify the specificity of technology acceptance
and technology adoption at the nursing care sites. The discovery of the correlation
between the caregiver and the elderly in terms of technology acceptance may lead to the
further improvement of TAM for assistive technologies. In addition, the potential usage
found in nursing care sites explains the phase of conversion to the technology adoption
process, in detail. The results suggest that the construction of more appropriate models
is required in the future.
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Abstract. Currently, the number of people at the age of 65+ is rising at frenetic
pace. For instance, in developed countries, the number of older adults forms 24%
and this number should rise to 33% by 2050. Therefore, there is a need to prolong
an active life of older people, who want to lead active, fulfilling and quality life
in a sense of their inclusion, socialization and independence. This can be achieved
not only by continuous support from their family members, but current trends
show an important role of information and communication technologies (ICT) in
this process. The purpose of this study is to explore technology acceptance
models, as well as the factors influencing the acceptance of technologies by older
people, such as the key demographic characteristics (i.e., age or education), which
can accelerate or slow down their acceptance of ICT devices. The methods used
in this study include a method of literature review of available sources exploring
the acceptance of ICT devices by older people, a method of comparison and
evaluation of the findings from the selected studies on this topic. The findings of
the reviewed research studies indicate that the presented four theoretical models
provide sound theoretical bases for potential empirical studies exploring the
acceptance and use of technologies by older people. However, more attention
should be paid to their support in the form of training, as well as meeting their
unique personal needs. Future research should focus on the acceptance and use
of mobile devices and their effectiveness on the improvement of quality of life of
older generation groups.

Keywords: Older people · Technological devices · Acceptance · Models · Factors
Benefits · Limitations

1 Introduction

Ageing is becoming a big social issue nowadays. In 2000, the number of people at the
age of 65+ in the world reached 12.4% and this number is expected to grow to 19% by
2030 [1]. In developed countries, this number of older adults forms 24% and it should
rise to 33% by 2050 [2]. In Europe the population group aged 65+ represents 18% of
the 503 million Europeans, which should almost double by 2060 [3]. Therefore, there
is a need to prolong an active life of older people, who want to lead active, fulfilling and
quality life in a sense of their inclusion, socialization and independence. This can be
achieved not only by continuous support from their family members, but current trends
show an important role of information and communication technologies (ICT) in this
process. These ICT devices can promote autonomy of older people by facilitating the
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execution of many routine activities, such as shopping or communication. Their use also
offers cognitively and intellectually challenging activities that can empower older
people. Thus, the use of ICT devices can maintain them independent, active and socially
inclusive. In fact, there are certain prerequisites, which can trigger their use and accept‐
ance by older people. These include a steady rise in the number of older people world‐
wide, ICT as a tool for providing older people with the promise of greater independence,
and the fact that the generation of baby boomers approaching retirement is relatively
comfortable using ICT [4].

As research shows, older people are nowadays more digitally literate, especially
those parents of baby boomers, and 80% of them have access to the Internet [4–6].
Furthermore, there is an increasing number of those older individuals who own and use
mobile devices, such as a mobile phone. For instance, 78% of older people at the age of
65+ own a mobile phone in the USA, as well as in the UK [7, 8]. In the Czech Republic,
it is 91% [9]. In fact, currently mobile devices seems to be more exploited than the
desktop computers [10].

The purpose of this study is to explore technology acceptance models, as well as the
factors influencing the acceptance of technologies by older people, such as the key
demographic characteristics (i.e., age or education), which can accelerate or slow down
their acceptance of ICT devices. In addition, the authors aim at emphasizing the main
benefits and limitations of technology acceptance by this group of people.

2 Methods

The methods used in this study include a method of literature review of available sources
exploring the acceptance of ICT devices by older people, a method of comparison and
evaluation of the findings from the selected studies on this topic, as well as the discussion
of the findings from the authors’ own empirical studies on this research topic. The liter‐
ature search was conducted in the acknowledged databases Web of Science, Scopus,
and ScienceDirect. Altogether over 36,000 articles were generated from all three data‐
bases where the key words older people AND technology acceptance were inserted.
Nevertheless, only few related to the research topic.

For example, in the Web of Science 167 articles were found. The first one appeared
already in 1996. However, most of the articles on the research issue started to be
published after 2010 as Fig. 1 below illustrates. The topic of the majority of studies
relates to health monitoring and assisted living technologies. This is not surprising since
older people are mainly concerned at this age in maintaining their health conditions. The
number of articles on the pure exploration of older people and their acceptance of tech‐
nologies was relatively scarce.

86 B. Klimova and P. Poulova



24

31

26

17
19

11
13

8

2017 2016 2015 2014 2013 2012 2011 2010

N
um

be
r o

f p
ub

lic
a�

on
s

Year

Fig. 1. An overview of the number of publications on the research topic in the Web of Science,
authors’ own processing based on the data from the Web of Science [11].

3 Findings and Discussion

The research on the acceptance of technologies by older people firstly concerns the
exploration of the existing models describing successful acceptance of technological
devices by older individuals. Overall, there are four models. The first, original one is
the Technology Acceptance Model (TAM) developed by Davis in 1989 [12]. This model
is based on two basic constructs: perceived usefulness (i.e., the level to which an indi‐
vidual reckons that exploiting a particular system would improve his or her job perform‐
ance) and perceived ease of use (i.e., the level to which an individual reckons that
exploiting a particular system would cause smaller effort). Thus, if the individual
believes that the technological devices is useful and s/he can use it independently, s/he
will develop a positive attitude and his/her behavior will lead to the adoption of such a
technological device. On the contrary, if his/her personal needs are not satisfied, s/he
will reject it.

The second model, which is based on TAM, is the so-called Unified Theory of
Acceptance and Use of Technology (UTAUT) model, developed in 2003 by Venkantesh
et al. [13]. This model consists of four basic constructs determining person’s behavioral
intention to exploit the system and his/her usage behavior (Fig. 2 below).
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Fig. 2. Unified Theory of Acceptance and Use of Technology (UTAUT) model (authors’ own
processing).

The extent to which each key construct influences the user’s intention to use the
technological device is influenced by four factors, which are as follows: gender, age,
experience, and voluntariness of use [14]. The functionality of this model in practice
has been recently evidenced by Macedo [15], who applied this model with 278 Portu‐
guese older adults. Especially behavioral intention appeared to be significantly effective
on determining the actual use of technological devices.

The third model, based on TAM and UTAUT, is the Senior Technology Acceptance
Model (STAM), aimed particularly at older generation groups [16, 17]. This model was
developed by Renaud and Van Biljon in 2008 [16]. It consists of three stages: objecti‐
fication (i.e., the intention to exploit the technological device, to see whether it is useful
and easy to use or not); incorporation (i.e., further exploration and experimentation with
the technological device); and conversion (i.e., either accept or reject the technology on
the basis of real life experience).

The fourth model, developed by Kim et al. [14] in 2016, includes the key elements of
all three prior models, but incorporates another four new components; one more stage -
intention to learn, including three new factors: self-efficacy (i.e., the level to which a person
thinks s/he is able to do the task), conversion readiness (i.e., ability to accept a new
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device), and peer support (i.e., people in his/her surrounding having experience with the
new technology). Figure 3 below illustrates this model.

Fig. 3. Technology acceptance model for older adults (authors’ own processing).

Thus, there are altogether four stages/phases leading to the acceptance or rejection
of a technological device. As it has been already pointed out, there are also several factors
determining and facilitating indirectly and directly the acceptance of technologies by
older people. Peek et al. [18] group them into six categories:

1. concerns regarding technology (e.g., high costs or privacy implications and
usability);

2. expected benefits of technology (e.g., improved safety and perceived usefulness);
3. need for technology (e.g., healthcare reasons);
4. alternatives to technology (i.e., family members can help and substitute the tech‐

nology);
5. social impact (i.e., communication with friends or family members);
6. characteristics of older adults (i.e., they wish to age in their homes, in the environ‐

ment where they feel comfortable and safe).

These categories/topics are also discussed by Chen and Chan in their study on
gerontechnology acceptance by elderly in Honk Kong [19].

The most decisive factor for the technology acceptance by older people seems to be
the age. According to this criterion, seniors can be divided into three age groups: 55–64
years, 65–74 years, and 75+ years. Seniors aged 55–64 years are usually parents of the
baby boomers. They are well-educated older individuals with desire to socialize and a
love for active lifestyles. Their income is also quite favorable. Even in their retirement
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they are eager to pursue education, either formally or informally [20]. The use of tech‐
nological devices dramatically declines at the age of 75 years, when older people start
to be affected by cognitive and physical impairments [20, 21]. This finding has been also
confirmed by authors’ study [9].

Another important factor is an educational status. Findings of the research studies
[20, 22] indicate that older individuals with higher education are more willing to accept
and adopt technological devices than those with lower education.

Nevertheless, to enhance the acceptance and use of technologies by seniors, it is
important to provide support to them. This can be done by training them and making
sure that the technological device suits their personal needs and age [23]. Righi et al.
[24] expands that technologies designed for older individuals should be designed to meet
situated and dynamic needs/interests of the communities (and not only of care) to which
they belong.

As research shows, older people accept and use the technological devices in order
to socialize, communicate, and monitor their health [9]. As it has been already mentioned
in the part on Methods, research studies on the use of health-related technologies for
older people are quite widespread. Older people are in fact the main users of health-
related Internet services despite the fact that the dominant group of the Internet use is
formed by young people [25]. They predominantly use technological devices, including
the Internet, for searching health-related information, receiving reminders for scheduled
visits, medication instructions, or consulting a doctor at a distance [26–28].

In addition, there is an increasing trend towards the exploitation of mobile devices
by older generation [7, 29]. In fact, surveys, e.g., [9, 10] report that mobile and tablet
internet usage exceeds desktop computers. Some of the seniors even use a smartphone,
but the number of these people is still very low. The reasons include a number of
constraints [22, 30–32]. Figure 4 below illustrates these barriers.

Therefore, the designers of technological devices aimed at older people should bear
in mind the following principles:

• vision and hearing of the elderly people (e.g., suitable font size, usually bigger than
16 pixels, contrast ratios with text, or provision of subtitles when video or audio
content is fundamental to the user experience);

• motor control (e.g., bigger buttons at least 9.6 mm or bigger screen device);
• device use (user-friendly);
• relationships (e.g., enable connection with a smaller, but a more important group of

people such as their family members and friends);
• cognitive capacities of the elderly (e.g., provision of services such as reminders and

alerts as cues for habitual actions) [33].

However, older people should be systematically made aware of the benefits of tech‐
nological devices because they can provide them with a number of benefits such as
reduction of travel costs (i.e., they do not inevitably have to see their doctor face-to-face
if they need, for example, a prescription or some professional consultation); avoidance
of social isolation (i.e., technological devices can enable them easier communication
with their family members or friends and thus avoid their loneliness); decrease reduction
of pressure on (family) caregivers; maintenance of their independence in executing tasks
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of daily life; or enhancement of feeling of safety [34–37]. On the contrary, of course,
there are certain limitations and barriers preventing older people from accepting new
technological devices (cf. [38]). Table 1 below summarizes the main benefits and limi‐
tations of the acceptance and use of technological devices by older people.

Fig. 4. Constraints of a technological device for older individuals (authors’ own processing).

Table 1. Main benefits and limitations of the acceptance and use of technological devices by
older people (authors’ own processing).

Benefits Limitations
• maintenance of independence and aging in
place
• reduction of economic and social burden
• enhancement of feelings of safety
• health-related services and control
• reduction of social isolation

• certain technological constraints of the
devices
• physical and cognitive impairments of this
group of people
• cost of the device
• a lack of training
• a lack of the awareness of the benefits of the
use of the device
• stigma of using an assistive technological
device
• a lack of intention to learn
• security and reliability concerns
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4 Conclusion

The findings of the reviewed research studies indicate that the presented four theoretical
models provide satisfying theoretical bases for potential empirical studies exploring the
acceptance and use of technologies by older people, such as [15] or [17]. However, more
attention should be paid to their support in the form of training, as well as meeting their
unique personal needs.

Future research should focus on the acceptance and use of mobile devices, such as
smartphones, and their effectiveness on the improvement of quality of life of these older
generation groups.
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Abstract. The presentation is based on a qualitative research that followed the
process of adjustment to tablet computers by males and females aged 65+. The
purpose of the study was to characterize the lifestyle of the population commonly
called “the Third Age” regarding the use of touch-screen technology. From the
analysis of the data accumulated through ethnographic observations in the homes
of the participants and through in-depth interviews with them, a multilayered
model emerged, including four dimensions relevant to living with a tablet at the
third age: Activity, Learning, Independence, and Barriers. This led to proposing
a new model of aging which combines extensive use of devices with integrated
touch-screen technology, referred to as “Aging Model 2.0”. The research suggests
that the use of advanced technology may contribute to a new representation of
older adults in society, which, in turn, may lead us to reevaluate our relationship
with our parents and grandparents.

Keywords: Assistive technologies · Touch-screen technologies · Web 2.0

1 Introduction

The world of technology, communications, society, culture, and education is undergoing
extensive transformations that deeply influence all of us. At the same time, we are
witnessing a remarkable increase in longevity that has led to an aging population [1].
This presentation deals with the confluence of these two important sociocultural trends,
focusing on the impact that innovative technology might have on older adults, hereby
referred to as “the Third Age”.

Tablets and smartphones, built on touch-screen technology, are thought of as an
answer to some of the problems of third-agers who are challenged by traditional
computers [2]. A touch-screen user is within touching distance of the potential services
and treasures of the Internet, while accessibility of the interface symbols and icons
lessens the frustration of the adult users and might help them to keep in touch with family,
friends, and caregivers.

The use of tablet computers by members of the Third Age population group is a
relatively new phenomenon, adding a new dimension to the existing theories regarding
aging in the modern era. This phenomenon was examined in our study using an ethno‐
graphic approach that allows for a description of human and social situations through
the individual subjective perspective of the participants. The presentation will discuss
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the resulting emergent model of aging termed “Aging Model 2.0”, to reflect the variety
of web 2.0 tools [3] that our research participants have been using.

2 Theoretical Background

This section details the two sociocultural trends that meet at the intersection of this study,
namely the gradual increase in number of the older population around the globe (in
Sect. 2.1), and the digital revolution affecting every aspect of our lives (in Sect. 2.2).
Section 2.3 ties both trends by discussing the fields of assistive technologies gerontech‐
nology.

2.1 Current Aging Models

The Third Age population is very heterogenic and characterized by changes that impact
on everyday functions in varying degrees [4]. The literature makes a distinction between
normal aging and pathological aging. In addition, different aging models are described,
distinct from one another mainly in the way they define the basic concepts and by using
different research paradigms. However, a common feature in these models suggests that
individuals from the Third Age group can break the boundaries, despite all of the stigmas
regarding aging. One of the models suggested in the literature is referred to as
“Successful Aging” [5]; Nimrod and Kleiber [6] propose a theory combining innovation
with successful aging; other models refer to “Creative Aging”, “Active Aging”, and
“Productive Aging”. The concept of “Positive Aging” [7] combines all of these models
and theories and presents us with a strategic policy for achieving the optimal conditions
for the Third Age population, to encourage their positive involvement in social and
economic life, as described in Fig. 1.

Fig. 1. Aging models

The global process of aging is occurring concurrently with huge advances in tech‐
nology, commonly referred to as a digital revolution effecting every aspect of our lives,
including the growing population of the third age. The next sections discuss these impacts.
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2.2 The Internet and the Digital Revolution

Technology nowadays is more and more perceived as a tool for empowering citizens.
Applications, such as Twitter, Facebook, YouTube, and instant messaging allows user
communities to find answers, conduct research, communicate, share and create ideas.
This situation presents society with challenges which are dealt with throughout the world
using national plans for digital citizenship which include digital literacy and ethics;
growing accessibility; educating for digital consumerism, digital law and order, and
digital health; and cyber-security and protection of users’ privacy [8]. Such empower‐
ment-by-digital-technology plans are thought to impact all the parts of the society,
including the elderly, and to assist in closing digital gaps. The section discusses these
impacts through the lens of two terms: Web 2.0 [3] and World 2.0 [9].

The rise of the Internet is one of the driving forces for this digital revolution. The
World Wide Web, initially created as a method for computers to communicate between
themselves, has evolved during the first decade of the 21st century as a tool of commu‐
nication between individuals using Web 2.0, for creating and sharing content. “Web 2.0
is a set of economic, social, and technology trends that collectively form the basis for
the next generation of the Internet - a more mature, distinctive medium characterized
by user participation, openness, and network effects” [10, p. 4].

The term “Web 2.0” describes applications with simple user interfaces, which
receive data from a number of sources including the users themselves, while maintaining
continuous automatic updating, updated by numerous users or simultaneously with
them. The process creates a communal web, which provides a dynamic and richer user-
experience that allows for both consumption and production of content, for creating
interactive programs and applications, and for sharing. These tools are accessible on line
and using them does not require installation on a personal computer.

Web 2.0 involves not only new cutting-edge technology, but also a new digital
culture, which transcends the closed and conservative ways of social actions and inter‐
actions. This change was brought about by billions of people around the world with
access to the Internet and is reflected in terms such as social media and new media. The
actions and reactions of Web 2.0 users are often characterized as agile, interactive,
creative, and willing to share [10].

During the years since the term Web 2.0 was proposed in 2006, the main principles
for designing and programming Internet webpages have been continuously adjusted to
the sociocultural trends such as agility, dynamicity, openness, and collaboration. At the
same time, while the mobile revolution has joined forces with the Internet revolution,
numerous types of Web 2.0 applications have been flooding the cyberspace. Among
these are social networks like Facebook and Twitter where users share information and
knowledge about everything, including issues of health and illness and plenty of other
issues that are relevant for the Third age. For example, Twitter hosts a wide range of
information and updates regarding common 65+ health issues and diseases, such as
Alzheimer’s and dementia. There is also sharing of tweets by experts through Twitter.
Professional medical experts, health groups, and commercial companies use such new-
media channels in order to trade information on medical and pharmaceutical research,
Alzheimer and dementia risk factors, and ways to reduce risks [11].
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The complex two-way relationship between mobile devices, computers, and humans
has received a significant impetus in light of the Web 2.0, which foresaw the change in
the relationship between Internet users and Internet content, as well as the change in the
relationship among users themselves. As a result of the discussion revolving around the
cultural changes in the digital age, the idea of life in the “World 2.0” space was intro‐
duced in 2009 [9]. World 2.0 is a digital ecological system: a hyper-linked space with
its various parts, globally complex and full of human-computer interactions, non-human
interactions and inter-human interactions. The potential embodied in this is already
affecting society. Flexible working-time from in or out of the office requires the various
organizations to be flexible through their connection to the Internet. Online purchases
provide more than the item purchased, but also membership in the shoppers’ community.
The online gaming phenomenon is expanding throughout the world. Cloud technologies
allow for easy and immediate access to information and communication from every‐
where and through any mobile device. Collaboration and active participation with family
and friends, colleagues and clients are possible from anywhere in the world any time.
Web 2.0 tools provide the technological basis for all these as well as for a variety of
digital citizenship projects which serve the purposes of reducing the digital gap. On the
down side of World 2.0, the book “Alone, Together”, discusses the increasing depend‐
ence of the people and the society on these advanced Web 2.0 technologies, tools, and
applications [12]. The author, Sherry Turkle, claims that the digital revolution changes
not only our behavior - it also influences our very essence and create a new type of
personality. As the title of her book hints, Web 2.0 technologies are not truly connecting
us to others – we are not together in the “old” sense of the word. Accordingly, we are
more alone, when humanity shuts itself off from the world through communicating with
the world.

A variety of tablet computers, along with smartphones, are the main method of
assimilating the Web 2.0 applications in World 2.0. Structurally, the tablet computer is
a screen, which reacts to the touch of a finger. Below the surface is a computer, which
usually includes a processor, hard drive, memory, and wireless network connections.
Although many believe that the first tablet computer was the iPad, introduced by Apple
in 2010, the history of touch-screen devices goes back to the 1960s. Due to space limi‐
tations, this fascinating history cannot be detailed here. However, it is worth noting that
the technological development of tablet computers with touch screens has both intro‐
duced a new computing paradigm and enabled the spreading of World 2.0. The devices
in this new paradigm are small, personal, lightweight and affordable, connected by
wireless and equipped with a range of simple multimedia and modular software for data-
search, learning and games. As reflected by Steve Jobes’ vision from 2005, the tablet
computer comes with a touch screen and without an integrated keyboard or unnecessary
buttons. Indeed, the iPad declared by Jobes in 2010 marked the rise of this new paradigm,
sometimes referred to as the “post-PC age”.

The tablets, built on touch-screen technology, are thought of as an answer to the
problems of third-agers who are challenged by traditional computers. A touch-screen
user is within touching distance of the potential services and treasures of the Internet,
while accessibility of the interface symbols and icons lessens the frustration of the adult
user. Research shows a proven psychomotor advantage of tablet computers versus the
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ordinary mouse and keyboard [2, 13]. The touch-screen reduces by 35% the time that
the adult invests in movement on the screen compared with the mouse. There is also a
decrease in the number of errors with an accompanying increase in efficiency. Although
the advantages remain, it should be noted that touch-screen devices require motoric
skills, which are difficult for people who suffer from arthritis, tremors and other prob‐
lems [14].

To summarize this section, living in World 2.0 involves touch interfaces that are
being employed everywhere. In ticket-vending machines for public transport, shows and
the arts; in queue-number machines for clinics, banks and post offices; in information
screens of interactive boards and electronic guides in many public places; and of course,
for personal communication and multimedia: smart mobile phones, hand-held
computers and various tablets. Elderly people living in the same world experience the
nature of World 2.0 and participate in the interactions influenced by the digital revolution
through extensive use of Web 2.0 tools in these tablet computers. Thus, the worlds of
technology and real life interact in the digital ecological system of World 2.0 – a global,
complex space that is full of human computer interactions, artificial interactions and
interpersonal interactions. The Third Age population group is an integral part of this
hyperlinked system, hence the importance of dealing with the impact of World 2.0 on
them.

2.3 Assistive Technologies and Gerontology

Technology that used to be available in the past only to a selected few has now become
much more accessible, more efficient and faster and used by many for a variety of
purposes. Technologies that were initially developed for military uses are making their
way into our civilian life and into everyday applications, similar to the Internet, which
initially served the professional science community, and then made its way into every‐
one’s daily routine. Technological gadgets which began as amusing toys, have found
their way into education, medicine, nursing and rehabilitation, allowing people with
various disabilities to be integrated into their natural habitat, while maintaining the
highest degree of independence and an acceptable standard of living.

The developing sector of technology referred to as assistive technologies emphasizes
technologies that help users to bypass their disabilities and lead a normal life [15]. In
the past, assistive technological tools would assist disabled users with mainly physical
and sensory disabilities. Today, in parallel to the digital revolution, the field is reaching
additional special populations, such as the elderly and persons with cognitive disabili‐
ties. Moreover, it has merged with nursing technology and preventing certain medical
problems, such as dementia and depression, socio-psychological problems, such as
loneliness and dependence on others for everyday functions, and so on. In addition,
communication applications of Web 2.0 type and new technologies help create an infra‐
structure for exchange of medical information, for supporting high risk patient groups,
for treatment and prevention of injuries and disease, when elements such as time and
distance are crucial for successful professional intervention [16].

Assistive technology not only modifies the home allowing an elderly person an
independent life style, but also assists in mobility and tourism. New applications are
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constantly introduced which allow functioning at a level which was previously impos‐
sible, and the 65+ population is the fastest growing sector of Internet consumers.
Creating an interpersonal interaction online opens a new window of opportunity for
those people feeling distressed, when medical treatment and counseling is inaccessible
due to excessive physical demands or language barriers, and mobility difficulties in
emergencies, such as war, terrorist attack or natural disasters. The online connection is
much faster and effective in traumatic and post-traumatic times in support groups for
chronic diseases, depression and anxiety, than organizing and operating face-to-face
groups. Access to general medical information and personal data allows health insurance
policyholders to book doctor’s appointments, receive test results and medical counseling
in their homes, check health-related data regardless of time, seek and locate emotional
support online [16].

Indeed, various studies indicate a connection between Internet usage and the level
of a person’s independence, and his or her cognitive and physical performances [8].
However, scientists do not consider the Internet as a “miracle drug” for coping with the
changes of aging and studies conducted prior to the introduction of touch screen devices
have not found conclusive evidence for the hypothesis which claims that using a
computer at an older age is efficacious. Still, it has been suggested that computer-based
communication has great potential for supporting people of advanced age [17].

Gerontechnology is defined as the utilization of technology to improve the welfare
of adults and elderly people using tools available to us everywhere and at any time [18].
The aim of gerontology is to enhance the level of functioning and the quality of life of
elderly persons who have experienced changes in their health, with physical and psycho‐
logical limitations caused by their age. The emphasis is on safety issues for people
requiring assistance by maintaining age-friendly environments that allows effective
access to everyday services, such as automatic illumination of rooms and hallways at
nighttime [15]. In addition to these mechanical accessories, a wide range of sensor-based
applications has been developed. These include digital secretaries to remind us of the
time for medication; video-conference applications that allow us to remain in constant
touch with family members, doctors and patients; and the smart systems that can aid
people in taking the right pill, in reading a brochure and providing additional informa‐
tion, converting sound and voice to text for the hearing-impaired or text to sound for the
visually-impaired [18]. The relevance of these technologies has also been tested in the
field of book reading for people with mobility limitations. In addition, sensor systems
set up at elderly homes can collect different vital signs such as weight, blood pressure
and other data; create an information database to aid prevention of health risks, such as
falling, prevention of future asthma attacks, heart attacks, blood pressure spikes or
diabetes by notifying relatives or caretaker, recording sleep, description of sleep quality
and the time a person is awake and active. Using such systems allows the patient’s
physical activity to be monitored, increases the level of safety and creates a friendly
living environment. However, these uses might constitute for the elderly population an
invasion of privacy.

More and more sectors of the third-age population nowadays interact with various
technologies in their day-to-day activities. It is highly desirable therefore that new tech‐
nologies are adapted for use by all age groups, including those over 65. At the same
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time, new technology is still mostly inaccessible to those in the elderly population who
lack additional income apart from their pensions, and the high cost of new technology
usually prevents them from using it, while creating digital and inter-generational differ‐
ences. Increasing the gap between young and old mostly excludes the latter from modern
life, isolates, depresses and maybe even shortens their life span. One of the programs
for reducing this gap is the ‘Active Aging 2.0’ [8] which operates on a Web 2.0 platform.
This program promotes a wider use of social media and cooperative digital communi‐
cation tools by members of the elderly community in order to transform them into active
digital citizens in the virtual space of society.

The digital gap is not only a function of poverty and technology costs. Among the
contributory causes of technology-exclusion is the low level of graphic design adapta‐
tion, for example, low contrasts of text on screens, which affects the interpretation of
the text and increases the length of time it takes for elderly people to read the text.
Researchers relate such design issues to a lack of awareness of the importance of the
new technology and its positive effects on the aging process [18]. Technology experts,
designers and engineers often neglect the elderly population, thereby increasing the gaps
and preventing them from using the technologies. Among the barriers are myths relating
to the interaction between a human being and a computer. Those myths are popular
among engineers and programmers, and throughout society, even among elderly people
themselves [19]. The most obvious myth is that people of the middle generation and
certainly people of the young generation will use computers without a problem, once
they approach the third age. This myth is accompanied by abstention and a lack of
investment in the current elderly population regarding advanced technologies. Other
myths are that old people are not interested in using computers, that they are unaware
of the capabilities of computers because they perceive them as useless and unnecessary,
that they are unable physically to use technology, and that they simply cannot understand
the interactivity of computer technology.

The findings of the current study bring evidence against some of these myths in the
case of third-agers using new technologies introduced by the first generation of tablets.
In that way, our work seeks to raise awareness to the importance of interweaving new
technologies and gerontology, as well as to the positive effects such use might have on
the aging process.

3 Method

Three research questions directed the study: (1) How and for what purposes do third-
agers use their tablets? (2) What are the advantages and disadvantages of using tablets,
as seen and expressed by the participants? And (3) What changes to the current aging
models are introduced through the use of tablets by third-agers?

In order to answer these questions, we used a combination of ethnographic obser‐
vations and open interviews, a combination which allows cross-reference of data
collected from multiple, and independent sources. The participants were nine males and
females ages 65+ who have been using tablet computers for no more than two years,
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and one young IPad applications developer. The participants vary in terms of socio-
economic level, health status, knowledge and pre-existing experience of this type of
technology as well as place of residence. The data were obtained in the homes or places
of employment of the participants. All of the participants received a general explanation
regarding the general topic of the study and all of them expressed their agreement to be
interviewed, while maintaining their confidentiality.

As is customary in an evolving study, the qualitative analysis phase [20] began
simultaneously with the gathering of the data, occasionally affecting the order of data
gathering and the composition of the participants. During the first analytic step, five
categories of uses emerged from the inductive analysis of the data gathered from the
participants, as is presented in Table 1.

Table 1. Mobile apps use by older adults

Emergent Category Specific use
a. Active lifestyle Sport activities, Shopping, Work duties,

Individual interests, Reading, Driving,
Excursions and Trips, Crafts, Photo taking,
Music

b. Being a technophile Advanced uses based on a rich technological
biography, Combining the use of PCs and
Tablets

c. Digital citizenship Digital literacy, Digital Ethics, Digital
communications, Accessibility, E-commerce
and digital consumption, Digital Health

d. Lifelong learning and independence Empowerment, Respect, Pleasure, Creativity,
Need for recognition, Decision making,
Control, Autonomy, Professional and self-
development

e. Relationships with the children Alerts, Reversal of roles in the family, Need for
continuous keeping-in-touch, Advice in
purchasing the tablet

Later in the analysis, the wide array of emergent categories was re-arranged in four
dimensions: (1) Activity; (2) Learning; (3) Independence; and (4) Barriers. It has been
apparent in all the four dimensions that the use of tablets by the third-age population
changes various aspects of their daily lives. This led to suggesting the Aging Model 2.0,
representing how the integration of advanced technologies at the Third Age may improve
the daily function of that population. The emergent model is presented next.

4 Findings: Towards a New Aging Model

Overall, the participants in this study found use of the touch screen devices easy and
intuitive, and used them for a variety of purposes that led to, among other things, the
creation of personal, family, social and professional activities. As Table 1 above shows,
the third agers used mobile apps on their tablets for a variety of personal, family, and
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social activities: in one case, the interviewee even regarded the tablet as a family
member. They also used mobile apps for keeping up-to-date and learning for profes‐
sional needs and found that the tablets contributed to their independence in decision-
making and control of information and time-organization. In some cases, using the tablet
was described as a way for mediating and reducing social gaps.

The inductive analysis of the participants’ discourse regarding their use of mobile
apps also raised a range of difficulties and barriers that exist between the elderly popu‐
lation and the innovations of technology [1]. Table 2 contains two categories in this
regard: difficulties that were described by the participants, and issues related to age losses
that were expressed by them.

Table 2. Difficulties and barriers

Difficulties in using touch screen technology Barriers related to age losses
• Complexity of technology • Memory decline and physical losses
• Time constrains • Chronic diseases
• Software complications • Diseases and death of relatives
• Issues of saving and locating saved files • Economic dependence
• Difficulties with attention distribution
between input/output devices

• Reducing circle of friends

• Fear of harming
• Failure of digital skills acquisition

Following the range of the uses (Table 1) as well as of the difficulties found in the
first analytic step (Table 2), the analysis continued seeking for advantages and disad‐
vantages of “keeping in touch”, namely using touch-screen technologies, as these were
expressed by our third age participants. As expected, our interviewees noted the price
as a disadvantage, as well as the need for Wi-Fi installation at home. They also mentioned
short battery life, insufficient memory and one-way camera as disadvantages. Ergo‐
nomically, they noted both issues of sharpness and clarity of graphics and text in some
applications [19] and issues of placing the tablet when they wanted or were forced (for
health reasons) to use it in bed. Another issue raised by our third-agers was the contin‐
uous need for advice and support.

As a possible solution to some of these disadvantages, guidelines are suggested [21]
for three aspects of website design to accommodate the elderly population: (1) legible
text design, (2) increase in memory, (3) easier navigation and accessibility to internet
content. Although articulated in the pre-tablets era, applying these guidelines into tablets
and applications design is supposed to result in more accessible websites and more
access to online information for members of the elderly community, as well as increasing
their enthusiasm towards technology. Recently, this point of view has been receiving
growing public attention in defining a common cause to bridge the digital divide in this
community. The way that third-age population see the advantages and the disadvantages
of using tablets at their age might guide tablets designers, application programmers,
supporters and helpers in creating more accessible and assistive technologies and serv‐
ices directed at this growing population.
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The wide array of emergent categories described above was further re-arranged in
four dimensions: (1) Activity; (2) Learning; (3) Independence; and (4) Barriers. One
example, included in the third dimension of Independence, is expressed via the title of
a previous account of this study [22]: “Meet Vasia, our new family member”. The words
of this title appear in an interview with one of the female participants, who told us about
her husband’s human attitude towards his tablet, including naming it with a traditional
Russian name. She added: “I was mad at him at first. We said, wait until he stops playing
with it, until he has had enough, but he didn’t stop, and we had to enlarge the family to
include Vasia. We now welcome it, knowing for sure that my husband is more with Vasia
than with us” (interview on June 14, 2013).

Another example categorized under the same dimension of Independence is the fear
of being dependent on younger family members. Shai told us in his interview about how
he succeeded in directing both his children into the computing profession, and proudly
described his daughter’s career in an international information security company as well
as his son’s senior job in a major telecommunication firm. He added: “I was once their
advisor, now I use their advice. The roles in our family have been reversed. I just don’t
want it to become complete dependence” (interview on July 31, 2013).

An interesting example from the first dimension - Activity – is taken from an inter‐
view with Willy, the husband who named his tablet Vasia. Willy is a retired medical
doctor who still works in his profession. He connects computers and tablets directly to
his ability to continue working at his age: “I always need to be updated with all the news
in my professional field. The computer is the ideal tool for that. As it turned out, I use
my computer and tablet at least two hours a day. I read articles and medical news”
(interview on June 14, 2013).

The Activity dimension was widely mentioned by our participants not only with
regard to professional needs, as in the aforementioned example, but also in a variety of
other categories such as physical activity: running, walking, dancing, swimming, etc.;
cognitive activity: reading, games, crosswords, etc.; social activity; touring and tourism;
and new-media activity. Moreover, some participants described technology using
specific verbs and expressions hinting at an active and dynamic perception, as is shown
in the bulleted excerpts, where the verbs of activity are capitalized.

• “you can’t GO with technology, you can only GO after it” (Dan, February 19, 2013)
• “…the technology RUNS …you don’t even need to get out of bed – you touch, and

you FLY …” (Dan – 2nd interview, July 1, 2013)
• “…now (with the tablet) I have no problem waiting – I am PLAYING. I have some‐

thing to DO” (Rina, May 30, 2013)
• “In my age it is harder to RUN with technology…” (Sami, May 31, 2013)
• “You can’t make it with the RATE of technology change” (Shai, July 31, 2013)

These examples draw a partial picture of the phenomena investigated, and the cita‐
tions only briefly exemplify the rich data obtained through a vast description of the
participants’ use of tablets and their accompanying discourse. Even though, contrary to
the persistent stereotype concerning conservatism among the elderly population, the
inductive analysis shows active people who are open to technological change, despite
the difficulty stated by some, mainly regarding the operation of regular computers.
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From our analysis it is apparent that the use of tablets and mobile apps by the third-age
population changes various aspects of their daily lives. We therefore suggest that the
existing aging models, as these have been presented in the literature and summarized in
Sect. 2.1 above, might also exhibit some transformation in the wake of World 2.0 [9], and
propose to incorporate this emergent model into the preexisting aging models (see Fig. 2).
Such integration could contribute to a new and different representation of the Third Age
population in society, to encourage us all to re-evaluate our relationship with our parents
and grandparents and allow the members of the Third Age population group to re-evaluate
their abilities regarding modern technologies that are relevant to our coexisting lives.

Fig. 2. Aging model 2.0 as the 5th element in the array of existing aging models [7].

5 Conclusions

The findings of this study describe people who are active, open to technological changes,
and who incorporate the tablets and mobile apps into everyday life, enabling ease of
searching for and reading information, promoting social, family and professional
communication and assisting in time management and leisure. The data also introduce
compensation for old-age losses [4, 13], reduction of social gaps, higher mobility and
social involvement and ultimately happiness. These findings shatter the prejudices
regarding old age and aging as a limitation [1, 19].

From an analysis of the data accumulated through ethnographic observations and
through in-depth interviews with the participants, emerged a structure, Aging Model
2.0, as a conjunction of the aspects relevant to living with a tablet and to using mobile
apps at the third age. The name “Aging 2.0” echoes the varied Web 2.0 tools which the
participants used and the online world in which we – and they – live. Aging Model 2.0
also represents how the integration of advanced technologies at the Third Age may
improve the daily function of that population.

It is our sincere hope that this study and the proposed model will contribute to raising
social awareness of this issue and to a change in popular pre-existing misconceptions and
prejudice in the public, and at the same time enable Third Agers and those who support
them to successfully integrate and utilize touch screen technology into their everyday life.
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Abstract. The empty nest elderly family refers to a childless family or an elderly
family who live apart from their children. In China the traditional mode of
providing for the aged has always been based on the family support for the aged,
that is, family members providing care for the elderly. However, with the deep‐
ening degree of population aging, especially the influence of the one-child policy,
empty nest family will be one of the main forms of Chinese home. On the whole,
the empty nest family in China is in the transition period from passive acceptance
to active choice. Based on the survey of the current situation of the empty nest
elderly in Gulou District of Nanjing. It is found that there is a contradiction
between the lack of demand for the elderly and the coexistence of service.
Through the analysis and research of the survey data, this paper puts forward the
construction of the model of intelligent service system for the urban empty nest
family and make the research of innovation strategy from the point of view of
supply and demand matching, then gives some suggestions on the right and
responsibility orientation of different subjects.

Keywords: Empty nest elderly · Community home care
Supply and demand matching · Innovation strategy

1 Introduction

With the deepening of population aging, the increase of population mobility, the number
of empty nest family and even the elderly living along is increasing. The number of
empty nest families in China increased by about 13.3% and 4.79% in 2010, respectively,
compared with 1990 and 2000 [1]. As of 2014, the empty nests in our country have
already accounted for half of the total number of elderly people [2]. China’s report on
the development of the aging industry (2014) shows that the proportion of the future
empty nest elderly population is expected to break through 70% [3]. The changes in the
population structure influenced by the one child policy have led to the challenge of the
traditional family pension model. With the increase of empty nest families, family-care
becomes more and more difficult. People begin to seek and accept social support
methods such as community endowment, institution-care, and so on. Community home
care shows a strong comprehensive advantage [4]. So it is important to study on the
current situation of urban empty nest elderly of the community home care, to understand
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the needs of the empty nest elderly, the supply of the aged service and the use of the
supply service. This will be useful for improving the quality of life of the empty nest
elderly and solving the worries of young people.

The theoretical basis of the empty nest family is the “family life cycle”, the empty nest
period is a stage of the family life cycle. Glick [5], the American social demographer, first
proposed a relatively complete family life cycle theory in 1947. He divided the family life
cycle into 6 stages: generation, development, stability, contraction, empty nest and disinte‐
gration, and thought that families had different contents and tasks in different life cycles.
With the development of society, the order of traditional family events has changed (such
as cohabitation before marriage, the increase of divorce rate, etc.). On the basis of this,
American family sociologist Duvall [6] further divides the family life cycle into 8 stages.
The theory of empty nest family based on “family life cycle” points out that the elderly in
empty nest families should experience not only the transformation of life cycle from middle
age to old age, but also the transformation of family cycle from core or main family to
empty nest family. In the process of transformation. If the elderly do not adapt well, it is
extremely easy to cause a variety of physical and mental problems, not only affects the
quality of life of the elderly, but also bring influence to the family, which caused a series of
social problems, such as empty nest elderly lack of living care, lack of medical care, lack of
material security, lack of spiritual comfort, and so on.

The emergence of empty nest family is the result of external objective factors and indi‐
vidual choice and other factors, and the type of empty nest elderly is pluralistic. It has been
found that there are significant differences in the urban and rural, age and the way of living
for the different types of empty nest elderly. Costa [7] pointed out that urban empty nest
elderly have more economic independence than rural empty nest elderly and less demand for
their children’s economic support. Sun [8] pointed out that the economic condition and daily
life self-care ability of couples in empty nest families are better than those of other types of
empty nest elderly. The living conditions of the elderly living alone are worrying, and their
children’s economic support and care support are more needed.

2 The Current Situation of Urban Empty Nest Elderly

2.1 Research Data Sources

The survey was conducted in Gulou District of Nanjing City, Jiangsu Province, China.
The respondents were elderly people over 60 years old who lived alone or lived with
their spouse. The sample selection was conducted by multistage random sampling, and
the empty nest families were surveyed by household interview. A total of 160 samples
were selected and 153 were successfully interviewed. Only one elderly person was
selected in each family. Among the elderly people visited, 71 were males, 46.4%, and
82 were females, accounting for 53.6%. The content of the study includes information
about the marital status, working conditions and number of children of the elderly
people, and the investigation and analysis of the demand, supply and utilization of the
service for the elderly. The following Table 1 gives the basic situation of the subjects.
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Table 1. Basic situation of urban empty nest elderly (N = 153)

Variable Classification standard Number Percentage (%)
Gender Male 71 46.4

Female 82 53.6
Age groups 60–69 74 48.4

70–79 64 41.8
80+ 15 9.8

Physical condition Healthy 58 37.9
Moderate inability 83 54.3
Severe inability 12 7.8

Source of income Pension or social security 55 35.9
Support for children or relatives 71 46.4
Minimum living security 14 9.2
Other ways 13 8.5

Degree of education Illiterate, Primary school 80 52.3
Junior school 40 26.1
High school or above 33 21.6

Marital status Live with a spouse 129 84.3
Unmarried, Widowed, Divorce 24 15.7

Number of existing
children

0–1 32 20.9
2 55 35.9
3+ 66 43.2

2.2 The Reason of Empty Nest and Pension Mode Select

There are more than one reason for the empty nest of the elderly, and the empty nest
family is the result of a variety of reasons, such as the individual, the family and the
society. The results of the survey show that the different reasons for the empty nest are
as follows. Personal reasons: ① The elderly want to live independently, and hope that
later years have more freedom and autonomy, accounting for 22.2%. Most of them are
younger elderly who are economic independence, rich in mental life and in good physical
condition. ② 13.7% of the elderly chose to take the active empty nest because they do
not want to leave the long - living environment. Family reasons: ① 32.7% of the elderly
want to live together with their children, but because they are different from their children
in life habits and values, they choose to live independently to avoid conflicts. ② 24.2%
of the elderly who do not want to increase their children’s burden and choose to live
independently. ③ There are 5.9% of the elderly people who are unable to live with their
children because of their children’s material conditions. ④ In addition, 2 empty nest
elderly have to be live alone because they are abandoned by their children, although
their children have good material conditions. Social reasons: ① Due to the improvement
of economic and housing conditions, many children are separated from the elderly after
marriage, and this kind of empty nest family accounts for 61.4%. ② 38.3% of the empty
nest families are caused by their children studying, working and living in a different
place.
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The results of the survey on the residence will of urban empty nest elderly is shown
in Table 2. 74.5% of the elderly think that “Not living with children but in the same city”
is their preferred way of living. The other 14.5% of the elderly think that living together
with their children is a better way. It is shown that, the elderly people’s attitude to empty
nests is obviously not as reject as a dozen years ago. Even many elderly choose to be
active nest in order to live an independent life. This change shows that the old-age mode
in China is developing from the traditional family pension to the social endowment.

Table 2. The residence will of urban empty nest elderly (N = 153)

The residence will of urban empty nest elderly Number Percentage (%)
Not living with children but in the same city 114 74.5
Living with their children 22 14.5
Living in a pension institution 14 9.1
Do not care 3 1.9

2.3 The Demand, Supply and Utilization of the Service for the Elderly

General research holds the statement that “Empty nest elderly, as a relatively vulnerable
group in the social population, are mainly characterized by economic fragility, physio‐
logical fragility and psychological fragility”. But the survey results show that most of
the urban empty nest elderly are economically independent and have some economic
foundation, which is also one of the factors that they can live separately from their
children. In addition, the results of the survey of empty nest elderly by ADL scale show
that, most empty nest elderly can take care of themselves, but at the same time there are
still some problems in their lives, such as cleaning, going to hospital and so on.

Alderfer [9] integrated Maslow’s five levels of demand into three needs and became
ERG theory, which he thought people have three core needs: existence, relatedness,
growth. This study is combined with the ERG theory to investigate the situation of 20
old-age service projects in urban empty nest elderly. Table 3 is a part of the survey data.

Table 3. The service status (part) for the urban nest elderly (N = 153) (%)

Tapes of
demand

Service Items Service
demand

Service
supply

Service
utilization

Existence Food service 54.9 40.5 29.4
Doing housework 43.1 34.0 12.4
Help with personal hygiene 11.8 41.8 6.5

Relatedness Accompanied for the medical 34.6 16.3 4.6
Agency agent 23.5 12.4 9.8
Accompany chat 13.7 53.6 7.2

Growth Legal aid 9.8 49.7 5.9
Recreational activities 21.6 38.6 16.3
learning activities 15.0 20.3 9.2
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At present, the empty nest elderly has the highest demand for meals, up to 54.9%.
Followed by the needs of doing housework, 43.1%. And there’s a lot more than 20% of
the empty nest elderly people’s needs for Relatedness and Growth. Service supply refers
to the situation of service supply for the elderly. The supply rate of most services is more
than 20% except the rate of Accompanied for the medical is 16.3% and 12.4% of the
Agency agent. Comparison of service demand and service supply shows that the supply
of Help with personal hygiene and Accompany chat is greater than the demand, but the
supply of Food service and Doing housework is lower than the demand. In reality, though
there are many services that are larger than demand, there are still large gaps between
supply and demand due to the uneven distribution of pension services resources. Service
utilization refers to the use of the service provided by the elderly at least once. The gap
between service supply and utilization reflects the widespread problem of services
excess in the present community home care service.

The survey results show that the current community home care service mode is
obviously insufficient for the empty nest elderly to meet the needs of elderly services,
and the utilization rate of empty nest elderly is low. This is because the community home
care service focused more on the provision of “service for the aged”, the government
also pay more attention on the service resources and the supply capacity when carrying
out the service process. Empty nest family will be one of the main forms for the elderly
in the future. The care resources of the empty nest family are different from other elderly
people, so when we supply services, we need not only to consider the service resources
and the supply capacity, but also to consider the demand difference caused by the char‐
acteristics of the empty nest elderly.

3 Intelligent Pension for Urban Empty Nest Elderly

3.1 Starting Point and Principle

From the analysis of the previous article, we found that the supply and demand of the
elderly service is not matched at present. Therefore, on the basis of meeting the needs
of the elderly through integrating the existing pension service resources, we can form
complementary advantages among different pension services. So as to achieve the goal
of lower cost, more efficient, faster, higher quality, higher satisfaction and higher value
increment of pension services. In order to ensure the rationality of the intelligent pension
service system, we must follow the following five basic principles: The systematic prin‐
ciple, The right principle, The fairness principle, The selectivity principle and The grad‐
ualness principle.

The Systematic Principle. The intelligent pension system is part of the whole elderly
service system. The effectiveness of its functions depends on the coordination of the
other components in the entire elderly service system. Only by ensuring the integrity
and hierarchy of all the elements in the intelligent pension service system, and with the
coordinated development of other components of the system, can we achieve the goal
of health care for the elderly.
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The Right Principle. The right to existence is a basic human right, and the basic
conditions needed to maintain a citizen’s normal life should not be affected by the
increase of age and the decline of physical function. The elderly should not be regarded
just as a disadvantaged group or service passive recipients, but they should be regarded
as participants and beneficiaries of social development. We should design the elderly
service system and ensure the accessibility of the service on the basis of the interests of
the elderly.

The Fairness Principle. From the perspective of rights, every elderly should have
equal pension services, but this does not mean that every elderly enjoys the same elderly
services. We should follow the principle of relative fairness when constructing intelli‐
gent elderly service system, so that different categories of elderly can adopt their own
pension service mode and avoid egalitarianism.

The Selectivity Principle. The selection body and beneficiaries of the intelligent
pension system are all elderly people. And are influenced by many factors such as phys‐
ical condition, living condition, family caregivers, economic status and education level,
there are obvious differences in the choice of elderly people. On the basis of respecting
the choice of the elderly, it is necessary to provide a multilevel and diversified service
mode and content.

The Gradualness Principle. From the continuity of the model operation, we should
not only ensure that the elderly can enjoy the economic and social development results,
but also do not exceed the economic and social capacity of our country. For the elderly,
sustainability also means the expansion of the service content to reduce the discomfort
caused by changing the place of residence.

3.2 Supply and Demand Matching

The intelligent pension system breaks through the traditional elderly service mode with
the concept of the core of the endowment resources, but the core of the service and
service process. The focus of attention has been changed from “providing for the aged”
to “service demand satisfaction”, which needs to meet the needs of the elderly. Complex
service needs determine the provision of services for aged should including life services,
medical services, agency services, professional services (finance, law, etc.) and so on.
In reality, elderly people may need a single service or a combination of services. At the
same time, different services will also have different providers. This makes a higher
requirement for the matching of demand and supply.

As shown in Fig. 1. The interaction between the elements of the intelligent pension
system is nonlinear. Each service subject integrates places, pension facilities, informa‐
tion, knowledge and other resources into a service capability with a certain function and
value, providing services in the form of different service subjects. In the service process,
service positioning and matching are carried out according to the needs of the elderly,
and service is invoked to meet the requirements. In the intelligent pension system, the
subjects of demand and supply may not be at both ends of the value chain, but on the
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notes of the value network. A subject may have dual roles of demand and supply at the
same time. For example, healthy elderly with service demand can also become a provider
of pension services. The matching between demand and supply of elderly services is
completed by a service mediator, which may be an entity, such as information platform,
community pension service center, etc., or a functional node of each subject. The basic
logic of the intelligent pension system is the service supply based on the needs of the
elderly and the service ability matching.

Fig. 1. The matching framework of supply and demand for the elderly service.

3.3 Innovation Strategy of Intelligent Pension System

The characteristics of the intelligent pension system require that its innovation strategy
should cover the whole process of demand side, supply side and demand supply
matching in the whole time and space dimensions. This requires innovation strategies,
including not only the content and form innovation of facilities, products and services,
but also the process innovation, management innovation and business mode innovation
of services. This paper puts forward the innovation and optimization framework of the
intelligent pension system (see Fig. 2).

Fig. 2. Innovation strategy framework of intelligent pension system.

The basic logic of the whole framework is the matching of demand supply and the
two path cycle. The matching of demand supply is corresponding to demand side inno‐
vation, supply side innovation and supply and demand matching innovation. The two
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path is the driving innovation of “demand - supply” and the promotion of “supply -
demand”, and the two paths circulate through the three parts.

Driving innovation path is an innovation mechanism from the demand side to the
supply side. The service is driven by the requirements. The service is driven by the
requirements. The characteristics of the service for elderly determine that this is an
interactive process, and the people who need the service are also involved in the service
process. Therefore, definite and express service demand more efficiently and accurately
is a basic part of the demand side innovation. At the same time, the strategy such as
booking services, special services, such as the peak equilibrium help transfer the pension
needs, and contribute to the prediction and scheduling of the supply side. When service
providers are assigned to service tasks, services are provided by integrating resources.

Promoting innovation path is an innovative mechanism from the supply side to the
service side. Service providers expand their service abilities by expanding service
resources, improving their quality of service. Through the strategy of service push,
service marketing and so on, the service provider can excavate and create new needs for
the elderly, then realize the innovation of the intelligent pension system.

3.4 The Mode of Intelligent Pension System

The service demand of the elderly has a variety of characteristics, and it often needs a
number of service chains to co-ordinate the completion of the service for the elderly.
The synergy between multiple service chains has become the Intelligent pension system.
Each service chain represents the service chain that meets the different needs of the
elderly, such as the catering service chain, the medical service chain, and so on.
Figure 3 is the model of Intelligent pension system.

Fig. 3. The model of intelligent pension system.

Different service chains are classified according to ERG theory, and provide different
services for the elderly through collaboration or independent action. The community
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pension service center is the core of the Intelligent pension system, and the different
community pension service centers carry out the allocation of the service for the elderly
according to their own circumstances. Information interaction between different service
providers on information platform. In addition, government agencies are embedded in
the whole service system, playing the role of policy guidance and supervision. Different
service providers need a clear position of responsibility in the Intelligent pension system.

3.5 Orientation and Suggestion of Different Service Providers

In the Intelligent pension system, the function of the government is to provide a good
policy and institutional environment for the formation and development of the whole
system, and act as a referee to ensure the healthy development of the pension service
market. ① Policy formulation. The government needs to strengthen the formulation and
implementation of relevant policies. ② Perfect the law, such as the long-term care insur‐
ance law, the practice law of the nursing staff, etc.

In the system, the community pension service center should not only play the role
of the main service provider, but also improve its platform role. ① Integration of
resources. Integrate the existing public service resources, such as education, culture,
sports and other service facilities for the use of the elderly. Integrate all kinds of social
service resources, including business organizations and non-profit organizations
providing services for the elderly together. ② Supervision. While strengthening the
supervision and management of its own elderly service facilities, it is necessary to
strengthen the supervision of third party service providers in order to safeguard the rights
of the elderly. ③ Information interaction. Through the establishment of the information
base of the elderly, including the old people’s family, health, demand and other infor‐
mation, to achieve the efficient supply of services.

The third party service providers including business organizations and non-profit
organizations. They raise the quality of life for the elderly by providing all kinds of
support to the community pension service center and the elderly. ① Rich service content.
Improve the content and professionalism of the service, and providing pertinent and rich
service for the aged based on the individual differences of the elderly. ② Improve service
quality. Ensure the level and quality of service by training the skills of the service staff,
and setting strict standards for the service process. ③ Innovate service model. For
example, through the integration of social, community, and institutional pension
resources to make the pension institutions adapt to the community. This model is espe‐
cially suitable for urban empty nest elderly, fully satisfied with their needs for profes‐
sional pension services without leaving home.

4 Conclusion

With the deepening of population aging, the advancement of urbanization and the
implementation of the one-child policy, the number of empty nest families will increase
day by day, and will become one of the main housebound forms for the elderly in China.
The family pension in the community is an important model to solve the problem of the
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elderly in the empty nest. Based on the survey of the current situation of the empty nest
elderly in Gulou District of Nanjing. It is found that there is a contradiction between the
lack of demand for the elderly and the coexistence of service. Through the analysis and
research of the survey data, this paper puts forward the construction of the model of
intelligent service system for the urban empty nest family. This is to help solve the
problem of the elderly in the empty nest and improve their quality of life.
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Abstract. Population ageing and the development of modern media digital
environment are two interlinked processes in contemporary world. A new media
ecosystem, combining the traditional and the online media, has been formed. The
trend of population ageing determines the need for urgent prevention of digital
generation divide, i.e. of the vulnerability and the social exclusion of older people
from the modern information and communication environment. In order to deal
with the challenges to population ageing, it is important to analyze how these
issues are presented in the media, and to seek information on the current good
practices and deficits regarding media and older adults. For this purpose, the
proposed text is based on a selection of important general and specialized insti‐
tutional documents of the United Nations, the Council of Europe and the European
Union on age discrimination and media policies. Against this background the
paper presents the results of a survey, conducted to measure the extent of vulner‐
ability of older users of media content, compared to younger generations in the
constantly changing media ecosystem.

Keywords: Older adults · Vulnerability · Policies on ageing usability
Media ecosystem

1 Introduction

The rapid development of information and communication technologies greatly influ‐
ence the transformation of the media - from linear to non-linear services, and the audi‐
ences - from passive consumers to active prosumers (producers and consumers). And if
the processes of politicization of the media and mediatization of politics are most closely
associated with the traditional media (print, radio and television), the online media space
(social networks, blogs, vlogs, etc.) makes the audiences active participants in the
communication process. Thus, in the contemporary media ecosystem people can enter
an unmediated, direct dialogue. While traditional media can rely on codes of ethics, self-
regulation and co-regulation in compliance with professional principles, the content in
the online environment can hardly be regulated and it is difficult to organize public
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correction of the politics. It is not only via the traditional media that awareness of the
shortcomings of the policies on ageing can be raised but it could be done via online
communication as well.

No matter how positive the impact of ICT applications and media developments on
progress in all areas of life might be, it is no less true that they pose challenges to the
social stratification of society. In contemporary ICT and media realm it is important to
focus on the problem of overcoming prejudices and negative stereotypes regarding
generation differences as well as on the capacity of older people to take part in, and
contribute to intercultural dialogue. Therefore, media and information literacy programs
acquire additional importance in today’s communication environment.

The trend of population ageing determines the need for urgent prevention of the
social exclusion of older people from the modern information and communication envi‐
ronment.

This article is based on two interlinked research questions. The first one aims at
studying a selection of important general and specialized institutional documents of
the United Nations, the Council of Europe and the European Union on ICT and
media policies with regard to ageing and age discrimination. Based on this back‐
ground, the second research question aims at examining the vulnerability of older
users of media content, compared to younger generations in constantly changing
media ecosystem in Bulgaria.

2 Framework of ICT and Media Policies on Ageing

2.1 United Nations’ and European Union’s Age Anti-discrimination Policies

The population trends display the growing percentage of the aged population. Although
it is expected that the overall population of the European Union will grow to 532 millions
by 2060, the population in nearly half of the member states (Bulgaria, Croatia, Germany,
Greece, Estonia, Hungary, Latvia, Poland, Portugal, Rumania, Slovakia, Slovenia, and
Spain) will decrease. The prognoses show also that the ratio of people above 65 years
to those between 15 and 64 will increase from 27.8% to 50.1% [1].

Despite these forecasts, the amount of attention devoted to older people is still not
proportionate to the challenges they face in the modern world. For instance, in the United
Nations Universal Declaration of Human Rights (UDHR), adopted in 1948, as well as
in the International Covenant on Economic, Social and Cultural Rights (1966) and the
International Covenant on Economic, Social and Cultural Rights, which lay the basis
of the International Bill of Human Rights (adopted in 1976), age discrimination is not
explicitly referred to. Article 2 of the United Nations Universal Declaration of Human
Rights, which sets out the basic principles of equality and non-discrimination in the
enjoyment of human rights and fundamental freedoms, forbids the making of distinc‐
tions of any kind, including race, colour, sex, language, religion, political or other
opinion, national or social origin, property, birth or other status, but it does not mention
those related to age [2].

In the European Convention on Human Rights (ECHR) (formally entitled Conven‐
tion for the Protection of Human Rights and Fundamental Freedoms), adopted in
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1953 by the Council of Europe, there is likewise no specific text concerning age
discrimination. For the 47 member states, Article 14 specifically prohibits discrim‐
ination based on sex, race, colour, language, religion, political or other opinion,
national or social origin, national minority, property, birth or other status such as
sexual orientation, but not discrimination based on age. Only in the provisions
regarding the members of the European Court of Human Rights, there is a limitation
regarding the terms of office and dismissal: the term of office of judges shall expire
when they reach the age of 70 [3].

Thorough institutional attention for the ageing population began to appear as late as
in the last decade of the 20th century. On December 16, 1991 the United Nations General
Assembly adopted Principles for Older Persons (Resolution 46/91). The outlined 18
principles are grouped under five themes: independence, participation, care, self-fulfil‐
ment and dignity. In the section on dignity there is a text against age discrimination:
“Older persons should be treated fairly regardless of age, gender, racial or ethnic back‐
ground, disability or other status, and be valued independently of their economic contri‐
bution” [4].

The Madrid International Plan of Action on Ageing (MIPAA) and the Political
Declaration, adopted by the Second World Assembly on Ageing in April 2002, are still
among the global guiding documents that have a priority focus in the areas of the rights
of older adults and their well-being in a supportive environment [5].

Certain provisions on the equal and respectful treatment of old people are present in
the Charter of Fundamental Rights of the European Union, drafted in 2000, which
entered into force after the Treaty of Lisbon on December 1, 2009. Thus Article 21: Non-
Discrimination stipulates that “Any discrimination based on any ground such as sex,
race, colour, ethnic or social origin, genetic features, language, religion or belief, polit‐
ical or any other opinion, membership of a national minority, property, birth, disability,
age or sexual orientation, shall be prohibited”. Special attention is paid to the rights of
the elderly: according to Article 25, the Union recognizes and respects the rights of the
elderly to lead a life of dignity and independence and to participate in social and cultural
life [6].

Since the start of the second decade of the 21st century, there have been active efforts
to promote the adoption of a special Convention on the Rights of Older Persons by the
UN. Alas, with no success, so far. It is perfectly obvious that these rights cannot be
thoroughly defined and protected without taking into consideration the modern infor‐
mation and communication environment. Although many institutional documents
related to technology, business models and the editorial responsibility of the media have
been adopted, the multi-faceted attitude at older people as objects of coverage and as
subjects of the communication process have still not been treated properly and effec‐
tively. Nevertheless, the trend is that older adults are not only passive users of the tradi‐
tional media (press, radio, and television), but they are also becoming prosumers, i.e.
active participants and creators of content in the online space.
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2.2 European Policies on ICT and Media with Regard to Ageing

Information and Communication Technologies
Contemporary information and communication technologies can help older adults to
improve the quality of their well being, preserve their health, and live longer independ‐
ently.

In connection with the commemoration of 2012 as the European Year for Active
Ageing and Solidarity between Generations the Eurostat published a statistical
portrait of the European Union. Its section on “Silver Surfers” is devoted to the better
use of the potential of ICT for healthy and independent ageing. This includes: social
inclusion, access to public services, lifelong learning, social and economic active‐
ness. Statistical data show growing use of the Internet in the age groups 55–64 years
and 65–74 years for electronic mail correspondence; for seeking information on
goods, services and health; for reading newspapers online; for participating in educa‐
tion activities, etc. E-banking and e-shopping have become increasingly popular
lately [7].

In the “Ageing Well in the Information Society” communication, published in 2007
and launched within the framework of i2010 Initiative on e-Inclusion, the European
Commission presented an Action plan for enhanced application of ICT in dealing with
the important economic and social challenges caused by ageing of the European popu‐
lation [8].

It is expected that in 2020 a quarter of Europe’s population will be over 65, while
expenditure on retirement and health care will have tripled by 2050. The Action plan is
oriented to promote and coordinate the development of ICTs associated with services
for older people in the European Union in order to enable them:

– at the workplace – to prolong their working life through development of electronic
skills, while maintaining work-life balance;

– in society – to stay socially active and creative, through networking and access to
public and commercial services, thus reducing the social isolation of older people,
particularly in rural areas;

– at home – to encourage a higher quality of life and maintain higher degree of inde‐
pendence [9].

The aim of the plan is to both help older people to achieve a safer and more inde‐
pendent old age and to promote the products and services of ICTs for people with disa‐
bilities and for older adults. It also aims at giving political and industrial impetus for
creating and enlarging instruments and ICT services accessible to old users and seeking
solutions for the challenges of ageing. These tasks enhance social inclusion of the elderly
and are further developed in the H 2020 EU Research and Innovation program [10].

The political debates about “the graying of Europe” are based on ageing prognoses,
some of them outlined in the comprehensive Europe 2020 Strategy for Smart, Sustain‐
able and Inclusive Growth. The Strategy envisages the development of technologies in
a way that they would enable older adults to live ambient supported independent and
healthy life and to take an active part in society. The program in the field of digital
technologies for Europe (A Digital Agenda for Europe) is fundamental to the Strategy
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and aims to accelerate high-speed access to the Internet and to increase the benefit of
the digital market for households [11].

Media
Providing high speed access to advanced public services and diverse multimedia content
for work, training and entertainment has become the mainstay of the knowledge based
society. Contemporary broadband connections have great impact on improving life
quality, as well as on intensifying social cohesion, especially for the older adults. There‐
fore intensive improvement of ICT skills and digital literacy are critical to the effec‐
tiveness of any media strategy to further advancement from ‘user-centered’ to ‘user-
driven’ developments for achieving the universality of the digital services.

The technical possibility of combining different media in modern mobile commu‐
nication devices is facilitating the emergence of new hybrid forms. The options to choose
different communication platforms and, consequently, the possibility of satisfying
specific individual needs, also increase. To improve their quality of life, older adults
today have larger choices to attain equity through inclusion, provided by the new
communication technologies and hence, to attain individual and social satisfaction.

Despite the rapid development of ICT and online services, television continues to
be the most preferred source of information and entertainment for most European
households. The main internationally acknowledged instruments in the field of TV
broadcasting continue to be the European Convention on Transfrontier Television
(ECTT) of the Council of Europe, adopted in 1989 and the Audiovisual Media Service
Directive (AVMSD), which has been introduced in 2007 by the European Commission.
The ECTT and the amending Protocols on the one hand, and the AVMSD on the other,
have similar objectives, although the intention of the AVMS Directive is to create a
common market in broadcasting.

As a legally binding document, the aim of the European Convention on Transfrontier
Television is to facilitate the transfrontier transmission and retransmission of television
programme services. It also lays down a set of minimum rules concerning the respon‐
sibility of broadcasters with regard to European content of programming; advertising,
teleshopping and sponsorship, the protection of certain individual rights, etc. [12].

The Audiovisual Media Service Directive (AVMSD) as a successor of the Television
without Frontiers Directive 89/552/EEC (1989) offers a comprehensive legal framework
that covers all linear (broadcasting) and non-linear (on-demand) audiovisual media
services, and provides less detailed and more flexible regulation and modernized rules
on TV advertising in order to better finance audiovisual content. The AVMS Directive
also upholds the basic pillars of Europe’s audiovisual media model. In particular, the
Directive underlines the importance of promoting media literacy, development of which
can help people to “exercise informed choices, understand the nature of content and
services, and take advantage of the full range of opportunities offered by new commu‐
nication technologies” [13].

Both instruments, the ECTT and the AVMSD, however, do not have a special focus
on the production and dissemination of content aimed at the aged population.
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The rapid changes of the audiovisual market require a thorough refining – under a
broad consensus – of the existing norms in the ECTT and the AVMSD. The challenge is
whether the regulatory changes should anticipate or follow media practices.

In times of intensive social, economic and technological transformations, the very
paradigm of the media inevitably changes as well. The media are becoming convergent
phenomena. Audiences also change: they are shifting from massive to individualized,
from passive to active. A number of issues, important also for the older people, stay
increasingly important, such as: freedom of expression and access to information;
pluralism of opinions and variety of contents; professional standards and journalistic
ethics; transparency of ownership and accountability to the audience; protection of
underage and vulnerable social groups; cooperation between regulation, self-regulation
and co-regulation; and the expansion of the social media.

In its volume “Global Population Ageing: Peril or Promise?” The World Economic
Forum pays a special attention to the very important question as to whether the portrayal
of ageing in media and advertisement influences society’s views and responses to popu‐
lation ageing. And also, whether media messaging creates a distorted view of
ageing [14].

Further on, the World Economic Forum in its White Paper on Digital Transformation
of Industries: Media, Entertainment and Information points out the widespread recog‐
nition among different stakeholders that the role of digital technology is rapidly shifting
from being a driver of marginal efficiency to an enabler of fundamental innovation and
disruption [15].

Also, the demographic shifts may have a dramatic impact on consumers’ expecta‐
tions from media and communication industries, as well for their ICT literacy and skills
while navigating the digital world. In this sense the habits of the millennials (the gener‐
ation born between 1981 and 1997) differ from those of the older adults (55+). The
demand for technology services that offer convenience, memorabilia and instant access
to content anywhere and anytime by the younger population is often juxtaposed to the
preferences of the older people for health and wellness, entertainment and education
services designed especially for them.

In this new realm it is very important to analyze how the businesses and the audiences
of the media and communication industries will gain more value than disruption. The
future when artificial intelligence will rigorously impact the creative process in media
and communication, thus replacing the multi-channel experiences, is not that distant.
Measures should be foreseen to prevent consumers’ vulnerability especially from the
expanding information overload and the growing digital fatigue.

3 Surveys on Trust in Media in Bulgaria

3.1 Outline of the Focused Survey

Contemporary media ecosystem challenges elderly audiences in many ways. To name
a few – these are the fast and growing technological developments, the diversification
of information resources (especially in the Internet), the rise of nonprofessionals’ gener‐
ated content, the distribution of distorted or fabricated information, etc.
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To measure the extent of vulnerability of older users of media content, compared to
younger generations in constantly changing media ecosystem a focus group survey has
been initiated by the Faculty of Journalism and Mass Communication of the St. Kliment
Ohridsky Sofia University.

Apart from studying the elderly audiences’ vulnerabilities, the focus of the survey
is to identify behavioral differences among the Bulgarian generations as well as their
defense capabilities when facing untrustworthy information in contemporary media and
communication environment.

Another focus is rooted in the importance attributed to the fake news phenomenon
in all its dimensions as well as to its negative impacts on society. This phenomenon is
perceived as a form of hybrid threat for EU security and fighting it is in the focus of a
number of activities of the European Commission, namely – the activities of the
Commissioner for Digital economy Maria Gabriel, the European Parliament and the
Council of the EU [16].

Having in mind the dire consequences for the society brought by devaluation of truth
and the distribution of fake news, Pope Francis proposed to dedicate the 2018 World
Day of Social Communications to these problems in order to support journalists in their
mission to speak truth and to send a message to the world “The truth will set you free:
Fake news and journalism for peace” [17].

The subject of the survey is the preferences of the different generations towards
various types of media, their interests in different thematic areas, the degree of influence
and the means of counteracting fake news.

The methods used are as follows:

– field questionaire and poll;
– data analysis;
– comparative analysis based on age;
– comparative analysis based on data from similar surveys;
– documents and statistics research.

The term generations is used in relation with the different age groups, differentiated
by the degree of their labor activity. For the purposes of this research the traditional
divide in four age groups has been applied: 18–30 (mostly students), 30–55 (actively
working people), 56–63 (pre-retirement age, with dampening activity on the labor
market), and 64+ (retired, non-working). Table 1 shows the respondents divide by age
and by education.

Table 1. Level of education of generations

Education Age 18–30 Age 31–55 Age 56–63 Age 64+
Primary (%) 0 0 0 11
Secondary (%) 72 42 64 79
Higher (%) 28 58 36 11

The term vulnerable is used for groups who can not fully participate as users of the
media ecosystem due to lack of knack or competences to use contemporary technical
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means of communication and are not capable to counter harmful or untrustworthy
content. Also these are people who are threatened by social isolation.

The term fake/false refers to falsified news content, disguised as legitimate news
produced in order to attract users and to increase profit or to pursue political goals [18–21].

The survey is part of a broader field survey, conducted in September and October
2017 among 77 respondents (aged 18–64+). It is not representative. The questionnaire
is composed of ten questions, seven - closed and three - semi-open. A control question
is included, the purpose of which is to establish the level of understanding of the ques‐
tions and/or the bona fide attitude of the respondents to the problems, subject to research.

4 Results

The research found out drastic differences regarding the type of preferred media among
the different generation groups. While young users devote their time mostly to online
media, older users aged 64+ give their preferences to the press and the television. Since
people encounter only the direct impression of the media they use, it is logical to
conclude that they run upon untrustworthy content in the same type of media (Fig. 1).

Fig. 1. Most common places for distributing fake news

The assumption that the young devote much of their media time mainly to Internet
activities, including social networks and social media, is confirmed. However, the data
show that this statement also applies to their parents. In fact, people in active working
age (35–44 and 45–55) are the largest groups of users of two of the most popular
networks in Bulgaria and Europe - Facebook and Twitter [22]. The demographic profile
of the Bulgarian users of social media and social networks builds on preferences by all
age groups, including people in the 64+ range, albeit less than others. These preferences
explain why social networks and social media are recognized by all respondents,
including retirees, as mainstream fraudulent content generators (51% of all respondents
point to them as a preferred distribution environment, and 68% - as a primary source of
fake news. Political actors collect 29% of the responses and media comes third with
25%) (Fig. 2).
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Fig. 2. Fake news primary sources

As the age of social networking and using of social media grows, the segment of
social media and social networks is gradually diminishing as a source of fake content,
but it does not disappear completely. Only the oldest respondents give the political class
an advantage over this indicator. This is easy to understand given the fact that people of
retirement age are keenly interested in politics and government news as their well-being
(the size and increase of their earnings, health insurance, social benefits - personal assis‐
tant, heating support, etc.) and sometimes - and their survival - depend to a large extent
on the decisions of the public authorities.

All this determines the interest of the older audience in topics related to domestic
politics, security and public order, economy and finance. These are topics that are
directly related to the lives, health and safety of the elderly and their families. For this
reason, they are most sensitive to the spreading of false and distorted facts precisely on
this subject. 79% of the people in pre-retirement age and 63% of the retired people claim
that fake information most often refers to issues of domestic policy, economy, crime,
and security. For young people under 30, politics is a distant abstraction without a clear
framework. For them free time, not professional development, has been a cult. Their
interests are related to sports, lifestyle of public figures and celebrities, and for this reason
the majority of them (78%) claim that the media most often speculate about the facts of
the celebrities’ lives. The middle age generation tries to stick to the pattern of being
informed on a wider range of issues. The opinion of the respondents aged 30–55 is that
untrue information is distributed in a balanced way between domestic politics, economy,
crime and public order, and the lifestyle of celebrities (Fig. 3).
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Fig. 3. Topics, subject to falsified information

A large number of respondents (57%) encounter unreliable information each day,
and over a quarter say they fall into fake news every week. Less than 3% insist that they
have never encountered media fiction. These percentages portray the Bulgarian audience
as being conscious and, to a large extent, literate enough to recognize untrue information.

The highest (67%) is the percentage of recognition of fake news in the younger part
of the audience (18–30 years old), and the lowest - in people at pre-retirement and
retirement age (56–64+) - 42% and 47%). The explanation is not so much in the higher
media literacy of young people, as in the way media is consumed by them and even in
their lifestyle (Fig. 4).

Fig. 4. Most common methods for fake news distribution

The main source of information about the younger generations is online media and
chatting with friends (direct or computer-mediated). Not to trust institutions and author‐
itative personalities is a matter of principle, although groundless. The elderly consump‐
tion pattern is distinguished by higher level of trust in linear electronic media.
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Over half of the elderly categorically recognize false news as mixing real facts with
fiction (half-truth), on the same footing as the circumstances that influence the
audience’s emotions and beliefs in order to ignore objective facts.

The older audiences are aware of the nuances and the various forms of “fake news”.
They have the confidence to recognize them and counteract them. As the age of the
respondents grows up, their confidence that they will not be affected by the harmful
effects of untrustworthy information increases (Fig. 5).

Fig. 5. Fake news vulnerability level

For younger users, high self esteem is likely to be tied to the fact that they are very
well familiar with the technological environment in which fake content is prioritized.
As they devote much of their time to it, they have the means of identifying and blocking
technology (software, mobile applications) on unreliable sites and enjoy the support of
their online community. Young people are hardly under the influence of traditional
media (radio, television and the press) as they rarely (or at all) do not use those [23]. In
addition, the audiences aged 18–30 (65.5%) and 31–55 years (33.33%) tend to carry out
their own research on the reliability of information, including – the usage of specialized
software or mobile applications. Elderly people tend to rely on the good faith of jour‐
nalists and content authors (63%), and most of all, on their own life experiences of
distinguishing the truth from falsehood (50% of 56-63-year-olds and 32% of the aged
64+).

At first glance, this puts the older users in the position of the most vulnerable part of
the media audience. But not if the modern view is taken that the public is sustainable,
including significant attempts at manipulation, triggering various emotional, value and
cognitive barriers, and when it prefers to get social referrals from close people instead
of media. At the same time, these audiences are susceptible to messages that are timely,
interesting, personally oriented and which meet their expectations, understanding and
experience, messages that help decrease their feelings of being socially insecure as well
as reduce their psychological and cognitive discomfort [24]. On the other hand, espe‐
cially this segment of the audiences seem to be the subject of personalized media
messages, and is underestimated in the development of policy and marketing strategies
(Fig. 6).

128 L. Raycheva et al.



Fig. 6. Means and methods of news verification

The fact is that with age, the percentage of people willing to use technical means to
denounce unreliable content is decreasing. However, to consider that insufficient tech‐
nical and media literacy are inherent characteristics of people of retirement age is wrong.
Their technical skills and abilities must be seen in the historical context of the time they
have been acquired and developed.

During the EU Online Media Summit, organized by the European Broadcasting
Union on 22 October 2015 in Dublin, Ireland [25], it was pointed out that young retirees
in Western Europe are an underestimated (market and not just market) niche. The clar‐
ification that this is valid for Western Europe societies is by no means casual. Experts
stated that “young retirees”, i.e. people aged about 60, can be productive (both “lucra‐
tive” and still active in the economy). These are people with still strong social activity
and social contacts. They have free financial resources (pensions) that they would like
to spend. Moreover, despite the perception that information technology and new media
are “on and off” for the young people, in fact, for the “young retirees in the West” the
digital world is no strange at all. In fact, today’s “young retirees” are the people who
created the Internet and laid the foundations for satellite technologies, mobile commu‐
nications and everything that is now taken for granted and is easy to use. On the other
hand, this is the generation that grew up with punk, with the music of Sex Pistols, and
it can hardly be called “congested” (conservative). In short, young retirees are a niche
that is actively present in the digital society and is waiting to be recognized in the digital
services market.

In Bulgaria, the technological revolution is not as backward in comparison with the
Western world. In the 20s of the 20th century the Bulgarians listened to their own
national Radio. The Bulgarian National Television, which began broadcasting in the late
1950s, was the first in the Balkans. The 70s and the 80s were marked by the rise of
electronics. At that time Bulgaria produced its own brands of computers, computing
machines, processors, magnetic heads, compact discs, radio and television sets, tele‐
phones, radio navigation equipment, etc. Bulgarian scientists and engineers participated
in space programs and projects. 1975–1990 were the golden years of Bulgarian elec‐
tronics. With total exports of the country in 1989 of 13.5 billion BGN, machine-building
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and electronics - the two most intellectual branches of industry, accounted for nearly
60%. They employed about 600,000 people (a large number of them - well-educated
engineers, scientists and business executives), with a total country population of nearly
8 million people. The backbone of these industry branches are the generations born in
the 1950s and the 1960s [26] - today’s “young retirees” of Bulgaria aged between 60
and 70, as well as people on the border of active working age and pre-retirement,
perceived as the “the technological generation” (the baby boomers), unlike the “internet
generation” (X and Y) of their children and grandchildren today. Their contribution to
the Bulgarian economy and society is strongly felt today. After the political changes of
1989, part of this valuable resource has drained abroad. However, those who stayed in
the country are among the people who set the foundations of private initiative in high-
tech manufacturing and services. These are people who are able to get their professional
chance and for whom the digital world is not alien. That is why the “generation” of
people around 50–67 has to be separated in a special group when discussing financial
security, handling modern technical devices, making decisions, forming and main‐
taining an opinion.

Communication technical literacy, as far as it is fundamental to the functioning of
consumers in the modern information ecosystem, has one more specific feature among
the elderly in Bulgaria. Like “young retirees” who do not have technical education and
have not worked in technology sectors, older people are also interested in developing
skills to work with online information sources, smartphones and social networks, call
and messaging applications such as Skype, Messenger, WhatsApp, etc. [27, 28] This
literacy is often the only chance for communication between older people and their
descendants, scattered, mostly on economic downturns, at different points in the global‐
ized world [29]. On the other hand, it enables pensioners to establish contacts and thus
overcome social exclusion.

Respondents of the survey are most likely to have the greatest importance in terms
of age (78%), education (50.64%) and residence (27%) as factors determining the extent
of unreliable consumer impact. The most vulnerable are the adolescents aged 15–18
(28.33%), as well as the elderly aged 64+ (28.33%), those with the primary education
(38%), and residents in small settlements in the countryside (18%).

Fig. 7. Most trusted media
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According to the survey, television continues to enjoy the trust of over half of the
respondents, and remains the most preferred among people in active and retirement age.

Every sixth of the respondents relies for trustworthy information on the radio, while
social networks and the social media as well as websites are completely discredited.
Almost 33% of the users state that there is no such media which can be trusted (Fig. 7).

The results of the survey confirm the sustained trust in television as a medium in
Bulgaria, registered in the last two years by the Open Society Institute within the frame‐
work of the Report on Public Attitudes to Democracy, the Rule of Law and Fundamental
Rights. According to the report, television is the main source of information for 74% of
Bulgarians in 2016 [30]. The Alpha Research Agency in its National Representative
Survey indicates television as the main source of information, especially on domestic
and international issues for 90% of the Bulgarians [31]. Compared to other EU countries,
Bulgarians watch more television, read less newspapers and listen less to radio
programmes [32]. This resilience to the interest in television in Bulgaria is against the
backdrop of a worldwide decline in traditional media consumption, as recorded in
2016 [33].

5 Discussion

When assessing the media vulnerability of older people in Bulgaria, it should be borne
in mind that they are not a homogeneous group of people. Apart from the traditional
division of people at pre-retirement and retirement age, there is another intermediate
demographic group, whose characteristics are sharply different from the traditional
perception of older adults in Bulgaria. The “technological” generation (today’s Bulgar‐
ians at the age of 50–67), which ensured the boom of the high-tech industry in Bulgaria
in two socio-economic systems, has a high social status, a good financial position and
opportunities for coping in the modern ICT environment. Media and political PR
specialists should view them as a group with significant, underestimated potential, rather
than as people with disruptive functions in society.

Enhancing the communication and media literacy of the elderly should be encour‐
aged by the governmental and the NGO sector as it satisfies several needs simultane‐
ously: communicating with relatives who have emigrated abroad, overcoming social
exclusion by establishing contacts with people with similar interests, diversifying the
channels for obtaining a variety of information, providing an opportunity to check its
credibility, etc.

6 Conclusion

Population ageing and the developments of modern media ecosystem are two interlinked
processes in contemporary world. The trend of population ageing determines the need
for urgent prevention of the vulnerability and the social exclusion of older people from
the modern information and communication environment.
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In answering the first research question the undertaken analysis on policies of UN,
CoE and EU with regard to ageing and age discrimination, as well as on corresponding
ICT and media policies indicates some significant tendencies:

– legally: there is a general insufficiency of internationally binding legal instruments
to provide reliable regulatory mechanisms against age discrimination as well as for
a more balanced and adequate media coverage of older people;

– technologically: the dynamic progress of ICTs is challenging the very concept of the
traditional media. Digital technologies, broadband and web casting increase the
number of channels, thereby providing users with multiple choices of linear and non-
linear programming. As positive as these opportunities may be, they also pose signif‐
icant challenges to media consumption by the older population;

– socially: the contemporary ICT based environment has an ambivalent impact on
media consumption. Older people are both consumers and creators of content, and
moreover, they mutually socialize with one another. However, the merge of essential
characteristics of journalism, PR and advertising and the loose professional standards
increase the vulnerability of the audiences from the distributed content.

Answering the second research question, based on the results of the presented
surveys, it can be noted that the teenagers and the oldest, poorly educated, mostly living
in the countryside users of media content can be considered as truly vulnerable partic‐
ipants in the contemporary media ecosystem. Communication skills tend to converge
rather than distinguish young people from older generations. But while for adolescents
it is due to their immaturity, for the elderly it is a stable part of their value system. Namely
this group of older adults has no other means of protection against unreliable and manip‐
ulative information, apart from the credibility and professionalism of journalists and of
its own long life experience. Elderly people can withstand media impact when it is
contrary to their established beliefs, knowledge and patterns of behavior. However they
can not counteract the personified, reliant on their feelings and highest values, influence.

Prejudices and negative stereotypes are among the major current challenges relative
to the life of the ageing population in the modern information and communication envi‐
ronment. Identifying the ways in which these prejudices may be effectively overcome
will help to prevent vulnerability and to neutralize the rise of barriers to the full partic‐
ipation of older people in socio-cultural processes.
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Abstract. In this paper, we analyze long-term appropriation of smartwatches
among a group of older people. For the purpose of the study, we provided five
older individuals (aged 71 to 80; three women, two men) with Android
smartwatches. We interviewed participants after 2 and 12 months of smartwatch
usage and observed its usage in an informal gathering 12 months after the end of
the study. Drawing on Morville’s model of user experience (2004), we focus on
how the smartwatch was (not) useful, usable, valuable, and desirable for each
participant in each stage of the process. Results show the relevance of valu-
ableness and desirability in the (non-)appropriation of smartwatches for those
participants. Specifically, participants used the smartwatches to express their
sporty, techie and fashion identities.

Keywords: Older people � Wearable � Smartwatch
Appropriation � UX

1 Introduction

Significant attention has been given to smartwatches in research into human-computer
interaction in recent years. On the one hand, they offer access to basic smartphone
information while leaving the hands free, supposedly allowing users to interact in a
more natural way. On the other hand, they allow an intimate connection to be created
with user’s body, thus allowing certain body indicators to be obtained [1, 2]. Research
into the topic is growing steadily. In part, this research is related to understanding
smartwatch perceptions and usage, but it is also related to new possibilities for inter-
action. There is particular interest in how these watches could compensate for physical
and cognitive decline often associated with older people [3, 4]. To further this
understanding of how best to take advantage of this technology for older people, we
present a case study analyzing long-term appropriation of smartwatches among a group
of older individuals.

We provided five older individuals (aged 71 to 80; three women, two men) with
Android smartwatches. The project was designed to follow their experiences over 12
months. Thus, we interviewed participants 2 and 12 months after the start of the study
through informal interviews. In addition, 12 months after the end of the study, that is,
24 months after the study had started, when participants had no further commitments
with the study, an informal gathering was held so that we could observe if participants
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were using the smartwatches or not. We briefly chatted with each participant about their
use. Our aim was to address the following research question: How do usefulness,
usability, valuableness and desirability influence long-term appropriation of smart-
watches among a group of older individuals?

In this paper, we present the evolution of participants’ user experience (UX) to show
how they did or did not become long-term users of the device. The results revealed
different facets that influence smartwatch user experience. In general, smartwatches were
useful and usable for most participants, but these were not the main reasons for (non-)
appropriation. Otherwise, valuableness and desirability were key factors for (non-)
appropriation of the smartwatches. Thus, engaged participants, those that kept using the
smartwatch 24months after the start of the study, found it valuable and used the device to
express their sporty, techie and fashion identities or to obtain social recognition. The
findings help to better understand the challenges facing the appropriation of smartwatches
and other technological devices, especially among older people.

2 Related Work

In recent year, research has focused its attention on the perceptions of smartwatches
and smartwatch usage. Both sides of the consumer process contribute to understanding
the appropriation of a new technology [5]. Different studies have looked at smart-
watches from the perspective of usefulness, usability, valuableness, and desirability,
which will be further explained in Sect. 3. However, these aspects have been studied
based on non-users or in short-term studies (less than 6 months) and with mostly young
participants.

According to a survey of 226 potential users, where the average age was 21,
“perceived usefulness and visibility (which is related to desirability) are important
factors that drive adoption intention” [6] p. 276. According to another survey of 212
potential users (of whom 13.2% were 55+), relative advantages (usefulness), ease of
use (usability), result demonstrability and enjoyment (valuableness) have a significant
impact on users’ attitude toward a smartwatch. In addition, attitude significantly
influences smartwatch acceptance [7].

Some studies have explored how regularly people use smartwatches which is an
indicator of their usefulness. Based on surveys with 90 Apple watch users, after 120 days
of use (4months), researchers identified that only 4.5% had stopped using the smartwatch
[8]. A study based on data collected through activity trackers involving 50 students over
203 days (6 months approx.) concluded that the students wore the smartwatches an
average of 10.9 h on weekdays and 8.4 during weekends [9]. Another study tracked the
smartwatch activities of 307 anonymous users, with no demographics provided.
According to the results, smartwatches are used more frequently throughout the day and
for briefer periods of time than smartphones [10]. In addition, an analysis of the smart-
watch logs of 27 participants from a university campus concluded that “smartwatch usage
is more uniformly distributed compared to that of smartphones” [11].
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According to previous studies, the main added value of smartwatches (or valu-
ableness) is the possibility of reading notifications [12, 13]. In interviews with 10
smartwatch users, who had owned their smartwatches for at least three months con-
firmed that “Users see a large benefit in receiving notifications on their wrist” [14]
p. 3557. One of the main reasons is “lack of impact of watch glances on conversation”
[15] p. 3582, for example, among school teachers [16]. Personal interest and activities
also shape smartwatch user experiences [17].

The influence of desirability, those aspects related with style and identity, on
smartwatch appropriation has been discussed in different studies. Style is part of the
smartwatch experience [13, 18]. “Individuals with a high level of vanity would con-
sider using smartwatches to be more enjoyable (and) one’s need for uniqueness was
found to be a critical predictor of how much one would perceive smartwatches to be
enjoyable and useful for expressing oneself” [19] p. 9. Croncretely,“display shape and
standalone communication are more critical factors influencing respondents’ smart-
watch choices than brand and price” [20].

3 Methods

The empirical evidence presented here comes from a case study originally designed to
analyze the processes of smartwatch adoption and appropriation by older people. We
provided a Moto G 360 smartwatch to participants, all of whom had to have a com-
patible Android smartphone. Participants had to be 65 or older. They already needed to
be active users of smartphones, be strongly committed to following the study, and not
have a smartwatch. They could choose between the Moto G 360 1st generation (1.600

screen) and the Moto G 360 Sports 2nd generation (1.3700 screen), models available on
the market at the beginning of the project. Participants received monetary compensa-
tion for time spent in interviews and were able to keep the smartwatch after 12 months
of participating in the project. This particular study is part of a wider project, where we
tracked their smartwatch activities with an app, conducting another three interviews to
get bimonthly reports, but such information was not used for the purposes of this paper.
Following approved ethical protocols, participants could stop their collaboration with
the project at their convenience. They could do whatever they wanted with the
smartwatch during and after the study period, just as long as they committed to giving
the bimonthly interviews and using the tracking system for one year to participate in
the project.

We use a mixed methods approach, combining reported speech with observations
in real-life settings [21]. For the purpose of this paper, we conducted two
semi-structured interviews, the first interview after two months and the second inter-
view after twelve months of having the smartwatch. Twenty-four months after the start
of the study, we met with the participants in an informal gathering, where we observed
if they were using the smartwatches and briefly chatted with them to ascertain if they
were using them regularly or not. Thus, we have combined detailed qualitative
information on their experiences at months 2 and 12 with concrete qualitative data for
month 24.
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The study involved 5 participants: 3women and 2men, aged 71 to 80. In this paperwe
will refer to them as:W1,W2W3,M1,M2. They are participants from an adult education
center. We had met them previously because one of the paper’s authors often volunteers
as an ICT teacher and other research projects had been conducted at the center.

We used 4 of the 7 facets proposed by Morville [22] to understand different aspects
of user experience; specifically, how useful, usable, desirable and valuable a product is
for a user in any given moment. The 4 facets allowed a holistic understanding of each
individual user experience, and were useful as a strategy to spark discussion with
participants about their user experiences. We did not use the other 3 facets described in
Morville’s framework, namely that a product be findable, credible and accessible, as
they were not closely related with the smartwatch experience analyzed in this study.

We will explain the four concepts we did use as described by Morville and how
they relate to this project.

• Useful. The user should find some utility. In this project, we specifically considered
if people used the smartwatch regularly as an indicator of usefulness, and what for?

• Usable. The product should be easy to use. Thus, we considered if they had
problems, questions or issues they would like to clear up and have not yet learned
about.

• Valuable. The product must provide an added value to the user, in comparison to
other products. Specifically, we considered what participants found to be most
valuable about the smartwatch in their opinion.

• Desirable. It refers to the power and value of image, identity and other elements
of emotional design. In this study, this is how participants associate it with their
personal identity.

In the first interview, we included several questions related to the participants’ user
experience, and we extracted topics related with all 7 facets described by Morville. As
the most common topics found in this interview had to do with usefulness, usability,
valuableness, and desirability, we ignored Morville’s other three facets. In the second
interview, we focused in questions related to these 4 facets. In the results for both
interviews we extracted the comments related with the four facets. We assessed if their
comments were positive ", ambivalent "# or negative #. Finally, we compared the
experiences they reported during the first and second interviews with the observations
made at the informal gathering after 24 months.

4 Results

At month 12 of the study, the five users reported that the smartwatch was useful. They
were able to include it in their everyday life and use it for a variety of purposes,
depending on their interests. However, two of them (W1 & W3) stopped using the
smartwatch after month 12 of the study, once their commitment to the project was over.
In the month-12 interviews, they stated that, although it was usable and useful, it was
not valuable or desirable enough. Contrarily, by month 12, the other 3 participants
found it valuable and desirable. At month 24 they were still consistently using the
smartwatch, even though their commitment to the project had ended.
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Except for a few problems at the beginning of the study, each participant learned to
use the smartwatch. However, each one only became an expert in the features that
interested them the most. Except for one participant (W2), the rest found the smart-
watch usable. Despite the difficulties encountered, W2 was one of the participants still
engaged at month 24. For all three engaged users, the smartwatch was valuable,
although for different reasons. The activity tracker was the most valuable for M2 while
the notifications were what W2 most appreciated. M1 found it valuable for the noti-
fications, the maps and the music control. For all three, desirability played a role in
smartwatch appropriation. The smartwatch helped to express their identity, whether it
be sporty, techie or fashion-related, or to obtain social recognition. In the following
sections, we provide details of the evolution of each participant’s user experience.

4.1 W1, The Disenchanted

At month 12, she wears it every day, all day, at home and outside. The reports from the
first and the second interviews are consistent; she finds it useful and usable. However,
the smartwatch does not seem valuable and desirable to her (See Tables 1 and 2). She
considers it just a cool thing, and more interesting for young people. When she started
using the smartwatch, she had expectations about how it could change people’s lives.
However, after 12 months of usage, these expectations have not been met, and she can
find no reason to continue using the smartwatch. In fact, by the end of the project, she
gave the smartwatch to her nephew.

Table 1. W1, Interview 1

" Useful She uses it to check the time and notifications, which happens very often
because she has a pretty active social life

" Usable She finds it is easy to use, and, when asked, she gives this example: …
during Christmas, he [her nephew] un-configured it […] so I did the setup
again […] step by step

"# Valuable She states this is practical, because you wear it here (showing the wrist).
However, she expects to get more out of it, to learn more things about it

# Desirable She likes its practical features, but she doesn’t show any signal of
emotional engagement with the device itself. She does not associate it with
aspects of her identity, and she does not express any sign that the
smartwatch clashes with her identity
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4.2 W2, Proud User

She uses it all day, at home and outside. Although she still has some usability issues
and does not make extensive use of the smartwatch, she is a proud user and wants to
show it off whenever there is an opportunity (see Tables 3 and 4).

Table 2. W1, Interview 2

# Useful She wears it regularly and reports that she frequently uses it, only because
she has a very intense social life: I wear it. As I wear it, I use it. Look, not
long ago I had a WhatsApp, now it comes another, that is, they are
arriving.
However, she is clear about the fact that she won’t keep using it: I think
that when we finish everything [the project], I’ll give it away. Because I
have a nephew who is twelve years old, nearly thirteen, and he loves it

" Usable She has no usability issues but has not explored the smartwatch that much
during this time. She doesn’t know anything new about the smartwatch,
since previous interview

"# Valuable She finds it practical: If they call me on my cellphone and I do not hear it,
it vibrates here. And this is great for me. For example, I am in a class, and
I stop, and suddenly pa-pa-pa, in class. If I’m interested… I take it. If I’m
not interested…. The whatsapps too. Yes, for this, it is very practical.
However, she could take it or leave it: If I wear the other one [classic
watch], I have enough. If I have it [smartwatch], I look at it

# Desirable She doesn’t identify with the smartwatch, she refers to is as a generational
issue: What do you want me to tell you? It’s more like a hobby. And it’s
such a cool thing, for example, for kids. But for us, I do not know… not
sure if it’s worth it

Table 3. W2, Interview 1

" Useful She says she use it every, and all day, at home and outside. She mostly uses
it to check the time

# Usable She states that it has been easy to use. Although, at the same time, she only
uses it to check the time, and she would like to do other things but has not
figured out how to do them: sometimes, I want to do something and it is
difficult

# Valuable She does not report any use, beyond checking the time
" Desirable The smartwatch gives her a positive image, and she tries to take advantage

of this. She says that, when she meets up with somebody, she asks, Did you
notice, did you notice? (pointing at the smartwatch). Then she has the
opportunity to explain all the advantages of the smartwatch
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4.3 W3, Communications

She uses it daily. It plays a role in her everyday communication, allowing her to keep
an eye on the notifications on her smartwatch. However, it is not an essential device for
her, and she is somewhat ashamed of it (see Tables 5 and 6).

Table 4. W2, Interview 2

"# Useful She wears it every day and all the time. Although she does not report
frequent use, she adds: this month I’ve been a little bit out of it… I haven’t
used the computer, either. Although the smartphone, yes!

# Usable She does not feel she has a good handle on using the smartwatch: The
steps themselves, mmm, this, if I were more confident, when I’m going to
walk, yes, I would wear it, because it’s comfortable […] if I put it on right.
She adds: When these things start to fail, mmmm, it is as if you have a
Mercedes; has it failed me, or have I failed?

" Valuable She finds it valuable because: I know when they call me. Mmm, if I do not
hear the phone, the clock tells me that I have an email, that I have a
message. If I’m waiting for those calls, then I go to the phone; otherwise, I
don’t bother

" Desirable She continues to be a proud user of her smartwatch: I say, […] come on,
look what I’ve got! Look what I’ve got!

Table 5. W3, Interview 1

" Useful She uses it daily, although not at home or the gym, since she usually wears
other watches. She finds it useful. She uses it to check the time, her steps
and to manage notifications: sometimes it turns on when I receive a
message and, then, I see it. She also changes the screen design depending
on what she is wearing

" Usable She does not have usability issues. She also does not have questions about
other the smartwatch’s other features

# Valuable She does not find it valuable: Well, if they give it to me, fine, but buy it, I
think… I do not see it as useful

#" Desirable She is not proud of it: I usually have it covered. […] But not because I
don’t like it and its spectacular, but because people our age say: “Well,
what an ugly watch this woman is wearing”, you know?
She does not like its design or the fact that it is a techie device: No, it’s not
nice, not for me. Young people do say: “Oh!” They are more into these
technologies… they want to have everything.
However, changing the smartwatch face every day to match her outfit
makes her happy
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4.4 M1, The Techie

Although he was fairly skeptical at the beginning of the study, as an explorer, he has
explored all the possibilities of the smartwatch. He makes extensive use of it, partic-
ularly regarding things that matter to him, such as notifications, music and maps.
Moreover, the smartwatch lets him express his techie identity (see Tables 7 and 8).

Table 6. W3, Interview 2

"# Useful She uses it daily, basically to see notifications; she does not check how
many steps she’s taken any more. She does not change the watch face
anymore

" Usable She makes very basic use of it, mostly to check notifications. Although she
has noticed that even with the same setup all the time she sometimes does
not receive notifications (which was a common problem with the
smartwatches they were using but was barely noticed by the other
participants)

# Valuable She reports that it is not valuable for her: There is no big difference from
wearing any other [watch]

# Desirable She said she is not proud of wearing the smartwatch

Table 7. M1, Interview 1

# Useful He wears it every day. Although, he says he does not know if the
smartwatch is useful. He doesn’t want it to consume him like the
smartphone: When you receive a WhatsApp, there are people that feel the
need to check who sent it. I don’t

# Usable Apparently, discovering its features has not been easy, because at this point
he still states: I do not know which features it has

# Valuable At this point he is not clear if the smartwatch is in fact valuable, but he still
has high expectations not yet met by it: I would like it to behave like a
smartphone, except that I can’t talk. […] I think, this has just arrived, I
don’t know have far it can go, but, in the news they say we’ll be able to pay
with the smartwatch

" Desirable The smartwatch is in line with his techie identity. He identifies himself as a
person who is willing to use technologies, and that is where his interest in
the smartwatch lies: We should take into account that there are people, the
same age as me, and older, […] let’s say, that don’t want to know about the
Internet and computers at all.
Specifically, he says the smartwatch is a technology that may be a bridge
that will lead to more… more interesting milestones, […] otherwise we
would still be stuck in the Stone Age
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4.5 M2, The Sportsman

He uses it every day, all day, and even during the night. He is highly proficient in using
the activity tracker. He has great interest in showing his walking achievements on the
smartwatch and places great value on using it for walking. The smartwatch contributes
to his sporty identity, as you can see in the following tables (Tables 9 and 10).

Table 8. M1, Interview 2

" Useful He finds it useful, not only because he uses it every day, but also for its
many features: I use it every day. Every day. I mean, I use the clock every
day because I’ve gotten used to it.
In addition, he would buy it: Now that I have used it, and they are less
expensive, probably not this one, but another, yes, for sure, I would buy
[another]

" Usable He does not report any usability issues. On the contrary, he has explored
many of the smartwatch’s features, which he learned how to use on his own

" Valuable I use mainly the features that are related with my interest, for notifications,
for the maps and the music; those are the three more relevant uses

" Desirable The smartwatch enhances his techie identity. He volunteers as a smartphone
teacher for older people, and having a smartwatch gives him extra authority
on the subject. According to him, I have to be up-to-date

Table 9. M2, Interview 1

" Useful He wears it every day and, according to him: what I do most is [check] the
heart rate and walking … [check] the steps […] and also, it notifies you
when there is a call

"# Usable He shows great proficiency in managing the pedometer. However, he is
not receiving WhatsApp or email notifications, and he does not know why

" Valuable It is valuable for him, as he walks every day, and he enjoys having a
record of his activity, and he also checks how fast he goes while walking

" Desirable He uses it to express his sporty identity, by sharing his sports milestones
with others. For example, he reported that while he was buying sneakers,
and another client asked him if they were durable, and he answered,
showing the smartwatch: Look at how many steps I’ve taken

Table 10. M2, Interview 2

" Useful He uses it every day; he says that he will keep using it in the same way. He
uses it to manage notifications and to keep track of his sports activities

" Usable He does not have problems using the smartwatch. He emphasises that he
has no problems with the features he uses the most, and he is interested in
more but has not explored the watch further

" Valuable He likes watches and states that: if it gives me more data… better
" Desirable The smartwatch reinforces his techie and sporty identity. He keeps sharing

his sports achievements with his acquaintances through the smartwatch
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5 Discussion

According to previous studies, usefulness, usability, valuableness and desirability all
influence to a greater or less extent smartwatch appropriation [6, 7].

One study had shown that, after 4 months of usage, a minority of smartwatch
owners (4.5%) cease to use them [8]. Although the two studies are not comparable, the
abandonment of the smartwatch was not so minor in our study. Two participants out of
five stopped using the smartwatch, once their commitment to the project was over. The
fact that the study was long-term and that participants were highly committed to it both
had an influence on this. On the one hand, participants were under no obligation to use
the smartwatch during the first 12 months; they just had to commit to giving the
interviews and handing over the logs on their smartwatch activities. However, they
most likely felt that they should use it, thus affecting usage. On the other hand, during
the month-12 interviews, it was clear that the actions and reports of the two participants
who eventually abandoned the smartwatch were not consistent. It was clear that they
were not engaged completely with the device, thus we expected them to stop using the
watches. Moreover, the fact that one of the researchers had engaged previously with the
community, lending to a more ethnographic approach [23], allowed us to meet par-
ticipants informally at events beyond the project itself. While, the project was designed
to last 12 months, we decided to take advantage of this relationship to understand
appropriation beyond the project, which is something very uncommon in research,
despite its relevance [24, 25].

Interestingly, the two to stop use were two of the three women in the group, while
the two men were still engaged with their smartwatches after 24 months of use. In other
studies analyzed, most participants were men [8, 9]. Which is something that would
require further analysis.

The other three participants were still using the smartwatches at month 24. Many
smartwatch routines follow the habits acquired in regular wristwatch routines [26], and
this should have helped participants to appropriate the smartwatch. In fact, the three
engaged users were all fans of watches and were used to wearing watches. However,
the two participants who stopped using the smartwatches also were used to wearing
watches every day. The effort-benefit ratio of smartwatches differs from that of standard
watches, and thus it was not only a matter of inherited routines for the two who decided
not to continue use.

In previous studies, users have questioned the limited features of smartwatches
[27], particularly compared to smartphones [13], and users’ interest in replacing their
smartphone with a smartwatch has been analyzed [28]. This was also an issue in the
first interviews in our study, but after 12 months of smartwatch use it ceased to be one.
With usage, they came to understand how the device was meaningful or not in their
everyday lives based on its own features or significance.

Lundell (2016) classified smartwatch users among communicators and techies.
Communicators use the smartwatch mainly to manage notifications, and techies feel they
can identify with the techie values communicated through the use of the smartwatch.
However, for the participants in this study, having thewatchmerely as a tool formanaging
notifications was not reason enough to continue using it. The two participants who ceased
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use were very active users of the notifications, as both of them have very active social
lives, but they did not find it valuable enough and were not able to identify themselves
with the smartwatch. Thus, similar to activity trackers, both image (desirable) and hedonic
motivation (valuable) play an important role in intention to use [29].

According to previous studies, the most used/valuable/reported feature is checking
notifications [12, 13]. This was indeed the single usage that was common to all par-
ticipants in the study. However, it was not the most valuable feature for all of them, nor
was it the reason for using the smartwatch daily. The sporty guy in this study used the
notifications like everyone else, but his main reason for using the smartwatch was to
keep track of his sports achievements and share them easily from his wrist, thus
reinforcing his sporty identity.

The analysis shows the relevance of a smartwatch’s desirability in is appropriation
(or not) for all participants. Style-based choices constitute a relevant part of the
smartwatch experience [13, 18]. However, this not only refers to size, shape or color,
but to the features provided and the cultural meaning of the smartwatches. The values
socially attributed to the object should be in consonance with user identity, so the
object is used it to express personal identity. Since artifacts are ascribed with cultural
meaning, both in their production and consumption [30], participants used the smart-
watch to express their sporty, techie or fashion identities. Sportsmen mainly use the
smartwatch to follow their sports activities and socially share their sporting achieve-
ments. Similar to what Lundell and Bates describe [8], techies explore all the possi-
bilities that smartwatches have to offer, know how to use many of those features – not
only the ones they use most often – and advertise them. Fashion lovers use smart-
watches to obtain social recognition, following the techno-optimistic idea that early
adopters are respected by peers [31] thus using it as a desirable product.

6 Conclusion and Limitations

We studied smartwatch appropriation among a group of 5 older individuals aged 71 to
80 over the course of 24 months. Specifically, we analyzed how usefulness, usability,
valuableness and desirability influenced smartwatch appropriation. For most of the
participants, the smartwatch was useful and usable, but these were not the main reasons
for adoption. It was valuableness and desirability that played a key role in smartwatch
appropriation. Thus, smartwatches, and probably other technological devices, play a
key role in expressing user identity. In this study, we observed how participants used
the smartwatches to express their sporty, techie and fashion identities. Thus, identities
or the cultural meaning of the devices should be taken into account when designing
technologies that are meant to play a significant role in the lives of older people.
Although, the sample of the study is very short, we choose such approach in order to
get a deep understanding of the user experience, in a longitudinal perspective. We
know that the reports from participants should be influenced by their interest to par-
ticipate in a research project, and receive a smartwatch for doing so. We compensate
such bias, by collecting the experiences of participants once their commitment with the
project was over.
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Abstract. Facing the demographic developments in the Western world,
Information and Communication Technologies (ICT) designed to support older
people can represent a promising approach for the overloaded health care sys-
tems. Most older adults prefer to age in place in their home environment.
Assistive ICT can support older adults in staying independent, connected, and
healthy and provide help in emergency situations. However, older adults rep-
resent a special group regarding the use of ICT: they are still often less expe-
rienced and cautious in adapting new technologies. Correspondingly, acceptance
poses the greatest barrier for the success of assistive ICT. Older adults are not a
homogeneous group, they differ in their experience with technologies, attitudes
towards aging, and ideas for quality of life. In a questionnaire approach,
N = 166 participants’ attitudes towards aging and evaluation of two examples of
ICT are assessed. The analysis shows, that technology generations differ in their
opinions about aging as well as their assessment of assistive ICT. Attitude
towards aging, gender, education, health status, and other attitudes form a
multifaceted picture of influences on the acceptance.

Keywords: Technology acceptance � Aging � Attitudes towards aging
Information and communication technologies � Assistive technologies

1 Introduction

The demographic developments in Western countries pose tremendous social, political,
and economic challenges. Germany is one of the countries where the demographic
change has advanced the most. In 2014, one fifth (21%) of the population was aged 65
or older, 11% were older than 75 years old [1]. At the same time, birth rates have been
inflating for decades so that less people can pay and care for the increasing number of
older people. Most people enjoy a long life and stay fit for a long time, but the growing
number of older people combined with more very old people leads to an increase of
long-term care patients [1]. 64% of people aged 90 or older are in need of long-term
care; chronic diseases, and multi-morbidity lead to high care needs (ibid.). But most
older people desire to stay home as long as possible [2]. In the last decades, many
technologies have been developed to assist aging in place with support of daily life,
help in emergency situations as well as medical support. These can become solutions in
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addressing the rising costs and resource problems in the health care sector as well as the
elderly’s desire to age in place.

2 ICT to Support Aging in Place

Current developments around ambient intelligence and smart homes provide more and
more possibilities to assist old and (chronically) diseased persons in their daily chores
and medical treatment, enabling independent living, and improving quality of life. The
term Ambient Assisted Living (AAL) is often used to describe these technologies [3].
AAL includes the use of ICT devices, services as well as holistic systems that are
integrated in the home environment [4].

One of the prominent use cases of AAL are personal safety and fall detection
systems, as falls and fall-related injuries represent a significant threat to the health,
independence, and even life of older people [5]. Having experienced a fall often results
in fear of falling which can lead to decreased mobility and reduced participation in
activities [6]. Additionally, family and caregivers are impacted by the concerns about
unexpected falls. After a fall has occurred, it is critical to get help fast and avoid
involuntarily remaining on the ground for longer time, which substantially increases the
physiological and psychological risks [3]. Personal Emergency Response Systems
enable seniors to either contact an emergency center themselves via a wearable button,
or are designed to automatically detect falls, e.g., camera-systems. Thus, they prevent
“long lies” and provide a feeling of security for patients and their relatives [6].

Supporting health management is another promising area of AAL. For example,
poor medication management is a frequent problem and can impose a serious risk
especially for older people as they use more medication and more of those with a high
potential for medication misuse than other age groups. Forgetting to take prescribed
medication, taking the incorrect amount, or incorrect medication can lead to numerous
health consequences and does not only happen to older people with cognitive or
memory impairments [5]. Medication management tools and reminders can help
seniors to take the correct amount of medication at proper time [7].

Despite the promising potential and increasing number of available AAL devices
and systems, they are not yet widely used.

2.1 Technology Acceptance, User Diversity, and Age

Technology Acceptance by potential users is critical for the success of AAL tech-
nologies (e.g., [8]). To explain the relationship between attitudes, intentions, and use
behavior and to identify the factors that influence the technology acceptance by users,
several technology acceptance models have been proposed and refined in the last half
century. As one of the first, the Theory of Reasoned Action (TRA) proposes that
behavioral intentions are the central element determining actual behavior, and that
these are a function of attitudes towards behavior and subjective norms [9]. As an
adaptation of the TRA, the Technology Acceptance Model (TAM, by [10]) targets user
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acceptance of ICT and focused on the two key components perceived ease of use and
perceived usefulness as antecedents of the intention to use a technology. The Unified
Theory of Acceptance and Use of Technology (UTAUT, by [11]) extends the TAM and
is the first to include user characteristics (age, gender, and experience) as influencing
factors.

Research in technology acceptance by older adults has shown, that attitudes,
experiences, and self-efficacy in interacting with ICT are critical factors for the
acceptance and adoption [12]. For example, experiences with technologies vary very
much in older adults and also other individual differences can shape attitudes, e.g.,
gender, education, and social background. For example, women usually report lower
levels of technical self-efficacy [13], or age and gender show interaction effects
regarding the acceptance of medical assistive technologies [2].

On the other hand, age itself influences technology adoption. In general, older
adults’ willingness to use assistive technology is high, but older adults are known to
adopt new technologies slower than younger people [12]. Aging brings changes in
perceptual, cognitive, and psychomotor skills that can result in difficulties with han-
dling devices or in the acquisition of the necessary skills [14]. Differences in physio-
logical and psychological abilities are also large as aging is an individual process and
these differences can be still enhanced by diseases and chronic conditions [15], con-
tributing to even stronger heterogeneity of technology use behavior within the group of
older adults.

Additionally, experiences and social and cultural environment play a crucial role
and age can be a “carrier variable” for these. Different generations experienced different
technologies and interfaces during their upbringing and education years, the so-called
formative period. These generation-specific experiences with technology have an effect
on the usage behavior and attitudes towards technology during their whole life span
[16]. For the German population, five generations were distinguished [17] according to
the product types predominant during their formative period: the mechanical genera-
tion (born before 1939), the generation of household revolution (born 1939-1948), the
generation of technology spread (born 1949–1963), the computer generation (born
1964–1978), and the internet generation (born after 1977).

Besides the individual, age-related, and generational influences, the type of tech-
nology [18, 19] and application context [20] can impact acceptance patterns. Theories
of technology acceptance have mainly focused on the two key components perceived
usefulness and perceived ease of use, so far. But studies have shown, that additional
motives and barriers play a crucial role in the context of assistive technologies for older
adults (e.g., [21, 22]). AAL technologies are designed to operate in our homes and
close to our bodies, are associated with negative aspects of aging, illness, and even with
surveillance. Thus, barriers regarding stigmatization, privacy, and usability are pre-
dominant. Studies show, that users acknowledge the potential of AAL technologies, but
are also concerned because of barriers. Thus, trade-offs between perceived benefits and
barriers are crucial for the acceptance of AAL technologies [23].

The perception of benefits and the perceived necessity is tied to the desires and
needs of the potential users. Regarding AAL technologies, aging concepts could
determine the perception of benefits and barriers of AAL technologies and research
[15] showed, that the understanding of age and aging has been changing. Aging is - on
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the one hand - associated with health issues, loneliness, and limitation of autonomy and
mobility, but more and more seniors live an active lifestyle and feel old at a later point
in live. Good health, social relationships, and independence are important constituents
of quality of life in older age [24] and AAL technologies have the potential to improve
one or more of these areas.

2.2 Focus and Aim of the Study

Many variables have been identified in research that may influence the acceptance and
adoption of ICT for aging in place by older adults. To improve the understanding of
technology acceptance of assistive ICT, this study analyses individual characteristics
and attitudes for their influence on the acceptance of two exemplary AAL technologies
and the evaluation of benefits and barriers. The main focus is directed on differences in
the evaluation by different technology generations in order to comprehend attitudes in
the special groups of today’s and tomorrow’s older adults as potential users of AAL
technologies. Additionally, the effects of gender, health status, and education as well as
technical self-efficacy are explored. As wishes and ideas of life in older age may differ,
also the influence of attitudes towards aging on the acceptance and evaluation of
barriers and benefits are studied. The evaluation of motives and barriers of the pre-
sented technologies’ adoption is presented in detail to deeper understand the reasons for
differences in technology acceptance. For this explorative approach, a user-centered
study was chosen. In a questionnaire study, users of different technology generations
were asked about their attitudes towards ageing and evaluated two examples of AAL
technologies. The detailed methodological approach is presented within the next part.

3 Methodological Approach

Within the following section, the design of the questionnaire, applied statistical pro-
cedures, and the study’s participants are described. For the present study, an online
questionnaire was conceptualized based on a preceding qualitative study [25] in order
to reach a larger sample focusing on older people, their wishes and needs concerning
life quality in older age, their attitudes towards aging as well as their perceptions and
acceptance of AAL and ICT technologies in different application contexts.

3.1 Questionnaire Design

In the first part of the questionnaire, the participants were asked for demographic
characteristics such as gender, age, and educational level as well as their perceived age.
The participants assessed nine items referring to quality of life in older age (based on
[2]). Further, the participants assessed four items belonging to a positive attitude and
six items referring to a negative attitude towards aging. Addressing attitudinal char-
acteristics, the participants evaluated their technical self-efficacy in interacting with
technology (using four items; based on [26]), their disposition to privacy (using three
items; based on [27]), and their disposition to trust (using three items; based on [28]).
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To be able to characterize the participants, they further indicated (yes/no) if they
suffer from a chronical disease, if they have to do medical check-ups regularly, and if
they have to rely on medical aids (e.g., blood glucose meter, heart pacemaker).
Additionally, the participants evaluated their subjectively perceived health status.

In a next step, two randomized application contexts and respective medical tech-
nologies were introduced to the participants: the first one referred to a medical emer-
gency scenario and focused on diverse technologies that could be used for fall detection
(e.g., emergency buttons, camera systems, motion detectors, and smart watches). The
second application context referred to facilitating everyday life for people in older age
who become forgetful or suffer from dementia by using technical reminders for drugs
or appointments (e.g., smartphones, laptops, audio assistant, smart TV, or smart
watches).

Following each application context, the participants were asked to evaluate the
acceptance of fall detection (Cronbach’s a = .840) and medical reminders (Cronbach’s
a = .766) by using each three items, perceived motives and barriers by using each nine
items. To evaluate these items, the participants were asked to put themselves in a
scenario of a 71-year old, who lives alone, is faced with minor health problems and a
general frailness. The items and scenario are based on a preceding qualitative study
[25]. Further, all items were evaluated on six-point Likert scales (1 = min: “I strongly
disagree”; 6 = max: “I strongly agree”).

3.2 Sample Description

A total of n = 166 participants filled out the online questionnaire completely. The
participants were on average 51.42 years old (SD = 16.10, min = 15, max = 88) and
60.8% were female (39.2% male). As highest educational level, most of the participants
(66.9%) reported to hold a university degree. 19.3% hold a university entrance
diploma, 9.0% a completed apprenticeship and 4.8% a secondary school certificate.
Asked for their perceived age, the participants indicated on average to feel younger
than their real age (M = 43.77, SD = 13.98, min = 10, max = 76). In more detail, the
majority (74.3%) indicated to feel younger, 22.3% to feel just as old as they are, and
only 3.4% to feel older (1 to 5 years) than their real age. Regarding their subjectively
perceived health status (min = 1, max = 6), the participants reported to feel very well
on average (M = 4.91, SD = 0.78) and none of the participants indicated to need care.
The subjective health status declined moderately with aging (r = −.215, p = .005).
Considering attitudinal characteristics (min = 1; max = 6), the participants reported a
moderate technical self-efficacy (M = 4.21, SD = 1.16), a moderate trust in other
people (M = 4.15, SD = 0.78), and rather neutral needs for privacy (M = 3.71, SD =
0.98). Technical self-efficacy differed strongly between men (M = 4.67, SD = 1.18)
and women (M = 3.91, SD = 1.04) (F(1,164) = 19, p < .001).

3.3 Data Analysis

Prior to detailed statistical analyses, item analyses were calculated to ensure mea-
surement quality and a Cronbach’s alpha >0.7 indicated a satisfying internal consis-
tency of the scales. Afterwards, data was analyzed by correlation and MANOVA
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analyses. The level of significance was set at 5%. Post-hoc analysis procedures were
based on Gabriel’s procedure as the group sizes were unequal. For analyzing effects of
age as influencing user factor, the following four technology generations were distin-
guished based on [17]: the first generation Internet referred to people aged between 14
and 36 (n = 33, 19.9%); the second Computer generation included people aged
between 37 and 53 years (n = 49, 29.5%); the third generation - Technology Spread -
referred to people aged between 54 and 68 years and was the largest group (n = 65,
39.2%); finally, the last group Household Revolution referred to n = 19 participants
(11.4%) aged 69 years and older.

4 Results

In the following results section, we will first look at the factors for Quality of Life in
Older Age and Attitudes towards Aging, before the general acceptance as well as
motives and barriers of using fall detection and medical reminders are discussed. For
each topic, first we will present the general evaluation and the differences between
technology generations, before we take a short, explorative look at the influences of
other user factors: age, health status, education level, and attitudinal variables such as
technical self-efficacy, need for privacy, and attitude towards aging.

4.1 Quality of Life in Older Age

The respondents rated how relevant they considered different aspects for quality of life
in older age. Factors regarding social life, autonomy, and health care were included.
Overall, the participants showed agreement to all items related to quality of life
(cf. Fig. 1). On average, to be independent in older age was evaluated as the most
important factor (M = 5.51, SD = 0.68). Second most important was to have a stable
social network (M = 5.49, SD = 0.74). The lowest but also still positive evaluations
referred to the aspects not to be a burden for others (M = 4.60; SD = 1.31) and regular
monitoring of one’s health status (M = 4.29, SD = 1.16). As all factors were evaluated
to be important, the dimensions social life, autonomy, and health care all contribute to
quality of life in older age.

Generational Differences: There are some significant differences in the evaluation of
Quality of Life related factors between the technology generations (F(27,468) = 1.66,
p = .021) (see Fig. 1). For the household revolution generation, competent medical
care contributed less to quality of life in older age (M = 4.74, SD = 1.15) than it did for
the internet generation (M = 5.48, SD = 0.71). Similarly, the oldest group deemed a
stable social network significantly less relevant (M = 5.00, SD = 1.15) than the 54–68
year olds (M = 5.58, SD = 0.56) and the 37–53 years olds (M = 5.63, SD = 0.68), for
whom this was the most important factor. Competent medical care and a stable social
network were not as important to the technology spread generation as to the others, but
to them it was more important not to be a burden to others in older age. The group of
54–68 years olds saw greater relevance in access to information (M = 5.15, SD = 0.87)
than the other groups.
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Other User Factors: As illustrated before, the group of the elderly is heterogeneous.
Thus, in the following paragraph, gender, education level, and health status were
analyzed for their influence on the evaluation of “Quality of Life in Older Age” factors.
No significant effect of gender on all aspects of quality of life was observed. The results
showed a tendency, that women deemed the social network more important than men
(Mw = 5.60, SD = 0.71; Mm = 5.21, SD = 0.77) and men showed a tendency to
evaluate all aspects less important than women, except for the monitoring of health
status and independence. Education levels did also not influence the importance of the
factors in our sample. A better subjective health status was slightly related to inde-
pendence being perceived as more important (r = .192, p = .013).

4.2 Attitudes Towards Aging

On average, the participants had a positive attitude towards aging (M = 4.39, SD =
0.65, min = 1, max = 6). To be able to stay in contact with friends and family was a
part of aging that was the most agreed to on average (M = 5.28, SD = 0.93). The
participants also agreed with other positive aspects of aging such as making plans
(M = 4.69, SD = 1.01), being more relaxed (M = 4.72, SD = 1.11), and keep on
learning (M = 4.69, SD = 0.96). Concerns related to aging like decreasing health
(M = 3.92, SD = 1.08) and being less fit and lively (M = 3.90, SD = 1.10) were
slightly endorsed. In contrast, other negative aspects such as being dependent
(M = 3.16, SD = 1.24), being a burden to others (M = 2.97, SD = 1.08), and loneli-
ness (M = 2.89, SD = 1.19) were slightly rejected by the participants. The negative
aspect to expect less enjoyment (M = 2.28, SD = 1.16) in older age was most rejected
by all participants.

Generational Differences: Referring to the overall attitude towards aging, the group
of 54 to 68 year olds (technology spread) showed the most positive attitude (M = 4.60,
SD = 0.59) that significantly differed from the two younger generations (F(12,
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Fig. 1. “Quality of Life in Older Age” items differing between four technology generations
(* = p < .05, ** = p < .01).
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483) = 5.47, p = .001). The internet generation showed the comparatively least posi-
tive attitude (M = 4.08, SD = 0.56). Positive and negative aspects of aging are
examined independently, as a factors analysis showed these to be quite distinct. In a
multivariate analysis of variance on the four positive aspects of aging, differences
between generations are obvious (F(12, 483) = 2.35, p = .006). The generation of
technology spread saw all positive factors more prevalent than the other generations.
That one becomes more relaxed was not as much part of the picture of aging that young
people have, as it was in other groups. Only for keep on learning no differences
between the generations were prevalent. The technology generations (see Fig. 2)
evaluated negative aspects of aging differently (F(18, 477) = 1.91, p = .014). Espe-
cially the youngest generation (internet generation) pictured aging going along with
becoming less fit and lively, and sees aging more tied with being a burden and being
less dependent than the other generations. The oldest generation (household revolution)
rejected more than others that aging leads to being lonely and does not approve as much
as the other generations that it comes along with decreasing health and being less fit
and lively. Altogether they rejected the negative aspects of life in older age the most.
The computer generation’s opinion was mostly average, but for dependence, which
they perceive as a part of aging, more than the older generations.

Other User Factors: No effects of gender or education level were detected for either
positive or negative factors. The perception of old age going along with still making
plans was higher with a better health status (r = .155, p = .46). Healthier participants
also tied decreasing health more to aging (r = .171, p = .028).

1 2 3 4 5 6

Attitudes towards ageing (overall)**
Staying in contact**

Making plans**
Being more relaxed**

keep on learning
decreasing health

being less fit and lively**
being dependent**

being a burden to others**
loneliness**

less enjoyment**

Po
si

tiv
e

at
tit

ud
e

N
eg

at
iv

e 
at

tit
ud

e

evaluation (max = 6)
rejection agreement

Internet Computer Technology Spread Household Revolution

Fig. 2. “Attitude towards Aging”-related factors differing between four technology generations
(* = p < .05; ** = p < .01).
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4.3 Technology Acceptance of Fall Detection and Medical Reminders

As shown in Fig. 3, the acceptance of fall detection and medical reminder technologies
was generally high (Mfall = 4.96, SDfall = 1.02; Mrem = 5.03, SDrem = 0.05).

Generational Differences: The oldest generation showed significantly less acceptance
of medical reminders (M = 4.48, SD = 1.08) than the internet generation (M = 5.19,
SD = 1.00) and the generation of technology spread (M = 5.16, SD = 0.81; F
(3, 162) = 3.03, p = .031). A similar tendency that did not reach significance could be
observed in the case of fall detection (F(3, 162) = 2.055, p = .108, n.s.): the oldest
generation showed again the lowest acceptance (M = 4.58, SD = 1.23), while internet
(M = 4.83, SD = 1.04), computer (M = 4.92, SD = 1.08), and in particular the tech-
nology spread generation (M = 5.17, SD = 0.85) showed higher acceptance
evaluations.

Other User Factors: Technology acceptance was also influenced by other user factors
(see Table 1). Women accept medical reminders less than men (Mw = 4.92, SDw =
104, Mm = 5.21, SDm = 0.76, F(1,161) = 4.13, p = .044). Additionally, the confidence
in one’s abilities in interacting with technology (technical self-efficacy) was related
with the acceptance of medical reminders (r = .209, p = .007) and fall detection
(r = 1.66, p = .032). Further, the acceptance of fall detection showed relationships to
one’s need for privacy (r = .184, p = .018) and to a positive attitude towards aging
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rejection agreement
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Fig. 3. Acceptance of medical reminders and fall detection differing between four technology
generations.

Table 1. Correlation and inference statistical analyses of user factor influences on acceptance
(n.s. = not significant (p > .05), * = p < .05, ** = p < .01, *** = p < .001

Acceptance of
medical
reminders

Technical
self-efficacy

Need for
privacy

Attitudes
towards
aging

Gender

Acceptance of fall
detection

.371** .166* .184* .169* Mw = 4.94, SD = 1.13,
Mm = 4.99, SD = 0.82
n.s.

Acceptance of
medical reminders

.209** . Mw = 4.92, SD = 1.04,
Mm = 5.21, SD = 0.76
p < .05
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(r = .169, p = .03). As expected, the acceptance of medical reminders was positively
related to the acceptance of fall detection (r = .371, p = .0001), but only on a moderate
level. These results and differing influences of user factors show, that technology
acceptance differs between technologies even if the context (ICT for aging in place)
stays the same.

4.4 Motives to Use Fall Detection

Additional to asking for general acceptance of the technologies, motives and barriers
for using the respective technologies were assessed. Overall, a moderately high
agreement to all motives was observed (M = 4.80, SD = 0.96). To get help in a case of
emergency was the most important motive for using technology in this case (M = 5.40,
SD = 1.08), followed by staying independent (M = 5.05, SD = 1.18). Facilitation in
everyday life (M = 4.44, SD = 1.41) and comfort (M = 4.07, SD = 1.37) were the least
important motives.

Generational Differences: Many differences within the evaluation between the gen-
erations could be observed (F(27,462) = 1.67, p = .020) (see Fig. 4). Taking the
average of all motives, the generation of technology spread agreed most to the benefits
(M = 5.07, SD = 0.79) and the generation of household revolution agreed the least
(M = 4.38, SD = 1.36) (F(3,162) = 3.91, p = .010). This pattern was prevalent with all
benefits, and significant differences were found for facilitation of everyday life (F
(3,161) = 2.77, p = .044), independence (F(3,161) = 3.86, p = .011), staying home (F
(2,162) = 4.54, p = .004), and comfort (F(3,162) = 46.825, p = .000).
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Fig. 4. Motives to use fall detection differing between technology generations (* = p < .05;
** = p < .01).
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Other User Factors: The results revealed no significant effects of technical
self-efficacy, gender, or health status on the evaluation of the motives to use fall
detection. However, a positive image of aging was related to a positive perception of
many motives (for details see Table 2). Also, a higher need for privacy was related
putting more importance on medical support, staying home, and comfort. A higher
education level was related to perceiving help in emergency (r = −.170, p = .028) and
medical support (r = −.205, p = .008) as less important for the use of fall detection
technology.

4.5 Barriers of Using Fall Detection

The barriers of using technology for fall detection were partly rejected and partly
accepted, resulting in an average acceptance close to the midpoint of the scale
(M = 3.44, SD = 0.95). The barriers concerning data security (M = 3.93, SD = 1.40),
privacy (M = 3.94, SD = 1.44), feeling of surveillance (M = 3.95, SD = 1.49), and not
enough human contact (M = 3.84, SD = 1.37) were rather agreed to by all generations,
except of the oldest. Factors regarding technology in general were mostly rejected:
missing trust into technology (M = 2.80, SD = 1.24), too much technology (M = 3.01,
SD = 1.39), dependence on technology (M = 3.05, SD = 1.40), and complex interac-
tion with technology (M = 3.10, SD = 1.42).

Generational Differences: In a multivariate analysis of variance on all barriers, no
differences between the technology generations were observed. Because of the rather
small group sizes, tendencies are still reported (see Fig. 5). The generation of house-
hold revolution agreed the least on the benefits of fall detection as it was described
above, but this group also rejected the barriers the most. Especially barriers regarding
privacy, feeling of surveillance, and data security were rejected which are agreed upon
by the other generations. Interestingly, this generation who is described as least
experienced with technologies, rejected complexity of interaction with technology as a
barrier more than the other generations.

Table 2. Correlation analysis results of motives to use fall detection and user factors
(* = p < .05; ** = p < .01).

Motives for using fall detection Positive attitude
towards Aging

Need for privacy Education level

Facilitation of everyday life .245**
Increased security
Independence .248**
Reduced dependence .159*
Help in emergency .178* −.170*
Medical support .230** −.205**
Staying home .208**
Comfort .164* .191*
Relief of relatives

Attitudes Towards Aging and the Acceptance of ICT for Aging in Place 159



Other User Factors: No significant effects of gender and education level were
detected. A positive attitude towards aging did not show any relationship with the
perception of the barriers, but a higher need for privacy was related with barriers
regarding privacy, data security, and dependence on technology which were perceived
more important. At the same time, technical self-efficacy was related to not perceiving
the barriers as that much important that relate to technology itself being the problem
(not enough human contact, missing trust in technology, too much technology, and
complex interaction). Subjective health status was related to dependence on technology
(r = −.157, p = .044) and complex interaction (r = −.167, p = .032), so that a better
subjective health status leads to these two barriers being perceived as less important
barriers (Table 3).
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Fig. 5. Barriers of fall detection usage differing between technology generations.

Table 3. Correlation analysis results of barriers of using fall detection and user factors
(* = p < .05; ** = p < .01).

Barriers of using fall detection Technical self-efficacy Need for privacy Subjective health status

Surveillance .224**

Dependence on technology .186* −.157*
Loss of control .227**
Violation of privacy .306**

Not enough human contact −.164*
Missing trust in technology −.228**

Data security .386**
Too much technology −.210**
Complex interaction −.269** .155* −.167*
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4.6 Motives to Use Medical Reminders

Again, an overall moderately high agreement was observed (M = 4.80, SD = 0.97). In
this case, differences in relevance between the motives were very small. The most
important motive to use medical reminders was now autonomy (M = 5.07, SD = 1.1),
closely followed by facilitation of everyday life (M = 4.98, SD = 1.07), staying home
(M = 4.95, SD = 1.34), and medical support (M = 4.95, SD = 1.09). Comfort was
again the least important motive (M = 4.58, SD = 1.36).

Generational Differences: The technology generations differed in their perception of
the motives of medical reminders (F(27, 465) = 1.94, p = .004) in a similar pattern as
in the case of fall detection (cf. Fig. 6): Averaging all motives, the generation of
technology spread again agreed most to all motives (M = 5.06, SD = 0.84) and the
generation of household revolution the least (M = 4.5, SD = 1.34). The generation of
technology spread perceived especially the following motives as more important than
the other generations: reduced dependence (M = 5.11, SD = 1.01), help in emergency
situations (M = 5.34, SD = 1.13), staying home (M = 5.28, SD = .086), and comfort
(M = 4.66, SD = 1.16). Comfort was not a relevant motive for the oldest generation to
use medical reminders (M = 3.58, SD = 1.17).

Other User Factors: Like the evaluation of fall detection, the results revealed rela-
tionships between a positive attitude towards aging, technical self-efficacy, and need for
privacy and the motives to use medical reminders (see Table 4): a positive attitude
towards aging showed a positive relationship to independence (r = .189, p = .015),
reduced dependence (r = .217, p = .005), staying home (r = .283, p = .000), and relief
for relatives (r = .169, p = .031). Need for privacy was positively related to facilitation
of everyday life (r = .161, p = .04), help in emergency (r = .179, p = .022), as well as
comfort (r = .166, p = .034). No relationship of the evaluation of the motives with
education level and subjective health status as well as no differences between women
and men were detected.

1 2 3 4 5 6

Comfort **
Relief for relatives

Reduced dependence *
Increased security

Help in emergency *
Medical support
Staying home *

Facilitation of everyday life
Independence

Sum of perceived motives **

evaluation (max = 6)
rejection agreement

Household Revolution Technology Spread Computer Internet

Fig. 6. Motives to use medical reminders differing between technology generations.

Attitudes Towards Aging and the Acceptance of ICT for Aging in Place 161



4.7 Barriers of Using Medical Reminders

Overall, the relevance of the barriers was slightly less pronounced (M = 3.19, SD =
1.06) as in the case of fall detection (M = 3.44, SD = 0.95). The most important barrier
was data security (M = 3.69, SD = 1.55), the least important barriers was missing trust
in technology (M = 2.67, SD = 1.24).

Generational Differences: The results revealed no significant difference between the
technology generations in the perception of barriers. Still, the tendency was observed
(see Fig. 7), that the oldest generation rejected the barriers more than the other gen-
erations (F(27, 468) = 1.44, p = .073) as it was also the case for fall detection.

Table 4. Correlation analysis results for motives to use medical reminders and user factors
(* = p < .05; ** = p < .01).

Motives to use medical reminders Attitudes towards aging Need for privacy

Facilitation of everyday life .161*
Increased security
Independence .189*
Reduced dependence .217**
Help in emergency .179*
Medical support
Staying home .283**
Comfort .166*
Relief for relatives .169*

1 2 3 4 5 6

Missing trust in technology
Too much technology

Dependence on technology
Loss of control

Complex interaction
Surveillance

Privacy
Not enough human contact

Data security
Sum of perceived barriers

evaluation (max = 6)
rejection agreement

Household Revolution Technology Spread Computer Internet

Fig. 7. Barriers of medical reminders differing between technology generations.
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Other User Factors: Again, the results showed no significant effects of gender.
Similar to the case of fall detection, a higher need for privacy correlated with perceiving
barriers regarding privacy, data security, and also too much technology as more
important (see Table 5). Further, higher technical self-efficacy again related to missing
trust in technology (r = −.206, p = .008), too much technology (r = −.279, p = .000),
complex interaction (r = −.254, p = .001) being all perceived as less important. Level
of education correlated negatively with the perception of the barriers not enough human
contact (r = -.207, p = .008) and missing trust in technology (r = −.159*, p = .042).
Also, a better subjective health status correlated negatively with the agreement to the
barrier not enough human contact (r = −.227, p = .003). Thus, the healthier partici-
pants were, the lesser was their requirement for human contact.

5 Discussion

The present study revealed insights into attitudes towards aging and the acceptance of
AAL technologies and user diversity. Differences in evaluation between technology
generations of aspects of aging and the assessment of AAL technologies, as well as of
the user factors gender, education, health status, technical self-efficacy, and attitudes on
trust and privacy were analyzed.

5.1 Perceptions Concerning Aging and Quality of Life

Our analysis showed, that technology generations indeed differed in their perception of
aspects of quality of life in older age and attitudes towards aging. The oldest generation
(household revolution) attached more importance to not being a burden rather than
social contacts and medical support for quality of life in older age, and rejected all
negative aspects of aging very much. These participants are already in retirement age.

Table 5. Correlation analysis results of barriers of using medical reminders and user factors
(* = p < .05; ** = p < .01).

Barriers of using
medical reminders

Technical
self-efficacy

Need for
privacy

Education
level

Subjective
health status

Surveillance .308**
Dependence on
technology

.19*

Loss of control .313**
Violation of privacy .366**
Not enough human
contact

.222** −.207** −.227**

Missing trust in
technology

−.206** −.159*

Data security .412**
Too much technology −.279** .168*
Complex interaction −.254**
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From these different attitudes, especially compared to the generation of technology
spread, one could hypothesize that being in this age relativized wishes and concepts of
aging and of how quality of life can be achieved. On the other hand, these differences
could be generational, as norms and experiences with other people aging may differ to
the younger generations. The generation of technology spread, that reaches retirement
soon, had a very positive attitude towards aging and rejects all negative aspects but for
health problems. For Quality of Life they deem a stable social network and access to
information as very important. In comparison, the youngest generation, showed the
least positive attitude towards aging and associated especially decreasing health and
dependence on others with aging.

In this study, other user factors were analyzed for their influence on the given
constructs. Gender and education level did not influence the evaluation. Subjective
health status correlated weakly with the relevance of independence for quality of life
and decreasing health as well as making plans as associations with aging. As subjective
health status declines with age, it can be a moderator of the effects of age. On the other
hand, health status itself can relativize the importance of life aspects. Those with worse
health status report not to put that much emphasize on competent medical care, maybe
because they have learned to live with their illness.

5.2 User-Specific Perceptions of AAL and ICT Technologies

Our results showed, that the technology generations differ in the evaluation of medical
technology, especially in the perception of motives to use ICT for aging in place. The
oldest generation, that of household revolution shows again attitudes most different
from the other generations. The general acceptance of fall detection and medical
reminders was lower in this generation. These results are in line with previous research
showing that older adults are slower in adapting new technologies (e.g., [12]) and
accentuates again the importance of technology acceptance as a barrier against the
widespread use of AAL technologies. Considering the evaluation of benefits and
barriers, motives were mostly perceived as less pronounced, but barriers were rejected
more rigorously than by younger generations. Especially privacy and data security
related barriers were rejected stronger, showing that this is not the key barrier for the
oldest generation. Thus, the elderly do simply not perceive these technologies as that
helpful.

Surprisingly, complex interaction as a barrier against adoption is also more rejected
than by other generations. In this study, the oldest generation is the generation of
household revolution, that has already experienced many technical devices in their for-
mative period and during their working life. In older studies, the older adults belonged to
the mechanical generation, that were less experienced. Claßen [29] found, that the
household generation perceives interaction with technical devices easier than the
mechanical generation. Moreover, no differences in technical self-efficacy between the
generations could be detected in this study. The results could be an indicator, that the gap
between the now older adults and younger generations is narrowing, at least regarding
usability issues as barriers. On the other hand, the questionnaire was distributed online,
reaching only internet users. Hence, it could be that our sample of older adults is more
technically affine than the average of their generation, explaining these results.
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The technology spread generation showed the highest general acceptance of the
presented technologies and the highest agreement to all motives to use them. Addi-
tionally to their positive image towards aging, this generation has much more expe-
rience with technology and uses many electronic devices and the internet in their
everyday live compared to the older generation (e.g., 77% of the Germans aged 45 to
64 used mobile internet in 2016 [30]). But the internet generation - also often called the
Digital Natives because they were surrounded and have been using electronic devices
since their early childhood [31] - agreed to the motives to use technology almost as
little as the oldest generation did. This shows, that experiences and habits to use
technologies are not the only variables influencing the technology assessment. One
could speculate that these young adults are very far away from aging and as they also
show a more negative attitude towards aging, they do not see the added value of the
evaluated AAL technologies.

Further, gender did only influence the acceptance of medical reminders. Women
report a lower level of acceptance. At the same time, confirming previous research, e.g.,
[32], women indicated to be less confident in interacting with technical devices. This
technical self-efficacy played a role for the acceptance of both technologies, with a
higher self-efficacy relating to higher acceptance. The sample size of this study does not
suffice to analyze interaction effects, but we can hypothesize that the gender effects on
acceptance are mediated by technical self-efficacy.

Technical self-efficacy did not show any relation to the perception of motives, but a
higher self-efficacy and a lower importance of those barriers regarding technology itself
(e.g., too much technology, complex interaction, missing trust) were moderately related
in both technology examples. Despite the fact, that in this study no significant rela-
tionship between age and technical self-efficacy was found, it could be one main
moderating variable explaining the differences of the technology generations.

Education level was related to the perception of some motives to use fall detection
and some barriers to use medical reminders, but always as just a small effect. A few
barriers to use fall detection and medical reminders also showed a weak correlation
with subjective health status. These results only show that there are influences, but are
too weak and, in the case of health status, also too much interdependent on the other
analyzed variables, e.g., age, to provide further insights into the effects.

Attitudes towards aging showed weak relationships with the acceptance of fall
detection as a more positive attitude was related to higher acceptance. At the same time,
a more positive attitude led to higher agreement to many motives to use fall detection
and medical reminders. The results indicate that with a more positive attitude towards
aging the support technology can offer is perceived as more useful. The construct is
promising to explain differences in acceptance pattern and should thus be further
elaborated and studied for effects on technology acceptance.

The individual need for privacy in general correlated weakly with the acceptance of
fall detection. A higher need for privacy was associated with a higher acceptance. As
the presented technologies for fall detection also included privacy-invasive technolo-
gies like camera or microphone systems, these results seem contradictory on a first
sight. On the base of the current data, however, we cannot explain this finding. We can
only speculate whether participants with a higher need for privacy rather wanted to be
monitored by electronic cameras than by human nurses or focused on more
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privacy-maintaining technologies like wearable buttons when evaluating fall detection
technologies. Need for privacy also related to some motives to use fall detection and
medical reminders and showed moderate relationships with the perception of many
barriers to use these technologies. As expected, especially barriers regarding privacy
and data security were more important to those with a higher need for privacy.
Many AAL technologies raise privacy concerns as important barriers against adoption
(e.g., [19, 30]). Thus, it is important to include personal dispositions to privacy into the
analysis of technology acceptance to better understand different user perspectives.

5.3 Limitations and Future Research

Our empirical research showed that technology generations and other user factors form
a multi-faceted picture that influences the acceptance of ICT for aging in place and the
perception of motives and barriers to adoption. But limitations should be taken into
account regarding some methodological aspects and sample. For the analysis of single
effects, the sample size was adequate, but no interaction effects could be examined.
From a statistical point of view, most observed effects are small and, as the user factors
itself are partly correlated, weak effects can be questioned or be attributed to mediating
variables. Future research therefore should collect a larger sample to replicate the
findings.

In this questionnaire approach, personal scenarios and pictures of the technologies
were used to help the participants to empathize as much as possible with the hypo-
thetical situation of being aged and using AAL technologies. But this cannot be
compared to being in this situation as well as to have the opportunity to use tech-
nologies and get to know their different advantages and drawbacks in person. The
technology examples used in this approach were simple descriptions of the function,
e.g., a camera system or wearable button, simple enough to be understood by every
participant. For further research, it would be helpful to study technology acceptance of
specific systems. As the development of AAL technologies has come forward, research
into the acceptance of specific system characteristics could help developing more
accepted technologies.

The concept of attitude towards aging has emerged from this study as promising to
better understand acceptance patterns of older adults. Rather than only monitoring age
as a carrier variable, attitudes of aging and aging concepts reflect the “product” of
individual experiences, biographies as well as societal frames which might be more
insightful to understand the impact of aging. Further research extending this explorative
approach is needed to develop and refine this construct, and to identify its influences on
technology acceptance of different technologies for older adults.

Mirroring previous research, concerns regarding privacy and data security have
emerged as most important barriers against the adoption of both exemplary AAL
technologies. Additionally, it could be shown that the individual disposition to privacy
influences the evaluation of these barriers. More research should be conducted to better
understand privacy concerns in detail and the individual differences of potential users.
The trade-offs between privacy concerns and perceived benefits seem to be crucial to
the acceptance of assistive ICT and need to be studied further.
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Finally, in this study differences between German technology generations were
assessed. On the one hand, the perspective of Germans in the specific German culture
and health care system is only one of many and could differ to other countries. On the
other hand, we saw indicators that the oldest analyzed generation, that of the household
revolution (aged 69 years or older), does not perceive usability barriers as relevant as
seniors in older studies, that belonged mostly to the mechanical generation. Longitu-
dinal approach to distinguish effects of age and generation are needed in order to
understand technology acceptance not only of today’s but also of tomorrow’s older
adults.
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Abstract. Information and communication technologies show many advan-
tages in addressing the challengers resulted from population ageing. However,
there is a ‘intergenerational gap’ of ICT adoption and use between older adults
and young people and divided by middle-aged generation. This study aims at
exploring middle-aged people’s ICT adoption and use to better understand the
‘generational gap’. The semi-structure interview is employed in the study. The
qualitative data is analyzed from four themes, including the access to ICTs,
access to ICT support, influencing factors on ICT adoption and use, and the
attitudes on ICT adoption and use in the future. Based on the analyses, the
theoretical and practical implications are discussed respectively.

Keywords: Digital divide � ICT adoption � Middle-aged population
Qualitative method

1 Introduction

During the past couple of decades, world’s middle-aged and older adults population are
increasing dramatically due to the continuous decline in fertility and general increase in
the average life span [1]. The population aging trend leads to the increase of health
expenditure [2], and becomes one of the greatest challenges globally.

Information and communication technologies (ICTs) show a huge potential to
improve the ageing population’s life quality [3], and reduce the social expenditures [4,
5]. However, there is a ‘intergenerational gap’ of ICT adoption and use between older
adults and young people. According to the China Internet Network Information Centre
(CNNIC) [6], as the age increase, the proportion of Internet users to the nation pop-
ulation decreases from the middle-aged generation, as shown in Fig. 1.

Illustrated by Fig. 1, the ‘intergenerational gap’ of ICT adoption and use is sepa-
rated by the middle-aged group. Moreover, as the middle-aged people will eventually
step into the aged life stage, we propose to choose the standing point of middle age to
understand the ICT adoption and use, for bridging the ‘intergenerational gap’.

Data source: China Internet Network Information Centre [6]; National Bureau of
Statistics of China [7];
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2 Literature Review

In the early investigation on general ICT adoption and use, age is not an extensively
explored factor. Although the theory of planned behavior (TPB) [8] and the unified
theory of acceptance and use of technology (UTAUT) [9] both include the age as a
moderator, the original forms of other adoption models such as technology acceptance
model (TAM) [10] or the theory of reasoned action (TRA) [11] do not specifically
exam the role of age in ICT adoption and use.

However, more and more studies suggest that the age indeed matters in ICT
adoption and use. The failure of traditional adoption models in predicating older adult’s
ICT adoption can be regarded as an indirect evidence to indicate that age matters. For
example, Heart and Kalderon [12] report that TPB is only partially supported in older
adult’s health-related ICT adoption; Braun [13] reports the similar findings that TAM
can only partially explain the older adults’ SNS adoption behaviours;
Magsamen-Conrad, Upadhyaya, Joa and Dowd [14] suggest that only two determinants
out of four in UTAUT have good explanatory power in predicting people’s tablet
adoption when the sample group ranged from 19 to 99 year old. Additionally, some
inter group studies provide some direct evidences. Czaja and Sharit [15] report that the
middle-aged and the older adults perceived less comfort, efficacy and control over ICT
than the younger generation. Morris and Venkatesh [16] find various influencing
factors between older and younger workers in workplace condition, and report that
older people are more likely influenced by subjective norm and perceived behavioral
control while the younger ones are more strongly influenced by attitude in ICT
adoption and use.

Based on such age awareness, order adult’s ICT adoption draws much attention and
becomes a hot research topic. Qualitative methods (e.g., in-depth interview [17, 18],
focus group [18–20], grounded theory [21], literature survey [22], and case study [23],
etc.) are commonly adopted in this research area to understand the older adult’s ICT
adoption and use. These studies indicate that attitudes and abilities are two main
predictors when exploring the older adult’s technology use [3]. However, it seems that
the relationship, namely positive attitude vs. negative attitude, or use vs. non-use, is not
one coin’s two sides. As reported by the prior works, positive attitudes are affected by
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the weighing between perceived benefit against cost [19, 20]; while the negative atti-
tudes frequently associated with limited relevance of new technologies [17, 24], health
risks, and social problems arising from using technologies (e.g., social isolation and
addiction) [21]. Despite some common conclusions, such as the important role of
external supporting and training in support the older adults’ ICT use [18, 23], the more
ambivalent points remain unclear. As what Lee and Coughlin [22] suggest, a holistic
view is much needed in understanding older adults’ acceptance and use of emerging
new technologies (which are not limited to web-based internet technologies, but with a
wider coverage of smartphones and sensor-based Internet of Things).

Despite the growing attention on older adult’s ICT adoption, the prior literatures
rarely touched the middle-aged population which may step into the aged group sooner
or later. Thus, our study aims at focusing on the middle-aged people’s ICT adoption
and use to bridge the research gaps.

3 Research Questions

This study is built on the basis of two theoretical assumptions: (1) The middle-aged
population shares many similarities with the older generation in ICT adoption and use,
as the two generations both can be viewed as ‘digital immigrants’ [25]. ‘Digital
immigrants’ and ‘digital natives’ are a pair of terms created by Marc Prensky [26], the
former referring to those who learnt to use IT devices at some stage during their adult
lives, while the latter referring to those who have born in a digital world with ubiq-
uitous ICT applications. This assumption enables us to re-examine the older adult’s
ICT adoption and use in middle-aged generation settings. (2) We further assume that
the middle-age people yet have unique characteristics compared with older adults, as
the former group has more exposure to ICT environment.

To compare with the older adult’s ICT adoption research of Selwyn [17], Heart and
Kalderon [12], we raise the following research questions:

• How do middle-aged people access to ICTs?
• What access do middle-aged people have to ICT support?
• What factors are associated with middle-aged people’s access to ICT?
• What attitudes do middle-aged people have on ICT use in the future?

4 Research Design

4.1 Research Method

This study employs semi-structured interview as the research method, and follows a
general interview approach [27]. The adoption of semi-structured interview is based on
two reasons. First, prior studies suggest that the traditional quantitative models do not
show a good explanatory power in predicting people’s ICT adoption and use when the
sample group includes middle-aged and older adults as stated previously [14, 28].
Second, semi-structured interview is wildly acknowledged as an effective approach of
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probing attitudes. It gives interviewer multiple choices in the wordings, helps
respondent recall the memory, and enables the respondent to clarify the interested and
relevant issues [29].

4.2 Interviewees and Interview Process

The participants of this study are recruited from a local community at Nanjing, China.
The paper-based recruitment notices were posted at the main traffic entrances of the
community; at the same time, the electronic notices were distributed via the commu-
nity’s households online chatting groups. After two week’s recruiting, a total of 19
volunteers responded. Since the ‘middle age’ is a loosely defined term, commonly
involving one of the three occasions, 40−59, 40−65, or 45−65 years old, this study
uses the 40−59 years old occasion. After identifying the age, eventually 12 participants
were recruited from whole volunteers.

The interviews take 7 days to complete. At the first two days, 2 people were invited
randomly to the first-round pilot interviews. The interview questions and wordings
were revised in the pilot study. The rest 10 formal interviews were scheduled to take 20
to 40 min at the common activity space in the community. Each participant was offered
a small gift valued around 5 dollars after the interview. The demographic summary is
shown in Table 1.

Table 1. Demographic Summary

Age Gender Smartphone use experience
(Years)

Education Professionals

49 F 3.5 Junior college
degree

Hospitality sector

50 M 2 Bachelor Educational
sector

50 M 3 Bachelor Manufacturing
sector

46 F 4 Bachelor Public sector
58 F 2.5 High school Retired
55 M 1.5 Senior secondary

school
Self-employed

48 M 3 Senior secondary
school

Retailing sector

49 F 5 Master Public sector
49 F 4 Bachelor Manufacturing

sector
52 F 3.5 Bachelor Educational

sector
54 M 1 Junior secondary

school
Self-employed

55 F 3 Senior secondary
school

Retired
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5 Results

The interview results are compared under four key themes that guided the interviews:
access to ICTs, access to ICT support, influencing factors on ICT adoption and use, and
the attitudes on ICT adoption and use in the future.

5.1 Access to ICTs

First, the results show that the transition of socio-technical infrastructure is the pre-
condition for middle-aged people’s ICT adoption. The interviewees from this study all
report that their uses of new ICTs are tightly accompanied with their use of smart
phones. The phenomenon indicates that the adoption of ICT is embedded in the
development of socio-technical systems. On the one hand, the low price and avail-
ability of smart phones, together with the ambient affordable wireless connection, pull
the user to the information age; on the other hand, the upgrade of technical systems
which makes the outdated tools be no longer accessible, is a push factor for users to
adopt the new technology.

When do you begin to use the mobile apps such as WeChat?
Previously, my phone is not the smart one. It can only make the calls and send the

text messages… it’s nearly impossible to find such phones in the stores nowadays… As
soon as I transferred to this smart phone 4 years ago, I began to use the apps…

Additionally, the transition of socio-technical infrastructure also leads to cultural
changes about the ICT use. Being exposed to such cultural environment in which the
use of ICT becomes a social wave, the actors will get access to more hints, reasons, and
opportunities of knowing the ICT, which may further result in the actual adoption
behaviors.

Why do you begin to use the mobile apps?
I think most people around me own smartphone now. It’s obvious, no matter on bus

station or in supermarket, people are always watching at their phones… I heard a new
word to call them, ‘phubber’? (laughing) But it’s so normal today.

5.2 Access to ICT Support: Intergenerational Learning

This study reveals that the intergenerational learning plays a notable role in supporting
middle-aged people’s ICT use at different stages. At the initial-adoption phase, younger
generation usually plays a dominant role in helping older generation accept the ICTs.
At the post-adoption phase, the younger generation acts as the recommender and
facilitator in older generation’s ICT continuous use.

How do you know the apps?
This phone was brought by my daughter. She taught me how to use the

touch-screen mobile phone. She helped me do the default settings and install the initial
apps…My daughter recommended this app to me (interviewee show a cloud-music app
on her phone screen). I like it very much …

How do you solve the problems in smartphone app using?
My method is to keep learning. First, I’ll have a glance at the version update logs

of ‘what’s new’ then I’ll try to use it by myself. If I’m still not clear, I’ll ask. When I’m
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at office, I’ll ask my young colleagues; when I’m at home, I’ll enquiry my son …
Occasionally if these ways all don’t work, I’ll ask my young colleagues to teach me
hand by hand, so I can mimic them to use …

5.3 Influencing Factors on ICT Use

First, this study finds that the socio-technical infrastructure development can result in
the non-institutional changes on the ways of regulating how the information can be
shared or exchanged, which can further influence the actors’ subjective norms.

What kinds of information do you get and share via WeChat?
From nowhere we [people in the office] have many various chat groups in WeChat.

We [colleagues] share many things from routine conversations to job-related topics…
in practice even some formal notices are distributed via it…I cannot say someone will
necessarily miss the important information if he or she doesn’t use WeChat, given we
have other channels to distribute the notices simultaneously. Nevertheless, if the
majority are using it to communicate, I think it’s better to follow.

Second, the results show that the perceived value is one of the most significant
motivation for interviewees to adopt ICTs, which is in accordance with the findings
revealed by many prior studies [30]. However, besides the similar findings, we also
identify that the perceived value may come from different sources. For example, the
satisfying user experience can increase the intrinsic motivation of users; the monetary
incentives can influence the extrinsic motivation of users; and the peer influence can
affect both the intrinsic and extrinsic motivations.

What factors encourage you to use the apps in your smartphone?
The [offline] stores also usually encourage me to pay the bills by mobile payment

apps, and some discount I will get then. It’s not a big number, usually from several
dimes to a couple of Yuan, but better than nothing.

I feel that the apps indeed make my life be easier from many ways… so I persist in
using them …sometimes [the hints] are got from the others, when I see someone else
use the [certain] app and [the app] looks good, I will also try it…

Third, the interviewee’s long-term crisis awareness on technology development is
another important factor for predicting middle-aged people’s ICT adoption and use.
Unlike the technostress of technology, the long-term crisis awareness is individual’s
positive response to technology development with potential actionable coping
strategies.

The technology is developing so fast. If we don’t follow the steps [of technology’s
development] from now on, we won’t catch and be accustomed to the age when we get
older.

5.4 Attitude on ICT Use in the Future

It is commonly believed that older people perceive less comfort, efficacy, and control
over ICT use than the younger generation. In this study, however, the middle-aged
participants mostly show very positive attitudes on ICT use for the situation at present
and the situation in the future. The possible explanation is that the experience of ICT
use can modify the negative effects and lead to more positive attitudes [15].
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Additionally, the interviews indicate the middle-aged people also hold the expec-
tations on ageing-related customized design in the future.

Do you feel anxious about the high speed of technology development? Are you
afraid of losing your control when confronted with the ever-changing societies in the
future?

Not at all… Indeed, the technology changes our life a lot, but it also truly improved
our life… I don’t worry about the technology in the future when I get older … I believe
in that technology will always let our life be more convenient …

No anxiety from me. Even if the technology grows faster in the future, I can learn
anyway, as what I did before. But not sure whether it applies to others if someone is
illiterate … I believe the [system] designers will take care of older adults’ needs such
as to make the fonts bigger [which is good for the older adults] …

6 Discussion

Based on the analysis, we found that the middle-aged people’s access to ICT depends
on socio-technical infrastructure development, which includes the access to the hard-
wire devices and the exposure to the ICT-related cultural environment. The intergen-
erational learning plays a fundamental role in supporting middle-aged people’s ICT
adoption and use. The younger generation, or called ‘digital natives’, can effectively
help the middle-aged generation complete the transition as ‘digital immigrants’ and
master the ICT use. Additionally, we found that middle-aged people’s ICT uses are
significantly influenced by subjective norms, perceived value, and long-term crisis
awareness. Furthermore, the middle-aged people report positive attitudes towards ICT
use in the future, which suggests they are ready to be stepped into the ICT-facilitated
ageing society in the future.

Some practical implications can be drawn from the major findings. First, the system
designers can leverage the effectiveness of intergenerational learning by providing the
collaborative task affordance, such as family games, to encourage the ‘digital natives’
and ‘digital immigrants’ to work together. Second, it is important to make the older
users to perceive the value. Word-of-mouth marketing strategies and monetary
incentives are possible ways. Third, the system designers should take care the
age-related cognitive and physical changes when doing the system development.

7 Limitation and Future Study

As a piece of exploratory research, this study contains a couple of limits. First, the
qualitative research approach with the local sampling will scarify the external validity.
Considering the ICT adoption and use is heavily influenced by socio-technical
infrastructure, the findings discovered in Chinese context may not be generalized to
different technical and cultural settings in western countries. Besides, some possible
association effects (e.g. effects of information literacy on ICT use, gender effects on
ICT use, etc.) were not examined in this study due to the constraint of sample size.
Moreover, this study only revealed a part of the positive influencing factors on
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middle-aged people’s ICT adoption and use, while the more negative obstacles on
middle-aged people’s ICT use remain untouched, which may be addressed in the future
studies.
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Abstract. India is the second largest populated country and one the fast growing
developing countries in the world. As we grow up and getting older, problems
associated with aging is increasing rapidly – medical, biological, psychological,
economic, and social etc. Population ageing and growing number of elderly
population demands for healthcare and technology enabled-services. Factors
associated with ageing population are essential for to ensure progress in devel-
opment and sustainability. In response to the rapid population growth, the
industry and market for older adults is growing with the introduction of new
technology-enabled products and services. The advancement of technology and
technology-enabled services are proliferating. However, their rate of adaption is
very low. As the society is progressively moving towards digital, there is an
increasing risk of excluding users with particular access needs. Among those at
risk of digital exclusion are many older people and other differently-abled people
for whom the technology is difficult to access. We foresee a great challenge in
identifying factors affecting older people adopting new technologies and provide
support to aging. To assess senior citizens usage towards and perception of
modern technology in India, a survey was conducted with a random sample of 25
participants over 60 years of age using smart phone and living in Bengaluru city.
The survey was carried out individually face to face followed by semi-structured
interviews. The participants expressed that they are not scared and hesitant to use
technology. They are also aware of the value of new technologies and show their
willingness to adopt, if it improves their quality of life with security. The
implications of the results are discussed in this paper.

Keywords: Senior citizen � Population aging � Technology adoption
Technology usage � Assistive technology � Technology perception

1 Introduction

Population aging is the most significant global phenomenon today. The 20th century
has witnessed the increased proportion of aging population in all the countries. In the
coming millennium, it is expected to increase further due to the improvement in life
expectancy all over the world, particularly public health and medical advancements.
Population aging has become the most important social transformation of the 21st

century.
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By 2050, the elderly population of Asia over 60 years will double by the mid-century
reaching to 1.3 billion (United Nations 2015a, b). On the other side steadily declining
birth rate and fertility trends, lead to increase in the share of aged in total population of the
world and this has brought enormous challenges to many aspects of life.

In India, the proportion of the population aged 60 years and above was 7% (88
million) in 2009 and was projected to increase to 20% (315 million) by the year 2050
(Subaiya and Bansod 2011). The demographics of population aging in India shows that
the proportion of population aged 15–59 and 60 years and above are projected to
increase while 0–14 years are projected to decline rapidly (Subaiya and Bansod 2011)
(see Fig. 1). The United Nations Population Division projects that after the year 2050
the elderly population will outnumber children (United Nations 2010).

The population aging process began in the last century with developed countries and
currently encompassing developing countries as well (United Nations 2015a, b). India is
not an exception to this aging phenomena. The structure of the population has changed
over the years and will further and the proportion of older persons in the population will
increase. As we age, problems associated with aging is increasing rapidly – medical,
biological, economic, social etc. In the scenario of large elderly population, the country
needs more technology-enabled health care services, facilities and resources.

In response to the rapid population growth, the industry and market for older adults
is growing with the introduction of new technology-enabled products and services.
However, their rate of adaption is very low. As the society is progressively moving
towards digital, there is an increasing risk of excluding users with particular access
needs (Milne et al. 2005). Among those at risk of digital exclusion are many older
people and other differently-abled people for whom the technology is difficult to access.
We foresee a great challenge in identifying factors affecting older people adopting new
technologies and provide support to aging.

Fig. 1. Population by broad age groups in India, 1961–2026.
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Elderly users are progressively limited in their ability to use and access information
due to multiplicative effects might come with increasing age factor. Many older people
are having difficulties in using modern smart devices due to increased complexity in
accessing information both in terms of functionality and interface design. Research
shows that older people have more difficulty in using touch interfaces in comparison to
the younger population (Page 2014). The world demography shows that due to various
developments a proportional increase of older people engaged in effective use of
technology to lead independent life. Population ageing and growing number of elderly
population demands for care and technology enabled-services. Factors associated with
ageing population are essential for to ensure progress in development and sustainability.

In this context, an important fact which needs to greater attention is that in the
developing countries like India, older persons are increasingly living independently due
disintegration of the joint family and the rise of nuclear and extended family systems
(Chadda and Deb 2013). Technology has been shown to be beneficial to older people
and question is one has to access how the technology/technology enabled-services
going to improve the quality of elderly people. This paper reviews the senior citizens
usage towards and perception of modern digital technologies in an Indian context.

2 Technology Usage and Adoption

We are living in a fast changing technological period and modern technologies have
become part of our everyday life. Smart modern devices connected to the internet, have
changed the way we communicate, work and live our life. We use on a daily basis from
computers, cell phones, tablets, laptops and entertainment systems to refrigerators and
kitchen applications. As people age, technology and technology enabled services have
a great potential to improve the quality of life. Technology adaptation is a great concern
today. It is all around us and if we have not adapted to that may feel we are not in
control of ourselves. Its significance has not been overlooked by the business world,
which daily introduces hundreds of smart technology-enabled services to the public.
Over the period technologies designed for a mass market are not adequately sensitive to
the needs of older people. Sara J. Czaja and Joseph Sharit in their study on the aging of
population said, “In general, today’s elderly are healthier, more diverse and better
educated than previous generations”. So, the potential future of the technology is to
help older people to improve physical and emotion well-being.

Many shortcomings are faced by senior citizens regarding usage of modern smart
devices due to increased complexity in accessing information both in terms of func-
tionality and interface design. The capabilities of older people are very diverse in their
capabilities and ageing factor increases the learning curve to acquire new knowledge.
As the Information Society is moving more towards digital, it is becoming clear that
several already disadvantaged groups are being excluded. Literature review shows that
not enough attention is paid to the interaction design that would actually accommodate
individual needs and preferences of elderly users in an Indian context.
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3 Research Methodology

Demographic and technology prior-experience questionnaires were conducted with a
selective sample of respondents over 60 years of age using smart phone (android) and
living in Bengaluru. A survey was conducted with structured questionnaires followed
by a semi-structured interview. The data collection technique used is self-administered
questionnaires where participants were presented with the questionnaires in persons.
The aim and objective of the study was explained and the participant was allowed to
complete set of questionnaires after which the semi-structured interview was con-
ducted. The intension of semi-structured interview was to know more about the role of
technology in their life, aspiration and expectation from the modern technology and
technology-enabled services. The number of participants was 25 and the language used
was English. All participants were approached in their residence with prior appoint-
ment and the study was carried out individually face to face. In total 25 participants
were selected for the study and all were healthy aged 60–75 years old. The majority of
the participants were lived with their spouse and some alone with broad span of
socioeconomic status.

We have chosen Bengaluru city for our research study because of its multi-cultural
nature and home to large number of people migrated from other Indian states because
of better standard of living, climatic condition, well infrastructure and better employ-
ability. Current population of Bengaluru is estimated to 10 million and by 2031 the
population is projected 20.3 million (Bangalore Metropolitan Region Development
Authority 2017). Average literacy rate of Bengaluru is 87.67% (Census 2011). The city
is ranked number three in terms of most populous city in India after Mumbai and Delhi
and has modern face of developed economy. It has emerged as the IT capital of India
which attracted people from across India and abroad. In Bengaluru, numbers of senior
citizens are ever increasing due to increasing nuclear families with few children in the
society and other social conditions and this is going continue as population ages. There
is a growing challenge in terms of elderly care and assisted living.

Inclusion criteria to identify the subjects for research study was senior citizens aged
60 above, using smart phone (android) and living in Bengaluru City. Exclusion criteria
used for this research study are below 60 years old, non-android phone users and rural
population. The reason for these criteria is to review the current Senior citizens usage
towards and perception of modern technology.

4 Result

A total of 25 participants were involved in this study. During the study, it was observed
that 92% of the participants were male and 8% of the participants were female. 48% of
the participants were graduates, 24% of the participants were post-graduates, 12% of
the participants were diploma holders, 12% of the participants were completed
pre-university college (PUC) and 4% of the participants were completed high school as
shown in the Table 1.
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The results of the study and discussion are centered on frequency of technology usage,
android phone usage, commonly used android phone apps, awareness and familiarity
with commonly used control buttons of android phone, awareness and familiarity with
commonly used control buttons of Microsoft Office applications, awareness and famil-
iarity with commonly used control buttons of internet browser, awareness and familiarity
with commonly used control buttons of digital camera and awareness and familiarity with
commonly used control buttons of home entertainment system.

4.1 Frequency of Technology Usage

To investigate frequency of technology usage among senior citizens, we have looked
into the digital products and services that are matching the interests and functional
needs of the senior citizens. We have chosen 8 products for this study and the per-
centage of frequency of the technology usage by senior citizens given in the Table 2.

The study shows that the senior citizens are actively engaged with digital products
and services. The Table 2 shows that 100% use android phone, 72% use google search,
56% use internet browser, 48% use YouTube, 44% use Windows applications, 40%
use digital camera, 32% use printer and 28% use tablet on every day basis. Here, the
most used are android phone, google search, internet browser and You Tube which are
very much internet dependent. The tablet is the product least used by the senior
citizens. Significant usage of internet-based technologies reveals that these technolo-
gies support their daily activities.

Table 1. Participant information.

Qualifications Senior citizens

Graduates 48%
Post-graduate 24%
Diploma 12%
Pre-university college 12%
High school 4%

Table 2. Percentage of frequency of technology usage by senior citizens.

Digital
products/applications

Use it
everyday

Use it few
times a week

Use it once
a month

Used in
the past

Never
used

Android phone 100% 0% 0% 0% 0%
Google search 72% 8% 0% 0% 20%
Internet browser 56% 12% 4% 8% 20%
YouTube 48% 16% 12% 4% 20%
Windows application 44% 16% 0% 12% 28%
Digital camera 40% 0% 12% 24% 24%
Printer 32% 12% 16% 8% 32%
Tablet 28% 4% 0% 4% 64%
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A significant percentage of participants used these digital products in the past due
to their professional experience which is directly linked with their education. The
overall percentage of frequency of usage goes from android phone to tablet as listed in
the Table 2, where applications like Google Search, Internet Browser, You Tube, and
Windows Applications are part of the android phone. This explains the relative
advantage of internet-based activities in achieving their overall goals and diverse
interactive applications to assist them.

4.2 Android Phone Usage

Mobile phone is no longer just a communication tool rather it has become a personal
computer with advanced features and they have become virtual assistances. In this
context we have carried out the study to investigate the android usage among senior
citizens by selecting 9 apps which are relevant to the study (see Fig. 2). The chart
shows that 100% use for making phone calls, 100% for sending and reading SMS
(short message service), 80% for checking time, 76% for calculating, 68% for setting
alarm, 64% for reading and sending emails, 64% for social media, 48% for surfing
internet and 36% for making video calls.

The above figure implies three categories of android phone usage by the senior
citizens. Firstly, the phone is used for basic mobile services to allow users to make calls
and send text messages. Secondly, the phone is used as clock and calculator. The
participants feel that the mobile provides functionality to set alarms, add timers and
keep track of time around the world using world clock. The calculator app provides
simple and advanced mathematical function and they feel that it really helps them to do
daily tasks. Thirdly, the phone is used for email, social media, internet surfing and for
making video calls. Many senior citizens perceive additional usefulness of new tech-
nologies in comparison to traditional communication mediums. The Table 3 gives
detailed information about commonly used apps by the senior citizens.

0% 20% 40% 60% 80% 100% 120%

Making Phone Calls
Sending Reading SMS

Checking Time
Using Calculator

Se ng Alam Clock
Sending and Reading Emails

For Social Media
Surfing the Internet
Making Video Calls

% of android phone usage by the senior citizens

Fig. 2. Percentage of android phone usage by the senior citizens.
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The Table 3 clearly illustrates how each and every app is been used by the senior
citizens to fulfill their needs for information, communication and entertainment. It is
also self-evident that these apps assist them in daily life situations. The senior citizens
reported that they use wide variety of applications and also it indicates that they are
very much engaged larger part of social network and in one device they are able to
fulfill many of their needs. Due to the demand and availability of the developer tools
made rapid expansion into every single requirement. The usage of mobile apps is
remarkably increasing among senior citizens.

Table 3. Percentage commonly used mobile apps by senior citizens.

Commonly used apps % of usage

Phone 100%
Contact 96%
Messaging 92%
WhatsApp 84%
Camera 84%
Calculator 84%
Email 84%
Calendar 72%
Google 64%
Maps 60%
Music 60%
YouTube 60%
Flashlight 48%
Skype 40%
Weather 36%
Sound recording 32%
Radio FM 28%
FlipKart 24%
Twitter 24%
Play games 20%
Voice search 20%
Play music 20%
Do it later 20%
Hangouts 8%
Drive 8%
Amazon kindle 8%
Health manager 8%
Health tracker 8%
Newsstand 4%
BP watch 4%
iCare 4%
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4.3 Awareness and Familiarity with Commonly Used Control Icons
of Android Phone

Navigation is an important aspect of any device/application to meet the goal and the
control icons of mobile are guiding principles to create interaction system that naturally
align with the user’s mental models. To investigate how well the senior citizens are
aware and familiar with control icons of android phone, we have selected icons which
are commonly used in phone as well as in most of the applications (see Fig. 3).

The study shows awareness and familiarity of control icons by the senior citizens
with 100% sound, 84% network, 84% Wi-Fi, 84% alarm clock, 84% lock, 76% battery,
76% recycle bin, 76% airplane mode, 64% group, 64% Bluetooth, 56% setting, 52%
attachment, 44% contacts, 44% function menu, 44% storage, 44% location, 44% home,
44% SIM1, 28% add, 25% more and 24% favorite. The result tells that significant
number of senior citizens are acquainted with the control icons mobile as well as
various applications. This is very clear coming out when we look at the result of mobile
usage and commonly used mobile apps in the Sect. 4.2. Moreover, it correlates with the
kind of activities they perform to support their daily life.
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Fig. 3. Percentage of awareness and familiarity with commonly used control icons of android
phone by the senior citizens.
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4.4 Awareness and Familiarity with Commonly Used Control Icons
of Microsoft Office Applications

Microsoft Office icons are essential communicative elements that clearly identify the
action the user is taking when they use as a command. To investigate how well the
senior citizens clearly identify meaning and function, we have selected commonly used
Microsoft Office icons for the study (see Fig. 4). The result shows that 64% undo, 64%
redo, 56% spell check, 52% search, 40% save and 40% new file control icons aware
and familiar with selected control icons. The study indicates that the senior citizens
have knowledge of working and managing Microsoft Office documents.

All the senior citizens studied in this research study are retired persons and it proves
that they were using Microsoft Office applications before retirement. They were all
exposed to computing technologies in one way or another and this has brought con-
fidence in them to use various applications in android phone.

4.5 Awareness and Familiarity with Commonly Used Control Icons
of Web Browsers

The web browser control has several functions found among common web browsers to
access and view websites. The internet and our lives have changed over the past few
decades due to proliferating and multifaceted web information connecting every user
worldwide regardless of time and space. Internet browsers are the gateway to access
and we information and in this context it is essential to investigate awareness and
familiarity with control icons of internet browser. We have selected commonly used
control icons from Microsoft Internet Explorer, Mozilla Firefox and Google Chrome
for the research study (see Fig. 5).
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Fig. 4. Percentage of awareness and familiarity with commonly used control icons of Microsoft
Office applications by the senior citizens.
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The graph shows awareness and familiarity with commonly used control icons of
internet browsers are 64% go back, 56% go forward, 56% search, 56% setting, 52%
stop, 52% refresh, 40% open menu, 36% history, 36% home, 36% open new tab and
28% favourite. The study indicates a significant number of participants who use
computer and android phone are familiar and aware of control icons of browsers. It also
correlates with the activities of social networking and email applications. The partic-
ipants said that the internet has created an opportunity to interact with family, friends
and gain new knowledge from their home.

4.6 Awareness and Familiarity with Commonly Used Control Buttons
of Digital Camera

Digital camera has become part of everyday life and its usage from taking selfies to
family photos to documenting everyday life. Also it has lots of other uses than just
holiday snaps and has become most used device of this age. The value of digital camera
has increased manifold after the inception of internet. People share their lives openly n
social media platform. In this context, we have selected the commonly used digital
camera buttons to understand their awareness and familiarity (see Fig. 6).

The study shows that the participants are aware and familiar 60% delete, 56% play,
56% zoom in, 56% zoom out, 52% flash, 40% video, 40% setting, 40% voice
recording, 40% landscape, 40% auto, 28% power, 24% sports, 25% night portrait, 25%
close up and 16% portrait buttons. This indicates that the senior citizens are exposed to
digital camera and they are active in using the camera in different modes of setting to
fulfill their needs.
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Fig. 5. Percentage of awareness and familiarity with commonly used control icons of web
browsers.

188 J. A. William and R. Murugesh



4.7 Awareness and Familiarity with Commonly Used Control Buttons
of Entertainment System

Today, the electronic industry is providing numerous products and services to the
consumer. For senior citizens, it is big challenge to engage themselves during the day.
Spending time with entertainment system like television and home theater music
systems are very prominent today. To investigate the awareness and familiarity we
have selected commonly used control buttons of entertainment system remote control
(see Fig. 7).

The study shows that the senior citizens are aware and familiar with 100% volume,
100% channel, 88% mute, 76% play, 72% rewind, 68% power, 64% pause, 64% fast
forward, 44% favourite, 44% return, 36% stop, 32% source and 32% open/close
control buttons of entertainment system remote control.

This study indicates that the senior citizens are very much engaged with television
during the day because television and music system make them cognitively engaged
and assure companionship to them. The television provides not only entertainment
programs but also knowledge, technology, science, sports, well-being etc. The tele-
vision has become another family member with whom they can interact socially at any
point of time.
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Fig. 6. Percentage of awareness and familiarity with commonly used control buttons of digital
camera by the senior citizens.
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5 Conclusion

Population ageing and growing number of elderly population is significant over dec-
ades. Smart technologies and services are proliferating. However the rate of adaption is
very low due to various socioeconomic, physical and psychological factors. There is an
increasing risk of excluding senior citizens with particular access needs. As the society
is moving towards digital, the senior citizens do not want to exclude themselves rather
they want to keep up with the current technological trend. They accept that they have to
progress and learn to use technology and this becomes need of the hour. Smart tech-
nologies show great benefits among senior citizens and for successful acceptance their
needs, perception, concerns, awareness and usage must be carefully evaluated. A sur-
vey was conducted with structured questionnaires followed by a semi-structured
interview in Bengaluru city with a selected sample size of 25 senior citizens using
smart phone technology.

All the participants said that technology is good and they are open to new tech-
nology. The reason given by elderly people for saying technology is good are “it
improves life if used properly, helpful for day-to-day activities, to be part of change,
when judiciously used, very good, younger use bad things, all the technology has
brought us easy accessibility, learn lot of things, always good - should not have choice,
enhance better quality of life, it helps so many new things every day, the world is going
fast with technology and we can learn everything, improves your knowledge and takes
you to the current technology, all feature is one service, to update present trend, good
for new generation, it makes life easier and simpler, common man benefited by
technology, it simplifies everything, it speeds up the process and when used properly”.

0% 20% 40% 60% 80% 100% 120%

Volume
Channel

Mute
Play

Rewind
Power
Pause

Fast Forward
Favourite

Return
Stop

Source
Open/Close

% of awareness and familiarity with control bu ons of  
entertainment system 

Fig. 7. Percentage of awareness and familiarity with commonly used control buttons of
entertainment system remote control by the senior citizens.
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Senior citizens frequently use 100% android phone on a daily basis and the
applications like google search and You Tube are also significantly used. This shows
that they are able to perceive additional values other than the traditional communica-
tion. Senior citizens perceive the benefits of technology use and are actively engaged in
terms of services it offers to them. The percentage of android phone usage illustrates
that how categorically senior citizens engaged larger part of social network and in one
device they are able to fulfill many of their needs. The percentage of awareness and
familiarity with control icons of mobile, Microsoft Office, Internet browser, digital
camera and entertainment systems are giving insight that the senior citizens are able to
perform tasks in day-to-day life and fulfill their need. Although their fluency may differ
from individual to individual.

Our analysis demonstrated that income, education level and social support appear
to affect technology usage, perception and adoption. In general, we found that senior
citizens use variety of modern technologies and technology-enabled services. We also
noticed that the higher education levels directly related to overall perception, attitude
and usage of technologies. The presence of family and friends also increases broader
usage of modern technologies because of their assistance in teaching and learning.
Senior citizens perceive the additional usefulness of modern technologies and they are
not scared to use modern technologies.

The factors affect their usage and perception are user friendliness and accessibility
issues. The factors enhance their usage are technology supported activities, suitability
and contained useful applications. Understanding current usage and perception of
modern technology in Indian context is complex but it is very essential to understand
their concerns. The contemporary senior citizens are looking for value added services
that can make their everyday life and tasks easier and provide added security.
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Abstract. Objective: This paper centers on the behavior of using intelligent
television among the elderly in new urban areas. The purposes of this study are: 1,
finding if there is potential tendency of them to use intelligent television. 2, if there
are significant differences in the aspect of physiological and psychological char-
acteristics among the elderly who live in new urban areas, in small cities and in big
cities. 3, finding out existing problems and their real needs and their wishes when
using intelligent televisions. 4, providing meaningful references and theoretical
foundations for entrepreneurs, markets and relevant departments in this field.
Background: Nowadays, the world is at a stage of rapid development, on the

one hand, more and more people from the countryside flocking into the city, at
the same time, many rural areas are developing themselves, which results in the
accelerating process of urbanization and rapid rise of new cities. On the other
hand, the aging of population situation becoming increasingly severe, older
people experiencing problems with seeing or hearing (which afflict at least 20%
of people over 65) find television easier to deal with, since it provides both
verbal and visual information together [1]. Thus watching TV is the first choice
for the elderly on home entertainment. However, more and more old people
haven’t prepared fully both physically and mentally to adapt to this kinds of
changes, which leads to a series of social phenomena about how new urban
senior citizens fit into the society. For example, masses of high-tech equipment
and intelligent products have been brought about by the rapid development of
information and intelligence, it tends to lead to confusion and frustration to the
elderly in the course of using them. When it comes to old people who living in
new urban areas, it is difficult for them to use a such thing. And it cannot be
defined as a good intelligent product to meet their own entertainment needs and
spiritual and cultural needs.
Methods: In this study, through the application 5W2H design method

(who-the elderly; what-behavior of using intelligent television; when-when they
use intelligent television; where-their own house; why-current products and
relevant services are not good enough to satisfy their needs; how-analyze and
figure out their true needs and propose practical suggestions; how much-make
sure they can use intelligent televisions easily and enhance their sense of hap-
piness), questionnaire survey (150 questionnaires were distributed equally in
three groups) and in-depth research (5 senior representatives were observed and
asked thoroughly in the process of using intelligent television). The study was
conducted from May 2017 to January 2018 in 3 cities (Guangzhou, Wuhu,
Maanshan) in China.
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Results: The combining researches roughly demonstrated that there are sev-
eral problems for most of the respondents in using intelligent television:
1, many treat intelligent television as normal television and refuse to learn how to
maximize the usability of smart devices. 2, there are some differences among the
elderly in new urban areas, in small cities and in big cities, but there are major
differences between individuals. 3, the existing problems lies in: (a) hard to find
which button on the remote control determines which function on the television
screen along with too many buttons, messy function layout, unreasonable
operation system, etc., (b) high error rate when using intelligent television;
(c) lower subjective satisfaction during the due entertainment activity. 4, a large
proportion of current standards for intelligent television are not very suitable for
them in terms of: (a) too many buttons in one remote control, and sometimes
there are even more than one remote control. (b) too many information on the
screen. (c) lack of teaching video about how to use intelligent television.
Contribution: The value of this study lies in: 1, building a basic framework of

‘3E’Model (Easy and Efficient for the Elderly). 2, providing some references for
the improvement of designing intelligent televisions and related devices.
3, enhancing the old people’s quality of recreational life and sense of fulfillment by
reducing anxiety and better understanding during using intelligent televisions.
4, proposing the concept of intelligent television in the future. The prospect of
personalized information services and interfaces, which can intelligently adapt to
our changing circumstances and contexts, has the potential to dramatically change
the way that we interact with a wide range of online services [2].

Keywords: The elderly � New urban areas � Intelligent television
Usability � ‘3E’Model

1 Background

1.1 Social Background: Ageing and Urbanization

1.1.1 Ageing
According to statistics, when the global population reached 7 billion in 2012,562
million (or 8.0%) were aged 65 and over. In 2015, 3 years later, the older population
rose by 55 million and the proportion of the older population reached 8.5% of the total
population [3]. Ageing is a global challenge we face together. Asia stands out as the
population giant. Take China as an example, the population aged 60 and above reached
222 million in 2015, accounting for 16.15% of the total population. By 2020, the
elderly population is expected to reach 248 million, with an aging population of
17.17% [4]. These findings indicate the importance of developing the pension industry
and designing relevant products and services.

1.1.2 Urbanization
China’s urbanization is fast, from 1979 to 1992, the urbanization rate increased from
18.96% to 27.46%. From 1993 to 1992, the figure increased from 27.9% to 39.09%. In
2015, the total population of China (mainland) is 1374.62 million. Among them, the
permanent urban resident population is 771.6 million (or 56.10%) [5]. In all types of
cities, it can be roughly divided into three categories: big cities, small cities and new
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urban areas. The birth of new urban areas dates back to The Garden City Theory
(Howard, 1898) and The Satellite City Theory (Ewen, 1922), is the result of the
expansion of big cities, refers to those small new cities that has just developed along
with relatively complete public infrastructure along with modern lifestyle. However,
the speed and quality of urbanization in China is lack of coordination. The speed of
urbanization lags behind the demand of rural residents to integrate into modern urban
civilization [6]. As more and more people become residents of new urban areas, among
which old people become a big part of it. And in this case, it is a huge challenge for
modern industry and social development.

1.2 Seniors and Intelligent Products

1.2.1 Physiological Features of Seniors
The elderly were slow in movement and learning, and their operating ability and
reaction speed were reduced, combined with impaired memory and loss of cognitive
function, their self-care ability of daily living gradual declines. Dimming eyesight and
failing hearing can reduce physical, functional, emotional, and social well-being.
Visual and hearing impairments decrease independence in performing the activities of
daily living, getting from place to place, or communicating with others [7]. Besides,
memory loss plays an important part in the process of ageing. Luckily, the memory
decline of the elderly is not a total recession, but a partial decline, mainly in the long
term memory, mechanical memory and reappearance of memory decline faster. What’s
more, some old people have poor coordination in motor coordination, which has made
it difficult for them to operate sophisticated products. Therefore, in the product design
for the elderly, the function partition should be obvious, and the size of the button
should be larger, so as to reduce the probability of misoperation.

1.2.2 Psychological Features of Seniors
Loneliness and dependence are the two main characteristics of senior citizens. Lone-
liness means that the elderly cannot consciously adapt to the surrounding environment,
lacking or unable to carry out meaningful thoughts and emotional exchanges. Lone-
liness can be easily turned to depression and anxiety. Dependence refers to the elderly’s
lack of confidence, passive obedience, emotional vulnerability, hesitancy, shrinking,
etc., they tend to rely on others to do everything, including making their own decisions.
Long-term dependence on the mind can lead to emotional instability and sensory
degeneration. Luckily, research found that emotional support between the elderly and
their children is an important factor in the mental health study of the elderly, which is
more likely to inhibit the growth of depression in the elderly than economic support
and household chores [8].

1.2.3 The Penetration of Intelligent Televisions
With the development of information and technology, lots of intellectualized and
interactive products continue to emerge. However, people who used to live in coun-
tryside cannot fit the modern products very well in a short time, especially among old
people. This is embodied in their daily life, such as usage of intelligent products,
experience of modern services and so on. A significant number of senior citizens
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worldwide watch televisions for daily entertainment. There are around 423 million TV
users in China, among which, the penetration rate of intelligent TV users is close to
60%, mainly distributed in the urban areas and towns covered by network [9]. Old
people are loyal users of watching television, however, older people who live in new
urban areas are more or less trapped in the use of intelligent television. Most of the
intelligent televisions on the market do not meet the ergonomic requirements, espe-
cially for the most target group–the elderly. The buttons are numerous and the interface
layers are nested. It is difficult for ordinary people to use them, not to mention old
people. Thus this subject is worthy to be studied carefully.

2 Methods

2.1 Aim

In this project, based on the combination of ‘5W2H analysis’ and ‘participatory
design’, in the form of ‘questionnaire survey’ and ‘in-depth survey’, developed a rough
‘3E’(Easy and Efficient for the Elderly) Model for the elderly (� 60 years) in new
urban areas, in order to help them (better) interact with intelligent television. The model
was also designed to support television business and manufacturing in preparing their
products with elderly patients. An overarching aim of the project was to develop ‘3E’
model in a participatory way to increase usability and satisfaction. This paper describes
the basic framework and usage process of this model, how to apply this method into the
product designing and interface optimizing and the lessons learned during this process.

To be specific, the application ‘5W2H analysis’ involve 7 aspects (who-the elderly
who live in new urban areas, in small cities and in big cities; what-behavior of using
intelligent television, such as the use habit of remote control and understanding of the
various functions of TV screens; when-when they use intelligent television; where-their
own house; why-current products and relevant services are not good enough to satisfy
their needs; how-analyze and figure out their true needs and propose practical sug-
gestions; how much-make sure they can use intelligent televisions easily and enhance
their sense of happiness), ‘5W2H analysis’ was invented by the U.S. Army Ordnance
Repair Division in World War II, it is simple and convenient to use, easy to understand,
and full of rich enlightenment, now been widely used in enterprise management,
technical activities and decision-making. In this study, it was used not only to complete
investigation and analysis, but to make up for the consideration of design activities.
Secondly, the concept of ‘participatory design’ originated in the Nordic countries in the
1960s. Nowadays, it refers to, at the different stages of the innovation process, all
interested parties are invited to work with designers, researchers, developers, to define
problems, products, solutions, and the positioning of the assessment [10]. In this study,
5 specific interviewees from three different cities were asked to be observed and
interviewed thoroughly in the process of using intelligent television. In addition to the
accurate, in-depth investigation, extensive questionnaire survey also provided data
support for the establishment of the model.
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2.2 Participants and Requirement

In this project, 150 questionnaires were distributed equally in three groups, old people
(� 60 years) who live in new urban areas (e.g. partial areas in Maanshan), in small
cities (e.g. Wuhu) and in big cities (e.g. Guangzhou). 5 specific interviewees were from
3 different areas, 3 in Maanshan, 1 in Wuhu and 1in Guangzhou. Maanshan is a typical
case of urbanization development, many places have experienced a shift from rural to
urban areas. In these new urban areas, many older people just have intelligent television
in their homes. Wuhu, as a third-tier city with less population, is a small city for
investigate. The penetration rate of smart TV is general. While Guangzhou, is a typical
big city, its intelligent television penetration rate ranked first with 97.3% [11]. These 5
specific interviewees in three different cities were deeply analyzed in the aspect of
usage behavior characteristics and specific needs.

3 Case Study

3.1 Basic Questionnaire Survey Description

150 questionnaires were distributed equally in three groups, the recovered valid
questionnaire was 117 copies, effectiveness is 78.00%. The results of behavior of
personal information and watching TV are shown in the Tables 1 and 2 below.

Table 1. Personal information among the three groups.

All (117) Percent of
living with
spouses

Percent of
living with
children

Mental health
degree (five-point
scale)

Physical health
degree (five-point
scale)

Guangzhou (42) 69.05% 34.88% 4.55 3.79
Wuhu (37) 78.38% 62.16% 4.57 3.97
Maanshan (38) 81.58% 57.89% 4.53 3.92
Average 76.07% 51.28% 4.55 3.89

Table 2. Behavior of personal information and watching TV among the three groups.

All (117) Percent of
willingness to
use intelligent
TV

Average
number of
intelligent
TVs

Average
time on TV
viewing

Percent of
using
intelligent
function

Percent of using other
smart devices (e.g.
smart phone)

Guangzhou (42) 92.86% 2.72 1.67 92.86% 97.62%
Wuhu (37) 91.89% 2.14 3.16 86.49% 78.38%

Maanshan (38) 94.74% 2.16 3.84 73.68% 63.16%
Average 93.16% 2.38 2.85 84.62% 80.34%

198 C. Wu and X. Hu



The result shows that: (1) There are little differences among the elderly in new
urban areas, in small cities and in big cities both physically and mentally. (2) There is
an obvious tendency of the elderly to use intelligent televisions. (3) There is no obvious
regional difference among all the groups, they are all willing to use intelligent TV.
(4) A positive correlation exists between using smart devices like smart phone and
using of intelligent function of TV. (5) Watching TV longer does not increase the
frequency of using intelligent functions of TV.

If the questionnaire was used independently to test the user satisfaction, the results
may not be comprehensive enough, and there may be large or small errors. Thus five
examples are selected for deeper investigation, in this part, ‘5W2H analysis’ was
introduced to the comprehensive description of the whole process of watching intel-
ligent television (Table 3).

3.2 Existing Problem Analysis

As the most important home entertainment equipment of the past, television’s position
is being threatened by the Internet gradually. But as an important part of domestic life,
television will not disappear, at least not soon. In this field, there are some phenomena
worth exploring.

Despite the rapid development of intelligent television, due to the lack of unified
intelligent television standards and different TV interfaces [12], it is hard to get old
people to learn and use them well. If a unified and universal operation system was
adopted, the learning time and difficulty of intelligent television will be reduced.

In the use of intelligent television, there is one particular phenomenon need to pay
attention to. In China, many families are lived in the type of young people and old
people, young people accept the new knowledge and learn new things quickly. Almost
everyone is equipped with a mobile phone, some even have two or three mobile
phones. It’s easy for them to use intelligent television, however, they tend to watch TV
shows on mobile phones or on the Internet, so they seldom watch TV. On the other
hand, some old people tend to have strong desires to use intelligent television, but due
to their own and external factors, TVs intelligence function are not being used properly
and thoroughly.

Table 3. Basic personal information about 5 specific interviewees.

Interviewee Area Age Number of
intelligent
TVs

TV viewing
average
time

Whether or not to
use intelligent
function

A Guangzhou 61 3 0–1 Yes
B Wuhu 60 1 2.5 Yes
C Maanshan 65 2 4–5 Yes
D Maanshan 62 1 3 Yes
E Maanshan 73 1 3–4 No
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By digging deeper, it is not difficult to find television users have been used to their
own habits for years. It takes time to adapt to the transition from ordinary TV to
intelligent TV. The use of intelligent TV can be very tricky than ordinary TV sets. For
example, there are several key issues affecting the user experience such as shifting
delay and playing buffer. These are caused by the defects of existing technical levels.

Table 4. The ‘5W2H analysis’ about 5 specific interviewees.

Who A B C D E

What
(behavior)

Basically use
smart features
without
obstacles. But
seldom use.
Prefer to use a
computer

Basically
use smart
features
without
obstacles

Basically use
smart features
without
obstacles.
Own two TVs

Some obstacles
exist. Watch TV
series & films

Never use
intelligence
function

When
(frequency
and time)

Guests visit
(once a week)

After
supper
(Fixed
TV
programs)

After work
(Eat with one
TV, then with
another one
until sleep)

Working
clearance

After the
afternoon’s
walk. (often
watch health
programs and
news)

Where Living room
& two
bedrooms

Bedroom Living room
& bedroom

Living room Bedroom

Why (current
usage status)

Work
involves
computers
So tends to
watch
programs and
news on
computers

Just
retired,
keep the
old fixed
living
habit

To busy work
during the day
to do other
leisure
activities

Just started
using smart
phone

Keep the old
living habit, the
intelligent TV
was bought by
his daughter

How (current
use
problems)

Less
customized
Unneeded
functions

Too many
buttons
Has to use
both
remote
controls

Too many
buttons
The interface is
too
complicated

Too many
buttons
The interface is
too complicated

Too many
buttons that
never been used.
Hard to
remember

How much
(desired
effect)

More
customized
Find favorite
options
quickly

Easier
and faster
to operate

Two TV
programs can
be
synchronized

Intelligent
functional
partitions can be
easier to
understand and
operate

Unneeded
functionality can
be removed
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However, we can reduce the user’s dissatisfaction by other means. Borrow another
example from a high-tech restaurant in Ginza, Japan, an animation of AR synthesis is
played in the process of waiting. The anxiety of waiting has been greatly reduced, and
it completely changed the traditional restaurant business model.

Back to the current situation of intelligent TV usage in China, an awkward situation
can be concluded, that is, ‘Young people don’t watch intelligent TV, old people can’t
watch intelligent TV’. To find out what exactly hinder older people from using
intelligent television, ‘5W2H analysis’ was used to depict existing situations and
problems (Table 4).

3.3 Design Points Analysis

Through the above investigation and research, the whole process of watching intelli-
gent television is generally described. It helped to find out design problems existing in
contemporary intelligent televisions and consumers’ expectations of them. It can be
demonstrated by the following design points list, so that the foundation for the later
models can be laid (Table 5).

4 ‘3E’Model

4.1 Build Model

4.1.1 First Iteration
‘3E’, known as Easy and Efficient for the Elderly, is a model built to better study the
behavior of using intelligent television among the elderly. It aims at not only providing
practical advice on improving user’s satisfaction but constructing a theoretical

Table 5. Design problems and consumers’ expectations of intelligent television.

Remote control Television screen User behavior Other points

Buttons are too small
Not easy to operate

The color is too loud Need to learn how
to use intelligent
TV

Fewer repetitive
ads.
At least not dull

Too many buttons
Many are extremely
low in frequency

Less customized Too many related
accessories
compared to
ordinary TV

Insufficient
memory.
Many APP
installed can
cause jam

Unreasonable layout
Can cause pressure

The logical process is
chaotic

Some functions do
not want

Rely on the
network
excessively

Words printed on it are
easy to wear out and
hard to recognize

Too many partitions.
some functions
cannot be found
easily

Easy to generate
electrostatic
precipitation

Voice
recognition is
not accurate and
effective

Uncomfortable to hold
and use

Hurt eyes Too many steps to
find a program

Lack of unified
standard
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framework for iterative innovation design method. In the first place, the model was
based on the social background of aging and intelligence, along with physiological
features and psychological features of seniors, behavior of using intelligent television.
Then select the appropriate model for reference on this project. A theoretical model of
special product design for the elderly has great reference value in the development of
‘3E’Model. The model includes the ‘Influencing affecting factors—design theory
induction—inspection & evaluation’ mode, which shows inducing process and key
content of theory of special product design for the elderly [13]. In this article, more
attention was paid to the actual users’ experience and enterprises’ production reference,
so that it can carry out more succinctly and efficiently. First, the model was built in the
form of ‘Affecting factors—Design theories—Evaluation’.

The first part is background analysis, which has been divided into social back-
ground, industry background and user’s personal background. They can provide
strategic support and motivation for the development of products and industries.

The second part is theoretical part, as for the elderly product design and intelligent
product design, a lot of design methods and principles can be found, and the design
processes are varied. It is difficult to design a theory that can take all the details that
need to be considered at the same time. But building a basic framework that has more
flexible space to adapt the change of different situations is feasible.

The third and final part is the evaluation section, including design methods and
design realization.

According to the research information from charts before, the first version of
‘3E’Model was been established (Fig. 1).

Affecting
factors

Social background Ageing/urbanization/intelligence

Industry background Non-uniform/complicated/unfriendly

Personal background Low mobility/varied needs/hard to learn

Design 
theories

The basic concept

Design principles

Function: reasonable/customized
Hardware: simple/unified/durable
Software: stable/practical/recognizable

Design flow Target/steps/content/conclusion

Evaluation Design methods

Design realization

Evaluation user experience/prototype

Product/sell/ install/use/repair/recycle

Fig. 1. First version of ‘3E’Model
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The first version of ‘3E’Model basically expounds three aspects of product design
for the elderly, but for this article, it needs to make appropriate adjustment, in the hope
of giving more theoretical guidance meaning and providing more suggestions on
practical usage and manufacture.

Back- 
ground

Society Intelligence (customized/optional)

Usability/learnability/satisfaction/needs

Theory 

Principle

Function: reasonable/customized
Hardware: simple/unified/durable
Software: stable/practical/clear
Structure: easy to assemble/maintain

Process

Target/steps/content/conclusion

Execute
Evaluate

Realize

User experience test

Model/produce/promote/ install/use/repair/recycle

Friendly/simplified/accurate

Regulated
Unified

Demand analysis
Prototype test

Specific adjustment

Iterate

Urbanization (habits
/changes/needs)

Ageing
(old/young/physical/mental 
/social)

Easy for everyone

Efficient to adapt to new

Industry
Related field (network/ storage device/clean/fix)

TV (remote control/screen/layout/accessory/net)

User

Other (family/friend/ producer/designer)

Old people (city/new urban) Customized/more than one choice

Socialized/interactive

Concept
Aging products become smart

Smart products suit for the old Easy/clear/ tolerance of fault

Intelligent/ergonomic/cloud

Experience: natu-
ral/easy/efficient/safe

Add teaching video/AI

Modulate/adjust

Fig. 2. Second version of ‘3E’Model
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4.1.2 Second Iteration
After the collision of various design propositions and absorb the experts’ opinions in
this field. Combined with the target group’s real needs, more specific details were
raised. The idea to involve their users into this iterative designing process, can also
provide a new perspective for design thinking among the elderly and saving the
awkward situation of current behavior of using TV.

In addition, when it comes to the related design of intelligent product design, this
model further refined the framework, and implanted the requirement points concluded
of the previous paper, in order to form a more substantial and more effective framework
(Fig. 2).

4.2 Discussion

The ‘3E’Model now includes the ‘Background—Theory—Execute’ mode, combining
with the methods of participatory research, it is not just a matter of principle-making
framework, it is more of a question-inspirational guidebook. Along with the actual
demand points proposed in the case study part, a more objective and perfect description
of the behavior of the elderly using intelligent television.

5 Conclusion

Based on social ground of ageing, intelligence and urbanization, this paper researched
the behavior of using intelligent television among the elderly in new urban areas, in
small cities and in big cities. Through the application 5W2H design method and
in-depth research, combined with participatory design, a rough model –‘3E Model’ was
built. It can help find out existing problems and users’ real needs and their wishes when
using intelligent televisions. Also, it aims at providing meaningful references and
theoretical foundations for entrepreneurs, markets and relevant departments in this
field.

However, the defect is still evident, more research need to be done. For example,
differences among the elderly in new urban areas, in small cities and in big cities are
easily can be seen through the chart, differences among the elderly who live alone, who
live with their spouses and who live with their children should be analyzed too. While
in the building process of ‘3E Model’, more details and practical tests could be added.

From a perspective of business, this study provides an open framework to meet the
requirements of product design and industry development. While from a perspective of
academic, it built a theoretic foundation to tackle the challenge of intelligent product
design among elderly users.
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Abstract. As the 3D printer technology has been enhanced, 3D printers are more
affordable and popularized. With the concepts of crowdsourcing, open source and
sharing, 3D model platforms have become the highlight of the next wave of 3D
printing industry.There are numerous articles on3Dprinting technology,hardware
and equipment, and materials. However, few articles deal with the topic of 3D
model platforms for in-depth investigation. In this study, contents of those models
that are available on 7well-known 3Dmodel platforms and their website functions
are evaluated. The evaluation includes 4 primary dimensions which include
website description, model file information, website function, and social interac-
tion. These four dimensions are further classified into 22 items for the
cross-verification of 3D model platforms. The application features of each 3D
model platforms are identified. In addition, the three challenges for the future
development of 3D model platforms are concluded as follows. (1) Insufficient
format information of the file for download. (2) Unclear intellectual property
(IP) licensing status of model files. (3) Security vulnerability of file information.

Keywords: 3D model platforms � 3D printing � Maker

1 Introduction

With the development of open source code, hardware, and community sharing, the
maker movement sprang up everywhere. Product manufacturing can be realized not
only in factories but also in houses or personal studios. The influence of digital soft-
ware resources and smart machines on the manufacturing industry has created a new
wave of social and technological revolutions [1]. The Internet allows makers to show
their own design information and manufacturing knowledge to the world in an easier
way. They are able to share design and manufacturing knowledge so that the original
barrier between different societies or cultures has disappeared. During this wave of
revolution, the most important thing is the creation of digital fabrication tools. These
digital fabrication tools are more affordable and their popularization has changed the
current working model of our society. Common digital fabrication tools include 3D
printer, 3D scanners, laser cutters, digital milling machines, digital guillotines,
numerical control (NC) machines, computerized numerical control (CNC) machines,
and computer aided manufacturing (CAM) machines. Among them, the development
in the 3D Printing technology is fastest and it has a wide range of applications.
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J. Zhou and G. Salvendy (Eds.): ITAP 2018, LNCS 10926, pp. 209–222, 2018.
https://doi.org/10.1007/978-3-319-92034-4_16

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92034-4_16&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92034-4_16&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92034-4_16&amp;domain=pdf


The 3D printing technology originated from the patented 3DPTM process that was
invented by the Massachusetts Institute of Technology. Various types of computer
aided design (CAD) software can be used to build model files. By utilizing the additive
manufacturing approach, a three-dimensional structure is created by the superposition
of layers of materials. The inception of the 3D printing technology began in the 1980s.
In recent years with the open source trend of the maker movement and some important
patented technologies, the fast innovations in the 3D printing technology lead to an era
with the embodiment of digital data.

In 2007, the first desktop 3D printer RepRap which adopted the open source code
was born. This is an important milestone for the maker movement. After that,
affordable 3D printer MakerBot sprang up and it allows makers to realize their cre-
ations in an unconstrained style. It means a lot to makers and the effects are just like the
personal computer that appeared 30 years ago. It has changed the production and
operation model of the manufacturing industry. Common people are able to assess the
printing quality, speed, range of printable size, output stability, and price of each model
that is available. By selecting a machine that meets personal requirements, everyone
can realize his/her dream of fabricating any object freely by 3D printing [2]. The
growth in the sales volume of consumer 3D printers below USD 5,000 is huge. The
target customers include makers, enterprises, schools, laboratories, and personal stu-
dios. The upstream and downstream industries that are related to 3D printing have
developed into a big market with a business scale of billions of US dollars around the
world and the market keeps growing.

With the advance in technology, the equipment, materials, and software that are
used on 3D printers have gradually become mature. The development in makerspace is
also rising and flourishing. However, it can be found from the current situation that,
most of the users are still confined by the capability of the modeling software when
fabricating their creations. Even if they can build a model, they might still encounter
problems with the analysis of slicer software, calculation of support material param-
eters, and the adjustment of printing details. For most of the users, this has become a
common bottleneck for beginners who still lack of technical capability (Fig. 1).
Moreover, the open source and sharing, crowdsourcing concepts encourage makers to
share their own creations. As a result, in addition to the original business of hardware
developments, some 3D printing hardware manufacturers also started to build their own
database of 3D model files (hereinafter referred to as 3D model platform) in order to
assist users in printing their 3D artworks. In addition, 3D modeling software companies
and various government organizations also allocate resources in constructing 3D model
platforms and related services. In the future, the biggest source of revenue for 3D
printing business comes from the 3D model platform, instead of equipment or con-
sumables [3].
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2 Investigation of 3D Printing Technology

As compared to conventional manufacturing approaches, the advantages of 3D printing
technology are as follows. (1) A higher degree of freedom for the structural design: The
3D printing technology can realize the direct printing of complicated structures without
considering the problems of cutting ormole release. Therefore, a higher degree offreedom
is allowed for designs that use 3D printing technology. (2) A lower cost for small-scale
manufacturing: 3D printing technology can save the development cost of tooling/mold
and reduce the problem of material wastes during small-scale manufacturing. (3) Rapid
forming of custom products: When making a product by 3D printing, the configured
precision and the sample size affect the required time for manufacturing. A product can be
complete within several hours to a couple of days based on the current technology. The
precision of the finished product that is obtained from the additive manufacturing
approach is determined by the thickness of the layers for superposition. At the moment,
the precision of 3D printed products is generally within the range of 100–200 um. The
precision of some 3D printers can be below 10 um [4]. The investigation of 3D printing is
generally carried out from four aspects which are respectively technology and equipment,
material, software, and printing applications as follows.

2.1 Technology and Equipment

There are more than a dozen of 3D printing technologies depending on their forming
techniques. The technologies have been improving and they cover a wide range from
basic designs to the production of custom products with high difficulty. Five of the
most common forming techniques are summarized as follows [4–7].

1. Fused depositionmodeling (FDM): This is the most common technique. The working
theory is to heat the rawmaterial to its semi-molten state and squeeze thematerial to the
printing base plate. The material restores to the solid state after it cools down. Repeat
this deposition process so that the three-dimensional object will be formed. Since it is
required to wait for each layer of material to cool down during printing, this approach
could lead tominormisalignments during the deposition of the lower layer ofmaterial.
Moreover, the raw material could deform a bit during the process of cooling down.
However, thematerial cost of FDM is lower and the required time for producing larger

Equipment ApplicationMaterials Software
gap

3D Model Platforms

Fig. 1. Emerging 3D model platforms
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objects is shorter. The final product is sturdier and it is suitable for models with simple
styles and larger industrial mechanical parts.

2. Stereolithography (SLA): Light-cured resins are used as the raw material which is
solidified after be cured by laser light. During printing, the laser light irradiates
precisely on specific locations in the raw material pool so that the raw material
solidified layer by layer. By repeating this process, a three-dimensional object can
be stacked up. The final product presents higher precision and better surface quality.
Therefore, this technique is suitable for complicated or delicate parts such as crafts,
necklaces, or hollow parts.

3. Selective Laser Melting (SLM/DMLS): This forming technique is similar to
selective laser sintering (SLS). However, it required a higher laser power since the
materials are mainly metal based. Virtually any metal material that can be prepared
as small powders can be used as the raw material for the SLM technique.

4. Selective Laser Sintering (SLS): This technique is to utilize the energy from infrared
laser beams to sinter metal powders including steel and titanium or thermoplastic
macromolecular materials such as nylon or ceramic powders. On the processing
platform, a computer is responsible for analysing the coordinate data including
points, lines, and surfaces of the 3D model file layer by layer until a complete model
file for sintering is acquired. The maintenance cost of such equipment and its
consumables are relatively higher as compared to other techniques.

2.2 Printing Materials

Printing materials can be classified into three categories by their characteristics. These
three categories include metal materials, non-metal and non-biomaterials, and bioma-
terials which can be further classified into several sub-categories for different types of
printing technologies. Metal materials include various types of metal powders.
Non-metal and non-biomaterials include thermoplastic materials such as ABS or PLA,
light-cured resins, ceramic powders, gypsum powders, and wax. Common materials
that are used by consumer 3D printers include ABS and PLA [8].

2.3 Software

Although the approach used by each 3D forming techniquemight be different fromothers,
thefirst step is usually tobuild the3Dmodel byCADsoftware.The3Dmodel is then sliced
in the slicer software so that each slice can depict the inner and outer profile of each section
of the 3D model. After that, the profile of each of these slices needs to be converted into
G-code parameters in order to configure the printing parameters for the 3Dprinter.G-code
is a set of instructions that are used by numerical control (NC) machines. It can be viewed
as the language for an operator to communicatewith his/herNCmachines. TheNCcontrol
codes canbemanually enteredor automaticallygeneratedbycomputer software so that the
cutting tools of a NCmachinewill move in a configuredway [6]. The final step is to check
the model file for any broken surface or insufficient support structure so that the model
won’t collapse during printing.
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Modeling Software. As 3D printing is getting more popular, a diversity of modeling
software packages has appeared. The modeling software can be classified into five
categories which include basic stack-up, parts design, model animation design,
sculpture modeling, and architecture modeling. According to our own experience and
the discussions on 3D printing communities, the features of different 3D modeling
software packages that are commonly used by makers, schools, and the industry are
described as follows.

1. TinkerCAD: TinkerCAD is a free on-line 3D modeling software package that
allows users to build models by drag and drop parts. It takes 2D files as the input
and can generate 3D files accordingly. Therefore, it is very suitable for beginners.
The TinkerCAD interface allows its users to freely adjust, save, and share on-line
3D files. It can also generate 3D files directly in the .STL format for 3D printing.

2. 123D Design: As compared to TinkerCAD, the 123D Design software is more
advanced and intuitive. A beginner can easily start from scratch to build a model.
A great amount of basic models are already stored in the software so that any user
can edit the basic models and generate resulting 3D files in the .STL format.

3. SketchUp: It features a free and easy-to-use interface, which contains design tools
and plug-ins for its user to create complicated 3D objects. This modeling system is
composed of only lines and curves and this makes it suitable for architecture and
engineering industry. However, this software doesn’t allow the direct output in .
STL format but an additional .STL output module is required to be installed.

4. FreeCAD: FreeCAD is a fully open source parametric engineering CAD software
package. It is very suitable for the design of basic parts. Parametric modeling
allows users to adjust parameters instead of meshes. The target users include
engineers and product designers who need a professional way of modeling. This
open source software runs on Windows, Mac, and Linux operating systems.

5. Rhinoceros (Rhino3D): This is a 3D modeling software based on non-uniform
rational b-splines (NURBS). It has been very popular due to its functions and the
diversity of its applications. It is easy to learn and it takes a wide variety of
document formats. It is often used by industrial designers, architects, jewel
designers, and artists to carry out rapid prototyping.

6. Solidworks: It is generally accepted as the mainstream 3D design software for
commercial products and mechanical engineering. In addition to 3D modeling,
SolidWorks also provides a variety of simulation, kinetics, design verification
tools, and the reverse engineering capability. Solidworks is a powerful software
package which is suitable for industrial components/parts design.

7. Cinema 4D: It is a general-purpose 3D modeling software package which is most
used in designs, animations, and rendering applications. The highlight of this
software is on 3D graphics and 3D model fabrication. The Maxon computation
software includes several design options such as procedural/polygonal modeling,
animations, lighting, textures, and rendering.

Evaluation and Analysis of the Features 213



8. Autodesk 3D: It is mostly used in architectural, civilian, and mechanical engi-
neering and has been a well-established CAD software for modeling since 1982. It
is widely used in 2D drawings, architectural drawings, computer chipset designs,
and basic 3D designs. It is one of the favourite drawing tools for designers and
makers around the world. It features a 3DPRINT program that allows its users to
directly send 3D models to 3D printing service providers.

9. Maya: It features an intuitive design interface that is suitable for creating charac-
ters, roles, and geographic scenes. It is one of the favorable 3D modeling tools
among designers. The main applications include 3D animations and visual designs
since it allows its user to change the proxy mesh based on the original mesh.

10. ZBrush: ZBrush is a new emerging modeling software package, which is suitable
for creating different role types of characters. The appearance of ZBrush indicates a
revolution of 3D modeling. This 3D printing software integrates 3D and 2.5D
modeling with textures and painting. It allows a designer to create 3D models with
amazing details such as different styles, textures, convex and concave features, and
materials.

Slicer Software. In addition to a good printing tool, slicer software plays a very
important role in 3D printing for a finished product with good printing quality. The
configuration of parameters including the fill density, base, and support structure and a
designer’s own experience are the factors that are critical to the printing quality and the
yield rate. A 3D model needs to be saved in the format of .STL or .OBJ files so that the
model can be further sliced into layers by the slicer software. The instructions and
parameters of the printing process are saved as G-code files so that a 3D printer can
decode and carry out the printing process. There are more than a dozen open source
slicer software packages available at the moment. Four of them are commonly used in
the industry. They include three free software packages such as Cura, Kisslicer, and
Slic3r and the paid version of Simplify3D. The features of these software packages are
described as follows for the reference of a designer to choose the one that fits his/her
requirements the best.

1. Cura: It is developed by Ultimaker and is one of the most commonly used software
packages on open source 3D printers. It performs very fast at the slicer analysis and
the printing and slicing functions can be used at the same time. Its main advantage
is its interface which is very easy to learn. It is suitable for the beginners in the 3D
printing territory. It also takes.jpg files as the input to print photos out.

2. Slic3r: It is the most popular slicer software for 3D printing on the market. Its main
function is to carry out the slicer analysis of the .STL model files and convert the
data into 3D printing instruction codes (G-Code). It is especially suitable for round
objects with a shell such as a spiral vase.

3. Simply3D: It is gradually gaining popularity since it provides powerful functions
for the slicer process. It features the most adjustable parameters and it has the
highest yield rate and the best printing effect for delicate parts. It can be connected
using a USB cable and it costs at only USD 150.
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4. Kisslicer: This slicer software can print the most delicate surfaces. The surface of
the finished part is the most delicate. However, the user interface is more compli-
cated and it is more difficult to use for a beginner.

3 Evaluation and Analysis of the Features and Applications
of 3D Model Platforms

3D model platforms form a critical part of the supply chain of the 3D printing industry.
During the earlier stage of its development, it provided original equipment manufac-
turer (OEM) printing services such as making prototypes for customers. Nowadays, 3D
model platforms provide a variety of diversified 3D model files for users to download.
In addition, these platforms also allow professional users to upload their design works
to the platform in order to facilitate the development of the 3D printing industry. There
are more than ten 3D model platforms with a high level of user activities. The studies
by vMaker (2015) [9] and Yusuf (2018) [10] proposed some good 3D model platforms.
The platforms that are recommended by several makers based on their own experiences
are also included in the investigation in this study. A total of seven 3D model platforms
are analyzed and as follows.

1. Thingiverse: This platform is supported by the 3D printer manufacturer MakerBot.
It is the largest platform in the world and has been operating for the longest time. It
is the best introductory platform for beginners with a diversified collection of
different types of model files. Its main collection includes household applications,
action figures and toys, and engineering parts. Its interface is easy to use and it
provides a search bar for a quick search in addition to the existing classifications. It
also allows a user to preview the results. More than 1 million 3D models are
collected in this platform and the total number of downloads exceeds 200,000,000.
They often organize featured contests to encourage more people to exploit the
potential of 3D printers.

2. MyMiniFactory: The total number of their files is less than the others. However,
there are less duplicated objects and the yield rate and quality of model files are
higher since their model files are always examined before being uploaded to the
platform. The interface is available in six languages. Among all categories, the Scan
the World category is the popular one since it features the 3D files of renowned
artworks from various museums around the globe such as the Michelangelo’s David
at the British Museum and the Venus de Milo at the Louvre Museum.

3. Yobi3D: Yobi3D is a website that is developed by a Taiwanese design team. It
features a search engine which operates in a way similar to Google for 3D model
files. It collects more than 1 million 3D models. A quick search for models is
available by keywords. Real-time previews are also available on-line so that a user
can carry out the analysis of printing difficulty in order to determine the printer
model that is suitable for a specific model file. Moreover, this platform also allows a
user to configure the definition of his/her own printer in order to reduce the failure
rate. The available model types include common action figures, engineering parts,
home utilities, flowers and plants, and animals. It supports multiple languages.
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4. Pinshape: This platform is supported by the Canadian 3D printer manufacturer
Formlabs. The models that are collected on this platform are very delicate. It allows
its users to determine whether to pay for a file that is downloaded. However, 90% of
their files are free to download. It features the support of streaming by 3DPrinterOS.
A user can edit, slice, and print any of their files on-line without downloading the
file. It not only allows a designer to share his/her designs, but also can protect the
original files. It also offers on-line custom services to designers at a price.

5. CGTrader: This platform is created by the 3D modeling vendor Marius Kalytis. The
original target customers include 3D animations and the gaming market until it
started to provide its users with the service of downloading 3D models recently.
CGTrader features textures for most of its 3D models and therefore only 3D color
printers can support this feature. It allows designers to upload their own files and
profit from selling these files. A higher price tag is set for a model that is more
delicate. The models can also be used for 3D animations. The platform also has a
section specific for free files. By the end of June 2017, a total of 500,000 model files
are collected and the total number of registered users reached 1 million.

6. Cults: This platform is the largest 3D model platform in France. It supplies 3D
printing models of high quality for both free and paid downloads. A user needs to
register a user account before he/she can download files. The 3D models that are
collected on this platform are mostly provided by professional designers. A user is
allowed to designate a designer to create designs for him/her. This platform has
40,000 model files which are provided by 8000 designers. A reminder on the
website notifies its users not to sell the model files to other websites.

7. YouMagine: This platform is supported by 3D equipment vendor Ultimaker. The
models that are collected on this platform are full of textures and many professional
model files are already with colors. Therefore, the model files are more suitable for
advanced users. YouMagine is different from others that it is devoted to protecting
its 3D designers. In 2015, it announced 3DPL which permits the open source code
that is specifically to 3D printing target users.

3.1 Descriptions of Dimensions for Analysis

The observation in this study indicated that the above-mentioned 3D model platforms
offer a wide variety of model files even though they might just operate for a relatively
short period. Each of these platforms has its own distinguishing features. The analysis
in this study includes 4 primary dimensions which are respectively the website
description, model file information, website function, and social interaction. The
dimensions can be further classified into 22 items for analysis as shown in Table 1.
These 22 items provide a helpful way to determine the application features of each 3D
model platform.
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According to the items in Table 1, a total of 10 makers who frequently use 3D
model platforms are invited for the investigation. From the communities that are
maker-relevant, the discussion threads on the above-mentioned 3D model platforms are
available and can serve as a good reference for the analysis of these 3D model plat-
forms. The results of the analysis are summarized in Table 2 as follows.

4 Discussions

Based on Table 2, the discussions on these 3D model platforms are as follows.

1. 3D model platforms emerged since the past decade and developed rapidly for the
last five years. Most of the 3D platforms are built up and supported by
hardware/equipment manufacturers. The intention is to twofold. First, the platforms
can assist users in printing their 3D artworks. Second, 3D printer lovers are gathered
on the platform so that enterprises are able to interact with their users. Among these
platforms, Cults was built up with the assistance from the government. Various 3D
equipment vendors and governmental agencies also allocated resources in 3D
model platforms and services. It is clear that the biggest source of revenue no longer
comes from the equipment or consumables but from the database of 3D model files
[3]. These platforms also created a more direct and closer relationship with users.

2. Although there is a wide variety of models that are collected on these platforms, a
majority of these files are action figures, household applications, and engineering
parts, followed by ornamental accessories, animals and plants, and educational
models. Cultural models or artworks are still of minority.

3. At the moment, only Thingiverse and MyMiniFactory provide their support to apps.
A user can use their apps to browse through and search for models and interact with
other users. However, none of the apps allows its users to download models
(Table 3).

Table 1. Dimensions for the analysis of 3D model platforms

Website
description

Model information Website function Social interaction

Organization Description of model file Browsing
function

Collection
function

Date of issue Model quality Search function Download counts
Country Photo of finished part Membership User feedbacks
Model attributes 3D preview Membership fee Ways of sharing
APP support or
not

Download format Language
Descriptions of printer
settings

Tag functions

Creative Commons
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Table 2. Analysis of 3D model platforms (1/2)
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Table 3. Analysis of 3D model platforms (2/2)
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4. From the aspect of model file information, all of these platforms provide descrip-
tions of their model files so that a user can understand what the model is, what it is
for, and what does it feature. The models from MyMiniFactory and Cults have
better printing quality. Most of these platforms provide photos of finished parts after
being printing out. The Yobi3D platform doesn’t provide such photos since it
operates as a search engine with a collection of 3D model files. From the aspect of
3D preview, Thingiverse, MyMiniFactory, Yobi3D, Cults, and Youmagine allow
their users to view a model in 360° by dragging the model with a mouse. For model
downloads, the formats of .STL and .OBJ are the most common file types.

5. For printer settings, only Thingiverse, MyMiniFactory, and CGTrader provide their
users with the information of printer settings. The information include the actual
dimensions, available formats, suitable printing technology, time required for
printing, number of surfaces, file size, and any plug-in used. From the aspect of
copyrights, most of the platforms clearly marked the privilege of Creative Com-
mons (CC) except for Yobi3D and CGTrader. Therefore, most of the users can
understand the applicable range of a model file under the Creative Commons
license.

6. For the functions that are available on their interfaces, common functions such as
browsing and searching are available on these platform. Memberships are provided
by these platforms although it is not required to register as a member in order to
download files. The membership deals with the interactive functions such as storing
a model file or sharing a model file with others.

7. These platforms offer free downloads of model files. Among them, Pinshape,
CGTrader, and Cults allows their users to pay for upgraded versions of a model file
of high quality. Except for Yobi3D as a search engine, all the other six platforms
provide their users with a tag function so that an uploaded file is tagged with several
keywords. This function makes users easier to find and classify a model file.

8. In addition to social interactions, these platforms also provide their users with the
Collect function for all of their model files. After registering as a member, a user can
collect their favorable model files. Except for Yobi3D, the other six platforms mark
the download counts for each model file. It is easier for a user to know how popular
a model file is. On the other hand, the platform administrator can plan further
cooperation with potential designers with a higher level of popularity. From the
aspect of user feedback, except for Yobi3D, the other five platforms including
Thingiverse, MyMiniFactory, Pinshape, Cults, and Youmagine allow their users to
give feedback to their model files. Users are also allowed to upload photos of the
printed part of a model part so that other users have a better idea of how the model
file looks like after being printed. However, CGTrader users can only provide their
feedbacks in texts since it doesn’t allow its users to upload photos as their
feedbacks.

9. Providing different ways of sharing a model file means a lot to a designer to make
his/her model file public. Each of these platforms provides 3–8 different ways of
sharing a file including Facebook, Twitter, Pinterest, Google+, Tumblr, Reddit,
Stumbleupon, Linkedin, and Email. It is a faster way for a user to share his/her model
files to others and this function also greatly enhance the visibility of a model file.
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5 Conclusions and Challenges

With the advance in 3D printer technology, 3D printers are more affordable and
popularized. There have been numerous studies of 3D printing technology,
hardware/equipment, and materials. With the trend of crowdsourcing, open source and
sharing, it is obvious that one of the critical parts of the future 3D industry lies in the
3D model platforms. However, few studies have carried out extensive investigation and
comparison of 3D model platforms. In this study, seven 3D model platforms that are
commonly used by maker communities are reviewed and analyzed from four dimen-
sions which include website description, model file information, website function, and
social interaction. It is known from the analysis that, Thingiverse and MyMiniFactory
are the top two 3D model platforms that perform better on these four dimensions. A 3D
modeling beginner is advised to use Thingiverse as the first step of his/her exploration.
For advanced users or other users within special territories such as arts or assistive
devices, MyMiniFactory should be able to meet their requirements. A designer can
build his/her own brand by uploading models. After that, he/she can charge his/her
customers for custom services such as 3D design, modeling, and printing. In general,
the above-mentioned 3D model platforms have provided sufficient functions. However,
they still need to overcome the challenges ahead as follows.

1. Insufficient format information of the file for download: Most of the current 3D
model platforms provide files in .STL format for download. This file format is
simple and it is easy for output so that it can be applied to virtually all 3D printers.
However, the .STL format handles only the profile of a model without any infor-
mation of color, material, or texture. Therefore, the printed parts have no color,
texture, or detailed features. In an effort to enhance the printing technology, the
American Society for Testing and Materials (ASTM) has been promoting new file
formats including AMF and 3MF as the future download formats in an attempt to
resolve the printed parts’ problems of color, material, and texture.

2. Unclear intellectual property (IP) licensing status of model files: Most of the model
files that are available on these 3D model platforms are licensed under the Creative
Commons. This approach can acknowledge users of the file’s licensing status when
they download a model file for use. However, these platforms lack a mechanism of
examining whether a model file that is uploaded by one user might infringe the
other’s copyright. In the future, 3D model platforms need to stipulate their regu-
lation on examining any copyright infringement issue of the model files being
uploaded.

3. Security vulnerability of file information: All of the platform administrators are
encouraging their users to upload model files. However, they do not monitor or
control the quality of the files being uploaded. They cannot guarantee the security of
a model file which might contain a virus. This poses a potential risk to the platform
itself and the security of user information. Therefore, these platforms are advised to
implement risk management on their model files. In order to guarantee information
security, a file is required to pass the secure authentication mechanism before it can
be uploaded to the platform.
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Abstract. Introduction: This study aims to examine the emotional response
towards visual stimuli in people with an advanced stage of dementia. Methods:
One-to-one interview sessions were conducted with nineteen (17 females and
two males) nursing home residents to investigate their response toward different
visual stimuli. Fifteen positive images selected from the International Affective
Picture System (IAPS) were used as visual stimuli. Participants’ attitude and
attention toward each stimulus was rated using the Observational Measurement
of Engagement Tool (OME); their difficulty in recognising each stimulus was
rated via a 3-point scale. Results: Stimuli contained children’s faces received
significantly higher attitude and attention scores than all the other stimuli
(p < 0.05). Stimuli containing animals received the 2nd highest attitude and
attention scores. Stimuli contained human faces or animals appeared to be more
recognisable, especially the ones include children’ faces. A strong, positive
correlation between the attitude and recognisable ranking was identified, which
was statistically significant (p = 0.000). The similar results have been found
between the attention and recognisable ranking (p = 0.002). Discussion: The
results of this study reveal that the people with moderate or severe stages of
dementia still respond strongly to Kindchenschema (baby-schema). It provides
designers with better insights into how to develop products/interventions for
people with dementia, in particular for those in the advanced stage.

Keywords: Emotion design � Product appearance � Dementia care

1 Introduction

The rapid speed of global aging and the increasing prevalence of dementia have
highlighted the importance of long-term care. Currently, around 46.8 million people
worldwide are living with dementia. This number will almost triple by 2050 [1].
Improving the quality of and strategies for dementia care should be a central goal for
researchers and clinical practitioners.
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Empirical evidence shows that positive emotions are related to physical health,mental
health and general well-being [2]. Higher ratios of positive to negative affect have been
found in those who were mentally flourishing [3]. In response to the move of emotionally
orientated and person-centered dementia care [4, 5], several design studies have been
done to explore the design of personalized artifacts for people with dementia, in order to
improve subjective well-being and maintain personhood. This form of personalized
design project focuses on creating artifacts with a reminiscence function. It often starts
with case studies and interviews to understand the life story of a person with dementia and
creates personal items based on the life story [6, 7]. Although the results of this approach
are positive, the effort required to create personalized artifacts limits its accessibility. It
takes great effort to create personalized products for people with dementia. In one design
project, for example, it required 30 volunteers, including designers, artists, caregivers,
scientists, and therapists, to work a full day together to make three personalized dementia
aprons [6]. This does not include the time that the research group spent on collecting life
stories and preferences from the people with dementia.

So far, less attention has been paid to non-personalized products design in the
dementia product design area. The effect of reminiscence approaches, such as using
personal images/video and familiar music to improve mood and well-being people with
dementia, has been well documented by many studies [8, 9] and therefore become
predominate. The effect of non-personalized items in mood change is less addressed. It
is unfortunate as non-personalized products can be produced on a large scale with less
personal research work required.

According to Norman’s model of emotion design, an individual’s emotion expe-
rience toward products is affected by three design aspects: visceral, behavioral, and
reflective [10]. Personalized items provide socio-pleasure and ideo-pleasure to people
with dementia, and thus elicit positive emotion in respect of reflective design.
Non-personalized products, on the other hand, are more likely to elicit positive emotion
through visceral and behavioral aspects. Investigating the emotional response toward
different product appearance can guide designers to create non-personalized products
that people with dementia will likely prefer and engage with. This study, therefore,
aims to examine the emotional response towards visual stimuli in people with an
advanced stage of dementia.

2 Methods

2.1 Procedure and Measurements

One-to-one interview sessions were conducted with nineteen (17 females and two
males) participants to investigate their response toward different visual stimuli. All the
participants were nursing home residents with a moderate to advanced stage of
dementia (CDR2-CDR3), all are white. The average ages of them is 90.7 ± 8.3 years
old. Fifteen positive images selected from the International Affective Picture System
(IAPS) [11] were used as visual stimuli. Those images were grouped in four groups,
which are: (1) Portraits; (2) Landscapes; (3) Animals; (4) Food. Apart from these IAPS
images, one neutral image was used as the control stimulus.
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The participants’ attitude and attention toward each stimulus was measured using
the Observational Measurement of Engagement Tool (OME), a tool which was
developed to record the response of individuals with dementia to the stimuli. The OME
has shown a high degree of validity, inter–rater agreement (84%), and intra-class
correlation (0.78) [12]. Residents’ attention towards an image group was noted on a
4-point scale: (1) not attentive, (2) somewhat attentive, (3) attentive, and (4) very
attentive. Residents’ attitude towards an image group was noted in a 7-point Likert
scale: (1) very negative, (2) negative, (3) somewhat negative, (4) neutral, (5) somewhat
positive, (6) positive, and (7) very positive [13].

The residents’ difficulty in recognizing the subject of the images was recorded
based on a 3-point scale: (0) Not difficult, (1) Somewhat difficult, and (2) Difficult/No
response. Not difficult means the resident recognized the main subject of the image
quickly (in 5 s) without showing any difficulty. Somewhat difficult means the resident
appeared to have some difficulty in response to the image but could recognize the main
subject with the researchers’ instruction. Difficult/No response means the resident
showed no response or could not recognize the image even with the researcher’s help.

The response was rated by a researcher during the interviews and two coders after
the interviews (by listening audio recordings). These two coders had received the
instruction of how to rate the events before they started. The researcher accompanied
the coders while they were rating and played the audio files for them. Each audio file
was only played once, to simulate the on-site rating situation.

2.2 Image Selection and Classification

This study used in 15 IAPS images and one control image (Table 1). These IAPS
images are selected based on their emotion rating data provided in the manual [11].
IAPS provide ratings of three emotional dimensions for each image: pleasure, arousal,
and dominance. The first two dimensions, pleasure and arousal, are known as core
affect described in the circumplex model of emotion [14, 15], and therefore be chosen
to be used in this study for image selection. Pleasure refers to the pleasure/misery of an
emotion; arousal refers to the level of arousal/sleep induced by an emotion. All data
was rated on a 9-point scale, with 9 referring to the highest rating and 1 referring to the
lowest rating.

As the goal of this study is to elicit positive emotion, only images with high
pleasure ratings were selected. These images were then classified into three groups
based on their arousal level: (A) High levels of arousal; (B) Moderate levels of arousal;
and (C) Low levels of arousal. The reprehensive emotion of these three groups, based
on the circumplex model of emotion, are excitement, pleasure, and relaxation,
respectively. Four subject groups were identified, based on the main subject of these
images. The four groups are: (1) Portraits; (2) Landscapes; (3) Animals; and (4) Food.
Group (1) contains six images and can be divided into two subgroups: (1a) Images
without children; (1b) Images including children. Group (2) contains six images and
can be divided into two subgroups: (2a) Images without people; (2b) Images including
people (Fig. 1).
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Table 1. The details of images used in this study

Image description (IAPS
No.)

Arousal
(SD)

Valence
(SD)

Emotional
groups

Subject
groups

Hang glider (5626) 6.10 (2.19) 6.71 (2.06) (A) 2b
Hiker (5629) 6.55 (2.11) 7.03 (1.55) (A) 2b
Sailboat (8173) 6.12 (2.30) 7.63 (1.34) (A) 2a
Skier (8190) 6.28 (2.57) 8.1 (1.39) (A) 2b
Water skier (8200) 6.35 (1.98) 7.54 (1.37) (A) 1a
Baby (2071) 5.00 (2.34) 7.86 (1.32) (B) 1b
Family (2340) 4.9 (2.20) 8.03 (1.26) (B) 1b
Romance (4601) 5.08 (2.01) 6.82 (1.22) (B) 1a
Mountains (5660) 5.07 (2.62) 7.27 (1.59) (B) 2a
Ice cream (7330) 5.14 (2.58) 7.69 (1.84) (B) 4
Cow (1670) 3.05 (1.91) 6.81 (1.76) (C) 3
Bunnies (1750) 4.10 (2.31) 8.28 (1.07) (C) 3
Couple (4700) 4.05 (1.90) 6.91 (1.94) (C) 1a
Sky (5594) 4.15 (2.76) 7.39 (1.45) (C) 2a
Winner (8330) 4.06 (2.28) 6.65 (1.52) (C) 1a
Control (-) - - - -

Fig. 1. The 15 IAPS images were classified into three emotional groups and four subject groups.
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2.3 Data Analysis

All statistical analyses were performed by using IBM SPSS Statistics version 20.
The OME were treated as interval data, in the assumption that the distances between
each of the scale elements are equal. The results of recognizing ratings were analyzed
as ordinal data. The ranks of OME and recognizing have been made to clarify which
stimuli have better results. Friedman’s test was used to examine the difference of OME
scores between the image groups. Wilcoxon signed rank test was used as the post hoc
test. To clarify whether the residents’ emotional response to an image was affected by
their ability to recognize it, the Spearman’s rank-order correlation was run to determine
the relationship between these variables. Inter-rater reliability of the researcher and the
two coders was assessed using a two-way mixed, consistency, average-measures
Intraclass Correlation (ICC) [16, 17].

3 Results

Among these 19 residents, four of them were excluded as they responded with indif-
ference to the images. With the 15 residents, only one resident could recognize all the
images without any difficulty. In the worst case, a resident could only recognize two
images without any difficulty. Table 2 lists the reconcilability ranking of the 16 images.
Generally, images in the emotional group (B) and (C), and those that contained human
faces or animals (subject group (1) and (3)) appeared to be more recognizable, espe-
cially the ones include children’ faces. The landscape pictures seemed to be less
recognizable.

Images containing children’s faces (group 1b) received significantly higher attitude
and attention scores than all the other groups (Tables 3 and 4). Images containing
animals (group 3) received the 2nd highest attitude and attention scores, although there
are still significant differences between these and group (1b). No significant difference
was found between group 1 and group 3. Those results indicate that compared with the
images of landscapes and objects, images of human faces and animals are the better
materials to elicit positive emotions in people with dementia, with the images con-
taining children’ faces producing the best results. The image of object (group 4) appear
to have the lowest attitude score, compared with other IAPS images.

To clarify whether the residents’ emotional response to an image was affected by
their ability to recognize it, the Spearman’s rank-order correlation was run to determine
the relationship between these variables. A strong, positive correlation between the
attitude and recognizable ranking was identified, which was statistically significant
(rs (16) = 0.902, p = 0.000). Similar results were found between the attention and
recognizable ranking (rs (16) = 0.705, p = 0.002). Table 5 presents the ranking of the
three variables measured in this study: attitude, attention, and recognizing. It appears
that the images containing children’s faces had the highest ranking in all the three
aspects. Images with human faces were more easily recognized by the residents and
had higher ranking of attitude and attention. Landscape images were generally less
favorable. Stimuli contained human faces or animals appeared to be more recognizable,
especially the ones include children’ faces. A strong, positive correlation between the
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Table 2. The recognisable ranking of the 16 images.

Image
(IAPS no.)

Emotional
groups

Subject groups Difficult in
recognizing
(%)*

Somewhat
difficult in
recognizing (%)*

No Difficult in
Recognizing
(%)*

Recognizable
ranking

Baby
(2071)

(B) Moderate (1b) Human
face, including
children

0.0 0.0 100.0 1

Family
(2340)

(B) Moderate (1b) Human
face, including
children

0.0 0.0 100.0 1

Romance
(4601)

(B) Moderate (1a) Human
face, without
children

15.6 0.0 84.4 3

Couple
(4700)

(C) Low (1a) Human
face, without
children

13.3 4.4 82.2 4

Winner
(8330)

(C) Low (1a) Human
face, without
children

2.2 17.8 80.0 5

Cow
(1670)

(C) Low (3) Animal 8.9 11.1 80.0 6

Bunnies
(1750)

(C) Low (3) Animal 11.1 11.1 77.8 7

Skier
(8190)

(A) High (2b) Landscape,
including
people

4.4 28.9 66.7 8

Water skier
(8200)

(A) High (1a) Human
face, without
children

2.2 33.3 64.4 9

Mountains
(5660)

(B) Moderate (2a) Landscape,
without people

22.2 33.3 44.4 10

Sailboat
(8173)

(A) High (2a) Landscape,
without people

17.8 40.0 42.2 11

Hiker
(5629)

(A) High (2a) Landscape,
including
people

6.7 60.0 33.3 12

Control
image

– – 24.4 46.7 28.9 13

Hang
glider
(5626)

(A) High (2b) Landscape,
including
people

6.7 71.1 22.2 14

Ice cream
(7330)

(B) Moderate (4) Food 44.4 33.3 22.2 15

Sky (5594) (C) Low (2a) Landscape,
without people

35.6 44.4 20.0 16

*Coders voted how much difficulty (difficult, somewhat difficult, no difficult) a resident showed in recognizing an
image. The results were divided by 45 (the total votes of each image) to get the percentage.
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attitude and recognizable ranking was identified, which was statistically significant
(p = 0.000). The similar results have been found between the attention and recogniz-
able ranking (p = 0.002).

Table 3. The post hoc results of the attitude scores

p value (1) Human face (2) Landscape (3)
Animal

(4)
Food

(5)
Control(1) Total (1a)

Without
children

(1b)
Including
children

(2)
Total

(2a)
Without
people

(2b)
Including
people

(1) Human
face

(1) Total 0.001* 0.001* 0.001* 0.001* 0.003* 0.932 0.002* 0.001*

(1a)
Without
children

0.001* 0.009* 0.011* 0.061 0.088 0.014* 0.001*

(1b)
Including
children

0.001* 0.001* 0.001* 0.001* 0.001* 0.001*

(2) Landscape (2) Total 0.798 0.776 0.005* 0.088 0.012*

(2a)
Without
people

0.798 0.005* 0.201 0.013*

(2b)
Including
people

0.010* 0.059 0.041*

(3) Animal 0.002* 0.001*

(4) Food 0.656

Table 4. The post hoc results of the attention scores

p value (1) Human face (2) Landscape (3)
Animal

(4)
Food

(5)
Control(1) Total (1a)

Without
children

(1b)
Including
children

(2)
Total

(2a)
Without
people

(2b)
Including
people

(1) Human
face

(1) Total 0.001* 0.001* 0.001* 0.001* 0.001* 0.95 0.073 0.001*
(1a)
Without
children

0.001* 0.084 0.069 0.272 0.051 0.972 0.006*

(1b)
Including
children

0.001* 0.001* 0.001* 0.002* 0.001* 0.001*

(2) Landscape (2) Total 0.421 0.363 0.002* 0.379 0.022*
(2a)
Without
people

0.382 0.002* 0.221 0.123

(2b)
Including
people

0.004* 0.382 0.020*

(3) Animal 0.033* 0.001*
(4) Food 0.024*
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The averaged ICC = 0.82 (range 0.62–1) for the three rating variables (attention,
attitude, and difficulty in recognizing), suggests an excellent agreement between the
three coders. The averaged ICC for each variable was reported as follows: attitude: 0.85
(range 0.67–0.93); attention: 0.74 (range 0.63–0.89); difficulty in recognizing: 0.88
(range 0.62–1).

Table 5. Overall responsiveness to 16 picture stimuli: Ranking of different aspects of variables.
Ordered by attitude ratings.

Emotional
groups

Subject groups Ranking:
Attitude

Ranking:
Attention

Ranking:
Recognizing

Baby
(2071)

(B) Moderate (1b) Human face,
including children

1 1 1

Family
(2340)

(B) Moderate (1b) Human face,
including children

2 2 1

Bunnies
(1750)

(B) Low (3) Animals 3 3 6

Cow
(1670)

(C) Low (3) Animals 4 4 5

Winner
(8330)

(C) Low (1a) Human face,
without children

5 10 4

Romance
(4601)

(B) Moderate (1a) Human face,
without children

6 11 2

Couple
(4700)

(C) Low (1a) Human face,
without children

7 5 3

Water skier
(8200)

(A) High (1a) Human face,
without children

8 6 8

Sailboat
(8173)

(A) High (2a) Landscape,
without people

9 9 10

Skier
(8190)

(A) High (2b) Landscape,
including people

10 8 7

Mountains
(5660)

(B) Moderate (2a) Landscape,
without people

11 12 9

Hang
glider
(5626)

(A) High (2b) Landscape,
including people

12 13 13

Hiker
(5629)

(A) High (2b) Landscape,
including people

13 14 11

Sky (5594) (C) Low (2a) Landscape,
without people

14 16 15

Ice cream
(7330)

(B) Moderate (4) Food 15 7 14

Control
image

– – 16 15 12
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4 Discussion

The visual appearance of products plays a vital
role in how people respond to them [18]. The results of this study revealed that this
phenomenon can still be found in people in the late stages of dementia. Compared to
images of animals, landscape, and food, the research participates tend to have less
difficulty in recognizing portraits. A clear preference of images of children and animals
has also been identified. In addition, the results suggested a positive correlation
between the attitude and reconcilability rankings, which means images that were easily
recognized tend to receive better responses from people with dementia.

As the dementia progresses, many people experience difficulties in recognizing
familiar objects or surroundings.People in the advanceddementia often lose their ability to
interact with stimuli but still reserve some ability to response to human interaction. This
phenomenon was reflected by this study. Most of the research participates, even those in
the late stages of dementia, were able to appreciate portrait images. In fact, while some
participants experienced difficulties in understanding the three adult portraits, none of
them showed difficulties in appreciating the images of baby and small children. This result
suggests that portrait images are the better choice to provide visual stimulation for people
in the late stages of dementia. Lack of spatial awareness is often found in people with
dementia. Pictures taken from a view of a long shot (for example, “hiker (5629)”) or a
detail shot (for example, “ice cream (7330)”) might make it difficult for the people with
dementia to recognize them, which could limit their enjoyment of these images. The
results of this study also suggest a positive correlation between the attitude and recog-
nizably ranking. It once again emphasizes the importance of “product appearance.” As a
stimulus evokes people’s emotional response though its aesthetic impression, semantic
interpretation, and symbolic association [18], it is predicable that limitations to inter-
preting a stimulus affect the individual’s emotional response toward it. It is not unusual,
however, to see long shot and detail shot images are displayed on nursing homes walls.
These images could serve a role to entertain the staffs and visitors, but less likely to be
effective visual stimuli for people in the late stages of dementia.

According to the ethologist Konrad Lorenz [19], baby-schema, such as a round
face, large eyes, a small nose, a high forehead (see Fig. 2), evoke positive emotions and
motivate caretaking behavior in human beings. This theory has been confirmed by
several behavioral studies, which indicated that faces with high baby-schema were
found to be more attractive and elicited stronger motivation of caretaking [20, 21]. In
real life practice, some kindergartens arrange children to visit nursing homes, sug-
gesting it encourages social engagement and promote physical activity of nursing home
residents [22]; Pet therapy is adopted by many nursing homes as a regular activity, with
positive effects demonstrated by many research papers [23]. In addition, given the
benefits of interacting with little children and pets, baby dolls and robotic animals have
been developed for people with dementia for therapeutic purpose. Although the evi-
dence is still weak (no large-scale study have been conducted so far), some studies
suggested doll therapy and robot therapy might improve communication and reduce
behavioral symptoms [24–27]. Besides, although they are not real babies and animals,
it has been found that products with a physical appearance of baby-schema can elicit
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caretaking behavior in people with dementia. For example, in one case study, a
research participate with dementia apologized to Paro, the baby harp seal robot with
clear baby-schema appearance (Fig. 3), before he had to leave [27].

Despite doll therapy and robotic therapy being adopted by more and more nursing
homes, they are still seen as controversial interventions. Some family members were
upset to see their loved ones being “treated as child” [28]. Besides, it raises ethical
concerns of not telling people with dementia that what they are holding in arms are not
real creatures but dolls and robotics [29].

The integration of baby-schema into daily products without having the products
mimic the behaviors of babies and animals might be a more preferable approach. In
fact, baby-schema has been applied in everyday products as an approach of emotional
design. For example, it has been found that people had a more positive response toward
cars with baby-schema features, and no habituation has been found after repeated
exposures [30]. Our study has shown that the research participates manifested a more
positive response towards the images of little children and animals. It could be
explained that these types of images are simply more preferable, as they all contain the
characteristics of baby-schema. Further research might work on how to effectively
integrate baby-schema into product design and investigate its effect of eliciting positive
emotions in people with dementia.

Fig. 2. The ideal face that contains all
the features of baby-schema. Source:
[21]

Fig. 3. Paro, the baby harp seal robot comes
with a round face, large eyes, and a small
nose. Source: [27]
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Abstract. These days, we live in a multi-screen world with various devices for
personal use. Designing a website that can provide the best user experience and
increasing customer retention rates for more websites are both crucial. This
study aims to explore which RWD main menu design can provide the best user
experience (UX). By taking different website samples, this study analyzes the
relevance between “website main menu design factors” and “different user
experience dimensions” using an experimental method. Our results indicate the
criteria for the best design parameters for RWD main menus for laptops, tablet
PCs, and smartphones in order to create the best web experience for the user.

Keywords: User experience � Responsive Web Design (RWD)
Interaction interface � Menu

1 Introduction

Ericsson, one of the biggest and most famous technology companies, pointed out in the
Ericsson Mobility Report that the number of portable device users in the world sur-
passed 7.6 billion in the first quarter of 2017 and continues to grow by 1 million new
users every day (Ericsson 2017a). This type of development means that every person is
getting more and more mobile devices. With the most obvious devices being smart-
phones, tablet PCs, and laptops, we are entering a multi-screen world, and the greatest
distinction among these various devices is that every screen has a different size and
aspect ratio. Based on previous findings, the top three activities that people use these
mobile devices for are social networking, video streaming, and web browsing (Ericsson
2017b). For designers, how to create digital content whose layout can function on
screens with different sizes and aspect ratios is a very difficult and challenging issue.
If each edition has to be separately developed for each web browsing vehicle, the
development costs will significantly increase, and the maintenance of the function and
content will become more difficult (Gardner 2011). Therefore, Ethan Marcotte
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developed the concept of responsive web design (RWD) in 2010, pointing out that
RWD is the technology used for web design. Through the inspection mechanism, the
layout and navigation can be automatically adjusted for the screens of different devices
in order to maintain the standard of the content, reduce the time spent on zooming,
moving, and scrolling while browsing the content, and provide a better user experience
for the users (Marcotte and Eyrolles 2017).

The term “user experience” refers to the user’s response and feeling after using the
product, information system, or other service. User experience contains the user’s
recognition, emotion, preference, and awareness and can affect the user with regard to
making a distinctive judgment between a company and its competitor based on
impression, thus determining the customer retention rate of a company or a website
(Gardner 2011). Interface is the outermost level of user experience; therefore, a better
user experience can be provided to the user if the quality of the design is better. The
information specialists Morville and Rosenfeld (2006) proposed that the menu that is
responsible for the web navigation plays a crucial role in linking the web information
interface and is a very important area with significant function. Most researchers
wonder how a website’s main menu in a multi-screen world with different sizes and
aspect ratios can be properly designed to provide the best user experience and increase
the customer retention rates for more websites. Therefore, this study aims to explore the
following questions: (a) In different mobile devices, which kind of RWD design
parameter group in the main menu is better? (b) In different mobile devices, what is the
difference between various RWD design parameters and different user experience
dimensions?

2 Literature Review

2.1 Responsive Web Design

In recent years, situations like multiple browsers on devices and different sizes and
aspect ratios of different screens have created some problems to the layout of web
content, as well as have seriously impacted the web browsing experience. To obtain
better browsing efficiency, different web versions were traditionally designed for dif-
ferent devices; however, doing so can have a bad effect on web maintenance. There-
fore, Ethan Marcotte became the first to publish an article, “Responsive Web Design,
RWD,” on the webzine, A List Apart (alistapart.com). He argues that a web edition
should not be developed and created for just one device and its resolution but should be
developed and created to be used with all web browsing devices (Marcotte 2011). Such
technology lets the user read and navigate on different browsers with less time spent
zooming, moving, and scrolling and provides the user the best web browsing experi-
ence. In summary, RWD has several main purposes (Doyle 2011): (a) to adjust the
display style of the interface to fit any size and resolution of a screen; (b) to adjust the
size and location of the main menu to fit the resolution of the screen; (c) to prepare
images with a smaller file size for mobile devices; (d) to simplify page elements for
mobile devices; and (e) to provide a larger link or button that is easy to touch and use
on devices with small resolution. Therefore, Peterson (2014) suggests that RWD is not
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only the visual performance of a website but also includes technology and the user
experience (Fig. 1).

The information specialists Morville and Rosenfeld (2006) in Information Archi-
tecture for the World Wide Web explain that a website’s main menu is a “site-wide
navigation system” responsible for connecting web information and is also a very
important area with the crucial role of linking the interface of web information.
Likewise, Garrets (2010) in The Elements of User Experience: User-Centered Design
for the Web argues that the main menu is an information structure that decides three
ways of interaction between the user and the web: information design, interface design,
and navigation design.

2.2 Human–Computer Interaction and User Experience

Currently in the design of human-computer interaction (HCI), the main focus has
changed from usability-oriented interaction to user experience (UX) (Huang and Chen
2013; Huang et al. 2014a; Partala and Kallinen 2011). It also emphasizes the need to
consider behavior models, needs, attitudes, and other possible problems from the user’s
perspective for the design, as well as lets the user experience become a part of the
design thought process (Huang et al. 2014b; Kincl and Štrach 2012; Kotamraju and
van der Geest 2012). User experience is still a new concept; therefore, many scholars
have defined it differently ideas, and we have organized their concepts and definitions
in Table 1 below:

Fig. 1. Ethan Marcotte across four different breakpoints Source: https://responsivedesign.is/
examples/ethan-marcotte/
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The term “user experience” is mostly used in marketing when promoting a product
or information system. User interface is the interaction interface between the system
and the user. The interface is used by the user to help understand the system and
properly use it; the interface helps the system deliver information. A good user
interface (UI) design can provide easier and more effective service to improve the
system and enhance the frequency of use and satisfaction (ISO 2009; Lasseter 1987).

In summary, the role that user experience plays is becoming more and more
important for the user in the design of HCI (Partala and Kallinen 2011). For users, the
experience is continuous, and the feeling can be established by the interaction between
the user and the product, information system, or interactive process of the service.
Therefore, all the thoughts, feelings, and recognitions that the user has during the
interactive process create the user experience. Said user experience from the interaction
between the user and the system is a crucial factor that decides whether a website is
successful or not. User experience has developed into a significant issue of
human-machine interaction and interface design (Hassenzahl and Tractinsky 2006),
and the behavior analysis theory of the user can be considered an important reference
for improving such designs (Butler and Jacob 1997).

2.3 Measuring User Experience

Different measurement tools have been created as user experience has grown as a
primary consideration. Hartson and Pyla (2012), in The UX Book: Process and
Guidelines for Ensuring a Quality User Experience, indicate that a scale is the main
tool for collecting users’ subjective data among all methods for measuring user
experience. It can not only be used as a standalone measurement method but can also
be regarded as a supplementary tool for the data of an experimental method. Moreover,
in Measuring the User Experience: Collecting, Analyzing, and Presenting Usability
Metrics, Albert and Tullis (2013) claim that a scale can help provide such important
information as user perception and interaction. Currently, many different scales for user

Table 1. Concepts and definitions of user experience

Scholar Concept and definition

ISO (2009) User experience is the user’s thought and response when using or
anticipating to use a product, system, or service, including the user’s
feeling, belief, preference, recognition, physical and psychological
response, behavior, and achievement

Goto and Cotler
(2004)

User experience is the entire feeing and interaction between the user and
a company, product, or service. Good user experience can help the user
easily and successfully finish the task requirements

Roto (2007) User experience is not only for the user but also includes the system
features and the quality of the experience with regard to the interaction
between the user and the system

Kuniavsky
(2010)

User experience is the perception after the user interacts with the system,
including effectiveness, efficiency, and emotional satisfaction

Kraft (2012) User experience emphasizes the user’s “feeling” when using a product
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experience have been developed and widely used, and the most popular ones are briefly
described below:

(a) ASQ (after-scenario questionnaire)
This questionnaire was developed by Lewis (1991). The scale, which has three items
per set, is used for every question, and three basic dimensions are involved in every
question: effectiveness, efficiency, and satisfaction. The web interface of Gary Perlman
can be evaluated using a subjective method.

(b) SUS (system usability scale)
This subjective perception scale, which was developed by Lewis and Sauro (2009), is
frequently used for analyzing the usability of a product. Taking cross-examination as a
method, the purpose is to help businesses understand the usability of a product and
compare it with the previous product or a competitor’s product. Meanwhile, data
collection and analysis can be easily accomplished; therefore, only a small workforce
and few expenses are required to easily satisfy the business’s needs.

(c) QUIS (questionnaire for user interaction satisfaction)
This questionnaire was created by Brooke (1996) to measure the subjective feeling of
the user in a multidimensional way after operating a system. This questionnaire has five
parts: (i) system total response; (ii) screen display; (iii) interface words and information
display; (iv) learning; and (v) software function.

(d) UEQ (user experience questionnaire)
This questionnaire was created by Laugwitz et al. (2008), who collected and verified
the data of more than 9,000 people in different systems, such as commercial software,
web, online shopping, and social media for many years. Currently, the version has been
translated into 16 languages, which can be found on the UEQ-Online website of user
experience scale (http://www.ueq-online.org) established by Hinderks, Schrepp, and
Thomaschewski. Six dimensions and 26 items are included in the scale, as shown in
Table 2.

Table 2. UEQ dimension and item description

Dimension Item Concept and definition

Attractiveness annoying-enjoyable According to the impression of this
system, does the user like it?good-bad

unlikable-pleasing
unpleasant-pleasant
attractive- unattractive
friendly-unfriendly

Efficiency fast-slow Is the user able to use this system quickly
and efficiently, and can the user interface
look more organized?

inefficient-efficient
impractical-practical
organized-cluttered

(continued)
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Compared with other scales that measure user experience, UEQ provides a better
and more complete user experience dimension, while its feature of having less items
and using adjectives with opposite meanings can shorten the time needed for the
memory to work, thus quickly obtaining the user’s real response and feelings.
Therefore, we adopted UEQ as the measurement tool in this study.

2.4 Technology Acceptance Model

To explore how much the user can accept the information system, Davis (1989)
developed a technology acceptance model (TAM) that is generally considered the
theoretical foundation for predicting and explaining a user’s behavior regarding new
technology (Huang et al. 2014b; López-Nicolás et al. 2008; Venkatesh et al. 2003). The
reason is that TAM can provide effective and accurate prediction of usefulness and ease
of use of an information system (Kim 2008; Schepers and Wetzels 2007; Taylor and
Todd 1995). In TAM, the user’s actual usage is determined by the following process.
First of all, the user’s perceived usefulness (PU) and perceived ease of use (PEOU) in
the system will mutually affect the user’s attitude (ATUT), and ATUT and PU will
determine whether behavior intention (BI) can be accepted (Davis et al. 1989; Huang
et al. 2014a). Furthermore, PU, which means that the user’s performance of the work
can be achieved by using the system, will not only affect the positive correlation of
ATUT and BT but will also be affected by the positive correlation of PEOU. PEOU,
which refers to how the user feels about the ease of use of an information system, will
affect the positive correlation of PU and ATUT. ATUT, which refers to the user’s

Table 2. (continued)

Dimension Item Concept and definition

Perspicuity not
understandable-understandable

Is the user able to easily understand how
to easily operate and use it as quickly as
possible?easy to learn-difficult to learn

complicated-easy
clear-confusing

Dependability unpredictable-predictable Is the interaction between the user and
the system in control? Can the user
predict the security of the system in the
interactive process?

obstructive-supportive
secure-not secure
meets-does not meet
expectations

Stimulation valuable-inferior Is the process of using the system
interesting? And does the user have the
motivation for further use?

boring-exciting
not interesting-interesting
motivating-demotivating

Novelty creative-dull Is the system design more creative or
innovative? Can it attract the attention of
the user?

inventive-conventional
usual-leading edge
conservative-innovative
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feelings about and response to the system, will be affected by the positive correlation of
PU and PEOU. Finally, BI, which refers to how much behavior intention the user has,
will be affected by the positive correlation of PU and ATUT (Fig. 2).

3 Method

Regarding the purpose and question, this study uses Davis’s TAM Model as the
theoretical foundation to understand what effects the different “outer variables” of a
RWD main menu have on user experience for the user’s PU, PEOU, and ATUT, as
well as to predict and explain which design parameter group of the main menu can
provide the best user experience (Fig. 3).

3.1 Typical RWD Main Menu Extraction and Production

With regard to RWD outer variables, many relevant RWD design forms can be chosen
in order to obtain a different but significant form for the main menu. First, we obtained
the “Top 100 websites” front pages selected from a popular evaluating website,
“Awwwards,” and printed them on A4 paper. Next, we invited four professional web

Fig. 2. Technology acceptance model framework (Davis et al. 1989)

Fig. 3. The study framework and variable level
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design specialists to carry out morphological analysis on the layout parameter of the
most frequent RWD main menus and “Top 100 websites” by means of focus groups to
obtain the typical different items and categories. Moreover, we performed a repre-
sentative analysis on the size and resolution of different web browsing devices, the
results of which are shown in Table 3.

“Menu level” refers to the levels of the menu information framework. One-level
means only one level is on the menu, and two-level means a classified menu. “menu
status” has three typical categories: (a) Traditional – it is at the top of a webpage and is
regularly displayed; (b) Hidden – it is closed when entering a webpage and can be
displayed after clicking on the zoomed screen of the main menu; and (c) Direct display
– it is shown in the center of the screen with a large size when entering the webpage
and can be automatically closed by clicking an item. Laptops, tablets, and smartphones
are the most frequent “browsing devices,” and the typical device size can be decided
according to the screen size and resolution of different devices. Six (2X3) different
experimental samples of the main menu can be seen, resulting in a total of 18 samples
for the three typical browsing devices (Table 4).

We used Bootstrap 4 to produce the webpage experimental samples, including
jquery.js standard library, the CSS style sheet of bootstrap framework, JavaScript
runtime library, and self-written CSS style sheet. Considering that the user may be
affected by other factors of the main menu in the sampling, the color, word size, and
web elements of the samples will be properly controlled. Furthermore, considering the
user’s situational simulation, the carousel banners that are frequently used on the web
will be added to help respondents easily fit into the situation (Fig. 4).

Table 3. The analytic results of responsive web design main menu forms

Item Category

Menu level (a) one-level, (b) two-level
Menu status (a) traditional, (b) hidden, (c) direct display
Browsing
device

(a) Laptop (14”, 1920*1080 px), (b) Tablet PC (10.1”, 1280 � 800 px),
(c) Smartphone (5.7”, 1440*720 px)

Table 4. The list of experimental sample design parameters

Experimental sample no. Menu level Menu status

S1 One-level Traditional
S2 One-level Hidden
S3 One-level Direct display
S4 Two-level Traditional
S5 Two-level Hidden
S6 Two-level Direct display

242 K.-L. Huang et al.



3.2 The Experimental Design and Process

Research participants are qualified if they meet the following conditions: (a) having the
online experience of using the three devices of laptop, tablet PC, and smartphone;
(b) do not have significant visual or hearing impairment after correction; and (c) have
the stability of body and mind and an age range between 18*60. Furthermore, for the
experiment design, we used the within-subjects design so that all participants can
experience every situation of the experiment. In order to properly control irrelevant
variables and obtain the causal relationship, the laboratory experiment is chosen to use.
UEQ is considered the measurement scale, and the semantic differential scale with
seven intervals from the Chinese Version of the official website is used. The original
order and reverse questions will be kept. Instruments and materials include:
(a) Devices: Laptop (14”, 1920*1080 px), Tablet PC (10.1”, 1280 � 800 px), and
Smartphone (5.7”, 1440*720 px);(b) A projector. The experimental process can be seen
in Table 5.

Fig. 4. Extracted experimental sample: Laptop, Tablet PC, and Smartphone, from left to right

Table 5. The experimental process

Step Description Duration

1. Situation
setting

Only the respondent and the researcher remain in a
confined space without disturbance, and the temperature is
maintained between 24–26 °C

2 min

2. Warm up and
introduction

The researcher uses a PPT file to describe the purpose of
the study, the process, the scale, and the operation of the
devices

8 min

3. Experiment Browse six different experimental samples in sequence.
Start with the laptop to browse experimental sample 1 and
fill in the UEQ scale. Then do it again with the tablet PC
and the smartphone. After that, change to sample 2 and
complete all 18 samples to evaluate the causal relationship
between stimulus and response. The tablet PC and the
smartphone can be browsed either vertically or horizontally
to resemble the real situation

40 min

4. Data
confirmation

Collect the data and ensure all information has been
completely filled out
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4 Results

The purpose of this study is to explore which RWD main menu design parameter group
can create the best user experience. We also want to understand the difference between
main menu design parameters and different user experience measurement dimensions
in different mobile devices.

4.1 Basic Outline of the Experimental Samples

In the experiment, the effective sample size was 46, including 20 women (43%) and 26
men (57%). The age range was between 20–53 years (M = 27.84, SD = 12.44). With
26 items in the UEQ scale, the information of the six dimensions of attractiveness,
perspicuity, efficiency, dependability, stimulation, and novelty was collected using a
semantic differential scale with seven intervals. First, we reversed the score of the
reverse questions and changed the original seven scales of 1*7 to –3*+3. When the
value is positive, it means the positive value is in fact the negative value. Next, we
added all scores of each dimension and averaged them to obtain the stimulus of the
participants in every experimental sample and evaluate the average result based on
different user experience dimensions. Therefore, the evaluation and preference of user
experience can be seen by the scores shown in Table 6.

Table 6. The evaluation results of UEQ dimension means in different experimental samples

Sample S1 S2 S3 S4 S5 S6

Laptop Attractiveness 1.85 –2.83 0.83 1.2 –0.2 1.16
Perspicuity 2.1 –0.45 1.69 3.78 1.46 1.02
Efficiency 1.52 –1.2 0.25 3.27 –1.3 1.2
Dependability 2.25 –1.27 1.21 2.74 –0.99 1.25
Stimulation 0.09 –0.05 1 0.48 0.01 0.96
Novelty –2.18 1.19 1.49 –2.21 1.23 1.5
Score 5.63 –4.62 6.48 9.25 0.21 7.08

Tablet PC Attractiveness 1.83 –0.16 1 1.21 –0.16 1.33
Perspicuity 1.89 0.25 2 2.82 0.2 1.93
Efficiency 2.01 –0.98 0.26 2.82 –0.96 1.49
Dependability 2.16 –0.73 1.49 2.8 –0.75 1.72
Stimulation 0.01 1 1.73 0.74 –0.01 1.25
Novelty –2.15 0.26 1.24 –2.2 0.99 1.23
Score 5.75 –0.36 7.71 8.2 –0.69 8.95

Smartphone Attractiveness –2.37 1.77 1.93 –2.31 1.82 1.97
Perspicuity 0.75 1.7 2.21 0.74 1.98 2.4
Efficiency –0.91 1.39 1.47 –1 1.75 2.4
Dependability –0.9 1.9 3.18 –0.7 2.25 2.2
Stimulation –1.94 1.22 1.48 –0.41 1.23 1.52
Novelty –0.74 –0.38 –0.2 –1.58 –0.23 –0.01
Score –6.11 7.6 10.07 –5.27 8.81 10.47
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From the previous table, we can see that S4 has the best evaluation, and S2 has the
lowest evaluation for the laptop. For the tablet PC, S4 and S6 have the best evaluations,
and S2 and S5 have the lowest evaluations. For the smartphone, S3 and S6 have the
best evaluations, and S1 and S4 have the lowest evaluations. All of the above results
can be considered the basic evaluation results, but further analysis is required to
understand the relevance between different user experience dimensions and design
factors.

4.2 The Construction of Relevance Between Different User Experience
Dimensions and Design Factors

Quantification I, a qualitative multiple regression analysis, is a categorical multiple
regression analysis method that is used to measure how intensely a description variable
(qualitative item) can affect a purpose variable (Chen 2011). In order to get function
relations between the variable (purpose variable) and other “qualitative” items (0 or 1
dummy variable can be taken), multiple regression analysis is used to measure how
intensely a description variable (qualitative item) affects the purpose variable. Every
description variable (qualitative item) consists of many categories. If all samples are
selected in every item and only one of them can be selected, the regression model can
be established to predict the variability of information and event. The description
variable is qualitative (nominal scale); and the purpose variable is quantitative (metric
ordinal scale) (Chen 2011).

When the respondents were in the process of the experiment, the results were
evaluated by entire experimental samples. The entire RWD included different design
forms; therefore, we could not neglect the potential effect of design factor forms on the
respondents’ user experience while the respondents were evaluating the samples.
Furthermore, the relevance of design factors on the entire RWD must also be calcu-
lated. This study used experimental samples to obtain the stimulus of the respondents
and then the subjective evaluation by means of UEQ and main menu design parameters
to obtain the quantitative relationship between “the categories of design factor forms”
and “user experience dimensions.” Quantification I is a qualitative multiple regression
analysis that can establish the relationship between user experience dimensions and
design factor categories. Therefore, this study adopted the analytic technology of
quantification I to determine relevance.

The Construction of Relevance Between Laptop and User Experience
We took the eight experimental webpage samples for the laptop as description variables
and the averages of the six user experience dimensions as the purpose variables to
analyze the relevance between “the six dimensions of user experience” and “web
design factors,” as shown in Table 7.

According to the theory of quantification I, we can see that if the value of item
partial correction (IPC) and categories score (CS) is greater, then the effect of the item
or the category on user experience dimensions is also greater. IPC is used to express a
user experience dimension that has a preference for an item (design factor). CS is used
to express how intense the relationship between the categories of design factor and a
user experience dimension may be. A positive value means positive relevance, and a
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negative value means negative relevance. The coefficient of determination (R2) refers
to the reliability of the entire prediction model. When closer to 1, the reliability is
higher. Regarding the judgment of the prediction of reliability, Sugiyama and Inoue
(1996) pointed out the relationship between multiple correlation coefficient (R) and
reliability, which is shown in Table 8.

Regarding “attractiveness” in Table 7, we can see the IPC of menu status (0.89) is
higher and affects the relevance of attractiveness most when compared with other
design factors. Therefore, the development of these design factors should be considered
by designers to enhance user experience and let the effect of this feature be fully
developed to satisfy the user experience need of customers. In contrast, the IPC of
menu level (0.49) is lower, which means that the relevance between the design factor
and attractiveness is lower. Therefore, without affecting other conditions for the entire
design, this can be considered a the secondary priority for the development of design
factors when the image of attractiveness is established.

Table 7. The Quantification I analytic results of the Laptop

Item Category
Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty

CS IPC CS IPC CS IPC CS IPC CS IPC CS IPC

Menu
Level

One-Level -0.38
0.49

-0.49
0.64

-0.43
0.75

-0.13
0.82

0.07
0.23

0.00
0.20

Two-Level 0.38 0.49 0.43 0.13 -0.07 0.00

Menu
Status

Traditional 1.19

0.89

1.34

0.87

1.77

0.97

1.63

1

-2.12

0.98

-2.37

1Hidden -1.85 -1.10 -1.87 -1.99 0.75 1.04

Direct 
Display

0.66 -0.24 0.10 0.37 1.37 1.33

Constant Term 0.34 1.60 0.62 0.87 0.41 0.17

R= 0.89 R= 0.88 R= 0.97 R= 0.99 R= 0.98 R= 0.99

R2= 0.80 R2=0.78 R2= 0.94 R2= 0.98 R2=0.96 R2=0.99

Table 8. The relationship between R and Reliability

Multiple correlation
coefficient (R)

Reliability

0.00*0.20 Low relevance is shown in the predictive value
0.20*0.40 Relevance is shown in the predictive value
0.40*0.70 Strong relevance is shown in the reliability of the predictive

value
0.70*1.00 Very strong relevance is shown in the reliability of the

predictive value
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CS contains the positive value and the negative value; the positive value means a
positive correlation effect on user experience. When CS is higher, the effect is bigger.
Taking “attractiveness” as an example, the “traditional” value (1.19) of the “menu
status” is the highest. This means that the image of “attractiveness” can be established
and properly evaluated when the “menu status” is designed in the “traditional” Way. In
contrast, the image of “attractiveness” cannot be established or properly evaluated
when the “menu status” is designed in the “hidden” way (–1.85). Therefore, the
combination of “two-level” with “traditional” in design factors can sufficiently show
the effect of the feature to satisfy the “attractiveness” of user experience for customers.
In this “attractiveness,” R is 0.89 and R2 is 0.80, which indicates a strong relevance of
the reliability of the predictive value. By following this rule, the features of the design
factor categories for the construction of user experience dimensions can be organized
and concluded as criteria for the best design factor, as shown in Table 9.

Table 9. Laptop RWD main menu design factor compatibility list

Dimension Design factor R
Menu level Menu status

UX Attractiveness Two-level Traditional 0.89
Perspicuity Two-level Traditional 0.88
Efficiency Two-level Traditional 0.97
Dependability Two-level Traditional 0.99
Stimulation One-level Direct display 0.98
Novelty NA Direct display 0.99

Table 10. The Quantification I analytic results of the tablet PC

Item Category
Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty

CS IPC CS IPC CS IPC CS IPC CS IPC CS IPC

Menu
Level

One-Level 0.05

0.24
-0.13

0.50
-0.34

0.75
-0.14

0.82
0.13

0.32
-0.11

0.53
Two-Level -0.05 0.13 0.34 0.14 -0.13 0.11

Menu
Status

Traditional 0.68

0.97

0.84

0.97

1.64

0.97

1.37

1

-0.41

0.81

-2.7

0.99Hidden -1.00 -1.29 -1.74 -1.86 -0.29 0.73

Direct 
Display

0.32 0.45 0.10 0.49 0.70 1.34

Constant Term 0.84 1.51 0.77 1.11 0.79 -0.10

R= 0.96 R= 0.96 R= 0.98 R= 0.99 R= 0.81 R= 0.99

R2= 0.93 R2=0.94 R2= 0.97 R2= 0.98 R2=0.66 R2=0.98
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The Construction of Relevance Between Tablet PC and User Experience
We took the eight experimental web samples for the tablet PC as description variables
and the averages of the six user experience dimensions as the purpose variables to
analyze relevance, which can be seen in Table 10.

According to the quantification I analytic results in Table 10, the features of the
design factor categories for the construction of user experience dimensions can be
organized and concluded as criteria of the best design factor for tablet PCs, which is
shown in Table 11.

The Construction of Relevance Between Smartphone and User Experience
We took the eight experimental webpage samples for the smartphone as description
variables and the averages of the six user experience dimensions as the purpose
variables to analyze relevance, which can be seen in Table 12.

Table 11. Tablet PC RWD main menu design factor compatibility list

Dimension Design factor R
Menu level Menu status

UX Attractiveness One-level Traditional 0.96
Perspicuity Two-level Traditional 0.96
Efficiency Two-level Traditional 0.98
Dependability Two-level Traditional 0.99
Stimulation One-level Direct display 0.81
Novelty Two-level Direct display 0.99

Table 12. The Quantification I analytic results of the Smartphone

Item Category
Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty

CS IPC CS IPC CS IPC CS IPC CS IPC CS IPC

Menu
Level

One-Level -0.02

0.99
-0.08

0.78
-0.20

0.70
0.06

0.23
-0.26

0.60
0.08

0.33
Two-Level 0.02 0.08 0.20 -0.06 0.26 -0.08

Menu
Status

Traditional -2.81

1

-0.89

1

-1.81

0.99

-2.13

0.99

-1.69

0.96

-0.64

0.89Hidden 1.33 0.21 0.72 0.70 0.71 0.22

Direct 
Display

1.48 0.67 1.08 1.44 0.98 1.42

Constant Term 0.47 1.63 0.85 1.34 0.52 -0.52

R= 0.96 R= 0.99 R= 0.98 R= 0.98 R= 0.96 R= 0.88

R2= 0.93 R2=0.99 R2= 0.97 R2= 0.97 R2=0.92 R2=0.79
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The quantification I analytic results in Table 12 can be organized and concluded as
criteria of the best design factor for the smartphone, which is shown in Table 13.

5 Conclusions and Suggestions

Currently, designers tend to focus on “humanity” when designing an interaction
interface; therefore, they should regard people’s feelings and incorporate them into the
elements of the design to understand humanity, which creates value in the user
experience, elevates a user’s intention to use a system, and increases competitiveness.
Based on this idea, this study concentrates on the cross-screen web browsing on mobile
devices and uses different RWD design parameters as the research target to understand
how the setting of “different RWD design parameters” can obtain the best browsing
experience for users of different mobile devices. Finally, the best design criteria for
“different RWD main menu design parameters” and “different user experience
dimensions” of different mobile devices (laptop, tablet PC, and smartphone) can be
organized and concluded. The following research results were obtained:

With a larger screen, the “traditional” form of the “main status” is better for laptops.
By analyzing user experience dimensions, we can understand that it has better fre-
quency of use but lacks stimulation and novelty. The “Two-level” form of the “main
level” is better only on the premise of having a great amount of information for
classification. It is suggested to use the “two-level” form to enhance not only attrac-
tiveness but also the value of perspicuity and efficiency of frequency of use.

The screen size and resolution between tablet PCs and laptops differ only slightly;
therefore, the result of the “menu status” of different user experience dimensions for
tablet PCs is similar to that of laptops. The “Two-level” way of the “main level” is also
preferable and can elevate the frequency of use but cannot bring better values for
attractiveness and stimulation.

With the smallest screen size, which obviously affects the layout of the web con-
tent, the “direct display” of the “menu status” of different user experience dimensions is
best for smartphones. The second best is the “hidden” way, while the “traditional” way
is the worst with a negative correlation. Therefore, it is strongly suggested not to use it.

Table 13. Smartphone RWD main menu design factor compatibility list

Dimension Design factor R
Menu level Menu status

UX Attractiveness One-level Direct display 0.96
Perspicuity Two-level Direct display 0.99
Efficiency Two-level Direct display 0.98
Dependability Two-level Direct display 0.98
Stimulation One-level Direct display 0.96
Novelty Two-level Direct display 0.98
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Moreover, the “two-level” way of the “menu level” is better for frequency of use, but
“one-lever” is better for dependability and novelty.

According to the above results, we can better understand that the screen size of
different RWD devices can profoundly affect the main menu design parameters. The
best design criteria of “different RWD main menu design parameters” and “different
user experience dimensions” obtained in this study can be practically considered as
references for web designers that develop interaction interfaces, as well as a reference
for enhancing the value of interaction between the user and the webpage. These results
can likely help designers to quickly obtain the design emphasis and manage user
experience more delicately and precisely. Therefore, the value of user experience can
be elevated to stimulate the user’s intention to use the system and create competi-
tiveness in the field.

In this study, the “two-level” way is mostly used in the “main menu” of RWD of
different devices. We suggest using the “two-level” way on the premise of having a
great amount of information for classification. This study does not use the variable to
make the classification score of menu information; therefore, all details need to be
examined and explored by other researchers in the future.
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Abstract. In this paper, we describe how older adults view online health
webpages with the use of eye tracking technology. A study was conducted using
two pages from the medical encyclopedia section of MedlinePlus and a sample
of 52 older adults. This research study provides visual information on how older
adults view online health webpages with the use of fixation counts and heat-
maps. Preliminary results indicate that older adults focused more on text than on
images. Older adults often viewed information on the periphery of the webpages
sparingly and did not pay much attention to metadata information pertaining to
trustworthiness and credibility. Our results indicate the need to redesign online
health webpages to support older adults viewing behavior. There is also a need
to examine the use of images on health websites.

Keywords: Eye tracking � Fixation � Health webpage � Older adults
User study

1 Introduction

The results of a Pew survey indicate that older adults show a faster adaptation rate to
using the Internet compared to the younger generation [1]. Higher Internet usage
among older adults was found to be significant predictors of reduced loneliness, better
life satisfaction and psychological well-being [2]. Older adults have embraced Internet
applications for various reasons [1]. One common activity conducted by older adults on
the Internet is searching for health information [1] in support of their own healthcare
[3]. In particular, having more chronic medical conditions and engaging in formal
volunteering increased the likelihood of Internet use for health-related tasks amongst
older adults [4]. Older adults who used online means to obtain health information were
found to be more participative in medical decision making [5].

However, older adults are a diverse demographic group [6] and may have a dif-
ferent perception of what a good webpage should look like in comparison to other
demographic groups. The development of webpage guidelines for older adults supports
this claim [7], hence making them an important group in relation to Internet-based
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research. Unfortunately, older adults may experience a less that satisfactory search
experience owing to physical and cognitive difficulties [8]. In other cases, older adults
may find the process of searching for health information online to be cumbersome
owing to interface [9], usability [9] and page design issues [6, 7]. As ‘digital immi-
grants’, older adults may lack digital literacy skills and knowledge of how effectively to
‘surf the web’ [11].

Whilst research studies have paid attention to the searching behavior [1, 3–5], page
design and usability needs of older adults when searching on health websites [6–9],
there are limited research studies conducted on older adults with the use of eye tracking
data. Previous studies conducted by older adults with the use of eye tracking data was
related to the viewing and use of a particular type of search interface [12], viewing
behavior of images based on web content [12] and how reading patterns of health text
messages can be used to predict recall ability [14]. This means that there is yet to be eye
tracking data on what older adults look at during their viewing and reading of a single
health webpage. Eye tracking data provides an objective source of interface evaluation
and enables the understanding of visual presentations [15], so can be useful in the
context of users viewing online health information. Information in relation to how older
adults view a page is not available. This information is important as it provides evi-
dence relating to aspects of a page that attracted the attention of older adults. Similarly,
aspects of a page that did not attract the attention of older adults could mean that
pertinent information was not seen or read. Indeed, a research study conducted on older
adults with the support of eye tracking data has identified implications for the design of
health webpages and associated interface components [16]. Results of another research
study identified relationship between web content and image viewing behavior [13];
demonstrating the general value of the approach.

This study, therefore, considers older adults, using fixation counts – essentially data
on the frequency with which a user looks at a specific area of the screen – to answer the
research question: On which elements of a health webpage do older adults focus? A
higher fixation count on an area indicates that it is noticeable or attracted the attention
of the user [15]. These fixation counts are then visualized using heatmaps to provide
accessible representations of the eye tracking data.

2 Related Work

Previous research studies indicate older adults experience challenges when searching
on a health website. Amongst challenges experienced are issues in relation to under-
standing different components of the webpages and needing assistance in compre-
hending the function of text boxes [7, 8, 10]. In addition, results of a survey applying
The National Institute of Aging Web guidelines on 125 health websites indicate that the
sampled websites were not user friendly [16]. Results of these studies indicate that
design and usability issues hampered older adult’s ability to experience high search
efficacy. However, little is known of an equally important aspect of human computer
interaction which is the viewing behavior of older adults based on single webpages.

Aesthetics, visual appeal, beauty and utility are criteria’s that cannot be ignored
when viewing a webpage [17]. This is because these elements form a user’s impression
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of the website. A positive impression meant that the website has met the users’ needs
[17]. Without a positive impression, a website is rendered pointless regardless of how
usable the webpage is [17]. Thus, it is important to pay attention to page viewing
behavior.

Results of a previous research study conducted with older adults with the use of eye
tracking technology indicate older adults view and use faceted search interface ele-
ments more when searching for a severe health condition [12]. It is believed that the use
of the faceted interface reduced cognitive load [12]. Results of another research study
that compared older adults and younger adults viewing and reading behavior on health
webpages indicate older adults spent less time viewing and reading text on health
websites in comparison to young adults [13, 14]. On a webpage providing information
on cancer, older adults spent more time fixating on illustrations on cognitive websites
in comparison to affective websites in comparison to younger adults [13]. Older adults
who fixated more on text recalled more information in comparison to young adults
[14]. Other research studies comparing young adults and older adults viewing behavior
on non-health based websites indicate on the average, older adults spent 42% more
time looking at the content of the pages than younger adults. Older adults also spent
51% more time looking at the navigation areas. The pattern of fixations on almost all
pages showed that the older adults looked at more parts of the page than did the
younger adults [18]. Another research study conducted on non-health websites indicate,
older participants had lower accuracy levels and took longer to complete tasks com-
pared to younger participants. Older adults looked at central parts of the screen more
frequently than younger participants. Older adults also looked at the peripheral left part
of the screen less frequently and took longer to first look at the peripheral top part of the
screen in comparison to younger adults [19].

Results of a recent research study describing older adults’ viewing patterns for the
favorable and unfavorable health webpages [20] indicate when viewing a favorable
page, older adults seemed to pay attention to most aspects of the page; however, when
viewing an unfavorable page, most sections of the page were not viewed. Specifically,
the periphery of the webpage (top left, top right) were not viewed when a page was
deemed unfavorable. The next difference observed concerned the manner in which text
was read. When reading a favorable health webpage, attention was paid equally to all
areas of the text [20]. However, when reading an unfavorable health webpage attention
was largely paid to the text at the top of the screen. Surprisingly, whilst the images on
favorable webpages were viewed; images on unfavorable webpages was not viewed at
all [20]. Whilst previous research studies provide a wealth of information, what
remains unknown is how do adults view single webpages? Do older adults pay
attention to specific sections on a page and ignore other sections? This research study
attempts to describe older adults viewing behavior of single webpages. Results will
enable the design of health webpages that appeal to older adults.
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3 Experimental Design

An exploratory study was conducted with 52 participants, all aged 55 years or over.
There were 31 female and 21 male participants. The average age was 60.5 (SD = 4).
All but two of the participants had previously performed an online health search (but
none had used MedlinePlus, the site used in this study). This provides us with an
opportunity to obtain ‘fresh’ viewing behavior patterns based on viewing a page for the
first time. Participants were either working part-time (22 participants) or full-time (30
participants). Participants who had a medical education or had worked in a medical or
an allied healthcare discipline were excluded from participating as their education
and/or experience would influence viewing behavior of health webpages.

3.1 Webpage Selection

Webpages from MedlinePlus were selected pertaining to two health issues: high blood
pressure (Fig. 1 Webpage 1 (left)1) and diabetic nephropathy (Fig. 1 Webpage 2
(right)2). These two topics represent common health issues experienced by older adults
[21]. The webpages in Fig. 1 were taken from the medical encyclopedia page of the
medical domain MedlinePlus. Both webpages had similar design underpinnings
allowing for focus and analysis. This means both pages used the same font size, font

Fig. 1. Heatmap for Webpage 1

1 Original webpage at https://medlineplus.gov/ency/imagepages/19255.htm.
2 Original webpage at https://medlineplus.gov/ency/imagepages/19713.htm.
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type, color scheme and placement of text and images. The pages were also selected
based on the variety of elements available on the page. Both pages had an image, an
explanation to accompany the image, a piece of overview text, metadata at the bottom
of the page containing information on reliability and update information (as shown in
Fig. 1). Thus, the pages provided participants with a variety of interesting elements on
which to focus.

3.2 Experimental Procedure and Data Collection

An explanatory statement was provided and participants were asked to sign a consent
form. Participants were informed that they would be viewing two health webpages on
the Tobii TX300 screen and their eye tracking data would be recorded. Participants
were told to view and read the page as normally as possible. It is acknowledged that
viewing a health page and searching for health information is usually performed with a
specific search goal in mind, but for the purpose of this research study the intention was
to obtain fixation points on the webpage or attention focus rather than to fulfill a search
goal. Participants were told to view and read the page for a period of 10 s. This period
was chosen as it is the average time spent on a webpage before deciding whether to stay
on the page or to leave [22]. Calibration was first performed. Participants were then
showed the first webpage for a period of 10 s, after which a blank page was auto-
matically shown to participants. This was then followed by the next webpage. The
blank page was shown for a total of 5 s to allow participants to ‘rest their eyes’.
Participants were informed that they had to keep looking at the screen when it was
blank and that the next screen would appear soon after. The webpages were presented
one at a time and the order was reversed for each participant. Heatmaps generated from
a total of 104 recordings of user eye tracking data were taken into the analysis stage (52
participants*2 webpages).

3.3 Data Analysis

Areas of interest (AoIs) were identified for each page. Fixation percentages for each
AoI were used for analysis. This is because fixation percentages represent the division
of attention between the AoI’s shown by users based on their eye movement. These
AoIs were selected as they represented different elements of the page that could attract
attention (image, text, social media links, metadata). Table 1 provides information on
the AoIs.

Table 1. AoI for Table 1

AoI Name

i. Links (top left)
ii. Image
Iii Accompanying text
iv Overview text
v Update information
vi Social Network (top right)
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4 Results

Table 2 provides information on each AoI and its fixation percentages for the sample as
a whole. Figure 1 presents these results as heatmaps for each webpage. AoI (v) was
viewed the most with a fixation percentage of 93% for Webpage 1 and 70% for
Webpage 2. This is followed by AoI (iii) and AoI (ii). AoI (i) and AoI (v) were viewed
the least with fixation percentages of 7% and 5%, respectively. AoI (vi) was not viewed
at all. Based on fixation percentages, participants paid attention to similar elements on
each webpage, but there were some differences in the fixation percentages between the
two webpages. For example, the image on webpage 2 was viewed more than the image
in webpage 1. Similarly, the overview text in webpage 1 was viewed more than
webpage 2. This indicates differences in viewing behavior (Fig. 2).

5 Discussion

This section begins by discussing viewing behavior based on the fixation percentages,
then seeks to provide an explanation of the differences in viewing behavior between the
webpages. It appears that older adults prefer viewing text to images. As shown in
Table 2, older adults fixated more on the overview text and accompanying text.
However, a difference exists in the way that participants fixated on AoI (iii) and (iv).
Participants fixated more on AoI (iv) for webpage 1 but more on AoI (iii) for webpage
2. This may be because the accompanying text (AoI (iii)) for webpage 2 contained
information on a diseased and healthy kidney, whereas, the overview text for webpage

Fig. 2. Heatmap for Webpage 2
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1 was more general in relation to the condition. We postulate that the strength and
detail of the accompanying text on AoI (iii) (webpage 1) to the health topic was weak
and this may have caused this text fixation difference. However, this interpretation
requires further investigation. Reading patterns in Fig. 1 for AoI (iv) indicate that older
adults do not demonstrate the F-pattern in relation to text reading [23]. Older adults
seem to demonstrate a horizontal reading pattern for the first two lines of the overview
text. In addition, the reading pattern for Webpage 1 indicates that more attention was
paid to the initial parts of the first two sentences of the overview text (indicated by red
fixation points) and a little more towards the end of the text on the first line. For
Webpage 2, parts of the overview text were viewed almost equally. This may indicate
that sections of the overview text contained keywords that attracted the attention of
older adults for Webpage 1. Another explanation for this could be attributed to the
details of the text. Information about high blood pressure (webpage 1) would be
perceived as generally known by participants as opposed to diabetic nephropathy
(webpage 2). Thus, for webpage 1 the reading pattern was focused on to the initial parts
of the first two sentences whereas in webpage 2, the reading pattern was even
throughout the text.

AoI (v) received the fewest views for each webpage. AoI (v) is an important
element on each page as it provides metadata information on the author, reviewer and
information update. These pieces of metadata information are pertinent when it comes
to health information as it provides information to the reader on accuracy and cor-
rectness and the ability to trust information. Older adults only viewed this element of
the webpage sparingly. We postulate that older adults may not be able to appreciate the
importance of metadata information hence only viewed AoI (v) sparingly. Appreciation
for metadata information would require higher levels of literacy or the ability to
evaluate health information.

We note information on the peripherals of the webpage - AoI (i) was viewed
sparingly whilst AoI (vi) was not viewed at all. This viewing behavior was demon-
strated for both webpages. This aspect requires further investigation. However, a
previous research study indicates that older adults may have trouble discriminating
specific colour combinations (blue, green) and juxtapositions [24]. This could be a
reason as to why AoI (vi) was not viewed.

Table 2. Fixation percentages for Webpages 1 and 2.

AoI Fixation percentage for Webpage 1 Fixation percentage for Webpage 2

i. 7 7
ii. 10 45
iii. 30 50
iv 93 70
v 5 5
vi 0 0
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There was also a difference in viewing behavior of the image in webpage 1 and 2.
Older adults viewed the image in webpage 2 more than webpage 1. A previous research
study indicates older adults spent more time fixating on illustrations on cognitive
websites in comparison to illustrations on affective websites [12]. We note that the
overview text content - AoI (iv) in webpage 1 narrates the process of taking blood
pressure which fits the definition of an affective webpage (aimed to invoke a positive
feeling) whereas the overview text content in webpage 2 is an example of a cognitive
webpage (aimed to compliment text and support understanding) as information on
kidney functions deteriorating is explained. Results in Table 2 indicate participants
fixated more on the image on webpage 2 in comparison to webpage 1. Our results show
similar findings with a previous research study [13].

This research study provides preliminary insights into the elements on which older
adults fixate when viewing a health webpage. The results indicate that older adults
viewed the two webpages similarly, but there were differences in the way that some
equivalent elements were viewed for the different pages. The results raise interesting
questions regarding older adults’ attention to text, their seeming tendency to pay less
attention to information on the periphery of webpages, the use of images on health
webpages, and why metadata information was viewed minimally.

This research study has several limitations. We acknowledge that the sample size
was small and only 2 webpages were used. As such, results cannot be generalized. In
the next phase of the research, we intend to ask participants to explain their viewing
behavior in order to provide rich information to contextualize the viewing behavior and
to explore the subtle differences that were identified in this initial work. We also intend
to run a second phase of the study with a larger number of webpages of similar design
and with more participants with the aim of generating robust data, the analysis of which
will inform design guidelines for health webpages aimed at older adults.

Acknowledgements. The authors thank participants for their participation.
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Abstract. This paper confronts commonly-made assumptions about older adults
and their general levels of capability when interacting with technology by
reporting from an evaluation involving 49 older adults (M = 81 years) where
performance was studied during task solving on a touch-based interface. The tasks
involved were derived from a set of corresponding psychomotor abilities that are
commonly involved in interaction mechanisms associated with touchscreen
devices: precision, steadiness, dexterity, speed, and coordination. The evaluation
consisted of measuring the performance of participants as well as having them
assessing their own performance. To provide empirical results on why it is argued
that it can be dangerous to assume anything about the capabilities of older adults,
multiple analyses of the gathered data were used to highlight individual, group-
related, and general patterns. Important relations, levels of variance, and statisti‐
cally significant effects are highlighted as the paper argues for how these particular
results do not align with common assumptions. The discussion draws on both the
empirical results as well as related research to advocate why designers should
acknowledge individual capabilities to ensure maximized performance when
designing enabling technology for older adults.

Keywords: Older adults · Touchscreens · Psychomotor abilities · Performance
Enabling technology

1 Introduction

As the body grows older, the psychomotor abilities usually involved in interaction with
enabling technology [1, 2], such as dexterity and steadiness, often tend to deteriorate [3].
The impact of age on the ability to execute precise and coordinated movements can
manifest itself in different ways, e.g., inaccuracy or nonlinearity. This has been partic‐
ularly evident in studies on tracking using a computer mouse, e.g., in [4]. However, a
wide range of enabling technologies for older adults relies on interaction mechanisms
that assume specific psychomotor skills in the hands and fingers of the users. This has
been particularly prevalent in the many new digital and non-digital equipment found in
care facilities in Norway [1].

This paper aims to challenge common assumption made about the capabilities of
older adults. More specifically, five distinct psychomotor abilities commonly used in
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interaction mechanisms associated with touchscreens, e.g., during swiping or pinching,
have been evaluated with 49 older adults (M = 81 years) and 20 younger adults in a
control group. Our goal is not to compare older adults to younger generations, but rather
to produce empirical evidence that supports our argument of why “solutionist” strategies
[5] that consider all older adults as equal does not utilize the full capabilities of the user
and does not realize the full potential to facilitate enabling interaction. As such, we report
from an evaluation of self-assessment and measured performance during task solving
of five tasks derived from a set of five corresponding psychomotor abilities, namely
precision, steadiness, dexterity, speed, and coordination.

The results and analyses suggest that there is a high degree of variation in the capa‐
bilities and premises for interaction between the participants and that while older adults
might not perform at the level of younger users, they still inhabit the potential to perform
at near-perfect levels if provided with the appropriate interaction mechanisms. Multiple
analyses studying statistically significant main effects are used to discuss the implica‐
tions of observed variations. We also argue that the presented results demonstrating
individual, group-related, and overall variance can challenge prevailing assumptions
about older adults and their capabilities when interacting with touchscreens.

The findings presented in this paper are part of a broader research effort focusing on
understanding more about older adults’ capabilities when interacting with enabling
technology [1]. While this paper concentrates on touchscreens, we bring in prior expe‐
rience related to older adults and the use of psychomotor abilities to assess capabilities
(from, e.g., [6]).

2 Related Work

This paper draws on past research from mainly HCI-related research communities as
the focus is to report from an evaluation of common assumption made about older adults,
their capability levels, and their readiness towards touch-based interfaces in particular.
As such, most of the literature presented in this section addresses relevant topics found
in the intersection between older adults and interaction with touchscreen devices. We
also refer to results from our overarching research efforts to contextualize the presented
results.

2.1 Studies on Psychomotor Abilities of Older Adults Using Touchscreens

Wood et al. [7] study the pattern of performance across interfaces for older adults. Their
findings suggest that touchscreens may be challenging or inappropriate for activities
requiring continuous contact when considering physical strain. The use of psychomotor
abilities during assessment touches upon highly relevant issues, e.g., the study of the
finger and motor dexterity during task-based evaluation. One of the input devices studied
in [8] was touchscreens with finger input and their results on usage frequency provides
a perspective on the breadth and depth of said technology. Caprani et al. [9] discuss
several types of challenges such as psychomotor and physical challenges due to arthritis
or stroke. Their research points to several challenges with touchscreen devices, e.g.,
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difficulties with tasks requiring precision, speed, or positioning. The paper also raised
interesting points on strategies and considerations for designing for disability, e.g., the
challenge of adequately assessing and recruiting representative users. Rogers et al. [10]
report from two experiments involving among others older adults performing tasks on
both a touchscreen and a physical rotary encoder. There are interesting observations,
statistically significant main effects, and experienced challenges reported in their paper.
They also indicate that there was a deviation between expected patterns of performance
and actual measured performance. In a related study, Pak et al. [11] also discuss the
usability of touchscreens as an input device in the context of older and younger adults,
and they also report results on performance. Other research inquiries have also studied
the fit of the touchscreen in the context of older adults and smart homes, e.g., [12]. They
raise pressing concerns such as how psychomotor challenges like tremor may affect both
performance and perception of touch-based interfaces. The use of tablets to discuss
touch-based interaction was also the case of [13] where senior citizens were guided
through a series of tasks during an evaluation of performance on an iPad. Doyle et al.
[14] present results from a long-term usability assessment of a touch-based communi‐
cation device and the participants’ attitude towards technology.

In [15], the author discusses direct, gestural input via multimodal touchscreen
devices for older adults. In the proposed research outlining relevant lines of inquiry,
several of the objectives are of relevance to this paper, for instance, ambidexterity issues
when interacting with touchscreens or adaptations necessary due to motoric challenges
such as arthritis or Parkinson’s disease. Also in [16] do we see a study on benefits of
multimodal interfaces tailored for older adults. Also [17] reports on the suitability of
touch-based interfaces for older adults in the context of everyday life activities. Their
results are anchored in user experiences of the users as they highlight the perceived
experience of use. While their focus is not particular scoped to psychomotor abilities
and related challenges, they do emphasize that physical changes, for instance, impaired
motor skills, can make the use of certain types of technologies difficult. The authors of
[18] present a study on tremor patients and their interaction challenges and opportunities
with screen-based interfaces. Their target demographic includes older adults as tremor
is considered a prominent trait associated with aging. They also emphasize the impor‐
tance of acknowledging psychomotor abilities, in this case, fine motor skills, when
assessing interaction opportunities. Specific examples such as frictional resistance are
provided to highlight the relationship between abilities and appropriateness of different
types of interfaces.

Other relevant studies include design recommendations suggest for touchscreens in
the context of older adults [19]. Their emphasis on psychomotor abilities, for instance,
manual dexterity, is highly relevant to the evaluation carried out in our study. They also
conclude by stating that even design guidelines need to adapt design choices (e.g., the
size and spacing of interface elements) to the abilities of the target demographic. Another
study pointing out the lack of understanding of older adults and attempting to offer
informal guidelines for the design of senior-friendly interfaces is [20]. Their main
hypotheses answer interesting questions such as older adults’ easiness of use when
operating touchscreens and challenges with gestures such as pinching. Interaction mech‐
anisms associated with touch-based technology, e.g., tapping, dragging, and pinching,
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are discussed in the paper and follows the same understanding as we adopted when
designing the tasks for our evaluation. Page [21] also describes experiences with specific
tasks such as navigation in the context of touchscreen and senior users. Another similar
study on touchscreens and optimal reference levels is [22]. Chen et al. [23] also study
interface accessibility and usability for older users with different backgrounds, including
a range of physical challenges. A literature review found in [24] on older adults using
touchscreen also contains relevant findings and recommendations on motor impairment
and touchscreen interaction, e.g., arthritis. They highlight task types used during trials
and experiments, typical interaction gestures, and data collection strategies.

3 Research Method

3.1 Empirical Context

This study reports from an evaluation of performance that was conducted at a local care
facility in Oslo, Norway. More precisely, the evaluation consisted of a self-assessment
and measured performance as older adults and a control group solved five specific tasks
derived from a set of five corresponding psychomotor abilities. The evaluation initially
consisted of four groups of 20 persons each. One of the four groups constituted the
control group while the three others were experimental groups with representative users
from the target demographic. The control group was used to indicate a comparable level
of expected performance from a fully functional user for later analyses. The group
consisted of faculty, Ph.D. candidates, and master students within the field of Interaction
Design or Human-Computer Interaction. We conducted no pre-evaluation assessment
of physical condition or psychomotor challenges, and the older adults were only spread
across the three experimental groups based on gender to counteract any heavily skewed
distributions of participants as the participant pool included 30 women and 19 men. The
average age of the participating older adults was 81 years. However, several participants
from the three experimental group were ultimately unable to attend due to health
concerns or other commitments leaving the total number of participants at 69 out of
which 49 were representative users. The final number of participants in each group is
outlined in Table 1 below. While the sample size of older adults in this study is limited
(N = 49), all participants were recruited from a more extensive study on enabling tech‐
nology for older adults involving 542 participants (M = 83 years) [1]. The results
presented in this paper align with previously discovered limitations and opportunities
among this demographic, for instance, the prior findings on psychomotor abilities
discussed in [6].

Table 1. Overview of groups, number of participants, and distribution of age

Group Participants Age distribution
Experimental group 1 16 72–83 (M = 77.9, SD = 3.44)
Experimental group 2 18 71–87 (M = 79.2, SD = 4.38)
Experimental group 3 15 78–89 (M = 83.6, SD = 3.20)
Control group 20 24–44 (M = 32.7, SD = 6.07)
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3.2 Selection of Psychomotor Abilities and Tasks

The evaluation comprised five assessments of psychomotor abilities in hands and
fingers: precision, steadiness, dexterity, speed, and coordination. These five abilities
used to structure the evaluation were all borrowed from Fleishman’s taxonomy of
psychomotor abilities and skills [25, 26]. Precision refers to the ability to move and
quickly repeat exact positions and tasks; steadiness refers to the ability to suspend the
hand in air while moving; dexterity refers to finger dexterity (as opposed to manual
dexterity) and the ability to make skillful movements with the fingers; speed refers to
wrist-finger speed and the ability to quickly repeat movements; and coordination refers
to the ability to coordinate movements when the body is not in motion. All these
descriptions are based on the original taxonomy of Fleishman [25].

These five particular abilities were selected due to two main reasons: firstly, they
allowed us to map common interaction mechanisms associated with touch-screen
devices (e.g., drag-and-drop and swiping) back to one distinctive psychomotor ability;
and secondly, they had all been previously used as a part of a similar study involving
evaluation of psychomotor abilities [6]. We do not claim these five abilities to provide
a holistic or definitive representation of psychomotor capability of older adults.
However, we argue that these five factors in conjunction can indicate patterns of limi‐
tations and support a discussion of common assumptions about older adults interacting
with technology. This particular study focuses on screen-based technology, but our past
research efforts have concentrated mainly on tangible interaction and physical devices
(see, e.g., [1]). Thus, the intention of expanding explored and evaluated technology is
to further complement our general understanding of what we can expect from older
adults’ capabilities regarding readiness towards enabling technology.

During the evaluations, each participant performed a set of five simple tasks
involving independent and coordinated movements and gestures that were calculated to
a performance score ranging between 1 and 10. Each task mapped back to one of the
five psychomotor abilities. The task order was also randomized to avoid learning effects,
and each task relied on specific metrics to assess the performance of the participant.
Table 2 gives an overview of the involved tasks, a brief description, and related evalu‐
ation metrics. The rightmost column indicates the level of performance required to
achieve a perfect score of 10. The level of this upper bound was intended to represent
the expected performance of a fully functional user and was calculated using the
weighted average performance score of the 10 participants in a pilot evaluation. The
goal of this pilot evaluation was to run through the test procedure as well as to help us
normalize the difficulty of the tasks and determine the upper bounds. These 10 partici‐
pants were recruited through similar means as the control group and consisted mostly
of faculty, Ph.D. students, and master students. As such, the automatic calculation of
performance required us to first evaluate the tasks with the pilot group without any upper
bound. All performance scores for the participants in the pilot group were mapped post-
evaluation once their weighted average scores were calculated. Their results are not
included in this paper, but a paired sample t-test did not reveal any statistically significant
difference from the performance of the control group.
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Table 2. Overview and description of tasks, metrics, and upper bounds

Task/ability Task description Evaluation metric Upper bound
Navigation and
selection (precision)

Select a specific
option from a set of
selective menus such
as drop-down bars
without making wrong
selections

Completion time in
seconds and number
of errors traced with
mouse/touch events

Completion time of
fewer than 10 s and
maximum two errors

Reproducing hand
positions (steadiness)

Reproduce a set of
hand positions and
swiping movements in
front of the screen
with minimal
trembling

Tremble factor (0–1)
decided by shaking
and rapid movements
traced using Leap
Motion

Tremble factor of less
than 0.85

Mimicking finger
movements (dexterity)

Reproduce a set of
three finger
movements
mimicking
movements associated
with pinch and zoom
gestures as exact as
possible

Mimic factor (0–1)
decided by
reproduction
precision traced with
Leap Motion

Mimic factor of 0.85
or above across all
three finger gestures

Reaction (speed) Click on the correct
option among
randomly appearing
icons and dialogue
windows as fast as
possible

Reaction time in
seconds and number
of errors traced with
mouse/touch events

Reaction time of fewer
than 5 s on average and
maximum one error

Drag-and-drop
(coordination)

Drag a specific icon
into a designated area
without colliding with
adjacent objects

Placement accuracy in
relation to origin
measured with
percentage-wise
deviation and
dragging accuracy
measured with
number of errors

90% accuracy and
maximum one
collision error

In addition to the automatically calculated score based on performance, each partic‐
ipant was also asked post-completion to assess their own performance on a scale from
1 to 10. The intention with this self-assessment was to study the relationship between
the self-perception of the users’ performance and their actual performance, hence using
a similar scale as the automatic calculation of performance score for a more natural
comparison. The rest of the paper will refer to these two measurements as the self-
assessment score and the measured performance score, respectively.
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3.3 Testing Devices

The web-based system permitted assessment of performance independent of device or
operating system, which in turn allowed us to offer all participants a selection of three
compatible devices: a 9.7-in. 3rd generation iPad running iOS; a 10-in. Samsung tablet
running Android; an 11-in. custom tablet running Windows. The custom tablet was pre-
installed in the homes of most participants at a local care facility as part of the munici‐
pality’s welfare technology initiatives and was used to offer residents social and recrea‐
tional services. These three tablets helped us further reduce the statistical significance
of any learning bias, familiarity challenges, or issues understanding the basic modes of
operation. Figure 1 presents a screenshot from the web interface used during the eval‐
uation on the left, and a photo from the empirical context where the evaluations were
performed on the right (photo by C. Haug and F. H. Kvam).

Fig. 1. Screenshot of the web interface on the left and the empirical context on the right

4 Results

The purpose of the evaluation was first to identify a general level of expectancy of both
self-perception and actual performance for older adults using psychomotor abilities as
the unit of measurement and then later study group-related and individual variances.
Thus, the results are reported in chronological order following the same sequence in
which the various analyses were carried out.

4.1 Analyzing Average Scores for Self-assessment and Measured Performance

The first set of results we present is the examination of score distribution for each of the
two sets of scores independently. This is intended as a general, descriptive depiction of
the average trends between the control group and the three experimental groups. As the
values indicated a difference between the control group and the experimental group, the
descriptive statistics reported in this paper will mainly focus on separate analyses.
Table 3 below presents two independent sets of univariate analyses of self-assessment
and measured-performance, respectively. It should also be noted that while each of the
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three experimental groups was spread across the whole scale from 1 to 10, either in self-
assessment, measured performance or in both, the control group had a minimum value
of 4 and a maximum value of 10 for both types of measurement. A z-test for mean scores
of self-assessment confirmed a statistically significant difference (z = −11.103, p < .
001, two-tailed) when comparing all samples from the experimental group (M = 5.420,
SD = 2.319) to the control group (M = 7.880, SD = 1.647). A similar comparison of
measured performance (M = 5.408, SD = 2.337; M = 8.010, SD = 1.521) yielded a
similar difference (z = −12.207, p < .001, two-tailed).

Table 3. Overview of groups and the descriptive statistics for the two sets of scores per group.

Group Measurement Mean N Std. Dev. Std. Err. Mean
Experimental Self-assessment 5.42 245 2.319 .148

Measured performance 5.41 245 2.337 .149
Control Self-assessment 7.88 100 1.647 .165

Measured performance 8.01 100 1.521 .152

A factorial analysis of variance was performed (group x ability) for self-assessment
and measured performance scores. Figures 2 and 3 present the estimated marginal means
for these two sets of scores. Beginning with the self-assessment, the results revealed
multiple main effects worth presenting. First, there was a statistically significant main
effect for the groups, F(3, 325) = 31.994, p < .001. This suggests that the null hypothesis
does not hold. Second, there was also a statistically significant main effect for the type
of test, i.e., which ability that was tested, F(4, 325) = 5.876, p < .001. For the measured
performance, the patterns were similar. There were statistically significant main effects
for both groups and type of test: F(3, 325) = 39.352, p < .001 for groups and F(4, 325)
= 12.152, p < .001 for the ability being tested.

Fig. 2. Estimated marginal means for measured performance
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Fig. 3. Estimated marginal means for self-assessment

As reported previously with the z-test scores, the control group held a higher average
score for both self-assessment and measured performance. While the control group in
total only constituted 29% of the total participants, due to withdrawals amongst the older
adults, they ended up as the largest group with 20 participants. Thus, when pairing each
of the four groups, the better average score in the control group for both self-assessment
and measured performance results in main effects for the group. If we isolate the three
experimental groups, there is no longer a statistically significant main effect for groups
for neither self-assessment nor measured performance. Levene’s test for equality of
variances was found to be violated for both sets of analysis, with p < .05 for self-assess‐
ment, and p < .01 for measured performance. A post hoc analysis using Bonferroni
confirmed two essential factors. First, the control group statistically significant differ‐
ence in both sets of scores against all the experimental groups. Second, none of the
experimental groups showed any statistically significant difference against each other
in the post hoc analysis.

To remain in line with the outlined topic of this paper, i.e., common assumptions
about older adults and their psychomotor abilities, the rest of this result section will
focus on comparing the control group against the whole experiment group as one. It will
also look at the participants’ individual scores when analyzing the effects of the abilities
on performance.

4.2 Observing Gaps in Perception and Performance

The second set of results present inferential statistics on the relationship between the
two score sets. Figure 4 shows a scatterplot of the relationship between the self-assess‐
ment made by the participants and the corresponding mean levels of measured-perform‐
ance. The increased color intensity suggests a higher frequency. A test for Pearson
Correlation confirmed a strong relationship between the two sets of scores (r = .829),
indicating that an increased self-assessment would most likely also result in actually
increased performance. For both groups, we saw a positive covariance (4.298 for the
experimental group and 1.712 for the control group). While we do not find best-fit
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regression lines particularly relevant to our overarching research interest, the r2-levels
were also calculated: r2 = .482 for the control group and r2 = .634. One immediate
conjecture about why we can account for a higher level of variability in the case of the
experimental group would be that the overall sample size was more substantial and the
spread of data points was more distributed. However, further analysis revealed another
interesting relation: the experimental group saw a smaller gap on average between self-
assessment and actual performance, i.e., they had a smaller distance on average between
the self-assessment and the actual performance for each task performed. Thus, it is
possible to speculate whether a more realistic understanding of own performance caused
some of the differences in r2-values.

Fig. 4. The plotted relationship between self-assessment and measured performance

To investigate this further, the average difference between self-assessment and
measured performance was calculated for each task for each participant. For the exper‐
imental group, the average difference between these two values was M = 0.012 (SD =
1.486), while it was M = −0.130 (SD = 1.244) for the control group. This result suggests
that the older adults in the three experimental groups were marginally better at assessing
their actual performance than the control group, albeit with the caveat of a smaller sample
size for the control group. When only accounting for the largest discrepancy for each
participant across all five tasks, the difference between the groups increased as the new
mean values were M = 0.100 (SD = 2.160) and M = −0.796 (SD = 2.150), respectively.
Only on a few occasions did the older adults overestimate their own performance (i.e.,
a positive difference between self-assessment and actual performance) while the over‐
estimation frequency was comparatively more common within the control group. Thus,
we attempted to understand the causality of this difference by examining the particular
intersections of groups and abilities tied to each task. When looking closer at the tenden‐
cies across both groups and abilities, there was not enough data to conclude with any
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directional difference between self-assessment and measured performance. This means
that while the overall tendency suggests that the older adults may be better at not over‐
estimating their actual performance, there are no guarantees when examining a particular
ability. This is illustrated in Fig. 5, where the interpolation line suggests a correct esti‐
mation, or an over- or underestimation.

Fig. 5. The mean scores for self-assessment and measured performance (ability x group)

We see from the figure that for the control group, the self-assessment was only higher
than the actual performance on two occasions, during the test of coordination and dexterity.
As we have seen previously, these exact two tasks yielded a noticeable lower average score
across all group. Only in one of eight rounds of testing did a group on average not overes‐
timate their own performance for these two tasks (dexterity x group 3). We also see how
all groups, including the control group, overestimated their performance for coordination,
despite this not being neither particularly tricky nor straightforward if measured by mean
score and standard deviation. As such, the data does not suggest any relationship between
over- or underestimation on the one hand, and the difficulty level of the task on the other.

4.3 Investigating the Role of Psychomotor Abilities on Measured Performance

While we discovered early that the older adults were unable to maintain measured
performance score at the average level of the control group, we continued our study by
examining the performance scores across the five tests to assess their significance.
Figure 6 illustrates both self-assessment and measured-performance scores for the five
types of abilities tested.
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Fig. 6. All individual levels of self-assessment and measured performance across all abilities

An analysis of variance (participants x ability type being tested) showed a statistically
significant main effect for the types of ability being tested, F(4, 240) = 7.235, p < .01. A
Bonferroni post hoc analysis indicated that the two tasks testing dexterity (M = 4.490, SD
= 2.283) and coordination (M = 4.633, SD = 2.243) yielded a clearly lower measured
performance score than the rest. When compared against the highest-yielding task, steadi‐
ness (M = 6.551, SD = 2.227), the main effect was statistically significant at a .01 level.
The rest of the comparisons were non-significant even at a .05 level.

If we zoom in on the results pertaining to one of the abilities, we can identify addi‐
tional patterns that are relevant to the overarching topic of this paper. For instance, the
ability coordination yielded a lower score than the average for both self-assessment and
measured performance. However, this deviation was not due to consistent patterns of a
lower level of performance. If we study the individual assessment and performance, we
can see from a frequency table (as well as from Fig. 6) that there were multiple occur‐
rences of extreme results in both directions – for both self-assessment and measured
performance. Four individuals only scored 1 point, and there were also individuals who
scored 9 points. As such, it is hard to comment on the expected performance without
zooming into the specific ability required to complete a task and the particular individual
doing it. Along with dexterity, coordination was also the only task with a statistically
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significant main effect of ability being tested when isolating the control group. Thus,
these tasks can be considered relatively more challenging.

We do not have the appropriate data to analyze whether it was the ability being tested
or the difficulty level of the task itself that caused this consistent pattern, but what we
do have sufficient data to comment on is the extremities. Even for tasks that were both
perceived and measured as relatively more laborious tasks, e.g., coordination, the exper‐
imental groups still saw participants both assessing and performing at near perfect levels
(with a score of 9). For relative straightforward tasks such as steadiness, there were still
low-performance scores registered (e.g., four instances of a score 2 or lower for meas‐
ured performance). Thus, the data does demonstrate the challenge of assuming abilities
of older adults in either direction. A final analysis of participants’ performance pattern
across these five tasks (that were presented in randomized order) did not reveal any
statistically significant patterns of performance that would indicate causality between
task order and performance.

5 Discussion

5.1 Searching for Causality by Unpacking Individual Performance Scores

From the first set of results (Figs. 1 and 2), we see that it is easy to conclude that older
adults perform at a relatively lower average level and that downgrading any and all
expectations regarding capabilities may seem like a viable strategy. Responding to the
challenge of designing enabling technology by assuming a reduced capacity across
cognitive, sensory, and motor capabilities for the whole demographic of older adults can
be one approach [27]. Our goal is instead to remain positive and look for patterns that
may suggest new lines of inquiry not building on disabilities but rather capabilities [1, 6].

The control group performed better than the older adults on average with higher
minimum values for both self-assessment and measured performance. However, the
control group represented a younger and more technology-oriented user group, and the
comparison was not intended as a generational analysis (as seen in, e.g., [8, 10, 11]), but
rather to have participants representing fully functional users for later comparison. This
was important to study if older adults managed to perform well at specific tasks, but also
to investigate how close they could potentially get to an optimal level of performance
if presented with the right interaction opportunities.

Once we unpacked the individual performances in the last analysis (Fig. 6), we saw
how participants were able to perform at the level of the control group if presented with
the right type of interaction mechanism. There are empirical studies suggesting that
touchscreens can yield positive experiences (e.g., [13]), but we argue that the correct
order is to adapt the technology to the capabilities of the user rather than assuming
anything about the users’ expected performance. There are enough studies pointing to
the effects motor impairment can have on interaction opportunities (e.g., [7–9, 18, 19]),
and we have previously argued that this change in capability should be seen as an
opportunity to shift the way the technology is presented rather than just summarizing it
as a decline [1]. This study has demonstrated how performance varies with interaction
mechanisms rather than with the touchscreen as an interface itself. Hence, we argue that
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there are many opportunities to remain on the same interface at a proficient level if the
technology allows the users to adjust their interaction to their changing capabilities.
Adaptation of technology has also been extensively discussed in prior studies, e.g., in
[20, 24, 27].

5.2 Isolating Psychomotor Abilities

We want to stress that the results presented are not intended for the medical technology
community, nor did the evaluation follow the same level of clinical practice for testing
[28]. If compared to past studies, the average age of the older adults in this study stands
out. However, our study is not without weaknesses regarding the strength of the results.
One factor ignored was time, learning, and adaptation [14]. The study in [10] collected
more detailed data points than most of our study did. For instance, we only had the same
level of precision for time (ms) in the two tests using tracking with Leap Motion (stead‐
iness and dexterity). Another important factor not addressed in this paper is how cogni‐
tive deficiencies may influence performance. Past studies have emphasized the role of
cognitive deficiency in terms of reduced ability to interact with touchscreen [7, 9, 10,
12, 21, 24, 29]. All our tasks were also created to solely address psychomotor-related
challenges. To minimize the chance of any severe cognitive issues, all tasks were
intended to be single-purpose, short, and simplistic. However, we do emphasize that this
study does not attempt to study effects of cognitive challenges as discussed by [10], who,
for instance, considered working memory when designing instructions for activities.

The selection of tasks was revised several times and later polished during the pilot
evaluation, but the means of measure may have been influential in terms of observed
results. The point of a high degree of variance performance, e.g., captured through
movement time, among older adults was also made by [10]. It should be noted that the
post hoc analysis did not reveal any statistically significant difference between the three
experimental groups, which does suggest that it is most likely the overall sampling rather
than the distribution of participants into groups that should account for most of the
observed variance.

Furthermore, our goal was also to allow everyone to join without any screening test
(as seen in, e.g., [10]). Nor did we try to control variables like age differences, techno‐
logical experience, or specific disability that could reduce the variance as proposed by
[16, 20], or as we have done ourselves in past research [6]. However, this decision
naturally challenges the “representativity” of the participants [9], but in our opinion, it
simultaneously gives a more realistic expectation to those that consider “older adults”
to constitute an appropriate scoping in terms of target users.

5.3 Reduced Performance Does not Equal Reduced Self-perception

The relationship between self-assessment and measured performance was studied in the
search for patterns in the observed gap between the two sets of scores. This paper does
not comment on related issues such as willingness to learn or adopt new practice which
has previously been discussed by [8, 9, 17, 30], but the topics of self-perception, tech‐
nology acceptance, and understanding of technology are all related issues. Only a few
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participants had previously participated in any of our research efforts (e.g., [6]), but that
may have familiarized them with technology in a way that they would not have had the
opportunity to do themselves. Prior experience with relevant technology may have a
strong influence on the observed performance [24], and the same might be said for
domain-related or social factors [8, 14, 23, 27]. Another main reason for including both
self-assessment and measured performance was due to the performance scores not
always revealing accurate perceptions or intentions behind specific actions. The gap
between intended and actual use was also raised by [20].

The results of our analyses suggested that the participants mostly made excellent
assessments of their performance. While we observed overestimation from the control
group in some instances (Fig. 5), no notable patterns of either over- or underestimation
emerged during the analysis that would help us predict future performance, even with
similar tasks. The most important takeaway from this analysis would be that older adults,
while performing at a lower average level, did not demonstrate any lower capacity to
assess their own performance. In fact, the correlations suggested that the older adults
were better at not overestimating their own performance when the tasks became statis‐
tical significantly more difficult – as seen in the case of dexterity and coordination.

5.4 The Challenge with General Assumptions

As mentioned in the introduction, this paper intends to broaden our understanding of
how older adults are affected by changes in psychomotor abilities when interacting with
technology. While this paper focuses on touch-based systems, our past efforts have
focused on tangible and physical interfaces. The purpose of this specific study was to
gather enough empirical evidence to demonstrate the dangers of assuming that older
adults inhabit specific psychomotor capabilities regardless of whether they are positive
or negative assumptions. Older adults remain a heterogeneous population in terms of
being end-users of enabling technology [1]. It should be mentioned that we did not record
any similar patterns as previously reported [6] despite using the same abilities and target
demographic, albeit with an entirely different set of interfaces. The effects that the type
of technology can have on performance have been discussed in past research [6, 31].
For instance, while we have seen an increase in performance in past research efforts
when switching from touch-screens to physical interfaces (e.g., in [31]), the results of
[10] suggest that this is not a guaranteed relation. Other studies also suggest that
touchscreens can offer proficient usability in terms of readability, writing, and gesture
control (e.g., [13]). We do not consider these results to be conflicting but rather empirical
examples of how performance patterns for such a substantial demographic cannot be
easily reduced down to universal truths. Even with similar results, the reported reasons
behind the specific results may vary [7]. These arguments are also supported by other
studies, e.g., [9, 16, 21].

Our general belief is similar to [10]: no single device will be consistently perceived
as the best one. Allowing freedom of choice is about not only our responsibility but also
a matter of liability in certain situations [27]. There are concerns related to both inap‐
propriateness and ethical responsibility on the line when suggesting that a specific device
will be suited for a particular context – especially in the case of users who might be more
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vulnerable or technology-dependent in their everyday life than others. The point of
ethical considerations arising when designing or discussing technology in the context
of lost abilities was also raised by [12, 28, 32]. This paper aligns with these past discus‐
sions and attempts to demonstrate why a “one solution fits all” [5] may cause challenges
for individual users, and that there is a benefit of having a conscious attitude towards
the variance in performance amongst older adults. A positive attitude may contribute
with new ways of facilitating technology-related well-being for older adults (as seen,
e.g., in [33]). Wrongful assumptions, even those with good intentions, may drastically
affect the performance of the users. As also reported in [6], the results presented in this
paper suggest that the distance between best and worst performance can be very high
and that loss or reduction in one ability does not translate to an equal reduction for all
other abilities. We advocate an approach that does not attempt to generalize the traits
and capabilities of older adults but instead seek to adapt interaction mechanisms to the
continuously changing abilities of all people, including those who fall into the category
of older adults.

6 Conclusion

This paper has argued for why older adults should not be considered one large homo‐
genous population with similarly reduced capabilities when interacting with technology.
To support our belief of how common assumptions made about older adults can be
wrong, we have reported results from an evaluation of psychomotor abilities carried out
with 69 participants. Our evaluation highlighted both challenges and opportunities found
when older adults engage in interaction with touchscreens using their hands and fingers.
The evaluation studied self-assessed and measured performance during task solving of
five tasks corresponding to a pre-selected set of psychomotor abilities commonly
involved in interaction with touchscreens: precision, steadiness, dexterity, speed, and
coordination. Statistical analyses of variations and tendencies were used to study both
the self-assessment and the measured performance for the five psychomotor abilities.
The discussion revolved around a comparison between the results found in this study
and results from similar studies involving either older adults or psychomotor abilities
as the unit of analysis. We have attempted to raise important concerns about individual
capabilities and challenges with general assumptions about older adults as we argue
against common assumptions often made in the context of older adults and enabling
technology.
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Abstract. Touchscreens are considered as a friendly interface for elderly
people. However, a gap between young users and older users was still observed
in either interaction performance or user experience. Although previous studies
have identified the gap is associated with age-related characteristics, most
researches are focused on specific input or output elements. This heterogeneity
of research subjects makes it difficult to understand, compare and to recommend
proper techniques for a specific design. Accordingly, we provided a review,
thoroughly describing the efforts on the touch-based system and the elderly
population in the past decade and answering the following questions: (1) How to
identify characteristics that sensitive to performance and experience? (2) How to
accommodate for elderly’s special interests? We also summarized the relevant
design guidance, and provides novel perspectives of inclusive technical design
for the elderly. Our work may enlighten those who is interested in the design of
both hardware and software elements for the elderly.

Keywords: Elderly � Age-related characteristics � Touch-based system
Interaction performance � Interaction experience

1 Introduction

As a direct input, touchscreens eliminate control-display displacement, and are regar-
ded to be able to reduce interaction time and boost accuracy. The older adults also have
high subjective satisfaction and preference on touchscreens [1]. However, a gap
between young users and older users was still observed in considerable experimental
results of performance and self-reported experience [3].

The characteristics of older people relating to this gap are referred as age-related
characteristics. Understanding the influence of age-related characteristics on perfor-
mance are the prerequisites for setting design criteria for the older group [2]. Many
researchers strived to explore relations of this heterogeneous group characteristics to
behaviors and outcomes of interaction [1–11, 14, 15, 22–24, 29–41, 43–59]. Motti
et al. reviewed experimental variables related to interaction performance and experi-
ence, i.e. the population involved, the kind of tasks that were executed, the apparatus,
the input techniques, the provided feedbacks [3].

In this paper, we specified elderly’s characteristics and determine factors (both
experimental and practical) on performance and experience of using touchscreens. We
summarized significant findings as design guidelines. Our work will guide for
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researches on elderly-technology interaction in (1) design of empirical experiments
exploring touch-based interaction; (2) implications of possible barriers during inter-
action; (3) approaches to improving technology experience.

This review is organized as follows: Sect. 2 describes metrics of interaction per-
formance and experience and emphasizes the role of age-related characteristics as a
primal cause of generation gap. Section 3 surveys the elderly centered touch-based
interaction techniques and Sect. 4 assesses them and provides guidelines considering
the special interests for elderly group. Finally, we concluded our work in Sect. 5.
Detailed settings of experiments involved in literature are appended in the Appendix
(Fig. 1).

2 Age-Related Characteristics as a Primal Cause
of Generation Gap in Elderly-Computer Interaction

A general conclusion is reached in human computer interaction community that users’
abilities would strongly impact interaction performance and experience. We built a
three-level of descriptions of aging characteristics: Physiological Functionalities,
Physiological Abilities and Interaction Abilities, to explain physiological changes,
effects of physiological changes and how these effects act during the elderly of using
touch-based systems.

Fig. 1. Research paradigm of age-related characteristics and touch-based interaction

280 J. Liao et al.



2.1 Three-Level Taxonomy of Age-Related Characteristics

Physiological Functionalities: Muscle, Sense and Nerve.
Muscle. Age-related muscular changes include declines in muscle strength and power
[4–6], number and size of muscle fibers [7]. As a result, limb and finger tiredness are
more frequently happened on older adults, particularly when working on devices i.e.
tablet PC, where arms need to be kept in-air.

Sense. Aging may accompany with pathological changes in sensorial organs, such as
opacities of the crystalline lens of the eye caused by cataract, local loss of visual
function caused by diabetic retinopathy, and age-related macular degeneration
(AMD) of the photosensitive cells at the retina [5]. These sensorial pathological
changes may lead to degenerations of sensorial abilities required by interaction, then
obstruct the elderly to use the general interfaces.

Nerve. Aging brings about neural changes, e.g. reduced speed of conduction of nerve
signals [4, 7] and slower nerve signal processing [4], directly affecting motor, sensorial
and cognitive abilities of older adults.

Physiological Abilities: Motor, Sensorial, Cognitive and Emotional.
Motor. In the context of touch-based interaction, motor degenerations include negative
changes in strength, speed of upper limb muscles [5, 8], as well as reduced abilities, i.e.
consistency of movement [5, 8, 9], coordination [9–11], endurance [6] and accuracy [5,
7]. Motor degenerations directly hindered older people in performing reaching,
selecting, grasping, and gestural tasks [3, 5].

Sensorial. Primarily, sensorial degenerations in touch-based interaction are visual and
tactile declines. Firstly, old people are at high risk of visual impairment incidents,
reducing the depth-perception [6], field-of-view [7, 9], visual acuity [8], the ability to
resolve detail [7, 9, 12], to detect [13] and focus on object [12], to discriminate color [5,
6, 9], to detect contrast [5, 9, 12, 14], and to estimate motion [9]. As vision being
widely known as the main tunnel of perceiving external stimulus, difficulties in per-
ception and utilization of visual feedbacks may be one of the important causes of poor
performance of older people [15]. Secondly, tactile degenerations make older adults
have difficulties in sensing the texture, quality and temperature of surfaces. Loss of
tactile sensitivity may lead to not being able to rely on haptic interface to interact.
Particularly, atrophic skin decreases the quality of fingerprint data, posing challenges
on fingerprint-feature-based identification authentication [16, 17], which is widely used
on smartphones.

Cognitive. Old adults have more difficulties in concentrating on tasks and filtering out
irrelevant information [5, 11, 12, 18, 19], the abilities to know, understand and reason
[11, 14], to respond [9, 10], to recall and learn [12, 22], to navigate [21, 23], and to
recognize and use words [6, 12, 18]. However, higher-level cognitive abilities, i.e.
visuospatial memory are less influenced by aging [24]. In general, declines in memory
(both long-term and short-term [5, 9, 18, 19], and verbal memory [21]), processing
abilities(e.g. visual processing) and intelligence (both fluid and crystallized) [3, 5], is
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three of significant cognitive degenerations. An interesting finding is that the fluid
intelligence (the capacity to analyze, reason and solve problems) is widely considered
to be decreased with age, while the crystallized intelligence (the ability to use skills,
knowledge, and experience) is considered to be improved with age, because experi-
ences tend to expand one’s knowledge. But close relationships were determined
between aging and declines in crystallized intelligence in e.g. pen interaction [5].
Cognitive abilities play an increasingly significant role in usability and acceptance of
design for the elderly [20].

Emotional. Emotional degenerations of older adults are related to beliefs, attitudes,
anxiety, fear, acceptability [9, 25, 26]. Older adults may have misconceptions that they
cannot or do not use advanced technologies (e.g. computers, the Internet) [25]. A lack
of beliefs in capability may prohibit some older people using technologies [27]. For-
tunately, many emotional degenerations are highly related to computer literacy [9, 25,
26, 28]. Social media and social networks encourage older people using digital
products and services, which improves their computer literacy [26, 28].

Interaction Abilities. Interaction abilities are physiological abilities associated with
user performance and behaviors under specific experimental settings. By analysis of
experimental results in literature, we found the interaction abilities rely on the task
performed, the equipment and the task-being environment.

Task Dependency.Most studies observed age-related differences in, i.e. performance or
behavior difference between younger group and older group. However, the measured
ability is actually affected by task requirements defined in individual experiment. For
instance, the efforts required by accomplishing tapping gestures is negatively related to
the target size [29], but is positively related to the precision requirement [29, 30], the
distance from the target [29] and complexity [31]. These factors interact with age and
have complex effects on performance and experience.

Equipment Dependency. Equipment type, or interactive techniques may also have
strong effects on practical interactions. Early touch-panels use capacitive touchscreen,
which is prone to color distortions and becomes inaccurate when temperature or
moisture changes. Thus, large studies conducted on capacitive touch-panels concluded
that touch-based interaction is even worse than traditional mouse [32]. This contradict
to outcomes yielded in subsequent experiments using high-stability and high-resolution
touch-panels (e.g. Piezoelectric touchscreen and Infrared touchscreen).

Environment Dependency. The user being environments are into categorized in-virtuo
(in the real environment, easy-to-control but poorly reflecting to the user’s reality),
in-situ (being able to provide high-realistic data, but may be highly biased by the
observers and extremely costly) and in-simu (or in-sitro, a synthetic environment for a
real environment to work under laboratory conditions of control) [33]. The closer to a
real environment, more insights may yield from the experiments.

282 J. Liao et al.



2.2 Metrics of Interaction Performance and Experience

Identifying evaluation metrics is of great significance, because metrics are practical for
examining disparities between older and younger people and accessing experimental
results of literature. In the context of touch-based interaction tasks, we defined the
definition of time (both learning time and retention over time), effectiveness, efficiency
and subjective judgement measures.

Time. Time can be considered as temporal duration required or related to perform
pre-defined action(s). An action can be viewed as contact with the interface (e.g. reach
and tap on a target) or any inclination provoked by interaction task (e.g. reaction).
Elderly people may encounter difficulties in either performing an action or becoming
aware of performing the action.

Effectiveness. Error, including error rate (or accuracy), error severity, recovering from
errors, is a common measure of interaction effectiveness. Effectiveness could be eval-
uated at different levels. Take text entry task as example, the minimum string distance
(MSD) can be used to evaluate sentence-level errors (incorrect word or word order),
occurrence of insertions, substitutions and omissions to evaluate character-level errors.

Efficiency. Simply, the efficiency metric can be mathematically explained as an indi-
cator of effectiveness per unit time. In previous example of text entry, efficiency metric
can be the word-per-minute (wpm).

Subjective Judgements. Subjective judgements can be qualitative (e.g. interview) or
quantitative (e.g. questionnaire). A general method is to ask participants to do
self-evaluations on task-specific measures. Particularly, subjective results are not always
consistent with objective measures. For instance, elder users may prefer an awkward
way (poor measure of time, effectiveness or efficiency) to interact [34].

3 Studies on Elderly Centered Touch-Based Interaction
Techniques

In this section, we discussed effects of input and output domains of touch-based
interaction techniques on interaction according to tasks, to have deep examinations into
consistencies and inconsistencies in elderly interaction performance and experience.

3.1 Interaction Tasks in Touch-Based Systems

The interaction task can be a good variable when analyzing designs of interaction for
the elderly. Firstly, well-defined interaction tasks are good simulations of processes of
interaction in real contexts. Secondly, the interaction performance and experience is
highly related to tasks to be finished. Thirdly, most of retrieved literatures have clear
definitions on the experimental task, so comparing these experimental results based on
the interaction task is available.

Target Acquisition (TA). As one of the of the most basic manipulation, TA has been
the most theoretically and experimentally studied. A typical TA movement consists of
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two control phases: (1) an initial large and quick directing phase and (2) a later small
and slower acquiring phase [31]. Older adults may face more challenges in either (1) or
(2) phases with respect to distinct contexts. Three problems of on-screen interaction are
identified to be more challenging for older people: First, the fat finger’ problem in
finger-based selection task. The finger, hand, or arm may occlude part of, or even the
whole target [35, 36]. Second, the ‘slipping’ in stylus-based selection. Older adults are
easily slipping away from a target when tapping on smooth screen [37]. Third, diffi-
culties in small targets selection [5, 35], because a more precise tapping is required to
successfully select a target. Interestingly, target size also has detrimental influence on
the efficiency of cognitive processes involved in the target acquisition task, especially
for the elderly [38].

Text Entry (TE). TE has also been widely studied. It is particular challenging for
older adults because of the nature of high complexity. The performance of text entry is
highly affected by keyboard design [34, 41], predict system [34], nature of task [42,
43], and the workstation configuration [44]. Besides, TE performance has close rela-
tionships with user pre-experience [40]. Generally, older adults require more intuitive
and easy-to-use entry method [34].

Keyboard Layout. Visual layouts and techniques do not improve TE performance, or
even have negative effects [34, 39]. The input accuracy has no relationships with the
familiarity of QWERTY layout [40]; Also, the input speed is found to be strongly
related to previous QWERTY experience rather than keyboard layout [40]. Still, a
carefully-designed keyboard, e.g. visual-adaptive keyboard, may provide comfortable
and natural typing experience [41]. Additionally, old users can be benefited from
adaptions that was hide from the interface. Findlater et al. designed a visual-adaptive
keyboards that reshuffle layout of keys and a non-visual-adaptive keyboard that do not
change visually rectangular layout but increase the chance that the user will press one
visual key but output a different letter [41]. The non-visual-adaptive keyboard provided
both typing speed and efficient/easy-to-use/preferred improvements [41].

Predict Variant and Working Condition. Surprisingly, old users are the least satisfied
with Predict Words variant keyboard, and they performed comparable or even worse in
general regarding input speed and error rate [34]. The reason suggested by self-report is
that the text predict is too complex and need more practice in order to correctly use it.
As for effects of typing in stationary or mobile condition, the text input speed
decreases, the error rate and mental workload increases when user is walking [44].

Real Scenario Tasks (In-Situ Usage). Real scenario tasks can be defined as complete
interaction ‘transactions’ happening in daily work, i.e. sending an email. Two problems
may lead to a gap between experimental results and practical usage. The first problem
is task inconsistency. Take TE as example, it can be divided into three in-situ tasks,
copy, compose and describe [42]. Most in-vitro experiments asked participants copy
sentences, but we think-and-write rather frequently than copy in practical conditions.
Actually, older adults were found to pause more frequently during the fixed time
allowed for typing (in self-judgement, they were also reported to spend more time
thinking than younger adults) [42]. In other words, the difference between two age
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groups in speed of typing as being caused by longer inter-key times, e.g. thinking, not
the actual tap times. The second problem is difficulties in controlling and determining
variables in real scenario tasks. However, underlying factors may be identified since
results are limited to less assumptions. For instance, the use of hands leads to increasing
both time and error rate for older people, while it has no effects on the young [43]. But
only a few studies considered this variant in experiments.

3.2 Input Techniques for Touch-Based Systems

Input techniques can be device-based (smartphones, tablets, tablet PCs, and table-size
touchscreens), or method-based (finger-based and stylus-based techniques). A consid-
erable of studies have thoroughly examined the input devices and methods for the older
adults [7, 45, 46]. Most studies evaluated common techniques as tap, multi-tap,
long-press, drag, drag-and-drop and free-drawing. Many novel input methods have also
been proposed, e.g. Steadied-Bubbles [47] and SWABBING [48].

3.3 Output Techniques for Touch-Based Systems

Display: Size, Color, Contrast, Fonts. The effects of display size [29, 49], orientation
[50], color [34], contrast [51, 52] and fonts [14, 53] were examined and were identified
to have significant influence on performance and subjective evaluations.

Arrangement: Layout, Information Architecture. Arrangements strongly affect
navigation task [20, 31, 54, 55], e.g. keyboard layout is strongly related to identifying
location of keys [39]. Besides, arrangement of interface elements (information archi-
tecture) has a significant influence on speed, mental load and satisfactory during web
browsing [31, 55].

Feedback: Visual, Acoustic, Tactile and Multimodal Feedback. Few studies con-
clusively discussed effects of output feedbacks on elderly. After examining relevant
literature, we found many inconsistencies in findings. Although popular opinion is that
providing feedback from these ‘absent’ channels will enhance user performance and
satisfaction, and results of many empirical studies validated this hypothesis. However,
some studies found that either visual (older adults were less sensitive to visual feed-
backs [35]), auditory, or haptic feedback do not act important as expected on older
users. We discussed these effects case-by-case, because each type of feedback has
typical effects on interaction.

Visual Feedback. Visual feedback is usually designed to aid in pointing [29], navi-
gation [54] and entry tasks [34]. The hovering techniques and the long-press on
touchscreen, for instance, either help users affirming whether the desired target is
accurately pointed, or suggest the possible behaviors after the target is selected.
Another type of visual feedback is aimed at modeling feeling that naturally generated
by other modalities, i.e. when clicking on a button, it looks like a real button is pressed.
This type of visual feedbacks is widely used in computers, mobile devices and virtual
environments [56]. But for older users, studies did not recommend the mechanism of
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creating pseudo-haptic feedback [57] through visual channel, especially in onscreen
text entry task [34].

Acoustic Feedback. The auditory feedback is usually used as secondary channel to
facilitate visual feedbacks. The presentation of multimodal feedback with auditory
signals via a touch screen device enhances performance and remark of older adults
[58]. Besides, auditory feedback can be designed to provide implications on word to be
typed. For instance, introducing an enhanced auditory feedback (EAF) for Korean
language entry task can provide subtle phonetic auditory feedback with the use of
acoustic phonetic features of human speech [59]. Another potential of auditory feed-
back is to elicit emotions of users, based on evidence of the systematic relationships
between acoustic features and emotions felt [60]. Providing pleasant sounds in aug-
mented artifacts and interfaces is able to make the task slightly easier, to leave users
feeling more in control [60], and to mitigate negative effects of tactile feedback of
increasing cognitive efforts [29].

Tactile Feedback. One of the weakness of touchscreens typing is the lack of tactile
feedback as provided from physical keyboard [8]. Researchers tried to compensate for
this nature by providing proper haptic feedbacks, however, completely exploring these
parameters is very complicated and of high cost of sensors and actuators at present. On
the other hand, effects of providing feedbacks on touchscreen is also inconclusive.
Some studies found haptic feedbacks aid performance, particularly for elderly and blind
users [29, 58, 61, 63, 64]. One the other hand, haptic feedbacks were found to provide
fewer help and to distract attention or affect older adults’ stable grasp of the device [29,
59, 65]. That tactile feedbacks being so tricky is related to subjective satisfactory nature
of sensitiveness and the currently incomplete simulation of physical feedbacks. Even if
provided a small but unnaturally force, it will have strong negative effects on perfor-
mance; as for satisfaction, significantly worse than those without tactile feedbacks [65].
Therefore, detailed design guidelines are needed in the design of haptic feedback.
Nishino et al. provided a design guideline specific for implementing mutually dis-
criminable tactile stimuli in practical applications [61]. But this guideline is still not
sufficient for supporting designing efficient and natural haptic responses.

Multimodal Feedback. Multimodality has been recommended for elderly-technical
system interaction for many years, conclusively for: (1) various modalities could
compensate disadvantages more than interfere between each channel [62]; (2) various
modalities can accommodate more characteristics of users and environments [66, 67];
(3) human’s natural ability on utilizing and integrating between multimodalities is little
affected by aging [66]. However, some studies show multimodal feedbacks yield worse
performance than a unimodal feedback, if some modalities, e.g. improper tactile
feedback, that has negative effects on performance are combined [68, 69]. And these
negative effects of multimodal feedback may be gender-related [70].
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4 Guidelines for Interaction Design on Elderly People

4.1 How to Identify Characteristics that Sensitive to Performance
and Experience?

According to results of literature examination, effects of age-related characteristics on
interaction performance and experience are summarized in Table 1. Contradictory
results are labeled as ‘?’, implying the effects have not been determined.

According to Table 1, effects of motor and sensorial degenerations have been the
most fully studied. It is reasonable, considering a large volume of the geriatrics studies
provided implications on research. Although effects of many cognitive degenerations

Table 1. Effects of age-related characteristics on performance and experience of touchscreen
(+: increase; –: decrease)

Time Effectiveness Efficiency Subjective
Judgement

Remark

Motor
degenerations

Strength ? – – ?
Speed + ? – –

Consistency + ? – ?
Coordination + ? – –

Endurance ? ? ? –

Accuracy + ? – –

Sensorial
degenerations

Depth-perception ? ? – ?

Field-of-view + ? – ?
Tactile ? – – –

Detail resolve + – – ?

Motion detect + – – ?
Color
discrimination

? ? ? –

Contrast detect ? ? – –

Cognitive
degenerations

Concentration and
Respond

+ ? – ?

Know, Understand
and Reason

+ – – ?

Recall + – – ?
Learn + – – –

Navigate + ? – – retain previous
strategies

Recognize and use
words

? – – ?

Emotional
degenerations

Attitude ? ? – – based on results
of surveysBelief ? ? – –

Anxiety ? ? – –

Fear ? ? ? –

Acceptability ? ? ? –
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are identified, the underlying mechanisms remain a mystery. As Zhou et al. described
in [20], the feature of big fonts, big buttons, large displays, and loud volume, is just the
tip of the iceberg; below the water lie design modifications that reduce old adult’s
cognitive demands. Effects of emotional degenerations on performance and experience
are not clear, and are also need to be further examined.

4.2 How to Accommodate for Elderly’s Special Interests?

Based on the experimental results and the analysis of the literature, we summarized the
approaches for accommodating the needs of the elderly:

Focus on Ability Rather Than Attribute. Age-related degenerations can be bio-
logical or chronological [24]. Chronological age is not enough for describing the
age-related characteristics [71]. Vocal degenerations for instance, chronological vocal
degenerations show strong relationships with aging, while biological vocal degenera-
tions can be affected by overuse of vocal, consumption of tobacco and alcohols,
psychological stress etc. [24]. We encourage focus on biological age-related degen-
erations in user backgrounds.

Consider Specific Tasks and Environments and Focus on Usage in Real Scenarios.
Most studies conduct experiments under laboratory environments. The findings and
recommendations are somewhat questionable when guiding for design in real scenarios
because user performance and experience are highly dependent on experimental tasks
and environments (Sect. 2.1).

Facilitate Learning of Interaction. Although having more barriers during interaction,
the difference between the young and the elderly could be reduced with inclusive
design approaches. Additionally, along with popularity of social media and social
networks, effects of emotional degenerations are fading (Sect. 2.1). Older people are
becoming increasingly interested in learning novel techniques for the purpose of
entertainment, communication, social support etc. [26–28]. Designing solutions to help
them learning is of great significance.

Be Prudent on Novel Interaction Techniques. Particularly, interaction performance
and experience of older adults are highly related to the acceptance of technology.
According to Zhou’s acceptance model [20], a lack of knowledge on computers and
experience may impede computer usage of the older adults. Low acceptance of older
adults is also related to anxiety, diffidence and fear during interaction [11, 51].

Reduced Functionalities and Assistive Techniques for Special Needs as Secondary.
Most of the researches focus on age-related difference during the interaction process.
However, this gap also exists in learning to control and react to touch-based devices. For
instance, the young adults and old adults show different learnability in navigation [21]
and text entry tasks [34]. Unlike Millennials, older adults are not born with computer and
the Internet. Tutorials or guidelines for general users probably not sufficient for an elder
to get familiar with novel techniques. Learning to use assistive techniques will be a
painstaking process for older people.
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5 Conclusion

Building a thorough map of effects of age-related characteristics on touch-based
interaction system become the crux of design for the elderly. In this work, we provided
a literature review, specifying elderly’s characteristics and determined factors (both
experimental and practical) on performance and experience of using touchscreens. We
also summarized the relevant design guidelines, and provided some novel perspectives
of the inclusion design of technologies for the elderly. Research on elderly cognitive
process during interaction, learning of interaction, and elderly-friendly feedbacks,
remain the under-explored areas. This stimulates curiosity for future studies.
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Appendix

See Table 2

Table 2. Experiment settings in literature

Reference Equipment Task Sample size
(old + mid +
young)

Age
mean/SD

Environment

Chen 2017 [J] 2100 1920�1080
touchscreen PC

One-directional-pointing;
multi-directional-pointing,
dragging-and-dropping

18(−) + 18 +
18

68.7/4.7

Rodrigues 2016 [J] Samsung ATIV
Smart PC Pro
11:600

Five variations of
QWERTY entry: COLOR,
WIDTH,
PREDICT_WORD,
SHIFTED,
SIZE_INVISIBLE

20(5M15F) +
0 + 0

–/–

Cáliz 2016 [C] Szenio 10.1
capacitive
multi-touch

Tap; Double tap; Long
press; Drag; Scale up;
Scale down and One-finger
rotation in game

50(25M25F)
+ 0 + 0

–/–

Smith 2015 [J] Motorola Droid
4, FlexT9 Text
Input suite,
Version XT9,
Version
T9WRITE,
Dragon Version
2

Physical QWERTY,
onscreen QWERTY,
tracing, handwriting and
voice

25(9M16F) +
0 + 25

68.8/7.4

(continued)
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Table 2. (continued)

Reference Equipment Task Sample size
(old + mid +
young)

Age
mean/SD

Environment

Motti, 2015 [J] Galaxy Note II
(WXGA
1280�720 Super
AMOLED);
Galaxy Note
10.1(WXGA
1280�800 LCD)

Drag-and-drop 24(−) + 0 + 0 72.25/5.8

Alshowarah 2015 [d] Samsung Galaxy
Ace S 5830,
HTC wildfire,
Samsung Galaxy
Tab 2, Samsung
Galaxy Note
10.1

– 22(−) + 31 +
50

–/–

Acarturk 2015 [J] iPad Usability test on iPad use
and email services

5(3M2F) + 0
+ 5

72/2.35*

Zhou 2014 [J] Apple iPod
Touch (3.5 in.,
480�320), Dell
Streak (5 in.,
800�480),
Samsung Galaxy
Tab (7 in.,
1024�600),
Apple iPad (9.7
in., 1024�768)

Four daily task related to
entry

32(7M25F) +
0 + 0

67.2/5.53 In-situ

Wulf 2014 [C] iPad, 9:700

1024�768
Tap; drag; pinch;
pinch-pan; rotate left and
rotate right

20(9M11F) +
0 + 20

71.85/5.13

Rodrigues 2014 [C] Samsung ATIV
Smart PC Pro
11:600

– – –

Muskens 2014 [C] iPad 2.0 Four existing applications
and one prototype

14(−); 12
(7M5F)

*69/– Iin-simu

Motti 2014 [J] Galaxy Note II
(WXGA
1280x720 Super
AMOLED),
Galaxy Note
10.1 (WXGA
1280x800 LCD)

Drag-and-drop in a puzzle
game

24(8M16F) 74.25/5.8 In-simu

Barros 2014 [C] HTC Titan 4:70,
HTC Radar 3:80

Vertical swipe; horizontal
swipes; tap

9(2M7F); 9
(5M4F); 9(−)

80.7/–; 76.4/–;
84.4/–

Schlick, Jochems 2013
[J]

Elo resistive 1700

TFT LCD(model
1715,
1280�1024)

Pointing; drag-and-drop 30 + 30 + 30 65.47/4.08

Leah 2013 [C] Apple iPad 3,
Apple laptops

Pointing; dragging;
crossing; steering

20(−) + 0 +
20

74.3/6.6

Hwangbo 2013 [J] 4:300 Android
smartphone

Pointing 22(9M13F) +
0 + 0

70.55/–

(continued)
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Table 2. (continued)

Reference Equipment Task Sample size
(old + mid +
young)

Age
mean/SD

Environment

Nicolau, 2012 [C] HTC Desire and
ASUS
Transformer
TF101 Tablet

QWERTY entry 15(4M11F) +
0 + 0

79/7.3

Mertens 2012 [M] HP TouchSmart
tm2-1090eg,
12.1 in.
capacitive
multi-touch,
1280�800

A new direct input
technique based on
swiping called swabbing

15(−) + 0 + 0 73.56/–

Vella 2011 [C] 1500 TFT display,
1024�768

Clicking; dragging;
clicking; magnetization

8 + 16 + 19 +
26 + 28

–/–

Nishino 2011 [C] A self-designed
system on
touchscreen

– 85(-) + 0 + 0 –/–

Leung 2011 [j] – Icon usability test 18(−) + 18 –/–

Bradley, 2011 [c] Samsung Galaxy
Tab

Daily tasks – –/– in-situ

Moffatt 2010 [C] Wacom Cintiq
12WX, 12:100

pen tablet,
1280�800;
Cintiq Classic
pen

Pointing 12(6M6F) +
0 + 12

73/–

Lepicard 2010 [C] Dell Tablet PC
Latitude XT2,
12:100 inch LCD
monitor,

Target selection 24(−) + 0 +
36

76.5/8.2

Fezzani 2010 [J] Apple
Macintosh;
Wacom DIP
digitizer tablet;
wireless pen

Pointing 14(6M8F) +
0 + 14

66.9/4.0

Vigouroux 2009 [C] 1500 laptop,
1024�768 TFT
display

Clicking; clicking and
magnetization

15(7M5F3W)
+ 0 + 0

–/–

Tsai 2009 [C] ASUS MyPal
A730W
compatible PDA

Continuous-touch digit
input

45(17M28F)
+ 0 + 0

67.6/–

O’brien 2008 [J] Dell 600-MHz
Pentium 3

4 keyboard shapes,
3 keyboard
arrangements
text entry

24(−) + 0
+ 24

69.67/4.27;
67.17/3.54;
68.33/2.88;
69.17/4.88

Moffatt 2008 [C] Fujitsu LifeBook
T3010D Tablet
PC

Tap; glide; entry 12(4M8F) +
0 + 12

72/–

Moffatt 2007 [C] Fujitsu 12:100

tablet,
1024�768;
inductive pen

Multi-dimensional
tapping; menu

12(4M8F) +
12(3M9F) +
12

62.1/–, 76.3/-

(continued)
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Abstract. Taipei Arts Promotion Center Hall carried out renovation works and
acoustical evaluation was conducted in 2003. In the past 15 years of use, due to
air humidity and material aging and other factors, may affect the room acoustics.
The assessments mainly focus on the setting of the space in theater mode, this is
the most frequently used setting by the owner. Auditorium impressions of
different audiences are different due to the different characteristics of the rever‐
beration time. Different auditory impressions may also reflect time, space, inten‐
sity and frequency characteristics and other factors in sound field. In the survey
and assessment, field measurement is taken as the basis for assessment, and the
real field hall is measured, which includes in-site measurement and computer
simulation evaluation for chamber music performance. Finally, the article finally
presents the relevant improvement and description.

Keywords: Multipurpose performance hall · Room acoustics
Computer simulation · In-site measurement

1 Introduction

Taipei Arts Promotion Center Hall is multipurpose auditorium and normally used for
theater. First, the single-channel sound measurement for indoor sound field performance
which is carried out based on the sound field performance evaluation, and the reinforce‐
ment sound system measurement is conducted consequently. In order to consider the
performance environment of music acoustic (natural sound), once again entered the
venue for the two-channel spatial impression of the objective measurement which was
evaluated. Some researches presented suitable mid-frequency depending on theater
mode, room volume and seating capacity [1]. In the Meanwhile, the musicians can also
hear their own sound with the monitoring system, which can improve performance
communication among musical band at pit. In addition to creating a good theater envi‐
ronments, the sound reinforcement system is another major focus of this study, the role
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and function of electro-acoustic system in hall, speakers deliver music to listeners by
the PA sound system, known as PA (Public address), however, it is not satisfied to meet
various performance status, the system of sound reinforcement (SR) is also introduced
in 1965, SR demands not simply transmit the sound, but also receive the brilliant sound
from the source, high-quality of sound speaker lead music effect clearly without distor‐
tion which could reach the ears of the listener’s. This paper presents the in-site meas‐
urement, acoustical simulation for the live house which is verified at exited performance
space. A number of major acoustical features have been employed in order to provide
a hall which meets the various criteria for a venue designed to accommodate a multi‐
purpose repertoire of events [2]. Schroeder the basic principles of computer simulation
into the room acoustics was since 1960 [3]. Room acoustic modeling technique and
especially the room acoustic computer models have developed over the last decades [4]
and highly accurate prediction models are available today.. Image Source Models
method is based on the principle that a specular reflection can be constructed geomet‐
rically by mirroring the source in the plane of the reflecting surface. In a rectangular
box-shaped room it is very simple to construct all image sources up to a certain order
of reflection [5]. The first computer model that was used for practical design of auditoria
was a ray tracing model which is proposed by Asbjørn Krokstad [6]. Numbers of sound
rays are traced from a source point up to high order reflections following the geometrical
and optical law of reflection. Although the room acoustic modeling technique has orig‐
inally been devoted to the acoustic prediction and design of auditoria, the problems are
equally challenging in practical projects, and to a great extent, the same methods can be
adopted. One fundamental problem is that the rooms can be very irregular, the diffusion
of sound can be uneven and very different from the simple assumption of a diffuse sound
field, and the sound absorption is unevenly distributed over the surfaces [7]; all together
this means that the reverberation time can be significantly different from that calculated
by the classical equations of Sabine and Eyring [8]. Another situation is that even if the
reverberation time can be measured and predicted, it may not be relevant parameters to
describe the acoustical condition of a room. For the instance, stage support is evaluated
for the musician communication and IACC and LF are for sound specialness. In auditoria
and performance spaces the room acoustic parameters are laid down in ISO 3382-1 [9].
The paper begins with the in-site measurements, following sections are dedicated to
detailed studies concentrating on the computer adjustable. The results presented here
not only have been used to verify the design scheme concept, simple field verifications
have also achieved in the future renovation in order to characterize information of room
acoustic. A room form was developed as prototype that had overall proportion and
volume similar to the rectangular, bilaterally symmetrical, the location of measuring
points is taken unilateral planning, the average distribution in the auditorium on the right,
1002 seats are distributed in the three level of floors during all assessment. Compared
to first renovated completion the planning of the reverberation time (RT), the chamber
music mode at middle frequency band is 1.52 s, the theater mode is 1.28 s. The volume
of the hall is 5614 m3, and equipped the hall with acoustical curtains by modifying its
acoustical characteristics.
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2 In-Site Measurement

The main measurement is the theater mode, which is the most frequently used setting
by the Taipei Arts Promotion Center Hall. The general design conditions of the audito‐
rium which is included are shown in Table 1. All the curtains on the stage are open
(Broadband frequency usage), including the backdrop, the curtain and screen cover,
auditorium floor and the third floor of the sound-absorbing curtain fully expanded. The
measurement was set unoccupied state, all entrances and exits are closed. When the
background noise is measured, the air-conditioning system is normally set for theater
performance, and the field lighting in the auditorium are turned on. In the measurement
process, to be consistent with the consistency of the state of the environment, the hall
lighting and equipment fully open and use air conditioning equipment to stabilize the
temperature and humidity changes.

Table 1. List of general design conditions of the auditorium

Event Theater mode
Room form Rectangular hall
Seating capacity 1002 seats (Fist floor: 576 seats, second floor: 217 seat, third floor:

209 seats)
Hall dimensions Width × Length × High: 32 m × 52 m × 15.6 m
Proscenium size Width × Length: 14.8 M × 9.8 M
Stage size Width × Length: 20.8 M × 24.4 M
Musical pit size Width × Length: 16 M × 4 M
Auditorium volume 5614 M3

Adjustable absorption Heavy weight drapery

2.1 Measuring Equipment and Point Distribution Planning

Signal to noise ratio is sufficient and the frequency can reach more than 45 dB in the
auditorium, the DIRAC was utilized for measurement as calculation station of the sound
field measurement system. The sound source is set on the stage (S1), the receiving point
is set to 10 points (M1-M10), the measurement points and instruments are located on
the right side of the auditorium (See in Figs. 1 and 2). The omnidirectional sound source
(S) is located 2-m above the center of the stage to the edge of the orchestra pit, 125-cm
height above the ground, and the e-sweep signal is transmitted using a dodecahedron
shape loudspeaker. The receiving points are distributed as a 0.5-in Microphone (B&K
Type-2250), fixed with a microphone holder and 120-cm above the ground. The impulse
response is calculated by the signals measured by a digital workstation (DIRAC) and
filtered to obtain the decay curve by the inverse product. For the assessment of Spatial
impression in the sound field, Inter-aural Cross Correlation (IACC) and early lateral
energy fraction (LF) parameters were also evaluated, respectively. Sound reinforcement
system are also conducted at the stage.

Acoustical Evaluation for the Renovation 299



Fig. 1. Sound source and 6 receiving points are distributed in first floor of auditorium

Fig. 2. Photos of measurement instruments are illustrated

2.2 Results of Room Acoustic Measurement

In-site field measurement to the international standard ISO3382-1: 2009 (E) content and
specifications described as the basis. In this field measurement, performance settings to
the main theater mode, this is the most used frequency setting. Measurement parameters
include the Reverberation time (T30), clarity (C80), Sound Strength (G), Stage support
(ST), Inter-aural Cross Correlation (IACC) and early lateral energy fraction (LF). The
results of in-site field measurement (theater mode), the reverberation time (RT) is 1.18 s
at the middle frequency band (500 Hz, 1 kHz), and the recommended indoor perform‐
ance of the theater is 1.05–1.35. The measured results are consistent with the sound field
performance. In addition, the spatial image of music performance, IACC and LF two
parameters were measured, results are indicated 0.73 and 0.18, respectively. The two
parameters pointed out that may not meet the sense of subjective hearing specialness in
auditorium. Preliminary measurements results and recommendation of acoustical
parameters are summarized in Table 2.
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Table 2. Acoustical parameters with live music performance are listed

Parameter 500 Hz 1000 Hz Overall average Recommendation
T30 (s) 1.25 1.11 1.18 1.05–1.35
C80 (dB) 5.4 6.6 6.0 4.0–6.0 dB
G (dB) 1.1 1.3 1.2 1.0–3.0 dB
Solo (ST) –18.3 –16.8 –17.6 N/A
Brass (ST) –16.3 –16.1 –16.2 N/A
String (ST) –15.4 –16.3 –15.9 N/A
IACC 0.82 0.63 0.73 ≦0.45
LF 0.16 0.20 0.18 ≧0.20

Based on the usage of the sound reinforcement system in the theater mode, this hall
is associated a line array system providing a very high performance of loudspeaker
capability and a wide range of sound energy distribution for the sound field. Measure‐
ment indicators include array speaker electrical audio frequency response and acoustic
gain. In the measurement of electrical audio frequency response, consider the sampling
frequency of the speaker response to the scope of requirements, IEC268-5 provides in
the frequency band within the scope of the electrical audio frequency response, the
proposed tolerance difference for frequency of sound pressure within ±5 dB. Consid‐
eration all 1/3 octave band range, the difference of 50 Hz to 1.6 kHz in each frequency
needs to be within 10 dB. Measurement results except for points M1 and M2 meet the
recommended value, the remaining points are greater than the standard value (≦ ±5 dB).
Transmission gain measurement results –18.3 dB, did not meet the recommended value
(≧ –8 dB).

3 Computer Simulation for Chamber Music

In order to meet the future renovation, except the theater mode, chamber music mode
is conducted by computer simulation. When the musical perform, in addition to facing
architectural space design, the tone, volume, reverberation may have a influence musical
performance, may also have an impact on the live sound effects. To further confirm the
performance hall planning goals and acoustic parameters of the correlation between
topography, assess technology includes the design stage through to computer simulation.
Since the establishment of and modifications to establish a database of digital material
model parameters through information operations, then check the status of the sound
quality of the sound field. As shown in Fig. 3, the coverage of 1st order reflections can
be evenly distributed to the stage and the frontal audience by only proposed upper
reflectors.
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Fig. 3. Simulated 1st order reflection coverage from the upper reflectors

3.1 Computer Simulation Calculation

The simulation was performed by using the upgraded Odeon software package that can
handle energy parameters of ray tracing calculation and was used to validate the sche‐
matic concept of using the curve reflectors. The number of rays was set to 10001 and
the truncation time of calculation was set to 5000 ms. The source was on the central axis
and 3-m from the front edge of the platform. Computer simulation of calculation is set
as shown in Table 3.

Table 3. List of calculation for computer simulation

Scatter method Lambert
Decimate late rays ON
Transition order 1
Number of rays 10001
Max. reflection order 2000
Impulse response length 5000 ms
Angular absorption All materials
Late reflection density 600/ms
Scatter method Lambert

A diffusive bricks are attached and a 0.7 scattering factor are assigned to the side
and rear walls. Occupied seating with medium upholstery was used for the audience and
a 0.7 scattering factor was assigned. 650 m2 heavy absorptive draperies for reinforcement
music with a 0.4 scattering factor were introduced. Furthermore, acoustics parameters
were proposed design target values by computer simulation for the energy parameters
EDT, RT, C80, D50 Ts and LF80. Materials assignments in library of Computer simulation
are as shown in Table 4.
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Table 4. Materials assignments in library of computer simulation

Location Materials Frequency (Hz) Scattering
coefficient63 125 250 500 1 k 2 k 4 k

Stage floor Oregon Wood 0.15 0.15 0.2 0.1 0.1 0.1 0.1 0.1
Audience floor Wood 0.15 0.15 0.11 0.1 0.07 0.06 0.07 0.1
Audience seat Medium

upholstered
0.24 0.25 0.47 0.63 0.75 0.78 0.83 0.7

Side wall Diffusive Bricks 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.7
Reflector Gypsum board 0.04 0.04 0.06 0.06 0.06 0.06 0.04 0.2
Stage opening Drapery 0.28 0.28 0.26 0.46 0.71 0.75 0.7 0.3
Adjustable
absorption

Heavy drapery 0.03 0.03 0.5 0.65 0.7 0.7 0.7 0.4

3.2 Results of Computer Simulation

A omni-directivity sound source provided by the software package and was used occa‐
sionally as references. The source was on the central axis and 1.5-m from the front edge
of the platform. Due to the cross-shaped hall-room space and symmetry, averaging 8
measuring points are chosen one side of seating which were symmetrically distributed.
Sound source in front of stage is set and simulated perspective and distribution of sound
energy particles of schematic model is shown in Fig. 4. Preliminary obtain mono sound
parameter, reverberation time (RT), early decay time (EDT) and music clarity (Clarity,
C80) are discussed. Acoustical indices, such as RT30, C80, D50, Ts and EDT, are
derived from the impulse response which is based on the International Standard ISO
3382 (Bradley 2004) [10]. Preliminary results of acoustical parameters were calculated
by computer simulation were summarized in Table 5 when all the acoustical draperies
are taken on. The reverberation time for the chamber music at mid-frequency is resulted
about 1.42 s.

Fig. 4. Simulated perspective model and distribution of sound energy particles
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Table 5. Acoustical parameters with music performance (Chamber music) are listed

Frequency Parameter
125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

EDT (s) 1.95 1.73 1.66 1.51 1.38 1.20
T30 (s) 1.35 1.59 1.45 1.38 1.28 1.15
C80 (dB) 5.4 3.1 3.4 3.7 4.2 5.0
D50 0.54 0.56 0.56 0.58 0.60 0.70
Ts (ms) 82 74 70 64 57 39
LF80 0.056 0.064 0.060 0.067 0.065 0.073

4 Preliminary Results

The result of reverberation time measurement was 1.18 s at middle frequency of this
investigation, compared with the renovation in 2003, reverberation time measurement
was 1.28 s at middle frequency (Theater mode), sound amplitude is decreasing to 0.1 s,
mainly due to the hall 15 years of sound-absorbing material effect results. Although the
use of the theater mode is currently influential, considering the future use of music
performances, it is suggested that the middle band reverberation time should be 1.52 s
(Chamber music mode), and it is suggested that details be elaborated and explained in
the future detailed construction design. It is recommended that the amplitude range of
the reverberation time range from 16% to 30%. The comparison of reverberation times
(T30) among the different period derived from the measurement and simulation for the
theater and chamber music mode are shown in Fig. 5.

0

1

2

3

4

5

125 250 500 1000 2000 4000

T3
0 

(s
)

Frequency (Hz)

Fig. 5. Comparison of reverberation times (T30) at 1/1 octave frequency band among the different
period time, year 2003 (Solid line) and year 2017 (Dotted line) derived from the measurement,
respectively and simulation for the chamber music mode (Dashed line) are illustrated.
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5 Discussion

The main assessments in Taipei Arts Promotion Center Hall carried out renovation
works and acoustical evaluation was conducted in 2003 and 2017, respectively. In the
past 15 years of use, due to air humidity and material aging and other factors, may affect
the room acoustics. Theater mode is the most frequently used setting for the owner
utilized. The auditorium impressions of different audiences are different due to the
different characteristics of the reverberation time. In the survey and assessment, field
measurement is taken as the basis for assessment, which includes in-site measurement
and computer simulation for chamber music performance. Some preliminary results are
abstracted as followed:

1. The result of reverberation time measurement was 1.18 s at middle frequency of this
investigation, compared with the renovation in 2003, reverberation time measure‐
ment was 1.28 s at middle frequency (Theater mode), sound amplitude is decreasing
to 0.1 s, mainly due to the hall 15 years of sound-absorbing material effect results.

2. Measurement results except for points M1 and M2 meet the recommended value,
the remaining points are greater than the standard value (≦ ±5 dB). Transmission
gain measurement results –18.3 dB, did not meet the recommended value (≧ –8 dB).

3. For Spatial image of music performance, IACC and LF two parameters results in
0.73 and 0.18, respectively. The two parameters pointed out that may not meet the
sense of subjective specialness in auditorium. Upper divided reflector of the hall can
compensate the insufficient of sense of hearing in specialness.

4. Although the use of the theater mode is currently influential, considering the future
use of music performances, it is suggested that the middle band reverberation time
should be 1.52 s (Chamber music mode), and it is suggested that details be elaborated
and explained in the future detailed construction design.
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of Architecture, National Taiwan University of Science and Technology the kindly assistances
during the measurement phase.

References

1. Barron, M.: Auditorium Acoustics and Architectural Design, 2nd edn. E & FN Spon, London
(1993)

2. Chiang, W., Lin, W., Chen, Y.-R., Hu, H.-Y.: Variable acoustics design of a small proscenium
concert Hall. J. Asian Archit. Build. Eng. (2008)

3. Schroeder, M.R., Atal, B.S., Bird, C.M.: Digital computers in room acoustics. In: 4th
International Congress on Acoustics (ICA 4), Kopenhagen, Vortrag M21 (1962)

4. Rindel, J.H.: Modelling in auditorium acoustics. From ripple tank and scale models to
computer simulations. Revista de Acústica XXXIII(3–4), 31–35 (2002)

5. Allen, J., Berkley, D.A.: Image method for efficiently simulating small-room acoustics. J.
Acoust. Soc. Am. 65, 943–950 (1979)

Acoustical Evaluation for the Renovation 305



6. Krokstad, A., Strom, S., Sorsdal, S.: Calculating the acoustical room response by the use of
a ray tracing technique. J. Sound Vib. 8(1), 118–125 (1968)

7. Christensen, C.L., Rindel, J.H.: A new scattering method that combines roughness and
diffraction effects. In: Proceedings of Forum Acusticum, Budapest, Hungary, pp. 2159–2164
(2005)

8. Siebein, G.W., et al.: Project Design Phase Analysis Techniques For Predicting the Acoustical
Qualities of Buildings. University of Florida (1986)

9. ISO 3382-1:2009: Acoustics - Measurement of room acoustic parameters - Part 1:
Performance spaces (1986)

10. Bradley, J.S.: Using ISO 3382 measures to evaluate acoustical condition in concert halls. In:
International Symposium on Room Acoustics: Design and Science 2004, Kyoto, Japan (2004)

306 W. Lin et al.



Viewing Angle, Depth and Directionality
of 2D and 3D Icons

Hsuan Lin1(✉), Kuo-Liang Huang2, and Wei Lin3

1 Department of Product Design, Tainan University of Technology, Tainan, Taiwan
te0038@mail.tut.edu.tw

2 Department of Visual Arts and Design, Nan-hua University, Chiayi, Taiwan
shashiliang@gmail.com

3 Department of Interior Design, Hwa Hsia University of Technology, Taipei, Taiwan
weilin@cc.hwh.edu.tw

Abstract. The modern world is faced with an increasingly aging population, so
the demand and market of the aged have expanded rapidly. The authors suggest
researching the icons suitable for the elderly. The findings herein identify design
elements of 2D and 3D icons and may serve as a reference for those engaged in
icon design and research in the future. Therefore, this study probed comprehen‐
sively into the viewing angles, depth, and directionality of 2D and 3D icons. The
useful references for further research and practical applications of website design.

Keywords: Icon · Viewing angle · Depth · Directionality

1 Viewing Angle of 2D and 3D Icons

1.1 Three-View Diagram

As a 3D object is observed, the position of the object in relation to the observer can be
shown from different viewing angles. There are six viewing angles available: top, left,
front, right, back, and bottom (Fig. 1). However, the front, top, and right viewing angles
are the three frequently used. As the feature of an object differs, the viewing angle
suitable for it varies. A designer will choose the viewing angle that can present the
features and details of the icon more adequately.

1.2 Viewing Angle

A designer can present an icon from four viewing angles, or viewpoints: one-view, two-
view, three-view, and offset from front [1], which are explained below.

One-View Diagram. The one-view diagram is the most commonly used for icons at
present. This way, an object is presented from only one viewing angle, which is parallel
with the viewer’s sightline, usually from the front or the angle which can show the
optimum features of the object (Fig. 2).
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Fig. 2. One-view diagram

Two-View Diagram. A two-view diagram presents an object from two viewing angles,
from the front and the slight top or side, to show its two sides and highlight its features
(Fig. 3).

Fig. 1. Three-view diagram
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Fig. 3. Two-view diagram

Three-View Diagram. A three-view diagram presents an object from three viewing
angles, i.e., from the front, top and side, to show the object in an optimum and equal
way (Fig. 4).

Fig. 4. Three-view diagram

Offset From Front. An offset from front diagram (Fig. 5) is similar to a two-view
diagram (Fig. 3) in terms of presentation effects, for both are presented from two viewing
angles. However, close examination reveals their difference. The offset from front
diagram takes the front view as the major viewpoint and the slight top or side as the
minor viewpoint [1]. The major viewpoint shows more features of the object than the
minor viewpoint. The greatest difference between offset from front and two-view is that
the former presents the object in a one-view diagram without contracting the major
viewpoint. By contrast, the latter contracts the major viewpoint to present a two-view
diagram. Therefore, when the object is presented in the offset from front viewpoint, a
one-view diagram plus depth and shade is good enough to present a perspective.
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Fig. 5. Offset from front

1.3 Depth

Depth is an important factor used to distinguish 2D icons from 3D icons. The factors
affecting the way to present the depth of an icon are shade [1], shadow [1–3], depth/
shallowness [1], and front/back. As an icon is presented in different levels of depth, the
results are widely different. 2D icons show farness or closeness by means of front/back
(Fig. 6), depth/shallowness (Fig. 7), distance (Fig. 8), and size (Fig. 9). However, 3D
icons (Fig. 10) are presented in common ways; that is, their convexness or concaveness
is shown in two ways. Moreover, some icons show 3D effect through 2D techniques;
namely, shades are used to present convexness (Fig. 11) or concaveness (Fig. 12).

Fig. 6. Front/back

310 H. Lin et al.



Fig. 7. Depth/shallowness

Fig. 8. Distance

Fig. 9. Size
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Fig. 10. 3D perspective

Fig. 11. 2D convexness with 3D effect

Fig. 12. 2D concaveness with 3D effect

1.4 Directionality

Icons can present directionality [1]. To be exact, 2D icons can show such two-dimen‐
sional directions as upwardness, downwardness, leftwardness, and rightwardness
(Fig. 13). However, 2D icons can hardly present depth, i.e., inwardness and outwardness
(Fig. 14), though the front of the arrow is larger than its back. By contrast, 3D icons can
not only show upwardness, downwardness, leftwardness, and rightwardness (Fig. 15)
but also inwardness and outwardness (Fig. 16).

Fig. 13. Upwardness, downwardness, leftwardness, and rightwardness of 2D icons
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(a)Inwardness                 (b) Outwardness

Fig. 14. Depth of 3D icons

Fig. 15. Upwardness, downwardness, leftwardness, and rightwardness of 3D icons

(a)Inwardness         (b) Outwardness

Fig. 16. Depth of 3D icons

2 Conclusions

Presentation of depth is an important factor influencing 2D and 3D icons. Viewing
angles, depth, and directionality are important factors that affect viewers’ judgment of
depth. In general, there are four viewing angles used for icons: one-view, two-view,
three-view, and offset from front. To present an icon in an optimum way, designers
usually adopt the offset from front viewpoint. Thus, the main features of the object may
be presented from the major viewpoint while the features from the minor viewpoint are
less important, with only depth indicated. In addition, to present depth, 2D icons rely
on front/back, depth/shallowness, distance, and size. As for directionality, 2D icons can
show the direction on a two-dimensional axis without presenting depth (inwardness and
outwardness). By contrast, 3D icons can easily present three-dimensional movements,
including inwardness and outwardness.
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The modern world is faced with an increasingly aging population, so the demand
and market of the aged have expanded rapidly. The authors suggest researching the icons
suitable for the elderly. The findings herein identify design elements of 2D and 3D icons
and may serve as a reference for those engaged in icon design and research in the future.
The useful references for further research and practical applications of website design.
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Abstract. The global population is moving toward an ageing population. Many
countries are improving their technology to create smart cities suitable for the
elderly. With the development of smart devices, people can make their life more
convenient and can use phone APP to help the older with medical or health
management. With the degeneration of their body, their sense of touch
decreases, which in turn affects their feelings of haptic feedback for smart
devices. Therefore, the study is aim to measure haptic feedback differences
between elderly and young people, and to provide the manufacturers of mobile
devices development as a basis for elderly have a good haptic feedback expe-
rience and improve the quality of use. The study was divided into two phases, a
total of 58 participants recruited, of whom 27 people were 18 to 50 years old and
31 people over the age of 50, and through comparing haptic vibration feedback
intensity by different vibration frequency and vibration time of mobile devices to
explore whether there is any feeling difference between two ages.

Keywords: Elderly � Physiological function � Tactile � Haptic feedback

1 Introduction

As the world enters a society with more senior citizens, more and more elderly people
embrace technological products (such as smartphone, computer, etc.) and use them to
contact other people and learn new things. The frequency of use of high technology
device by elderly people is not necessary less than that of young people. In addition,
the design of smart devices can be combined with the software in medical related
purposes which may help the elderly to have better connection with medical team to
track their health condition and diet habits. It could provide an easier way to help the
elderly to achieve their health management and improve their quality of lives [1–3].

Alongside the progress of science and technology, man-machine interaction pro-
vides people with richer experience, especially giving people a rich sensory experience
in the side of visual, tactile, and auditory senses. In the daily life, it can be observed that
the screen meets the visual needs and the speaker meets the auditory part. The current
trend shows that science and technology is oriented towards the development of haptic
feedback. The process of virtual reality and wearable devices reduces the size into the
finger-grounded skin deformation device from the larger devices originally. The size
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miniaturization provides the users an improved tactile experiences by using the three
freedom dimensions of kinesthetic and skin tactile interaction to the fingertips [4, 5].
Taptic Engine developed by Apple assumes the responsibility for tactile sensation.
Currently, sensory dimension is the haptic feedback mechanism that Apple is com-
mitted to developing [6]. The tactile vibration feedback from human senses is the
earliest measurement and the most common-use tactile haptic feedback. The tactile
perception is able to obtain many diversified information by sending different tactile
form messages to the brain through touching on the different sizes of objects, shapes,
materials, roughness, and temperature, and so on [7, 8].

The smart devices can be applied in the haptic feedback development to assist the
visually impaired. The researchers creates the braille pattern on the touch screen with
different frequencies and different length of vibrations to test if the visually impaired
people is able to discriminate the differences [9]. The haptic feedback technology can
be categorized into three major applications: confirmation, immersion, and enriched
communication. 1. Confirmation: for example, making the users to be able to have an
actual feeling on their fingers when they press the virtual keyboard which may avoid
the over pressing problems. 2. Immersion: it can provide the users more actual expe-
riences by integrating the Confirmation technology with the environment into the smart
devices. 3. Enriched communication: the meaning of communication is included the
hearing, vision, and tactile communications. Inputting the tactile vibration feedback can
create live experiences to the users [10].

Although many senior citizens enjoy learning new technologies, during the learning
process, they still feel some inadequacy. The reasons for this maybe (1) they are not
familiar with the operation of a new technological product due to the complicated
design of its hardware and software which is too complex and difficult to understand;
(2) they have limited experience of using computer products and cannot use past
experience to operate the device; (3) the deterioration of their body function (such as
vision, tactile sense, hearing, etc.) makes them unable to successfully complete an
action [11–13]. The skin is the largest organ of the body. The sense of touch can
replace auditory and visual senses. Hence, although the elderly’s physical functions are
degrading, smartphones can enhance their tactile experience and make up for their
weakened hearing and vision [14]. In terms of tactile sense, neurostimulation, such as
light, sound, current, vibration, action, and thought, can be used as a way to stimulate
the brain [15]. Most people undergo deterioration of sight at the age 40 to 50 [16].
Therefore, if haptic feedback can be enhanced, the elderly would be able to have a
better smart phone experience. However, the sense for haptic feedback of the elderly
people differs from general users due to the deterioration of their physiological function
due to aging. In general, smart phone haptic feedback research is rarely done on the
older generation. Therefore, this study focuses on the haptic feedback of the elderly and
compares it with users of different ages so as to understand the differences in the haptic
feedback between the elderly and other age groups in order to give senior citizens a
satisfactory experience of smart devices.
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2 Method

The aim of this study was to explore the differences in the haptic feedback between the
elderly and the different age groups. Experiments were conducted with different haptic
feedback samples accompanied. This study is divided into two experiments, and the
individual recruitment of the older and the younger groups of participants were com-
pared. The descriptions of Experiments are as follows:

• Experiment 1: The main purpose is to explore the intensity perception of different
vibration frequencies under fixed vibration time. Participants should be based on
personal perception of the same vibration time to compare different vibration fre-
quency samples, and provide the feedback of which vibration strength is the
greatest.

• Experiment 2: The main purpose is to explore the intensity perception of different
vibration time under fixed vibration frequencies. Participants should be based on
personal perception of the same vibration time to compare different vibration fre-
quency samples, and asked them which vibration strength is the greatest as
experiment 1.

2.1 Experimental Sample

Experiment 1
Three different vibration frequencies (80 Hz, 160 Hz, 200 Hz) were compared among
three different vibration times (100 ms, 300 ms, 500 ms), as shown in Table 1.

Experiment 2
Three different vibration times (300 ms, 500 ms, 1000 ms) were compared among
three different vibration frequencies (160 Hz, 180 Hz, 220 Hz), as shown in Table 2.

Table 1. Experiment 1 sample.

Vibration time 100 ms 300 ms 500 ms

Vibration frequency 80 Hz 80 Hz 80 Hz
160 Hz 160 Hz 160 Hz
200 Hz 200 Hz 200 Hz

Table 2. Experiment 2 sample.

Vibration frequency 160 Hz 180 Hz 220 Hz

Vibration time 300 ms 300 ms 300 ms
500 ms 500 ms 500 ms
1000 ms 1000 ms 1000 ms
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2.2 Experimental Setup

• Participants: Two experiments were recruited the middle-aged or older and the young
groups. In experiment 1, 22 participants were recruited (10 young people and 12
middle aged people). In the second experiment 2, 36 people were recruited (17 young
people, middle-aged and older people 19 people).

• Apparatus: In experiment 1, two different devices were used to perform the
experiments, 5.5 in. phone panel and 9.7 in. tab panel. The main idea is to know
whether the two sizes have different effects on the participants. According to the
results of the first experiment, we discover that perception of the participants on the
tab panel is better than that the phone panel. Therefore, in the experiment 2, the
experiment will be conducted only on the tab panel device. Two experimental
motors are based on the most common type of tactile vibration motor which is
model 301-101.945 of mobile devices.

2.3 Conducting Experiment

The apparatus as shown in Fig. 1. The motor was placed in the four corners of the
sample. Then, the sample was placed on a stationary table to reduce the external factors
caused by the hand. In addition, a noise pad was laid between the sample and the table
to reduce the resonance or sound interference when the device was put on the table.
The order of sensitivity of the hand is as follows: the most sensitive are the fingertips,
followed by the knuckles, then the palms [17]. Therefore, this test allowed the subject
to place the index finger of the dominant hand on the center of the screen sample
(Fig. 2).

Fig. 1. Experimental devices Fig. 2. Illustration of the experiment
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2.4 Experimental Process

This study has two phases of experiments, below are process details based on the
experimental sample settings.

Experimental 1 Process
The Sample see Table 1. In this experiment, to explore the effect of vibration frequency
on intensity perception under the fixed vibration time. Participants will be in a fixed
time vibration samples to compare the different vibration frequency of the intensity
feelings for 9 times. For example, under 100 ms vibration time, the participants will
experience the vibration frequencies of 80 Hz, 160 Hz and 200 Hz in random, and then
ask them to sort the intensity of the vibration sample they feel. Using the answer of
participants to compare with the experimental vibration frequency in sequence which is
correct answer, as correct rate. Seeing sample in Table 1.

Experimental 2 Process
In experiment 2, different vibration times will be compared at the same vibration fre-
quency, with a total of 9 comparisons per participant (see Table 2 for the sample). For
example, under the vibration frequency of 160 Hz, the participants experience three
groups of vibration which are 300 ms and 500 ms, 300 ms and 1000 ms, 500 ms and
1000 ms in sequence, and compare which feeling of vibration time is more intensive
within each group. Using the answer of participants to compare with the experimental
vibration time in sequence which we set the answer is that 500 ms is more intensive than
300 ms, 1000 ms is more intensive than 300 ms and so on, as consistency rate.

3 Result

3.1 Experiment 1

The participants were divided into the elderly group (total 12, the average age of 58.2
years) and the young group (total 10 people, the average age of 22.6 years). Those with
related experiences (9 males and 13 females) in using smartphones or tablets were
divided. The results showed that the elderly group had better tactile vibration feedback
on the tablet than the smartphone. The results of the experiment 1 is shown on Table 3;
the compliance rate of 40 Hz difference on smartphone is shown on Fig. 3; the com-
pliance rate of 40 Hz difference on tablet is shown on Fig. 4.

Table 3. Experiment 1 results

Phone Pad

The young group rate 77.78% 80%
The elderly group rate 65.74% 81.48%
F rate 70.09% 76.92%
M rate 72.84% 86.42%
Compliance rate 71.21% 80.81%

A Study on Haptic Feedback Awareness of Senior Citizens 319



3.2 Experiment 2

The respondents from experiment 2 were recruited 36 people in total. There were 19
people in the elderly group (average age of 67 years old) and 17 people in the young
group (the average age of 23 years old). The purpose of this experiment is to investigate

Fig. 3. Error rate at 40 Hz difference-phone

Fig. 4. Error rate at 40 Hz difference-pad
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if the users are be able to distinguish the differences the different time length of
vibrations at the same vibration frequency condition from the mobile devices. More-
over, this experiment discussed about if the users will have stronger feeling from the
longer time length of vibrations by calculating the consistency from each vibration
samples of the respondents’ perception of the strength and the differences of vibrating
durations.

As shown in Fig. 5, when the vibration frequency was fixed under 160 Hz, 77.5%
respondents from the young group and 71.9% respondents from the elderly group
found that the longer duration of the vibration provided them stronger feeling (a = 0.1,
p value = 0.209). When the vibration frequency was fixed under 180 Hz, 77.5%
respondents from the young group and 71.1% respondents from the elderly group
found that the longer duration of the vibration provided them stronger feeling (a = 0.1,
p value = 0.138). When the vibration frequency was fixed under 220 Hz, 72.5%
respondents from the young group and 63.2% respondents from the elderly group
found that the longer duration of the vibration provided them stronger feeling (a = 0.1,
p value = 0.132).

Figure 6 is shown the results by using the duration as standard to compare. Taking
300 ms as the standard to compare with other durations, 76.5% respondents from the
young group and 65.2% respondents from the elderly group were able to distinguish it
clearly with others (a = 0.1, p value = 0.07). Taking 500 ms as the standard to com-
pare with other durations, 75.5% respondents from the young group and 61.4%
respondents from the elderly group were able to distinguish it clearly with others
(a = 0.05, p value = 0.016). Taking 1000 ms as the standard to compare with other

Fig. 5. Compliance rate based on different vibration frequency
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durations, 72.5% respondents from the young group and 78.3% respondents from the
elderly group were able to distinguish it clearly with others (a = 0.1, p value = 0.27).

The result of the differences of haptic feedback from the rest group and the control
group is the perception of haptic feedback from the test group was generally lower.
However, the perception of haptic feedback from the elderly was higher than the young
group when using 1000 ms as the standard (Figs. 5 and 6).

4 Discussion and Conclusion

The response rate for smartphone haptic feedback was 71.2% and for tablets 80.8%,
showing a difference of 9.6%. Perhaps the rate of vibration transmission is affected by
the size of the panel. For those who are 20 to 50 years old, the correct answer rate is
77.7%; for those 50 years of age and older, the correct answer rate is 65.7%. From
these data, the deterioration of the tactile sense of the elderly can be clearly compared.
Their rate of haptic response differs from those below 50 years old by 12%. For tablets,
the correct answer rate of 20 to 50 years old is 80%, while the correct answer rate of
those 50 years of age or more is 81.4%. From these data, it can be observed that the
elderly has a better sense for the haptic response for samples with larger area. 86% of
the respondents like phones with a vibration mode. 81.82% of the respondents pre-
ferred the smart devices with vibration mode. This shows that most users like to have
actual haptic feedback experience when using smart phones.

In addition, the study found that respondents had difficulty in distinguishing fre-
quencies with a difference of 40 Hz (as shown in Figs. 3 and 4). Therefore, for future

Fig. 6. Compliance rate based on different vibration time

322 S.-F. Liu et al.



development of device with haptic feedback, it is necessary to put into consideration
that the elderly might not feel the slight drop in haptic feedback due to tactile deteri-
oration. On the tablet test, the elderly’s the correct answer rate is nearly 20% higher
than on the phone test. This maybe because the larger area of a tablet enables the
elderly to distinguish the vibration better. Therefore, in future studies on the increase in
haptic feedback experience, a larger sized tablet could be considered.

In experiment 2, when using 300 ms and 500 ms vibrating time as standards to
compare with other durations, the elderly group’s the compliance rate of perception of
the vibration intensity and duration was lower than young group. It may imply that when
the single vibration duration is low, the elderly may have more obvious feeling on the
vibration intensity than the duration, which may make them easier to feel fatigue.

In experiment 2, the data showed the differences in haptic feedback perception
among the elderly group and the young group. The young group had better perception
than elderly group from the frequency of haptic feedback. However, the elderly group
had better respond in 1000 ms test. For further discussion, from the data at 1000 ms
which is under 180 Hz test, the tactile perception of the elderly group was almost 3%
better than the young group. In the interview from the experiment 2, most respondents
from the elderly group had more sensibility to the longer vibration feedback, and they
also could feel the differences vibration feedback at the very first and second time at the
same millisecond and the same frequency. Furthermore, the result of perception of
haptic feedback of 1000 ms under 160 Hz was 6% higher than other frequencies and
the perception feedback of 300 ms was higher than other frequencies under 180 Hz,
which provide an opportunity to discuss the differences for the future study.

Most of the tactile experience on smartphones available on the market are not
designed for the elderly. In the future, this study will add users of different ages in the
research on haptic feedback and focus on the haptic feedback sensed by the elderly. To
make products meet the needs of the senior citizens, there is a need for more experi-
ments and samples to verify the frequency of vibration for the elderly’s haptic feedback
experience. This would make it easier for them to identify and learn to use smart
devices. This study also provides future mobile device developers a reference on haptic
feedback in order to give senior citizens a good user experience.
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Abstract. In recent years, advanced driving support systems have been
introduced in automobiles. When drivers use such systems, they have to
engage in two parallel tasks: driving a car and operating the system.
Older people have some difficulties in engaging in this dual task. This
paper examines the relationship between these difficulties and the decline
in time perception using a computational cognitive modeling approach.
The results of the simulations demonstrated that the declining ability
to perceive time led to poorer driving performance; however, it did not
affect the amount of time needed to complete a secondary task.

Keywords: Dual task · Driving · Cognitive aging · Time perception
Cognitive modeling

1 Introduction

Advanced driver assistance systems (ADAS) such as adaptive cruise control
(ACC) and lane keeping assist (LKA) have recently been developed. Such sys-
tems help older drivers in particular to drive their car. To use the ADAS or
other in-car devices (e.g., car navigation system, air conditioning), the drivers
have to operate buttons and levers in their car to enable them and to change set-
tings while controlling their car. However, older drivers have difficulties engaging
in such dual task. In this study, we investigate how cognitive aging affects the
ability to enable or set the ADAS while driving a car using cognitive modeling.

1.1 Driving and Aging

Many previous studies have investigated the effect of aging on driving perfor-
mance [1–3]. The researchers in most studies measured older drivers’ abilities
to control the car, such as the response time while braking and behavior at
an intersection. However, a dual task driving situation requires other cognitive
abilities beyond those required when just driving a car.
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For older drivers, the dual task situation is more difficult than for younger
drivers because the cognitive abilities required for performing the dual task are
affected by aging [4]. Should they encounter a dangerous situation once, it is
possible that older drivers will give up on using the useful support systems. It
is, therefore, important to specify what type of cognitive aging would result in
what type of danger. This research focuses on the impact of cognitive aging in
time perception.

1.2 Dual Task and Time Perception

When people conduct a dual task, they process each task alternately by switching
their goal. This means that they process only one goal-focused task at a time.

The situation investigated in this study involves the primary task of driving
the car and the secondary task of changing the system state. Namely, the driving
goal is the main goal and the enabling goal is the secondary goal. When drivers
pursue the driving goal, they control the car; similarly, when they pursue the
enabling goal, they operate the in-car device to change the state of the system.

Kujala and Salvucci (2015) investigated drivers’ cognitive processes in a sim-
ilar situation [5]. The drivers switched their goal from the primary one (i.e.,
driving) to the secondary one (a task other than driving) when the main task
was stable. They switched back to the main task at two points of time: (1) fol-
lowing the achievement of the sub-goal of the secondary task and (2) when a
certain period of time had lapsed.

Previous studies demonstrated that older people have difficulties performing
dual tasks [6,7]. One possible cause of this impaired performance is a decline
in time perception. The internal clock of older people tends to be slower than
that of younger people [8,9]. This decline in time perception affects when the
older drivers switch back to the driving goal, especially their judgment whether
a certain period of time is passed. Based on their internal clock, older people
may not estimate how long they engage in the enabling goal correctly (i.e., they
estimate shorter), and as a result, they may not to switch back to the driving
goal with sufficient rapidity. In this study, we investigate the effects of declining
time perception on the performance of dual tasks in the driving situation.

2 Task

Our target task in this study was to change the state of the ACC from an off
to a “set” state. The ACC is one of the ADASs that automatically adjusts the
car’s speed and helps to maintain a certain distance from the vehicle ahead.

The virtual car driven by our model was based upon the Levorg by Subaru.
Figure 1 shows the devices in the Levorg related to the ACC. The state of the
ACC is changed by using three of the six buttons on the steering wheel, two of
which were used for the task in this study. The ACC monitor in the instrumental
panel displays the current state of the ACC.
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Fig. 1. Buttons for controlling the ACC and the ACC monitor.

To change the state of the ACC from off to “set”, the driver must push two
buttons in order. First, they push a “cruise” button, which takes the ACC into
the standby state. Then, by pushing a “set” button, the ACC switches to the
set state and starts adjusting the speed of the car.

3 User Model

3.1 Cognitive Modeling

A cognitive modeling approach was used to investigate the effect of aging on task
performance. A cognitive modeling approach uses a computer model of human
cognitive processes, which can perform a task by simulating human action. We
constructed a user’s cognitive model that could enable the ACC and drive the
car. Then, the value of the parameters related to the time perception were modi-
fied, and the changes in performance observed. The purpose of this study was not
to evaluate the effectiveness of the model or parameter settings, but to observe
what happened when the computer model aged virtually.

3.2 Adaptive Control of Thought–Rational

We used the Adaptive Control of Thought–Rational 7.0 (ACT–R) to construct
the user model. ACT–R is a cognitive architecture consisting of multiple modules
as shown in Fig. 2, which can replicate human cognitive processes, including both
internal and external processes [10].

The ACT–R model receives perceptual stimuli from the environment through
perceptual modules and changes the environment using motor modules. We
added steering and pedal modules to control the car, and a device-operation
module to push the buttons in the car.
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Fig. 2. Structure of ACT–R.

The ACT–R has two memory modules: declarative and procedural modules.
The procedural module includes the production rules (i.e., “IF · · · , THEN · · · ”).
The declarative module stores declarative knowledge. The ACT–R selects the
subsequent action based on the current goal, knowledge retrieved from the declar-
ative module, and information from the environment. A selected production rule
is activated, and the ACT–R model adds the operations to the environment.

3.3 Declarative Knowledge

We provided the user model with two types of declarative knowledge needed
to achieve the task. One was the knowledge of instructions shown in Table 1,
which were used as the sub-goals of the enabling goal. Each knowledge of the
instruction entailed an operation to be conducted and the object to be used.
In addition, the knowledge of the function of the buttons was used to identify
whether a button was the target one.

Table 1. Sub-goals for enabling ACC.

Sub-goal Declarative knowledge Explanation

Operation Object

Sub-goal 1 Push Cruise Push the Cruise button

Sub-goal 2 Check Standby Check whether the ACC state is Standby

Sub-goal 3 Push Set Push the Set button

Sub-goal 4 Check Set Check whether the ACC state is Set
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3.4 Model’s Behavior

We constructed our user model based on an ACT–R model by Kujala and
Salvucci (2015) [5]. Their model simulated a process of searching for a target
music title from an in-car display while driving a car. Their model switched goals
from the primary driving goal to the search goal when the driving was stable.
The stability of driving was evaluated by assessing the vehicle’s lateral position
in the lane and its lateral velocity [11]. It switched back to the primary driving
goal when the sub-goals of the search goal (i.e., finding the target or finishing
searching a current page) were achieved, or when the model was aware of the
passage of time.

An overview of our user model is shown in Fig. 3, which was designed to
alternately activate a driving goal and an enabling goal. We prepared four sub-
goals for the enabling goal as shown in Table 1. Our user model switched between
the two goals in a similar manner to that described in the study by Kujala and
Salvucci (2015) [5].

Fig. 3. Schematic overview of the user model.

The user model enabled the ACC through the following procedures. First, it
retrieved an instruction and set it as the current goal. When the sub-goal was
the retrieved instruction which value of the operation was “push,” the model
moved its attention to one of the buttons on the steering wheel. The function
of the attended button was retrieved. If the function was the target one (i.e., a
value of the object), the model pushed the button; if not, the model moved its
attention to the next button. When the sub-goal was the retrieved instruction
which value of the operation was “check,” the model moved its attention to the
ACC monitor and read it, to check whether the state of the ACC was the state
required to meet its goal.
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3.5 Manipulation of Time Perception

The ACT–R model was able to perceive the duration of time by counting inter-
nal ticks [12]. Based on the human cognitive mechanism, as the ticks counted
increased, the tick interval became longer. An interval for the nth tick (tn) was
calculated using the following equations:

t0 = start + ε1

tn = a ∗ tn−1 + ε2

where start was the initial tick interval, and ε1 and ε2 were noise; parameter a
decided how slow the ticks became as time passed.

To simulate the decline in time perception of an aged person, the value of this
parameter a (hereinafter, referred to as the “interval parameter”) was increased.
As the value of the interval parameter increased, the estimated time for a certain
period of time became shorter (i.e., decline in time perception). The default value
of the interval parameter was 1.10, which increased by 0.08 till 1.26; namely,
1.10, 1.18, and 1.26 were used as the interval parameter values. The interval
parameter of 1.10 was the default model not affected by cognitive aging. The
other two longer interval parameters simulated the progressive effects of aging
on time perception.

We decided the time limit for one operation of the in-car device based on the
model by Kujala and Salvucci (2015) [5]. When the model counted a certain ticks,
it switched back to the driving goal. The initial number of ticks was 17 ticks.
When the model returned to the driving task under stable driving conditions, the
model increased the time limit by one tick; if not, the model reset the limit to its
initial value. The initial limit corresponded to 0.5 s, 1.0 s, and 2.5 s respectively,
with each value of the interval parameter as 1.10, 1.18, and 1.26. For all other
parameters, we used the default values of ACT–R.

4 Simulation

4.1 Procedure of One Trial

The driving environment of our model was a straight three-lane highway. The
model drove its car in the middle lane without changing lanes. During the first
10 s, the model only controlled the vehicle to ensure its driving was stable. Each
model began the dual task to enable the ACC after 10 s had passed. The model
performed the dual task following the leading vehicle, driving at about 100 km/h.
Each trial was terminated 10 s after the model changed the ACC state to “set”.
The time duration for the model to conduct the dual task was analyzed. Addi-
tionally, to investigate vehicle control performance we added angles to the steer-
ing angle based on a synthetic sine wave.



Cognitive Aging and In-Car System Operations 331

(a) Mean duration time (b) Mean lateral deviation

Fig. 4. Mean duration time and lateral deviations.

4.2 Simulation Results

We ran each model 100 times. Figure 4 shows the time duration needed to enable
the ACC as well as the lateral deviations. The value of the interval parameter
had no effect on time duration.

The lateral deviation was an index of driving performance while setting the
ACC state, which assessed the deviation from the mean lateral position. The lat-
eral deviation was found to increase as the parameter value increased. When the
interval parameter was increased from 1.18 to 1.26 (0.107) the lateral deviation
changed larger than that when it increased from 1.10 to 1.18 (0.157).

4.3 Modification of Environment

As we described above, three of the buttons had no relation to the ACC, one
of which activated a lane keep assist system, with the other two used to change
driving modes. We ran our user model in an environment where those three
buttons were removed. Figure 5 shows the duration times and lateral deviations

(a) Mean duration time (b) Mean lateral deviation

Fig. 5. Mean duration time and lateral deviations in the modified environment.
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in the modified environment. Both values were found to reduce dramatically,
and the aging effect disappeared, meaning that in each case the sub-goal was
achieved before the model focused too long on the enabling goal.

5 Discussion

The model developed investigated how a decline in the ability to perceive time
affects driving performance in a dual task scenario. The simulation results showed
that while cognitive aging affected the control of the car position in the lane, it had
no effect on the time taken to change the state of ACC from off to “set”.

This relationship between time perception and lateral deviation was
explained based on the goal switching behavior. The user model had to switch
back to the driving goal frequently, or their car strayed over the line and crashed
into other cars. When the model attended to the in-car device, they could not
acquire information from the driving environment.

Older people, as well as the older models in this study, have difficulty esti-
mating how much time has passed due to the decline in time perception that
results from cognitive aging [4,8]. Therefore, they may continue the operation
of the in-car device and neglect to control the car due to a lack of awareness
of how much time has passed. The mean time duration from switching to the
enable goal to switching back to the driving goal was 0.503, 0.737, and 0.941 s,
for each value of the interval parameter, 1.10, 1.18, and 1.26.

Driving is not the only situation where the effects of time perception can be
observed. Older people neglect their main tasks for a longer period of time in
other dual task situations.

5.1 Time Perception and Time for Enabling

A decline in time perception did not affect the duration of time needed to com-
plete enabling the ACC. This is because of the trade-off relationship between
enabling the ACC and controlling the car. The model’s goal switching had the
features shown in Fig. 6. This diagram was constructed based on the models’
process logs.

The amount of time needed to achieve all sub-goals (the sum of the gray bars)
did not differ since the interval parameter did not affect the ability to operate the
ACC (e.g., find the button and check the ACC state). As each engagement by the
default value model for the enabling goal was relatively short, each adjustment of
the car’s position (i.e., driving goal) was completed in a short time. In contrast,
the larger value (older) model engaged in the enabling goal over a longer time
interval, during which the car deviated from the center of the lane; consequently,
each adjustment (i.e., driving goal) required a longer period of time. For these
reasons, only the lateral deviation was affected by the interval parameter setting.
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Fig. 6. Conceptual goal switching diagram. The white bars show the duration while
the model engaged in the driving goal, and the gray bars show that while it engaged
in the enabling goal. The total gray bar areas are identical in the two models.

5.2 Advantages of Cognitive Modeling

As demonstrated in this study, cognitive modeling can be a useful method to
investigate the human cognitive process during complex activities. It is impossi-
ble to explore the effects of only one factor, such as time perception, based upon
naturalistic observations of complex human activities such as driving. However,
by using cognitive modeling, we can investigate how a certain factor affects a
target activity. Note that there are many other factors to be considered, time
perception is not the only one that affects driving performance.

Cognitive modeling also can verify the functionality of new interfaces based
on the user’s cognitive processes. In this study, we tested the situation with
fewer buttons, where the lateral deviation was small and constant, despite the
decline in time perception. However, it is difficult to merely reduce the number of
buttons, because recent vehicles have numerous functions that the driver must
control. Our study suggests that further consideration of the positioning and
grouping of buttons may help older people to use the driving support functions
more effectively.

6 Conclusion

The simulation results suggested that the older people tended to concentrate
for too long on the non-driving task; as a result, the lateral deviation increased.
An additional simulation demonstrated that by removing the unrelated buttons,
the effect of aging was eliminated. Car designers need to develop a user interface
that makes it easier to switch back to the primary driving goal.

Acknowledgment. This study was partly supported by Tateishi Science and Tech-
nology Foundation (TSTF).
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Abstract. Growing numbers of people are using their mobile phones to
respond to online surveys. As a result, survey designers face the challenge of
displaying questions and their response options and navigation elements on
small smartphone screens in a way that encourages survey completion. The
purpose of the present study was to conduct a series of systematic assessments
of how older adults using smartphones interact with different user-interface
features in online surveys. This paper shares results of three different experi-
ments. Experiment 1 compares different ways of displaying choose-one
response options. Experiment 2 compares different ways of displaying
numeric entry boxes, specifically ones used to collect currency information (e.g.,
prices, costs, salaries). Experiment 3 tests whether forward and backward
navigational buttons on a smartphone survey should be labeled with words
(previous, next) or simply indicated with arrow icons (<, >). Results indicate that
certain features such as picker-boxes that appear at the bottom of the screen (iOS
devices), fixed formatting of numeric-entry boxes, and icon navigation buttons
were problematic. They either had negative impacts on performance (response
times and/or accuracy) or only a small percentage of participants preferred these
design features when asked to compare them to the other features.

Keywords: Mobile survey design � Mobile guidelines � Older adults
Drop-downs � Currency inputs � Mobile navigation controls

1 Introduction

More and more often people are using smartphones to interact with the electronic world
[1]. In February of 2018, 77% of all U.S. adults had a smartphone and 46% of U.S.
adults over the age of 65 years old had a smartphone [1]. Where in the past people may
have waited until they were in front of their desktop PCs to conduct a search, fill out a
form, or answer a survey, adults “on the go” are increasingly using their smartphones
for such activities. While the majority of adults answer internet surveys on their PC’s
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there are some indications that responding to a survey on a smartphone is on the rise.
For example, the American Community Survey, an ongoing monthly U.S. survey, has
seen a steady increase in mobile respondents since 2011 when it was just under one
percent through today where it is just under eight percent [2]. For private-sector sur-
veys, almost one third of survey responses occur on mobile phones [3, 4]. It is likely
that adults responding to internet surveys while on mobile phones will continue to
increase over time.

At the U.S. Census Bureau, as at other survey organizations, we are interested in
developing mobile web surveys that reduce measurement error while also improving
the user experience. With the smaller screen real estate of the smartphone, the user
interface must be adapted for the smaller space. Yet, the small amount of touchable
space available on the screens of smartphones can be challenging for both survey
respondents and for developers of online surveys. Evidence suggests that mobile
surveys lead to lower response rates because respondents break off (i.e., don’t finish the
survey) as well as longer survey completion times [5, 6]. For a review on the impacts of
using mobile phones to answer online survey, see [7].

An additional challenge of creating mobile web surveys is that many different age
groups are now using smartphones [1]. While the older adult population is more
resistant to new technology generally [8] they are using smartphones in their daily lives
[9, 10] and they too need to be accommodated in the design of online surveys.

At present, there has been little empirical research on how to best design surveys on
smartphones for older adults. Current literature is typically focused on the general
population and not specifically for surveys [11, 12]. There is evidence that for touch
screens, older adults do better with larger buttons, but this study was on kiosk-type
touch screens, not on the smaller display of smartphones [13]. Within the healthcare
field, the use of mobile phones by older adults to aid in managing home health has
begun but is not fully tested for its effectiveness or usefulness [14]. In fact, there is
some evidence that the designs of the mobile health applications cause barriers to the
older adult population in terms of uptake and use [15].

It is possible that older adults may interact with smartphones differently than
younger adults. For example, research shows that accurately touching a target takes
longer for older adults than for younger adults, commonly referred to as the tradeoff
between speed and accuracy [16, 17]. In addition, as adults age, the sensory changes
with respect to touch and vision can impact what older adults are able see and touch
when interacting with a small screen that contains a variety of information [18]. Lit-
erature has shown that older adults generally have reduced vision, mobility, and certain
cognitive capacity such as memory, compared to younger adults [19–21].

The purpose of the present study was to conduct a series of systematic assessments
on a mobile phone to determine how older adults use different user-interface designs to
answer online survey questions and to identify better performing and preferred designs.
The results of these assessments could be used as guidelines for developers. Our
rationale was that if we develop guidelines for a mobile web survey interface that older
adults can successfully complete, then younger adults would do at least as well because
of their superior perceptual and motor capability. The initial impetus for the work was
based on observations made while participants used mobile phones to fill out surveys
during earlier, unrelated usability tests.

336 E. Olmsted-Hawala et al.



The rest of the paper lays out the methods we used and the specifics of each of the
three experiments including hypothesis, results and conclusions.

2 Methods

In this paper we discuss results from three different experiments from a larger ongoing
research study that includes multiple experiments aimed at establishing a set of mobile
web survey guidelines for developers. For more information on this entire research
project please see [22]. Below are highlights of methods relevant to the three experi-
ments described in this paper.

2.1 Sample

We aimed to get a study sample of persons aged 60–75. We prescreened to include
only participants who had at least 12 months of experience using a smartphone under
the assumption that these participants were more typical of respondents who choose to
use mobile devices to complete online surveys than those with less experience using
smartphones. Additionally, we prescreened participants to include only individuals
who had an education of 8th grade or more, who were fluent in English, and who had
normal vision or corrected to normal with glasses or contacts. The participants were a
convenience sample recruited from senior and/or community centers in and around the
Washington DC metropolitan area between November 2016 and February 2017.

Experiment 1 was conducted with a pool of 30 participants, and Experiments 2 and
3 were conducted on a different pool of 32 respondents. Participants in each pool
reported an average of familiarity with using the smartphone of 3 on a 5-point scale
where 1 was “Not at all familiar” and 5 was “Extremely familiar.” See Table 1. We
consider significance to be at p = 0.05 or less.

2.2 Data Collection

One-on-one sessions were conducted at senior/community centers. For each session a
given participant completed between 4 to 6 experiments, only some of which are the
subject of this paper. Each experiment was run at a “station” with a different Census
Bureau staff member (i.e., test administrator (TA)) manning the station. As participants
were recruited, the first station’s TA explained the purpose of the testing, had the
subject sign a consent form, conducted the prescreening, and assigned the participant a
unique ID number. Then the participant went to the next station where another TA
worked one-on-one with the participant to complete one or two experiments. Once the
participant finished the experiment(s) at one station he/she moved to the next station
where a different TA worked with him/her on the next experiment. Each experiment
took about 10 min to complete. At the end of the session, the participant was given $40
for their time.
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The experiments were preloaded as applications (commonly referred to as apps) on
Census-owned iPhone 5S. Each station had its own iPhone. The TA opened the
experiment, entered the participant’s unique ID and based on that ID selected the
condition to administer. For each experiment, conditions were pre-assigned to IDs
using a randomized (or quasi1-randomized) order. From there, participants were handed
the iPhone with the app loaded to the correct starting location and the TA followed the
individual protocol for that experiment. This included instructing participants not to
talk aloud during the session, and to complete the survey to the best of their ability as
though they were answering the survey at home without anyone’s assistance. All three
experiments were video-recorded using QuickTime with the phone plugged into a
MacBook laptop.

3 Experiment 1: “Choose-One” Response Option Design

3.1 Designs Tested in the Experiment

Experiment 1 focused on “choose-one” questions. Survey designers have a number of
options when designing for a question with a set number of answer choices where the
user is told to choose only one answer. The most common design is a “radio button”
design where the response choices are on the same screen as the question itself, as
shown in Fig. 1. For that design users answer the question by touching the appropriate
response choice on the screen. They can change their answer by touching another
response choice. Another response-option design solution is to use an “open-text” field
as shown in Fig. 2. When a respondent answers these questions, touching the open-text
field brings up the character keyboard or numeric keypad and then the respondent can
enter the response as shown in Fig. 3. That design is typically used when the answer is
easily typed, such as a number, or when the set of answers is so large that it would be
unwieldy to place them all on the screen, such as street names.

Table 1. Participant demographics for 3 experiments

Experiment Average age
(Standard Error
(SE))

Gender
(Male/Female)

Smartphone usage [1 – Not
Familiar to 5 – Extremely familiar]
(SE)

Experiment 1
(n = 30)

68.8 (0.87) 10M/20F 3.96 (0.17)

Experiments 2
and 3 (n = 32)

70.5 (0.79) 7M/25F 3.56 (0.18)

1 Prior to collecting data, a random assignment computer algorithm was used to assign conditions for
each experiment. A few of the assignments in Experiment 1 were manually manipulated so there
were an equal number of participants assigned to each condition.
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A third design solution for choose-one questions is a “dropdown” format. Drop-
downs are often implemented when there is limited space on the screen or when there is
a long list of response options and the response options are well known, like the list of
states in the U.S. On mobile webpages, the default dropdowns display differently
depending upon the operating system. For both operating systems, the user must first
touch the dropdown field to see the choices, Fig. 4 shows what the screen looks like for
both operating systems before the user taps the response box. Figure 5 shows what
happens in the iOS when the user taps the response box: the list displays in grey at the
bottom of the screen, and is called a “picker,” Fig. 6 shows what the screen looks like
on the Android, when what is called a “spinner” opens and displays a view more
similar to a PC dropdown, with a list of choices displaying over the screen. Once a
selection is made, the answer choice appears in the dropdown field and the other
choices disappear as shown in Fig. 7. Dropdown designs are quite different from radio
button designs. With dropdowns, the user will not know the available response choices
until he or she “opens” the dropdown; with radio buttons, the user does not have to do
anything to see the answers – they are already displayed on the screen.

In Experiment 1, we compared three different designs for choose-one questions
using a 12-question survey and a between-subjects design. The three conditions were
the iOS picker (Fig. 5); the Android spinner (Fig. 6), and a radio button/keyboard
design (Figs. 1 and 2).

We hypothesized that the iOS picker design would cause more difficulties for users
as compared to the other two designs because the response options (Fig. 5) appear in
gray font at the bottom of the screen and are easily missed.

Fig. 1. Radiobuttondesign Fig. 2. Open-text
field design

Fig. 3. Open-text
field w/keypad
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3.2 Adaptation of Survey Questions with the Three Alternative Designs

A set of 12 questions on a range of topics was selected and an app was created that
displayed the 12 questions in each of the three formats described above. Participants
were randomly assigned to one of the three formats, and there were 10 participants in
each condition. Each participant completed the 12-question survey in the assigned
condition. The 12 “choose-one” questions included some with a small number of
response options (i.e., 5 or fewer) and some questions with a large number of response
options (i.e., more than 5). Some questions had familiar responses in the sense that the
respondent could probably predict the response options based on the survey question
(e.g., question about a respondent’s sex), some had ordinal responses (e.g., age cate-
gories), while other questions had response options that a respondent would probably
not know prior to reading through them. We varied the response option types to be able
to control for the type of question, in case particular types of “choose-one” questions
performed better in one design compared to another. Table 2 provides the questions
with their response option characteristics.

For the radio button/keyboard design condition, questions 2–5 and 7–12 used radio
buttons. Question 6 was an open-text field that brought up a keyboard when the
participant touched the field. The first question, date of birth, was also an open-text
field, which when touched, brought up a keypad as shown in Fig. 4 above. We used
open-text fields for those two questions because in practice, survey designers rarely, if
ever, use radio buttons for states or dates. For the iOS and Android dropdown con-
ditions, dropdowns were used for all 12 questions.

Each questionwas on a separate screenwith forward and backward navigation buttons
in afixed location at the bottomof each screen.After completing the survey, the participant
then answered a satisfaction question. The satisfaction question asked, “How easy or
difficultwas it to complete this survey?”with a rating scale from1 to 5where 1was defined
as “Very Easy” and 5 was defined as “Very difficult.” Finally, the respondent interacted
with a date of birth question using each of the designs – first the picker, then the spinner,

Fig. 4. Initial view Fig. 5. iOS picker Fig. 6. Android
spinner

Fig. 7. Final view
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and then open-text field using the number keypad. After interacting with the date of birth
questionwith the three designs, respondents answered a preference question that collected
the respondent’s design preference for that question.

3.3 Evaluation Criteria

For each condition, we measured respondent burden (operationalized as time-on-task
and the number of touches on each screen of the survey); accuracy of data entries (by
comparing any discrepancies between the entered data and data provided to a screening
paper questionnaire administered prior to the mobile phone survey); satisfaction and
preference by the responses provided within the experiment. We then compared these
measures between conditions.

We modeled time to complete at the question level using a mixed model. Modeling
at the question level increases the number of observations from 30 to 30 � 12 or 360
and allows us to account for different question characteristics. In the model, we con-
trolled for the condition, and the characteristics of the question as outlined in Table 2
above, and any interaction between condition and those characteristics. To control for
any participant effect because each participant would contribute up to 12 times (one
time for each question), we included a random effect for the participant. We also
modeled the log of time because the residuals from the first model were slightly
skewed. As a check we also modeled time with controlling for the question number
instead of the question characteristics.

We modeled the number of touches on the screen in the same manner, but without
the log transformation.

Because of an error in the app, we did not collect data for one radio
button/keyboard design participant and only partial data were saved for another par-
ticipant assigned to the Android condition. In total, we had 344 observations for each
model instead of the expected 360.

Table 2. Question and question characteristic

Questions 1–6 Questions 7–12

1. Date of birth (Familiar and >5 choices) 7. Citizen of more than one country (Familiar
and <=5 choices)

2. Age range (Ordered and >5 choices) 8. Fuel for heating home (Unique and >5
choices)

3. Sex (Familiar and <=5 choices) 9. Eyesight rating (Ordered and <=5 choices)
4. Marital status (Unique and <=5
choices)

10. Work status (Unique and >5 choices)

5. School level obtained (Ordered and >5
choices)

11. Opinion question (Ordered and <=5 choices)

6. State attended high school (Familiar
and >5 choices)

12. Preference for reporting (Unique and <=5
choices)
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We had self-reported measures of sex, age range, date of birth for month and year,
and education from the demographic information collected via a paper questionnaire at
the beginning of the one-hour session. We compared that data, which we considered
truth, to the data reported within the experimental survey. Any survey data that mat-
ched was considered accurate; and data that did not match was considered an error.
Based on that assignment, we tabulated the accuracy rate for the four questions for each
condition. We tabulated satisfaction scores for each of the three conditions. For these
analyses, we conducted a Chi-square test of independence. And, finally we tabulated
the preference data for the date of birth question. Again, because of missing data, we
only collected data from 28 participants; we were missing these data from one radio
button/keyboard condition and one Android condition.

3.4 Results

Respondent Burden as Measured by Time to Complete. The average time to
complete a question using the iOS picker condition was nearly 21 s (Standard Error
(SE) = 1.3), compared to 15 s (SE = 1.0) for the Android spinner, and 13 s (SE = 1.6)
for the radio button/keyboard entry. Modeling time to complete, we found that ques-
tions using the iOS picker design took significantly longer on average to answer than
the radio button/keyboard design (p = 0.02) while we did not find a difference in time
to complete for questions using the Android spinner design compared to the radio
button/keyboard design (p = 0.60). There were no significant interactions between the
condition and the question characteristics. When modeling the log of time, the pattern
of results was unchanged. When modeling time with the question number instead of the
question characteristics, the pattern of results was unchanged.

Respondent Burden as Measured by the Number of Touches per Screen. The
average number of touches per question for the iOS picker condition was 6.5
(SE = 0.3), compared to 3.5 (SE = 0.1) for the Android spinner, and 2.6 (SE = 0.2) for
the radio button/keyboard entry. Modeling the number of touches needed to answer the
question without any interactions, we found that questions using the iOS picker design
required significantly more touches to answer than the radio button/text design
(p < 0.01) and the Android spinner design took significantly more touches to select an
answer than the radio button/keyboard design (p < 0.01). However, when interaction
terms between the condition and the question characteristics were added, there was a
significant interaction between the conditions and question characteristics (p < .01).
The effect of the iOS picker design on the number of touches per question was par-
ticularly large for questions that had many response options.

Accuracy of Responses by Condition. We found no significant differences in accurate
reporting by condition. The accuracy rate for all 28 participants was 100% for each
condition for the sex question and the age range question. For date of birth, the accuracy
rate was 100% for the radio button/keyboard design; 89% for the iOS design and 78% for
the Android design. The iOS and Android conditions had 100% accuracy for education,
but the radio button design’s accuracy rate was 67% for that field. Even with these
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differences, therewas no significant difference in accuracy rates for date of birth (v2 = 2.3,
p = 0.3, n = 27) or education (v2 =7.1, p = 0.1, n = 28) by condition.

Satisfaction Scores by Condition and Response Option Preference. Satisfaction
was measured on a 5-point scale where 1 was very easy and 5 was very difficult. The
average satisfaction score was 1.3 (SE = 0.3) for the iOS picker; 1.1 (SE = 0.1) for the
Android spinner; and 1.0 (SE = 0) for the radio button/keyboard design. We found no
differences in satisfaction scores by condition (v2 = 3.98, p = 0.4) and with the
exception of one participant who rated the iOS picker as difficult, the participants found
the designs easy to use. However, once participants were able to use each of the
designs, they overwhelmingly preferred the keypad design for the date of birth ques-
tion, with 22 of the 28 participants selecting only that design as their preferred response
option design. Their preference was not based on the design they used during the main
portion of the experiment (v2 = 3.1, p = 0.8).

4 Experiment 2: Layout of Currency Fields

4.1 Designs Tested in the Experiment

In Experiment 2 we investigate alignment and formatting of currency fields on mobile
devices. Surveys that ask for monetary information and online banking apps vary in
both of these aspects. Part of this research was inspired by what we had seen when
respondents were answering questions that included monetary amounts on the Amer-
ican Community Survey. During usability studies participants attempted to add in the
dollar sign and decimal place even though it already appeared on the screen.

Fig. 8. Right alignment Fig. 9. Left alignment Fig. 10. Center alignment
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One aspect of response options for currency data is ‘alignment’ – that is, where in
the response field the numbers appear once the respondent begins entering the numbers.
For this study, we chose three variations in alignment to test. First is what we call right
alignment, where currency data are entered into a response field with the numbers
coming in on the right, like the numbers on most calculator displays. See Fig. 8.
Second is what we call left alignment where the numbers representing currency
amounts are treated more like text, coming in from the left. See Fig. 9. Third is what
we called center alignment where the field itself gets longer or shorter based on the
number of digits the respondent enters, such as on apps like Cash© or Paypal©. See
Fig. 10 for an example of center alignment. Our hypothesis was that left-alignment
would not perform as well as the other alignment types because in earlier usability
studies we had noticed users miss the cents display when currency was left-aligned.

Another aspect of the response option for currency data is “formatting” by which
we mean the way the currency cues (e.g., dollar sign and cents, including the decimal
point) are displayed on the screen, either fixed and always present on the screen or
where the application itself is programmed to react to the users’ data entry.

We examined three different alternatives for formatting of currency fields. First is
what we called the fixed formatting, when the dollar and cents symbols are fixed in
place and always present in the field. See Fig. 11. Second is what we call post-entry
formatting where formatting occurs only after the user has entered the number in the
field; this is indicated when the respondent taps “Done” on the keypad. At that point,
the program rounds to the nearest dollar and enters (.00) and ($) into the field. In
Fig. 12, the amount in the field at the top of the screen is what was shown after the
participant selected “Done,” and the amount in the field at the bottom is what was
shown as the participant touches the numbers on the keypad, prior to selecting “Done.”

Fig. 11. Fixed ($) and (.00)
permanently on screen

Fig. 12. Post-entry formatting
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And finally the third formatting type is what we called automatic formatting where a
dollar sign and/or the cents symbol automatically appear in real time as the user enters
the currency numbers. (Note, there is no figure image example of this as it would have
to be a video.)

Our hypothesis was that the fixed formatted design would cause more problems for
users. The rationale for this was that we had noticed in earlier usability testing studies
that respondents often fail to notice the static dollar sign and decimal place for cents
and consequently attempted to add that data in. The alternate designs that we tested
used some form of automatic or real time formatting that we hypothesized respondents
would notice more readily.

4.2 Adaptation of Survey Questions with Alternative Alignment
and Formatting of Monetary Fields

The two design elements (alignment and formatting) each had three versions, and we
fully crossed them in a 3-by-3 design We chose questions for this experiment that are
asked in the American Community Survey.

The five questions included the following:

• Cost of real estate property taxes;
• Cost of the lot and house;
• Cost of electricity for the previous month;
• Annual cost of water and sewer for the house and
• Cost of the gross annual income.

Using a within-subjects design, participants were presented with all nine conditions
in counterbalanced and randomized order. See Table 3.

Each condition required that the participant enter currency forfivequestions (for a total
of 45 trials). Each condition had the same five questions and for each condition the five
questions appeared on the same screen. This required the participant to scroll to answer all
five questions. For example, Fig. 8 above shows the first three questions in Condition 5
(e.g., rightalignmentwithpost-entry formattingof the ($)and (.00)).Figure 11on theother
hand shows thefirst three questions inCondition 1 (e.g., left alignment,fixed formatting).
The fourth and fifth question require scrolling and so are below the fold of the screen.

Table 3. Experiment 2 properties of each condition

Condition Alignment Format of ($) and (.00) # of questions on screen

1 Left Fixed 5
2 Right Fixed 5
3 Center Fixed 5
4 Left Post entry 5
5 Right Post entry 5
6 Center Post entry 5
7 Left Automatic 5
8 Right Automatic 5
9 Center Automatic 5
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For each condition participants were provided identical pieces of paper, mocked up
as an actual bill, with the exact amounts to be entered for each question. The amounts
were formatted with common features such as commas, cents, and dollar signs.
Regardless of condition, the keyboard that popped open allowed users to manually
enter the numbers and period but not the dollar sign or commas.

4.3 Evaluation Criteria

Following each condition, participants rated the ease of entering currency using a
5-point Likert scale where 1 was “very easy” and 5 was “very difficult.” Finally, the
participant was asked which of the three different types of formatting (fixed, post-entry,
auto-formatting) they preferred. We examined the difference in satisfaction, accuracy,
and respondent burden as measured by time-on-task, accuracy, satisfaction and sub-
jective preference for participants on the currency data tasks for each condition.

A repeated measures ANOVA (2X2) was conducted in SAS©. There were two
Generalized Linear Models. We modeled the log of time controlling for currency
formatting (fixed, post-entry, auto-formatting) and currency alignment (left, right,
center). We modeled total accuracy controlling for currency formatting (fixed,
post-entry, auto-formatting) and currency alignment (left, right, center).2

Chi-square tests were used to determine differences in difficulty ratings between the
nine conditions and differences in preference between currency formatting (fixed,
post-entry, and auto-formatting).

4.4 Results

Time (Efficiency). Modeling the log time to complete, we found no main effect of
currency formatting (fixed, post-entry, auto-formatting) on time per page (F(2, 30) = .85,
p > .05) and no main effect of currency alignment type (left, right, or center) on time per
page (F(2, 30) = .17, p > .05).

Accuracy (Effectiveness). A repeated measures model was used to determine if total
accuracy per page is influenced by currency formatting and currency alignment. Each
condition had five questions and a score of 1 was given to the correct responses. To
calculate the variable total accuracy, we calculated a sum value for the five questions
per page. A perfect score per page would have a score of five. Total accuracy for fixed
entry was M = 4.06, SE = .17; total accuracy for post-entry was M = 4.57, SE = .17;
and total accuracy for auto-formatting was M = 4.26, SE = .17.
Comparison tests (Tukey) reveal a significant difference between fixed entry and
post-entry groups only (difference between means = .51, p < .05). This suggests that
there was a difference in total accuracy between the groups—entering numeric data for
post-entry resulted in higher accuracy compared to fixed formatting. There was no
difference between fixed entry and auto-formatting or between post-entry and
auto-formatting.

2 We checked for significant interactions and found none, so we use a main effects model.
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Results reveal a main effect of currency alignment type (left, right, or center) on
total accuracy per page (F(2, 30) = 3.99, p < .05). Total accuracy per page for left
alignment was M = 4.46, SE = .17, total accuracy per page for right alignment was
M = 4.05, SE = .17, and total accuracy per page for center alignment was M = 4.41,
SE = .17. Comparison tests (Tukey) reveal a significant difference between left and
right alignment (difference between means = .41, p < .05) only but no significant
difference between left and center alignment, or right and center alignment.

Difficulty Rating (Satisfaction). Two chi-square tests were used to determine an
optimal currency formatting (fixed, post-entry, auto-formatting) and currency align-
ment type (left, right, center). Chi-square results reveal no difference in satisfaction
ratings between currency formatting (v2(4) = .67, p > .05). Chi-square results also
reveal no difference in satisfaction ratings between currency alignment types
(v2(4) = 1.6, p > .05). There were no ratings lower than 3, suggesting that overall,
participants did not find the task too difficult.

Preference. A chi-square test was conducted to determine if there was a significant
difference in participant’s subjective preference between currency formatting only. The
chi-square was not significant (v2(2) = 5.6, p = .06). Four participants preferred fixed
entry compared to 14 for post-entry and 12 for auto-formatting.

5 Experiment 3: Forward and Backward Navigation Buttons

5.1 Designs Tested in the Experiment

Experiment 3 focused on navigation buttons. Forward and backward navigation but-
tons are a necessity in the design of online mobile surveys. These buttons are what
allow respondents to move to the next page and progress through a survey or move
back to a previous page to fix a mistake on a question they have already answered. Due
to the importance of forward and backward navigation on the successful completion of
a mobile web survey, it is imperative that the function of these buttons is clear. Due to
the limited screen size on mobile devices, buttons are often labeled with icons rather
than text labels because they can be smaller and take up less space. However, this
practice has the potential to make the function of these buttons ambiguous to popu-
lations not familiar with them.

In a study by [23], they tested the success of novice computer users in initially
learning to use an end user application program on a desktop computer over the course
of two 90 min sessions separated by one week to test knowledge retention. The
interfaces for this application implemented buttons labeled with only icons, only text,
or a combination of icons with text. The icon-only labeled buttons performed the worst
out of the three interfaces in all performance measures in the first session. However, by
the end of the second session, the icon-only was not significantly different from the
other groups. This research suggests that buttons labeled with icons rather than text will
not be understood by total novices.
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Further, in a study by [24], they tested modern icons from mobile phones with both
younger (age 20–37) and older adults (age 65+) and found that older adults have more
problems using existing mobile device icons. It was also found that text labels help
both young and old adults to initially use icons. They suggest on the basis of their
findings that mobile device icons should be labelled at least initially, especially for
older adults.

This was a between-subjects design with a single experimental factor, navigation
button labels. This factor had two levels:

• Level 1: Labelled with text
• Level 2: Labelled with icons

Two different versions of a short five question survey were developed where the
forward and backward navigation buttons were labeled using one of these two meth-
ods. In the text labelled condition, the forward button was labelled with “Next” and the
backward navigation was labelled with “Previous”. In the icon labelled condition, the
forward button was labelled with “>” and the backward button was labelled with “<”.
Sixteen participants completed the survey in the text labelled condition and sixteen
participants completed it in the icon labelled condition. See Figs. 13 and 14 for
examples of both labeling conditions.

5.2 Adaptation of Survey Questions

The survey questions were based on real questions that are used in government sur-
veys. Four of the questions were yes/no questions and included the following:

Fig. 13. Icon navigation
button label

Fig. 14. Text navigation
button label
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• Have you completed a secondary (high) school diploma or equivalent?
• Last week were you employed for pay at a job or business?
• During the past 12 months, did you take any work related training, such as

workshops or seminars?
• Do you have a currently active professional certificate or a state or industry license?

The fifth was a question on race and can be seen in Figs. 13 and 14.

5.3 Evaluation Criteria

The app collected behavioral measures, which included trial navigation response times,
optimal navigation deviations, and difficulty ratings. Trial navigation response times
was the length of time it took participants to find and tap the navigation buttons. The
time was recorded starting from the point that the participant tapped a response option
for each survey question and ended when they tapped any navigation button or link. In
this way we were able to isolate the time spent navigating and not the time spend
interpreting and answering the question. Deviations from an optimal navigation path
were recorded as any buttons tapped that were not the forward navigation button. The
purpose of this was to identify whether participants had difficulty interpreting the
button labels to move forward. Finally, difficulty ratings were recorded at the very end
of the survey with a short 5-point rating scale for participants to rate the difficulty of
completing the short survey from “very easy” to “very difficult.” At the very end of the
session, participants were shown both design conditions printed on a piece of paper and
asked to choose which one they would prefer to assess overall preference.

It is assumed that any differences in trial navigation response times between con-
ditions resulting from a lack of understanding of the navigational icon labeling would
disappear or decrease after the first trial due to a learning effect. Therefore, an inde-
pendent samples t-test was conducted for the response times for the first trial only and
another t-test was conducted for the average of the remaining four trials (after learning
occurs) response times. It is well known that response time data is susceptible to
skewness due to the fact that it is bounded at zero to the left side but not on the right.
There can be lapses in attention or distractions which can result in large outliers that
may reduce the power of hypothesis tests of response time means between conditions
[25]. To address this, we applied a log transform of the response time data before
conducting these analyses. Additionally, three extreme outliers were identified in the
first trial after visual inspection of the raw response time data. Video recordings from
the sessions were reviewed and it was confirmed that the three outliers in the first trial
had selected a response option, which started the timer, and then began to speak with
the TA about the content of the question instead of immediately trying to navigate to
the next question. These extreme values were excluded from the first trial t-test because
we were able to confirm that they resulted from human error.

Optimal navigation deviations were expected to be rare so this was collapsed across
all trials and whether a deviation occurred at all at any point during the survey was
simply coded as 1 or 0. Due to the low expected values, the assumptions for a
Chi-squared test could not be met and a Fisher’s exact test was conducted instead.

A Chi-squared test was conducted for satisfaction ratings and overall preference.
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5.4 Results

First Trial Completion Time (Efficiency). An independent sample unequal variances
t-test was conducted to identify any significant differences between labeling conditions
on the time it took to navigate forward after the first survey question. The results of this
test found that the icon condition (M = 4.16, SE = 1.17) was significantly slower to
navigate forward than the text condition (M = 1.53, SE = 0.16) after selecting a
response option when participants saw the navigation button for the first time;
t(16.42) = 2.43, p < .05. See Fig. 15.

Average Trial Completion Time (Efficiency). An independent sample t-test was
conducted to identify any significant differences between labeling conditions for the
mean time it took to navigate forward after a response option was selected. The results
of this t-test found that there was not a significant difference between the icon
(M = 1.76, SE = 0.27) and text (M = 1.36, SE = 0.11) conditions in the average time it
took to navigate forward after selecting a response option; t(30) = −0.05, p > .05. See
Fig. 16.

Optimal Navigation Deviations (Effectiveness). A Fisher’s exact test was conducted
to identify whether the number of participants who tapped an incorrect button to
navigate forward differed significantly between label conditions. The results of the
Fisher’s exact test found that there was not a significant difference between groups
(p > .05) for optimal navigation deviations. There were no deviations at all in the
text-labeled group and there were two deviations in the icon-labeled group.
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Fig. 15. Scatterplot split by labeling conditions of the raw response times for the first survey
question.
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Satisfaction (Satisfaction). A Chi-squared test was conducted to determine whether
difficulty ratings were significantly different between labeling conditions. The results of
this test did not yield any significant differences (v2(2) = 1.04, p > .05). Difficulty
ratings were virtually identical between groups with almost all participants reporting a
rating of 1 (very easy).

Overall Preference (Satisfaction). A Chi-squared test was conducted to determine
whether there was a significant difference between proportion of participants that
preferred one labeling design of the other. The participants were shown both designs
and were asked to choose which one they would prefer to use in a survey or
both/neither. The results of the Chi-squared test found that a significant number of the
older adults preferred the text labeled navigation buttons (v2(2) = 19.75, p < .001).
Almost 70% of the 32 participants preferred the text labeled navigation buttons
compared with just over 20% that preferred the icons.

6 Overall Discussion and Implications for Future Research

The basis of this research was to learn more about how to design mobile surveys for
older adults. For the first experiment, the data suggest that the iOS picker took longer
and was preferred less than the other designs, which supports the hypothesis. We
observed a significant increase in respondent burden as measured by time-on-task and
by number of touches to the screen for the iOS picker design compared with a radio
button/keyboard design. There were a high number of touches per question on ques-
tions with many response options when using the iOS picker. This finding matched our
observation that the wheel at the bottom of the screen went fast and a lot of participant

0

1

2

3

4

5

M
ea

n 
R

es
po

ns
e 

Ti
m

e 
(s

ec
on

ds
)

Average Naviga on Response Time

TextIcon

Fig. 16. Scatterplot split by labeling condition showing the mean navigation response times
excluding the first trial.
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manipulation was needed to select from long lists such as months, days, years, and
states. When asked to compare three different designs, participants overwhelming
selected the keypad entry design as the preferred mode to enter date of birth. Thus we
recommend designers avoid using the default iOS picker design for response options
and instead opt for the Android spinner style or the radio button/keyboard design. To
accomplish this for iOS systems, developers will need to implement additional pro-
gramming to override the default iOS design. For date of birth, a common survey
question, a keypad is preferred over dropdowns for this user group.

In the second experiment we observed that left-aligned currency resulted in higher
accuracy which did not match the hypothesis. The data also suggest that currency
formatting was least effective when it appeared as fixed format, which is in line with
our hypotheses. Currently at the Census Bureau the fixed formatting is used in many
online surveys because auto-formatting will not work if the respondent has JavaScript
turned off. This will be something that should be investigated as more tools are
developed and programming for web-based surveys evolve.

Finally, in the third experiment the hypothesis that the navigation button labeled
with text words would outperform the button labeled with only an icon was supported
by the data. We recommend always labeling the forward and backward navigation
buttons using text rather than icons for older adults. It was found that older populations
may not be as familiar with the functionality associated with common internet UI
elements such as the forward and backward arrow icons. The icon labeled buttons were
simply ambiguous to some participants upon their first encounter with them as was
seen by the longer response times on the first survey question and errors that only
occurred when an icon was present versus a text label.

In contrast to some of the literature on healthcare and older adults that show the use
of apps and mobile phones to cause barriers to older adults, [15], this work shows that
older adults are able to answer survey questions on a mobile phone and that some
designs outperform others. This work is in line with the general conclusion that found
that older adults are interested and able to learn how to use mobile phones in their daily
lives and that improvements to the design will aid in their performance [26]. Designers
should take these recommendations into consideration when optimizing survey
response choices for mobile phone and older adults. Future work should look at
comparing how young and middle aged adults perform on these same tasks to see if
there are any differences.
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Abstract. Mobility is a basic need which is especially critical for older people
and persons with physical impairments. Within the scope of a long-term effort,
we have established a human-based, technology-aided support service that helps
mobility-impaired passengers to use public transport by engaging so-called mobi‐
lity guides. A mobility guide is a person that supports passengers, for instance
door-to-door. In order to interact with the system, e.g. ordering trips and guides,
passengers can use a smartphone app or a webpage. Following a user-centered
approach, we conducted monthly meetups – regulars’ tables – in order to maintain
contact and passengers’ engagement with the goal of eliciting feedback about the
UIs’ usability and to jointly discuss new features. However, both quality and
quantity of feedback as well as engagement reduced over time. In this paper, we
describe and discuss the positive effect of replacing the regulars’ tables with co-
creation based meetings with a small dedicated group of passengers – co-devel‐
opers. Results of the first co-developer workshops indicate substantial improve‐
ments in factors like engagement and quality of feedback resulting in concrete
enhancements of the UIs.

Keywords: Co-creation · Co-developer · User-centered design
Public transport

1 Introduction

Since 2011, we are concerned with improving public transport experience and usage for
persons that are momentarily excluded from using it due to their age or a range of
different mobility impairments1. In previous efforts, we developed and validated a
human-based technology aided service in the city of Saarbrücken, the capital of the
federal state of Saarland2, Germany [1]. Currently, mobisaar aims at extending this

1 See http://www.mobisaar.de/mobia and http://www.mobisaar.de/ .
2 See https://en.wikipedia.org/wiki/Saarland: Saarland has a population of about 1 Mi. habitants

and an area of 2.6 km² → a density of 390/ km².
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service to include rural regions of the federal state of Saarland. The pilot service was
established 2014 and is based on human support provided by so-called mobility guides
together with a technology component. The main purpose of the mobility guides is to
accompany and support passengers who cannot use public transport on their own, due
to physical limitations or perceived obstacles. Mobility guides help to overcome every-
day hurdles occurring during the use of public transport, such as gaps or unlevelled entry
and exit points between transport vehicles and pavement, complicated ticketing systems.
In general, the guides foster a feeling of security among clients as experienced and
trained public transport companions.

The technology component consists of software for intelligent positioning, sched‐
uling and coordination of the mobility guides as well as user interfaces (UIs) for both
guides and passengers. The coordination software directs the guides to the requested
point of service, see Fig. 1. The passenger UIs have been implemented such that all
passengers can interact with it. In addition to traditional telephone calls, personalised
and adaptable user interfaces running on smartphones – APPs – allow users not only to
order trips, but to receive real-time support during the trip. This functionality includes
a bus/tram tracking service as well as notifications and alerts. The long-term goal of the
system is to deliver coordinate personalised interaction and service that allows – in
principle – everyone to use public transport.

Fig. 1. Overview of the mobisaar system. The passenger can request the service via telephone,
website or app. The “mobisaar backend” matches the request by searching for suitable mobility-
guides and barrier free public transport routes. The guides are directed to and sufficiently informed
about passenger, place and time of the requested service by his smartphone app.

The service targets a broad range of people from different social backgrounds with
different requirements, living in areas with varying public infrastructure. We followed
a user-centred design (UCD) approach [4, 5] to tailor the developed solution to the needs
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of these different people. UCD is an iterative methodology that puts the user in the centre
of the development process thus supporting the creation of solutions solving real needs.
Additionally, our efforts are implemented and continuously improved so that passengers
can evaluate and contribute to the improvements of the service.

The basic methodology of UCD was adapted as described in [1] to enable a contin‐
uous improvement of the system and in particular, to adapt the user interfaces to the
changing requirements as the service evolves over time. To achieve a maximum output and
feedback from the users, as well as to engage them deeply in the project and create stronger
personal commitment to the project, we ran so-called regulars’ tables that were held on a
monthly basis. We invited the mobisaar users to an informal meeting, serving coffee and
cake, to discuss their experiences with the use of the service. Not only app users were
invited but the whole customer group, whoever was interested to share their experiences
and opinions. For a detailed review of positive effects of these regular’s tables see [14].

The regulars’ tables managed to create the desired strong commitment and engage‐
ment in terms of regular use of the service. In terms of experience exchange however, the
broad open set-up often led to undirected feedback session with more or less repeating
topics. The main discussion points arising in each of the sessions evolved into complaints
about bus drivers and the insufficient expansion of public transport within the users’ home‐
towns. Furthermore, the heterogeneous group of people and the large number of partici‐
pants led to private discussions and inattentiveness to the main theme. These inattentive
phases appeared increasingly during the parts of the meetings dealing with the app and the
web interface. This was further aggravated by the fact that not all people attending the
regulars’ tables were actually using these interfaces. A call centre was established to ensure
access via telephone [1, 3] and to avoid exclusion of passengers that shy away from tech‐
nologies like the internet or smartphones. Technology-disinclined users were therefore
separated from those actually using the app for discussing the current state of the applica‐
tion and suggesting improvements. By creating a more calm and focused environment, the
sessions produced more directed feedback. Nevertheless, our passengers did not produc‐
tively work out possible solutions themselves. Instead, developers took feedback home and
re-evaluated new designs/mock-ups at the following regular’s table. These suggestions
were often either accepted straight away without any critical regard or plainly rejected. A
vivid and active participation of the users could therefore not be achieved but would have
been necessary for producing better solutions.

This is partly due to the fact that in UCD, researcher and users are still very much
separated as the user is not part of the development team [10]. Therefore, we decided to
proceed with rather active development methodology involving the users in a more
hands-on co-creative way - as co-developers.

Co-creation can be classified as a participatory design approach. Although first
descriptions of the approach occurred already in the 1970s [13] it took researchers until
the 2000s to discover the need for new methodologies moving beyond pure user-centered
to participatory approaches. Prahalad and Ramaswamy defined the term co-creation for
the first time in 2000 [8] identifying an evolution of the customer’s role from a passive
to a more active one in the value creation process. In 2002, Sanders coined the term
postdesign [10], a new method moving away from designing for the user towards
designing together with them. The method aims at blurring the borders between the
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different roles involved in the development process, between designer, researcher and
the user, actively including all parties. The work tries to fit participatory design into a
methodology by giving it a new name, nevertheless it lacks a strong definition for it.
Spinuzzi discovered the lack of clearly defined methodological approach for participa‐
tory design in literature in 2005 [13] and started reviewing studies concerning this topic
starting back in the 1970s. He defined three initial stages that all reviewed approaches
have in common:

• Stage 1: Initial exploration
In this stage, designers meet the users and familiarize themselves with the context of
the activity. This exploration includes the technologies used, but also includes work‐
flows and procedures, routines, and other aspects.

• Stage 2: Discovery processes
In this stage, designers and users employ various techniques to understand and
prioritize organization and envision the future qualities of the activity, enhanced by
the new solution. This work is often conducted on site.

• Stage 3: Prototyping
In this stage, designers and users iteratively shape technological artefacts to fit visions
of Stage 2. Prototyping involves one or more users.

These stages should be iterated several times.
As mobisaar is a follow-up project to a finished research project, building on expe‐

riences and a solution developed under the methodology of UCD, a complete repetition
of all 3 stages mentioned above was beyond scope especially as stages 1 and 2 had been
extensively worked out in Mobia already [3]. The clear aim of this work was to take the
existing solution and co-creatively refine and co-develop it further to meet the new
requirements [9]. Therefore, we focus on stage 3 on an iterative basis including all
underlying concepts and tools of co-creation [11, 12, 15] as described in Sect. 2 below.

A literature research shows that co-creation methodologies applied in the field of
public services including public transport often utilize social media and features within
smartphone applications as a feedback channel. These approaches neither include face-
to-face interaction with users nor hands-on prototyping of new solutions [2, 6, 7]. As
this approach does not fit our needs in mobissar, we have adapted our methodology.
According to lessons learned, we prefer relying on a close and persistent relationship to
our target group as described in the following section.

2 Materials and Methods

Co-developers
The literature reveals problems with several participatory approaches. Concerning feed‐
back channels, a face-to-face solution was preferred over social media channels. Beside
the fact that the target group is rarely active to completely inactive on social media
platforms, close contact including meetings turned out to be crucial for the development
of the interfaces and the service itself as experienced and published in [14]. Another
strategy unsuitable for the framing conditions in our effort is the frequent change of
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participants over multiple co-creation cycles, e.g. inviting people for a one-time feed‐
back and co-creation session.

An important aspect is the regular use of our service and user interfaces to a long-
term evaluation of the applications in different real-world scenarios over a longer period
of time. Introducing new people into the system and the complex scenarios arising with
the use each time would not lead to fruitful results. In the frame of our efforts we therefore
define co-developers as follows:

A Co-Developer is an active user of the system who takes part in regular meetings
to deliver feedback and participate in the development process by delivering suggestions
as well as prototypical implementations in an experimental frame accompanying the
project over a significant period of time.

We further defined prerequisites tailored to the special requirements of our project:
A Co-Developer:

• is an active user of the mobisaar service (8 times per month)
• has a smartphone or at least PC with internet access
• is aged 50+
• faces mobility impairment when using public transport

Recruiting was done via newspaper articles. In order to address those willing to
participate actively in the development process, the expression co-developer was
stressed, chosen deliberately and mentioned repeatedly. A monthly ticket for the public
transport covering the whole federal state of Saarland was offered to facilitate an active
participation in the public transport. The search lead to numerous responses resulting in
a heterogeneous group of co-developers representing different residential areas within
our test region – Saarland, differing in age, smartphone experience level, and experience
in other public transport apps.

Co-developer Workshops
The workshops primary goal has been to provide a basis for regular exchange concerning
passengers’ experiences with the user interfaces. One intention was discussing problems
with the app in daily use. Co-developers’ suggestions should be worked out with a focus
on interactive sessions to implement these changes in a prototypical way. In the attempt
of combining these two sessions, we merged a plain feedback approach with an active
co-creation approach using pen and paper prototyping. Other tools of participatory
design like collages, cognitive and context mapping, and storyboards, have not been
used as we are in an advanced stage of the project where the service and technology is
up and running. Future functionalities however and the establishment of profound
changes in interaction principles should be talked through and worked out in a concep‐
tual stage with one of these tools.

To encourage active participation and ensure every opinion to be heard, the group
size was limited to a maximum number of 4 co-developers per instructor. The classroom
like atmosphere created within the regulars’ tables with one presenter in the front and
the participants rowed up facing the projection screen was relaxed to a round table
approach. The instructor sat at the top of the table while the co-developers took a seat
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around it, facilitating face-to-face discussions with room for pen and paper prototyping
in the middle.

For the regular cycle we agreed on two-hour workshops every 6 weeks. We started
with a complete redesign of the application informed by other popular public transport
applications on the market, while maintaining the main design principles developed in
Mobia and mobisaar. Our Co-Developers did not receive any introduction to the app
and were left alone for the first six weeks to evaluate the app with a focus on usability
and easy comprehension.

First results of the Co-Developer Workshops as well as general impressions
concerning the adapted methodology compared to the previous approach (regulars’
tables) are reported in the next section.

3 Results and Discussion

Until the point of publishing three co-developer workshops were held and the number
of co-developers stabilized at a group of 6 people aged between 45 and 82. The presented
results are based on these first three workshops, while the meetings continue on a regular
basis.

In general, the co-developer approach delivered the desired team-like atmosphere.
Starting from the term “co-developer”, the participants demonstrated higher commit‐
ment to the project and its solution compared to the previous approach with the regulars’
tables. While during the preparation of each regulars’ table it was a gamble to guess how
many registered participants would actually show up, the co-developers were a lot more
reliable. This facilitates planning and the selection of appropriate tools and methods for
the workshop taking into account the expected number of participants. Furthermore, the
developed group dynamic was an astonishing result. As the co-developers are a heter‐
ogeneous group of people bringing along different smartphone skills, some had minor
problems with the use of the app in daily life. Without the instructors’ impulse, the
experienced participants teamed up with the unskilled ones and arranged trips together
to explain basic usage of the app. Compared to the regulars’ tables, this was a big success,
as at each regulars’ table a refresher about the app and its’ use for some of the participants
was a crucial and time-consuming part.

The small group size allowed each co-developer to bring in his/her own feedback
which was one of the main advantages over the regulars’ tables. Regulars’ tables turned
out to provide a platform for those who wanted to speak out problems often not related
to the app/solution or the service in general which often dominated the discussions.
Unfortunately, it may be that valuable opinions and feedback got lost in these complaint-
oriented sessions.

Choosing users with smartphone experience could be seen as a limitation, as expe‐
rienced user might tend to envision new solutions too strongly rooted in existing public
transport applications. This would lead the development not necessarily in the direction
of the special context requirements in mobisaar. As an example, the interaction principle
of multiple confirmation dialogs to prevent triggering unintended actions in the app,
bothered one of the participants. This navigation mechanism was a relic from the former
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project focusing mainly on older, less-tech-savvy smartphone users who asked for more
safety layers when ordering help through the app. Nevertheless, the person voicing the
complaint himself understood the reasons behind this approach and considered it as
useful for unexperienced users. This way of thinking from different points of view, on
the one hand regarding the own experience and on the other hand taking the view point
of other target group un-experienced user, was well established throughout the workshop
and all co-developers and provided creative solutions.

In the following we will highlight three detailed cases that arose during one of the
first co-developer workshops starting with identifying a problem, developing conceptual
ideas for a solution and finally working it out together with the users in pen and paper
mock-ups. These mock-ups have later on been implemented in first prototypes by the
software developers to present and discuss them at the next co-developer workshop.

Case 1 – Communication Passenger - Mobility Guide
One of the co-developers uses the mobisaar-Service and the application for his way
home from work. The co-developer is working in a bigger office building with several
entrances and the mobility guide receives only the main address. The mobility guide
and the user did not find each other on several occasions. In contrast to most of the
problems mentioned at the regulars’ tables, the co-developer already came up with
solutions he could imagine for this problem and discussed them together with the group.

Fig. 2. Examples of pen and paper mock-ups created in our first session. For each of the views
positive points were placed left and the negative points on the right. The feedback was followed
by an interactive pen and paper prototyping session to directly apply changes. The created screens
were attached at the bottom section to summarize the process at a glance.
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Earlier, a direct communication via telephone and sharing the phone numbers of the
mobility guides was rejected due to privacy reasons. Therefore, it was agreed to use a
messaging solution instead. For privacy reasons the co-developers came up with the idea
of an input field for additional information during the process of booking a trip. Within
this message, the user can inform about certain circumstances concerning the start/
endpoint of the trip or any other additional details. This idea was further developed with
the group via pen and paper mock-ups (example see Fig. 2) and for a following meeting
it was implemented by the software developers in a prototype, see Fig. 3.

Fig. 3. Prototypes created after the co-developer workshops from the pen and paper prototypes,
to present and discuss them with the users at the next workshop. From left to right the mockups
represent the results from the evaluation of case 1, 2 and 3.

Case 2 – Information about the Surroundings
In another instance, the passengers claimed that their journey would profit from more
information on the suggested locations in the autocomplete of departure and destination
selection, especially for places not visited before. The rationale behind this was that it
would provide insights on the surrounding area. The proposed solution was an “info-
button” appearing in the application at each geolocation, i.e. start, end or any stop in
between of a route. Furthermore, it was suggested that additional information should be
provided in form of a picture and a map highlighting the position. Showing cultural
offerings or shopping possibilities nearby was recognized as useful but categorized with
lower priority and postponed to future workshops. Pen and paper mock-ups resulted in
a prototype depicted in Fig. 3.

Case 3 – Personalization
Following design principles for the elderly we ensured an easy to use and “secure”
interaction concept. This included several confirmation dialogs preventing unintended

362 M. Rekrut et al.



interactions. One of the co-developers described this fact as disturbing and mentioned
as an example the steps needed to book a trip with the service. Subsequent to entering
trip details, such as departure, destination etc., the system calculates and presents an
overview of possible routes. The user selects one of these suggestions and is presented
a detailed overview of the trip with all the stations and stops in between and the passenger
can select where a guide is necessary. To continue the process, the passenger has to
scroll to the bottom of the page and click a button, with the intention having to check
the route and all points of service again. Having clicked the button, another confirmation
dialog appears, summarizing the trip and the points of services asking the user if he
really wants to send a request for the given route. In the group a discussion arose about
the necessity of that many dialogues. Although all of the co-developers agreed that they
do not really need it, they also agreed that it might be helpful for users less experienced
with smartphones. In the end, it was the idea of the group to use personalization and
show an adapted view of the interface depending on the smartphone experience level.
Developing the concepts behind personalization itself might have covered a whole
developer workshop. Therefore, we started with the development of a simpler screen
for a more direct way of booking routes. Instead of switching to the detailed view after
selecting one of the suggested routes and proceed with the confirmation dialog, the
confirmation dialog should be shown directly and the selection/deselection of guides for
the stops along the way should be possible from within this view. If more details are
needed, the user can switch to the detail view by clicking a button in the footer (see
Fig. 3).

Ultimately, using the co-developer framework we were able to increase efficiency
thus saving a lot of unproductive time. Furthermore, regulars’ tables require intense
preparation where the feedback collected at the previous meetings had to be transformed
into several mock-ups. These solutions had to be presented often resulting in ceiling or
floor effects: either flat rejection or flat acceptance.

On the other hand, in the co-developer approach the participants created solutions
themselves based on their own feedback. Typically, this resulted in one concrete mock-
up that the software developers had to implement until the next session.

Although saving time in general, the active and engaged participation lead to time
constraints within the workshop itself and not all parts of the app scheduled for discus‐
sion could be worked out in detail. For future workshops the time frame should be
extended covering probably half a day.

4 Conclusion

The paper proposes a participatory approach called “co-developers” to extend the meth‐
odology of user-centred design applied within the mobisaar project aiming for public
transport for everyone. The solution consists of a human-based service in form of mobi‐
lity guides – persons available within the public transport supporting anyone that cannot
use public transport of any reason. The second component is a technology that coordi‐
nates the guides such that they are available as needed for the passengers. From a devel‐
opment methodology point of view, the regulars’ tables have been established as tool
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for the advancement of user interfaces and provided valuable insights. Active partici‐
pation however was a rare commodity so that personal requirements arising with the use
of the app in daily life were not discussed in detail as desired. Presentations of solutions
for known issues provided by the developers during the regulars’ tables resulted in flat
rejection or acceptance without providing nuanced feedback. Hence, the value of the
design and suggestions could not be assessed. To overcome these and similar problems
and engage users deeper into the development process, we introduced the concept of co-
developers.

Building on common participatory design approaches, the concepts of close personal
contact to the target group was a crucial aspect. Considered important especially by
elderly persons, as experienced in the regulars’ tables, this concept was maintained
within the co-developer approach. The expression “co-developer” resulted in the desired
team-like atmosphere and increased engagement of the users. Compared to the regulars’
tables the co-developers showed a stronger commitment and a kind of feeling of respon‐
sibility emerged in their role as “developers”. This reliability facilitated the planning
and the selection of appropriate tools and methods for the workshop.

The biggest benefit however was the saving of time due to the active participation
of the co-developers. Whereas for the regulars’ tables known issues were collected and
worked out as several possible solutions by the developers in advance, the co-developers
produced solutions themselves in the form of mock-ups. In contrast to the regulars’
tables, the co-developer workshops led to discussion rounds taken into account different
points of view resulting in one solution to implement for the developers until the next
meeting.

Two hours meeting time every six weeks was chosen based on the experiences of
the regulars’ tables. This turned out to be too little mainly due to the increased output
delivered by the co-developers. Future workshops will be extended to half a day every
fourth week. To support co-developers tagging ideas and problems occurring in daily
life, as well as collecting feedback in advance to the workshops in a standardized way,
we plan to hand out diaries.

Furthermore, a concept to include functionalities establishing profound changes
within the interfaces needs to be developed, as the current co-developer approach with
prototyping sessions only evaluates existing UIs. Methods like cognitive or context
mapping could be used to develop such profound features in a process of co-creation on
a conceptual stage, whereby most suitable tools still need to be evaluated.
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Abstract. For domain specific document searches like job matching,
long queries are often given as a detailed information of targets. Previ-
ous studies found that higher quality results can be obtained by searching
with an optimal subset of words excerpted from a long query. To excerpt
the optimal subset of words, query reduction using machine learning
techniques has been studied. Supervised learning requires training data
with annotation, which is especially difficult for in-domain data because
of its specific terminology. In this study, we propose a model that inte-
grates machine learning techniques and manual processing for long-query
reduction. We integrated our model into a job matching system that col-
lects manual “interactions” and used them as training data to learn query
reduction. Furthermore, we evaluated our model with actual job offerings
and expert profile data obtained from a recruitment agency. We found
that our proposed model outperformed the baseline in precision, recall,
and F-measure. The result suggests that our model could be used for
query reduction of interactive search systems of specific domain data.

Keywords: Long query · Query improvement · Job matching
MAP estimation · Interactive interface

1 Introduction

In document search applications for domain experts such as job matching and
patent search, long queries are often given, which include detailed descriptions
about search targets. For example, recruiters of job matching agencies will search
for candidate resumes on the basis the text in job offerings. Intellectual Property
experts will search for similar patents on the basis of an invention’s disclosure
document.

Previous studies found that we can obtain higher quality search results if we
obtain an optimal subset of word sets from a long query, and use them as the
query instead of the original [1]. Extracting an optimal subset of word sets from
long query essentially reduces the unimportant words of long queries. There are
two approaches for reducing the words from long queries, automatic and man-
ual. For automatic approaches based on supervised learning, we need relevant
c© Springer International Publishing AG, part of Springer Nature 2018
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documents [2] and manual annotation [3] as learning data, which is difficult
especially for in-domain data. Therefore, many approaches based on unsuper-
vised learning for in-domain data have been proposed [4]. On the other hand,
several manual approaches have also been proposed [5–8]. Unlike in a typical
web page retrieval, quality is more important than retrieval speed in document
retrieval performed by domain-specific experts. Therefore, manual interactions
that improve the quality of search results could be acceptable to users.

We propose a model that integrates automatic and manual approaches. We
developed a straightforward and simplified user interface so that users can fully
interact and acquire the best reduced queries. Automatic reduction is used to
generate initial queries, thereby reducing the burden of user interaction. Further-
more, we proposed a user interface that embeds hidden learning data collections
during search interactions. It functions like a shopping cart on an online shop-
ping website, which you can store selected documents in a list. A user can review
the created list later and adjust the list before completion. Since the list at the
completion state can be considered to be a document list relevant to the query,
the system collects learning data without making the user aware of it.

To investigate whether our proposed model can improve given queries, we
integrated our model into the job matching system of a Japanese recruitment
agency and analyzed it using real job offerings and simulated interaction data.
Through the analysis, we demonstrated how word sets in queries are improved
and suggested that our model can be used for the query reduction of interactive
search systems of specific domain data.

2 Related Works

Numerous efforts have been made towards improving the long-query issues. Ben-
dersky and Croft proposed an automatic techniques for query reduction, which
involved learning to identify key concepts in long-queries using a variety of fea-
tures [3]. However, their method requires manual annotation to identify a key
noun phrase in each query.

Other studies that have key phrase extraction methods that use supervised
machine learning techniques was first introduced by Turney [9] and later explored
by several other researchers [10,11]. They treated a document as a set of phrases,
which must be classified as either positive or negative examples of key phrases.
This approach requires documents with key phrases attached as learning data.
Although this approach is reported to be effective, it is difficult to obtain domain-
specific learning data in the early phases of a real production environment.

An unsupervised technique that involves the interaction of dropping unneces-
sary terms from long queries was proposed by Kumaran and Carvalho [4]. However,
the interaction could be an additional burden for ordinary document searches.

Query expansion is an another approach for improving search queries. Cui
and Wen have proposed a use of query logs as a training data for adding keywords
to the original query [12]. It has been suggested as an effective way to resolve the
short query and word mismatching problem. Kumaran and Allan [13] combined
query reduction and expansion methods to improve original queries.
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In this study, we focus on a query reduction technique for processing long-
query which assume to be a major query type for job recruiment purpose.
We propose a model for query reduction involving both automatic and man-
ual approaches that enables online learning in a production environment.

3 Query Reduction Model

We propose a new model of query reduction to improve the quality of verbose
queries. This model uses past search “interactions,” such as word deletion, word
addition, and word weighting, collected by a document search engine to learn
new keyword deletion procedures.

The model estimates the ideal word set S of a long query by using past
interaction data. We define Q as a word set of every words included in a given
long query. We calculate Pw as a probability of word w (w ∈ Q) not being
included in the ideal query on the basis of the maximum a posteriori (MAP)
estimation method. MAP is an estimate of an unknown quantity, that equals
the mode of the posterior distribution. The MAP can be used to obtain a point
estimate of an unobserved quantity on the basis of empirical data.

We defined Nw and Dw as the total count of occurrence and total count of
deletion of word w in past interaction logs, respectively. The weight assigned to
word w is defined as Ww, in which the default value is 1. Ew is the sum of the
weights assigned to word w when the weight is smaller than 1, which can be
describes as Ew =

∑
w(1−Ww). Mw is the sum of the weights when each weight

is larger than 1, and can be described as Mw =
∑

w(Ww − 1). Probability Pw is
calculated as:

Pw =
Dw + Ew + α − 1

Nw + γMw + α + β − 2
, (1)

where α and β are beta distribution parameters and γ is a bias parameter.
We calculate score Sw as:

Sw = k(1 − Pw) − Pw, (2)

where k (k > 1) is an additional cost of word addition compared to that of
keyword deletion. We considered this additional cost since addition requires more
procedures compared to deletion. Words in an ideal word set S are selected by
defining the threshold of Sw.

4 Interactive Search Interface

We introduce the user interface of our document search system and how it collects
interaction log data that can be used as learning data for our model. Our interface
is based on the system proposed in [8]. Our system is implemented as a web appli-
cation that consists of two pages as shown in Figure. 1. Users interact with the
system as follows. (1) On the search page, users input a verbose query and click
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Fig. 1. User interface of interactive search system. (A) Search page to input query
and retrieve relevant documents. This interface also include the Keyword Editor field
to add/delete/change weight for keywords. (B) Matching page to confirm and adjust
selected documents. It is a drag-and-droppable interface to adjust the candidate lists
before completion.

“Search” to get the initial result. The top ten keywords scored by term frequency-
inverse document frequency (TF-IDF) are used for the initial query by default,
which appears in the “Keyword Editor.” The top ten ranked documents are shown
as the result. (2) Users look through the documents, identify which are relevant,
and click either of the “Relevance” buttons “Good” (probably a good match) or
“Super!” (best match) in accordance with the degree of their relevance. (3) If users
think they have not found a sufficient number of relevant documents, they can edit
the query words in the “Keyword Editor,” i.e. delete a word, change the weight of a
word, or add a new word. When any of the query words are edited, the search result
is updated automatically. Users repeat steps 2 and 3 until they are satisfied with
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Fig. 2. System flow of the interactive interface. Highlighted boxes represent interactions
operated in the “Keyword Editor”.

the final result. Users then click the “Selected Experts” button, which navigates
them to the “Matching” page to review their search results. (4) On the “Matching”
page, two lists of selected documents that are marked as “Good” and “Super!,”
respectively, are shown. Users can review and adjust the documents in the lists by
dragging and dropping them between the lists. (5) Users save and download the
confirmed documents lists by clicking the “Save” button (Fig. 2).

Our interface is designed on the basis of a typical web search interface and
enhanced to make keyword editing and relevant document selection efficient with
theKeywordEditor andRelevancebuttons/Matchingpage, respectively.TheKey-
word Editor enables visual editing of query words more efficiently than directly
editing space-separated query text e.g. “wordAˆ2.0 wordB” where numerical value
after caret represents aweight of aword.TheRelevancebuttons andMatchingpage
provide a functionality very similar to the “Add to Cart” button on online shop-
ping websites. These concepts may not be considered new as user interfaces but
their introduction is very important in the sense that they enables the collection of
data regarding which words will contribute to the finding of relevant documents.
The system logs every user’s click of Search, Save and Good/Super!. Those logs are
significantly different from typical click logs collected from web search systems in
that they cannot be used to determine when the retrieval process starts and finishes
just aswhether any resultswere found. In our system, every completed search starts
with Search andfinisheswith the Save operations, sowe canprecisely define a query
session as a user’s interactions for a topic. In addition, we can identify “definitely
relevant” documents from the documents in the Super! list at the time of clicking
the “Save” button. We can also identify the query words used to find the relevant
documents by tracking the logs when the documents are marked as Good/Super!.
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5 Preliminary Experiments

To investigate our proposed reduction model, we evaluated our model using data
obtained from a job recruitment agency. In this section, we first describe the job
offering and profile data used for analysis. We next explain the procedure of
collecting learning data. Finally, we will describe how we measured our model
with obtained results.

5.1 Profile Data Used in Experiment

We used the profile data of registered experts and job offerings data obtained
from a job recruitment agency located in Tokyo, Japan. Approximately 30% of
their registered workers are over 60 years old, which is very high compared to
that of a general recruitment agency. Their recruitment process is mainly divided
in two parts, “Registration” and “Recommendation”. The Registration process
is performed as follows. (1) Experts register themselves via the website. They
input their profile information such as previous job experience, skills, career,
and personal connections in a simple text format. (2) Recruiters in the agency
hold online or face-to-face meetings with the registered experts to obtain their
additional profile information. (3) Recruiters input the additional information
into the system in a simple text format. The Recommendation process is per-
formed as follows. (1) A recruiter in the agency holds a hearing with a company
regarding their business needs. (2) The recruiter searches for registered experts
who would meet the company’s business needs. (3) The recruiter recommends
the matched experts to the company, then proceed with face-to-face interviews.

The expert profile data generated during the Registration process are con-
sidered as target documents, and business need (job offering) data generated
during the Recommendation process are considered as queries for searching. We
extracted 3,000 experts’ profiles and ninety job offerings to evaluate our proposed
reduction model.

5.2 Procedure

To investigate our proposed reduction model, we collected interaction data of
the simulated search process. The authors manually simulated the interactions
of recruiters by reviewing the results of searched resume documents. The search
engine is built on Solr/Lucene, where the Japanese morphological analyzer,
“kuromoji,” is used. After the tokenization and part-of-speech tagging by “kuro-
moji” is complete, noun words are filtered and stored as a data collection. Dic-
tionaries and stop words are defined on the basis of feedback from recruiters.
When a query is given, resume documents are ranked by the BM25 similarity
algorithm [14]. BM25 scoring utilizes both word frequency and document length
normalization. For a given query Q containing keywords q1, ..., qn, (qi,D) is q′

is
word frequency in the document D, |D| is the length of D in words, and avgdl
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is the average document length in the text collection. The BM25 score of D for
Q is calculated as:

Score(D,Q) =
n∑

i=1

IDF(qi) × (
f(qi,D) × (k1 + 1)

(f(qi,D) + k1 × (1 − b + b × |D|
avgdl

). (3)

k1 and b are free parameters, and we used Lucene’s default values k1 =
1.2, b = 0.75 for this experiment. IDF(qi) is the inverse document frequency
weight of a query word computed by:

IDF(qi) = log
1 + N − n(qi) + 0.5

(n(qi) + 0.5)
. (4)

5.3 Measurement

We measured the correctness of the query reduction results by leveraging
the commonly-used machine learning measurements: precision, recall, and F-
measure. As a preprocessing condition, job offering text obtained from the
recruitment agency was used as an original long query and words that were
considered to be important were selected manually from the query. We collected
the interaction data until we reached the list of selected keywords as described
in the previous section. Selected words were confirmed by reviewing the result
of the retrieved documents. These interaction data are used as training data.

When a new long query is given, all words in the query were rearranged in
descending order on the basis of the scores calculated by the proposed algorithm
using the interaction log. The top ten words were evaluated using the precision,
recall, and F-measure measurements as an index.

6 Results

We analyzed our proposed algorithm using the job offerings and profile data of
the recruitment agency. We obtained ninety job offerings with interactions data
and cross-validated ten subjects using other eighty as a training data. Specifi-
cally, we selected each ideal word set from eighty subjects, and keyword operation
were recorded as training data by using the user interface of the job matching
system. Keyword scoring was performed for the other ten subjects using the
training data. We evaluated the top ten keywords by comparing them with man-
ually selected ideal word sets using average precision, recall and F-measures. The
beta distribution parameters α and β were set to 2. Bias parameter γ was set
to 1. The additional cost of word addition compared to keyword deletion k was
set to 5 on the basis of the exploratory experiments.

The result showed that our proposed model outperformed in all measures
compared to the baseline, which is the TF-IDF scoring. (baseline: precision =
0.35, recall = 0.44, f-measure = 0.37, proposed model: precision = 0.54 ± 0.06,
recall = 0.59 ± 0.07, f-measure = 0.55 ± 0.06) (Fig. 3). Figure 4 and Table 1 shows
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Fig. 3. Comparison of the precision, recall and F-measure between baseline (TF-IDF)
and the proposed reduction model.

the transition of the precision, recall, and f-measure measurements by changing
the amount of training data from ten to eighty subjects. Recall improved right
after leaning ten subjects, while precision gradually improved on the basis of the
amount of learning data.

Table 1. Values of the precision, recall, and F-measure measurements by changing the
amount of training data.

Training data Precision (SD) Recall (SD) F-measure (SD)

Baseline (TF-IDF) 0.347 0.439 0.374

10 offerings 0.475 (0.078) 0.643 (0.131) 0.522 (0.068)

20 offerings 0.484 (0.078) 0.595 (0.086) 0.521 (0.081)

30 offerings 0.514 (0.056) 0.603 (0.076) 0.543 (0.061)

40 offerings 0.518 (0.066) 0.609 (0.080) 0.549 (0.071)

50 offerings 0.525 (0.061) 0.607 (0.084) 0.551 (0.069)

60 offerings 0.530 (0.067) 0.601 (0.084) 0.551 (0.072)

70 offerings 0.542 (0.072) 0.596 (0.097) 0.557 (0.080)

80 offerings 0.544 (0.064) 0.587 (0.075) 0.554 (0.064)
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Fig. 4. Transition of the precision, recall, and F-measure measurements by changing
the amount of training data.

7 Conclusion

In light of the demand for query improvement of in-domain data searching, we
focused on a long-query reduction method and proposed a model that enables
the reduction of unimportant keywords on the basis of past search interactions
collected by a document search engine. We also proposed a user interface that
embeds hidden learning data collections during search interactions. To investi-
gate our proposed model, we integrated our model and interface into the job
matching system and analyzed them with the data obtained from a recruitment
agency.

We found that our proposed model outperformed in all measures (precision,
recall, and F-measure) compared to that of the baseline. We also found that
recall improves with a relatively small amount of training data, which in this
case was that of ten subjects. The cost of keyword addition is considered to be
larger than that of keyword deletion, therefore, the result would be preferable
for the user. Precision gradually improves on the basis of the amount of training
data, suggesting that the quality of the query improves as the interaction logs
get collected via the search system. As a result, as the recruiter repeats a series of
job matching processes (inputting job offerings, keyword operations, and select-
ing candidates), the default keyword set extracted from the original query will
be gradually improved without any additional actions to create training data.
The keyword operations during searches for experts can be considered to reflect



Online Learning for Long-Query Reduction in Interactive Search 375

domain knowledge related to specific industries and business processes. In other
words, a set of domain knowledge required for job matching will be extracted
from keyword operations of experienced recruiters. Using keyword operations of
experienced recruiters as training data, we hope to help improve the performance
of inexperienced recruiters.
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Abstract. Baby boomers and millennials form two major user groups that tend
to exhibit different behaviors when viewing online information. Because
important online information is often communicated via text, understanding the
differences in the way textual information is scanned by these two user groups
allow designers to better meet the needs of each group. Our results showed that
saccadic amplitudes were strong predictor of user age groups when they were
reading a relatively long and difficult text passage. These results help to improve
online reading experience by examining metrics that can unobtrusively capture
and compare the overall reading experience of younger and older users. The
results are also relevant to research in designing advanced decision tools that use
eye tracking to detect cognitive effort to respond to user needs.

Keywords: Eye tracking � Baby boomers � Generation Y � User performance
Online reading � Eye movements

1 Introduction

Baby Boomers, born between 1946 and 1964 (age in 2017, 53 to 71) are the second
largest generation in the U.S. With 74.9 million people in 2015, they make up 26
percent of the total U.S. population [1]. People 65+ represented 14.5% of the popu-
lation in the year 2014; they are expected to grow to be 21.7% of the population by
2040 [2]. The internet provides a number of benefits for older adults. It is used as a
means of communication via E-mail, chat rooms, discussion groups, and direct mes-
saging. The Internet also contains a wealth of medical information that can be par-
ticularly useful for older adults when health becomes a greater issue and concern [3].
Important online information is often conveyed via text-based communication. Thus,
examining the reading behavior of older users and comparing it to those of younger
users allow designers to better meet the need of both user populations. Additionally,
recent research calls for designing advanced systems that can respond to user needs in
real time. To achieve this goal, various studies are needed to identify eye movements
that can reliably detect user experience [4]. To address this need, in this study we
examined eye movement factors that are likely to reflect the overall reading experience
of baby boomers and younger generation. To this end, an eye tracking study was
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conducted with 20 participants including 10 young generation and 10 baby boomers.
The task required each participant to read a text passage about law and to provide
answers to a set of questions about the passage, while the participants’ eye movements
were recorded by a high speed eye-tracking device. The main objective of the study
was to investigate a range of eye movement data that prove to be important in reading
behavior and to examine whether these eye movements can reliably predict user age
group and performance. This investigation not only facilitates a better understanding of
the differences in reading behavior between the two generations but also contributes to
research that aims at designing advanced system [4]. Identifying eye movement metrics
that reliably predict a user’s age group can help designing adaptive systems that can
respond to older and younger users appropriately in real-time.

2 Theoretical Background

2.1 Baby Boomers and Young Generation: Differences in Online
Experiences

Literature indicates that older users may expend more cognitive effort when processing
online information. For example, past research demonstrate that older adults are slower
in cognitive processing from younger people [5]. Based on the cognitive theory of
aging, slowdowns of cognitive processing in older adults can explain the age related
differences between older and younger adults [6, 7]. Furthermore, research shows that
because of a numerous factor such as social, cognitive, psychological, and physical
factors as well as overall differences in life experience, baby boomers often have
different usability issues as compared to young adults [8].

Existing psychological eye-tracking literature has also reported older adults exhibit
more cognitive effort during reading. For instance, it is known that older adults read
more slowly and make more fixations and regressions than younger readers [9–11].
Examining eye movement characteristics, Rayner et al. [12] asked young and old adults
to read sentences containing target words that varied either in frequency
(low-frequency vs. high-frequency target words) or in predictability (low-predictable,
medium-predictable, or high predictable target words) to determine whether frequency
and predictability interact with age when these target words are read. They learned that
older adults make more fixations, longer fixations and more regressions (backwards
movements to re-read text). Another study, comparing older and younger adult’s dif-
ferences, suggests that older adults perform at a reasonable level; they are as successful
in reading as younger adults, but it seems that they make more effort in reading as
demonstrated by longer fixation durations [13].

A similar finding occurred from a study looking at expert older users working at an
investment company, Fidelity. In their first study, they examined the behavior of expert
older adults (50–69) while working in the office and used the web daily, compared to
younger colleagues (20–39) [14]. The results showed that older adults spent on average
42% more time looking at the content of the pages than did the younger adults. Older
adults also spent 51% more time looking at the navigation areas as compared to the
younger adults. Their results also suggest that older participants distributed their gaze
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more widely across the pages and read more of the text than younger users did. In
another study, researchers examined preferences for web page presentation, and
reported that baby boomers had longer fixations on large images and search bars as
compared to their younger counterparts [15]. Similarly, in another study, Zaphiris and
Savitch [16] compared older (58–87) and younger (19–27) web users browsing health
information sites of varying depth of hierarchy, and observed that older adults looked at
more of the page and spent longer considering which link to choose. However, the
researchers found no significant difference in reading speeds. Chadwick et al. [8],
conducted two usability studies to investigate the differences between older and
younger adults in completing a task using a prototype employee/retiree benefits
Fidelity’s website. In their first study, researchers examined whether there were dif-
ferences in how older adults interacted with the Web and whether changes in text size
would affect performance. Users completed tasks on the website using various text
sizes. Researchers learned, from the results of the study, that older users (55 years or
older, mean = 69.2) had significantly more difficulty using the Web than younger users
(55 and younger, mean = 35.9). In their second study new participants performed the
same tasks on a version of the site that was redesigned to address the usability problems
encountered by older users in the first study, with the purpose of improving the per-
formance of older adults. They concluded that performance improved significantly for
both older and younger users, they also observed that older users read more text and
often read all of the text on a screen [8]. Additionally, they found that older adults were
particularly cautious and not confident about clicking on links that were nouns, like
Accounts. When they changed those links to actions, like Go to Accounts, both older
and younger users were faster and more confident.

A different study [17] examining the differences between old and young adults in
reactions to a set of homepages through a laboratory experiment captured users’
reactions using self-report measures and eye tracking. The results of this study showed
that both generations reported similar aesthetic preferences, and both generations
preferred pages that had images and little text. However, the two generations also
displayed differing online viewing behavior and preferences. For instance, eye tracking
data revealed that Baby Boomers had significantly more fixations on web pages that
they found less appealing and their fixations covered more of the pages than Young
Generation. In addition, Baby Boomers reported a significantly higher tolerance for
clutter (more web components) on a page [17].

Another study [28] looked at the differences between older and younger users in
information search behavior. Participants were asked to complete a search task related
to health information on three different websites. The study investigated whether age or
other factors such as gender, educational background and frequency of internet use had
an impact on navigation patterns, the use of the search box, effectiveness, efficiency
and user satisfaction. According to the findings of the study, older users were less likely
to make use of the search box than younger users. In addition, younger users were more
successful in accomplishing the search task and were much faster than their older
counterparts in completing the task. Although the results showed that there were some
difference between older and younger users in fulfilling an information search task the
most impactful factor on information search behavior was not always age. For example,
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when comparing the navigation patterns of older people using internet daily with those
of younger age group no significant differences were observed between the two groups.

2.2 Eye Movements and Information Processing

Fixation and saccade are two major eye-movements that represent the information
processing behavior [23]. Fixation are a collection of relatively stable gaze points on a
part of stimuli that are close to each other in proximity and time. Saccades refer to small
rapid movements of the eye when it jumps from one fixation to another [27]. Due to
their nature, fixations reflect our attention to a part of stimuli that the eyes are fixated on
[19, 24]. A number of studies have associated fixation related metrics such as fixation
count and fixation duration as measures of information processing. For example, the
number of fixations within an area of investigation (AOI) has been used to compare
cognitive processing of millennials and baby boomers when viewing a web page [17].
Eye movements have been also used to understand how textual information is pro-
cessed [18, 19]. For example, Campbell et al. [20] and Gustavsson [21] used eye
movements to detect whether a person was reading a text or not. Similarly, eye
movements were used to detect whether users read or skim textual information [22].
When reading English, fixation duration is around 200–300 ms, with a range of 100–
500 ms and saccades range in duration between 10–20 ms for short between word
saccades, and between 60–80 ms for longer saccades from end of one line to the
beginning of another line [23]. Majority of saccades during reading English are made
from left to right, however, in skilled readers, about 10–15% of the saccades are
regressive, they are backward saccades to the previously read words or lines [23]. In
general, saccades during reading are divided into two categories: (1) Progressive
saccades in the direction of reading text, (2) Regressive saccades, or backward saccade
to the opposite direction of reading [23]. Short within-words regressions can be due to
problems in processing the currently fixated word [23]. Longer regressions (more than
10 letter spaces back along the line or to another line) are because of the difficulties in
comprehension, or may be because the text is particularly difficult and the reader cannot
understand the text [23].

2.3 Research Question

The discussed literature suggests that (1) eye movements can be used to understand the
cognitive processing during reading, and that (2) there is significant differences
between younger and older adults’ online reading and web experience. Our research
question is whether we can distinguish the age group of a user (younger/older) from
eye-movements data when they read textual information. As Loos and Bergstrom [29]
aptly put it, to better serve older and younger users it is important to have a deeper
understanding of the differences in behavior between these two populations and to
investigate how differently older adults interact with online information as compared to
their younger counterparts.
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Because important information is often communicated via text, in this study
grounded in cognitive linguistic literature, we focused on examining the differences
between older and users in reading textual information only, in particular, whether we
can predict user population (older vs. younger) via eye movements. In this study, we
also investigated the relationship between eye movements and performance. We
addressed our research questions by designing an eye tracking laboratory experiment.
Eye tracking is a natural method for examining how people process information. Eye
tracking is broadly used in HCI research and facilitates accurate measurement of online
user experience unobtrusively. In particular, researchers have used eye tracking to gain
a more complete understanding of the older adults’ needs when using websites and
mobile applications [29]. The following section provides the methodology used in
conducting the eye tracking experiment and the methods used in analyzing the eye
movement data.

3 Methodology

This section provides a brief review of the laboratory experiment that was conducted to
collect eye movement data used in this study. Furthermore, it provides details on the
method used to process the eye-movement data captured from a number of participants
who completed a cognitive task online.

3.1 Task and Participants

The task selected for this study included reading a passage and answering to three
questions about the passage. The passage was selected from a pool of GRE sample
practice passages available on www.majortest.com. The topic of passage was about law
and included 553 words. The passage yielded an overall readability score of 16.1
(Flesh-Kincaid grade level = 16.5, Gunning Fog Index = 20.1, Coleman-Liau Index =
9.7, SMOG Index = 15.8, Automated Readability Index = 18.1) which corresponded
to a rather difficult reading level. As in prior research [26], the readability score was
measured using the online tool: https://readable.io/text/. Participants were recruited
among college students and staff from a northeastern university at US. Out of 20
participants, ten were among young generation (age range of 18–30) and the other ten
were baby boomers (age range 53–70). Each participant received incentive for their
participation in the study.

3.2 Eye-Tracking Study

A commercially available eye tracking device, Tobii X300, was used to collect eye
movement data of each participant during reading. This remote eye tracking device can
capture eye movements unobtrusively at the rate of 300 samples per second. The eye
tracker was calibrated for each participant before starting the task. This process requires
participants to observe a moving dot on the eye-tracking screen. Tobii software version
3.4.5, and I-VT filter with 30°/sec saccadic velocity threshold was used to process raw
gaze data into fixations and saccades.
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3.3 Eye-Movement Preprocessing

Studies suggests that older user are more “patient” than younger users when they view
online material. They are likely to expend more cognitive effort when scanning a web
page and tend to scan more areas on the web page [8, 17]. This difference in behavior is
likely to be observed via saccadic eye movements when processing textual information.
Willingness to expend more cognitive effort is likely to reveal itself in saccadic eye
movements, which represent effort to move the eyes from one area of interest and
refocus it on another area of interest. The list of saccadic eye movement metrics that we
used in our study are displayed in Table 1.

Eye movement data obtained from the eye tracking software included the x and
y-coordinates of the participant’s eye location on the screen (pixel), whether the eye
movement was a fixation or saccade, and the duration of fixation or saccadic event in
milliseconds. Additionally, the software provided the visual angle (measured in degree)
that a gaze travel during a saccade (saccade amplitude). Table 2 displays the algorithm
that we developed to calculate regressive and progressive saccades using x and y-
coordinates of two consecutive fixation points. According to Rayner [25] regressive
saccades are backward saccades to a word or a line which were occurred earlier in the
text, and hence they can be computed based on the positional information of consec-
utive fixations [12, 23]. We calculated regressive saccades as those in the opposite
directions of reading (to the negative of x- and y-direction with respect to the top left
corner of the screen delineated as x = 0 and y = 0).

In this study we were interested in examining overall page scanning behavior. Thus,
we excluded shorter regressive saccades that are typically only three character long [25].

3.4 Regression Analysis

To investigate whether the difference in cognitive effort during reading a passage online
between older and younger users can be detected through saccadic eye-movements
data, a regression analysis was performed using the eye movements given in Table 1 as
independent variables. Equation 1 shows the regression model used in this study.

f xð Þ ¼
X5

i¼1
aixi þ b; ð1Þ

Where f(x) is a binary dependent variable: f xð Þ ¼ 1; babyboomer
0; younggeneration

�

Table 1. List of eye tracking metrics

1 Regressive Saccade Count 4 Average Progressive Saccade Amplitudea

2 Progressive Saccade Count 5 Average Regressive Saccade Amplitudea

3 Average Saccade Duration
aSaccade Amplitude (measured in degree) refers to the visual angle that a gaze
travel during a saccade
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xi represents each of the eye metrics shown in Table 1, and ai are the coefficients
corresponding to each metric, and b is the intercept.

Saccadic eye movements are representative of reading difficulty [23], hence, we
expected to detect a correlation between performance and saccadic metrics. To
investigate this possibility, we used the following regression model.

Table 2. Regressive and progressive saccade tracking procedure

a (The origin (0.,0) is on top left corner of the screen in Tobii X300, which means reading a text
from left to right would return gaze points with increasing x values, and reading from top of the
text down toward next lines would return gaze points with increasing y values)
b THinline is the maximum pixel difference between each lines of the text on interface, which
checks whether the reader is in the same line or went to a new line.
c THinline Regress is number of pixels that include 3 letter character. This threshold is adopted
from Reyner et al. 2009).
d The reader is reading from a different line: Ygaze kð Þ � Ygaze k � 1ð Þ�� ��[ THinline
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f xð Þ ¼
X5

i¼1
aixi þ b; ð2Þ

Where f(x) is refers to performance measured as the number of correct answers to
three multiple choice questions.

As in Eq. 1, xi represents each of the eye metrics shown in Table 2, and ai are the
coefficients corresponding to each metric.

4 Results

Mean and standard deviation of variables of interest are displayed in Table 3. As the
values in Table 3 indicate, younger users on average had longer (in duration) and more
saccadic eye movements. This behavior is consistent with previous research that
suggests younger users, compared to older users, exhibit less patient viewing behavior
[17]. Although as we will discuss further in the discussion section some research
suggest that experience may moderate the impact of age on web user experience [13,
28]. Our results also showed that older people had larger saccade amplitude, which
indicates that in order to process the provided information their eyes traveled longer
distances to scan the text. This eye movement behavior, consistent with previous
research [17], suggests a greater degree in willingness to expend cognitive effort to read
textual information.

Table 4 displays the results of regression analysis as modeled by Eq. 1. As the
results show the two groups did not differ significantly in regressive saccades. How-
ever, the progressive and regressive saccade amplitudes, as well as saccade duration
and progressive saccade counts were significantly correlated with the age group of the
users. The results also show a stronger effect for the relationship between progressive
and regressive saccade amplitudes and age of the users (as attested by the stronger p
value and larger beta value). These results suggest that saccadic eye movements may
serve as a reliable predictor of users’ age group.

Table 3. Mean and standard deviation for the eye movement variables for each age group

Younger users Older users

Regressive saccade count 124.3 106.9
Progressive saccade count 480.7 455.7
Avg. Saccade duration (msec) 28.51 (±3.25) 25.50 (±3.23)
Avg. Progressive saccade amplitude (degree) 3.65 (±0.34) 4.20 (±0.34)
Avg. Regressive saccade amplitude (degree) 4.94 (±1.90) 5.06 (±1.26)
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As mentioned earlier after reading the passage each participant was asked to pro-
vide answers to three questions about the passage. To further explore the differences
between young generation and baby boomers we looked at the difference in perfor-
mance of these two groups using two sample t-test. The results revealed no significant
difference between the two age groups in performance. The results of the t-test support
the results reported in Table 3, showing no significant differences in regressive sac-
cades between the two groups. The observed behavior support previous research that
showed while older adults were slower in cognitive processing, they performed rela-
tively similar to younger adults [8].

We were also investigated the relationship between eye movements and perfor-
mance. In other words, we examined whether we can use eye movements to predict the
reading comprehension performance of users. To do so, we ran a regression on per-
formance as the dependent variable and saccadic eye movement variables (Table 2) as
independent variables. Therefore, in the regression analysis we used performance as a
categorical variable with different values of {0, 1, 2, 3}, where zero corresponds to no
correct answers at all, and three corresponds to answering all the questions right. Since
the performance of the two groups was not significantly different, we did not separate
the two age groups. The results of regression analysis are shown in Table 5.

As the results in Table 5 show only one of the eye metrics, meaning, average
regressive saccade amplitude (t-stat = 0.02, p-value = 0.07, B = 0.71) was almost
significant. Thus, our results suggest that regressive saccade amplitude, given a larger
sample size, may serve as a predictor of reading comprehension.

Table 4. Results of regression analysis for different age groups as dependent variable and eye
movements as independent variables R2 = 0.87, Adj R2 = 0.83

Eye movement metric t-stat P-value Beta

Regressive saccade count 1.27 0.22 −0.1
Progressive saccade count 2.47 0.02 0.19
Avg. Saccade duration 2.14 0.04 0.12
Avg. Progressive saccade amplitude 8.38 7.9E−7 −0.59
Avg. Regressive saccade amplitude 5.88 3.9E−5 −0.40

Table 5. Results of regression analysis for performance as dependent variable and eye
movements as independent variables R2 = 0.61, Adj R2 = 0.15

Eye Movement Metric t-stat P-value Beta

Regressive saccade count 0.93 0.37 0.32
Progressive saccade count 0.36 0.73 0.13
Avg. Saccade duration 0.02 0.99 −0.00
Avg. Progressive saccade amplitude 0.42 0.68 0.13
Avg. Regressive saccade amplitude 1.96 0.07 0.60
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5 Additional Analysis

In the previous section we examined saccadic eye movements that may predict user age
group and/or reading comprehension. We used saccadic eye movements because we
expected that younger and older users show differences in the way they scan the text for
reading. In this section we look at possible differences between the two user groups in
regards to fixations. Note that consistent with prior research, fixations with durations
shorter than 100 ms were filtered out from the fixation data [25].

(a) Young Generation (b) Baby Boomers

Fig. 1. Heat map of aggregated gaze duration – a comparison between (a) young generation and
(b) baby boomers
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Figure 1 shows the heat map of aggregated gaze duration between the two groups
of users, (a) for young generation and (b) for baby boomers. Green corresponds to
minimum gaze duration, and red corresponds to maximum gaze duration (10.58 s in
this heat map), which is the aggregation of gaze duration over all the participants who
read the passage. The heat maps of total gaze duration do not seem to reveal significant
differences between the reading behaviors of the two groups of users.

In addition to qualitative analysis using heat maps we also conducted a regression
between different age groups as dependent variable and fixation eye metrics as inde-
pendent variables. The result of regression analysis is given in Table 6. As the results
show fixation metrics, such as average fixation duration and average fixation count,
were not significantly correlated with the age group of the users.

6 Discussion and Conclusion

In this research we examined the differences between young and old adults in online
reading experience by comparing their eye movement behavior. Past research indicates
that older adults are likely to expend more effort when processing information [5, 8–12,
17, 28].

Building on the previous research we examined whether we can detect differences
between the two user groups reading textual information. Because we were examining
overall reading behavior (over the entire text passage) we expected to see differences in
saccadic eye movements. The results show that saccadic eye movements (both
regressive and progressive), as well as saccade duration and saccade counts in reading
was a significant predictor of the user age group. Our results extend previous literature
in reading [e.g., 23, 25]. First, in our study we focus on overall passage reading rather
than sentence or word by word processes. Second, our results suggest that saccadic
metrics may serve as a strong predictor of users’ age group. Third, the results indicate
that average regressive saccade amplitude may serve as a predictor of reading com-
prehension. These findings have important implications for capturing online and/or
screen reading experience of textual information. For example, it can be used to
examine the impact of text simplification on reading experience [26] for one or both
age groups.

Fixation metrics such as fixation duration or fixation count were not significant in
identifying the differences between the two age groups in our study. We also did not
observe any major differences between the aggregated fixation duration of the partic-
ipants on the passage, according to Fig. 1. This may be because in this study we
focused on passage level reading experience and not on the sentence or word level

Table 6. Results of regression analysis for different age groups as dependent variable and eye
movements as independent variables R2 = 0.033, Adj R2 = −0.08

Eye movement metric t-stat P-value Beta

Fixation count 0.44 0.66 0.05
Average fixation duration −0.66 0.52 −0.08
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analysis. For example, we did not consider the effect of word predictability or word
frequency in fixation duration during reading. Additionally, our sample size was small;
by expanding our sample size we may also see significant differences in fixation
metrics between old and young users.

Our analysis examining the relation between performance and eye movement
revealed that reading comprehension performance was almost significantly correlated
(p = 0.07) with regressive saccade amplitude. Because, regressive saccades represent
cognitive effort in reading, these results show that regardless of age group, the more
people were willing to go back and reread information the better they performed the
task. It is likely that with a larger sample size the relationship between regressive
saccade and performance becomes stronger. Further research with a larger data set is
important because it can help to determine whether we can predict a user’s reading
performance from their eye movement behavior.

Overall our findings are consistent with previous literature that have indicated that
there are differences between young and old adults in online reading and web expe-
rience [5, 7, 12–14, 17, 28]. For example, Rayner et al. [12] investigated the differences
between older and younger adults in reading and learned that older adults make more
fixations, longer fixations and more regressions. We also saw significant differences
between regressive saccadic eye movements among younger and older adults during
reading (Table 4). Another study, comparing older and younger adult’s differences in
web usability [28] showed that there is some difference between older and younger
users when they search for information on the web, as far as the effectiveness, effi-
ciency and user satisfaction are concerned. Overall, our results showed that user
population (younger vs. older) when they read textual information can be predicted
using the eye movement data. We add to the previous research by investigating the eye
movements that are representative of cognitive processing during online reading, and
by focusing on the passage level reading rather than sentence level reading, and by
comparing the reading behavior of younger and older adults on a relatively long and
difficult text passage.

7 Limitations and Future Research

As in any other research our study is not without limitations. Such limitations, how-
ever, provide opportunity for directing future research efforts. For example, future
studies, including some of our own planned experiments, are needed to test text pas-
sages with different content other than law to see whether similar results are obtained.
Expanding population to a larger number can also help enhancing the generalizability
of our results.

Our results showed that regressive and progressive saccadic amplitude predict user
age group. The text used in our study was relatively difficult. Future research, com-
paring saccadic metrics between the two age groups for text passages with various
difficulty levels, is needed to see whether saccade amplitude is a robust predictor of
user age when reading online text.

Prior research demonstrates that experience can impact behavioral differences
between younger and older users inweb usability [13, 14, 28]. According to Loos andHill
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et al. [13, 28] daily internet experience usage seems to have greater impact on web
usability and navigation patterns of older people than their age. In this study, we did not
control for web experience because we focused on reading textual information only. That
is, we did not include web components such as navigation bar or links in our experiment.
Further research is needed to replicate our study as web content to test whether the
inclusion of other web components and their related tasks (e.g., navigations, visual search
behavior, etc.) can impact our results and to test howweb experience can influence results
observed in our study.

In the current study all participants were recruited from university environment and
they all had college level reading background. Since research shows that experience
has an impact on web usability [13, 28] we plan to take into consideration user’s
self-reported level of reading experience in our future analysis and examine its possible
effects on user experience.

8 Contributions

Effective communication of textual information is key in providing many important
online services for both older and younger users. Our results showed that progressive
and regressive saccadic amplitudes as well as saccade duration and progressive saccade
counts were strong predictor of user age groups. These results suggests that we can
potentially predict the age group of the user and/or their reading performance unob-
trusively via their eye movements. However, future research is needed to extend our
results. There is evidence that familiarity with the web can moderate age effects on web
usability [13, 28]. Whether familiarity with web impacts the age related eye movements
effects during reading observed in this study when reading text heavy websites needs
further research. This information would be of great value to research in designing
advanced systems that can use eye movements to respond to user needs [4].
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Abstract. This study focuses on image perception issues based on humans’
visual assessment. Semantic understanding and task-oriented are also considered
in image assessment. The brightness and colorfulness attributes are selected to be
the image assessment tasks in the study. The Linear Regression (LR) analysis and
Non-Linear Regression (NLR) analysis methods are used to establish the image
assessment models, which also compares their prediction ability. The visual
assessment experiment was comprised of 90 participants. Four images were
selected from the ISO standard by the focus group. The results showed that
“brightness” and “colorfulness” remained stable in the predictive models of the
LR and NLR methods. The results also demonstrated very high prediction ability
in brightness and colorfulness in both the linear and non-linear models. The
brightness attribute directly relates to the image’s lightness, and the colorfulness
attribute directly relates to the image’s saturation. The simple semantic under‐
standing and the single task oriented that assessed the brightness and colorfulness
of the images are also very important in the image assessment experiment.

Keywords: Brightness · Saturation · Visual assessment · Linear regression

1 Introduction

According to Newell’s information processing system (IPS), three levels, which include
physical implementation, algorithmic manipulation, and semantic understanding,
should be considered in information processing [1]. Maeder and Eckert [2] also found
three levels including mathematical, psychovisual, and task-oriented, which are part of
the cognition processing system (CPS) with oriented human cognition. However, the
first level (physical implementation in the IPS and mathematical in the CPS) is primarily
intended to consider the physical attributes such as the image fidelity of processed
images relative to the original images. The second level can be considered the base of
the human visual system, which includes algorithmic manipulation in IPS and psycho‐
visual in CPS. The most important level is the top level, which includes the cognition
processes (semantic understanding in IPS and task-oriented in CPS). The top level is
widely researched by implementing human factor research to perform empirical studies.
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Many studies have started to examine assessments of image information and visual
assessment through human visual systems based on the perspective of human factor
engineering and perception psychology.

Table 1, three levels, including image compression, human visual system, and image
assessment/visual quality, were used to assess image quality issues. According to Tsai’s
research framework, the perceptual image quality corresponds to the three levels of IPS
and CPS models based on a user-centered approach (see Fig. 1) [3].

Table 1. The three levels of image assessment.

Levels Research items Researcher
Image assessment and visual
quality

Brightness, colorfulness,
naturalness, preference,
information-theoretic, visual
assessment, visual perception,
perceptual image quality

Tsai et al. (2016) [3]; Tsai et al.
(2009) [4]; Sheikh and Bovik
(2006) [5]; Ginesu et al. (2006)
[6]; Fedorovskaya et al. (1996)
[7]; Kurita and Saito (2002)
[8]; Chalmers (1997) [9].

HVS (Human visual system) Region of interest (ROI),
contrast sensitivity function

Tsai et al. (2016) [3]; Maeder
(2004) [10]; Watson (2002)
[11]; Janssen and Blommaert
(2000) [12].

Image compression/Coding Signal process, compression,
coding, algorithms,
restoration, reproduction,
moving picture quality

Nguyen et al. (2006) [13];
Civanlar (2004) [14]; Oda
et al. (2002) [15].

Fig. 1. The framework of perceptual image quality assessment [3].

The top level shows that image assessment items consider the cognition issues. It is
also directly related to semantic understanding and the task-oriented concept. Tsai et al.
(2016) [3] said that the important items for image assessment at the cognition level
include brightness, colorfulness, naturalness, preference, and total image quality.
Although these attribute items correspond to cognition issues, sometimes it was difficult
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to assess the total image quality with visual assessment. The previous study figured out
the key points, which were not only that the results of “perceptual image quality” and
“perceptual color quality” were directly correlated, but also that the “perceptual color
quality” was easier than the “perceptual image quality” in image assessment. In addition,
the time required to assess perceptual image quality was significantly higher than the
time needed to assess perceptual color quality, and the results showed that the concept
of perceptual image quality is broader and vaguer in the cognitive processes of subjects
compared to the concept of perceptual color quality. Two different kinds of phrases,
“color quality” and “image quality,” correspond to the semantic understanding of the
observer. Furthermore, the tasks for evaluating “perceptual color quality” were signif‐
icantly clearer and more specific than the tasks for evaluating “overall image quality.”
Table 2 shows the top eight attributes corresponding to the image quality. The attributes
—brightness, colorfulness, naturalness, preference, sharpness, contrast, fidelity, and
total image quality—were selected and discussed by 33 master program students in the
department of design. Brightness and colorfulness are the top two attributes, which
directly corresponds to the image assessment concept.

Many studies in the past decade have started to assess image information and visual
quality through human visual systems based on human factor engineering and perception
psychology [10, 12, 16, 17]. Because the model should be easy to apply to image indus‐
tries and practical issues, most studies use the simple linear regression analysis method
to construct the model. However, many assessment items used to evaluate an image are
complex for semantic understanding, such as preference [18, 19], naturalness [20], and
total image quality [6, 10]. Thus, this study questions whether the linear analysis method
is sufficiently accurate and easy to apply based on simple assessment items. Semantic
understanding and task-oriented are the most important issues in image assessment.
Thus, the aim of this study focuses on discussion of clear semantic understanding and
single task-oriented in the image assessment issues based on the cognition level

Table 2. The attributes related to the image quality concept.

Attributes Related items (semantic understanding)
Brightness Tone of light/shadow, gray scale levels, detail of highlight, detail of shadow
Colorfulness Saturation, color balance, memory color for objects, skin color, color scale

levels in shadow, chorma, hue angle, reality color
Naturalness Skin color, object color, main subject color, nature color, preference,

sharpness, texture, color appearance, image fidelity
Preference Personal experience, the object attribute, acceptable color, acceptable

texture, image content. Color tone
Sharpness Clear, sharp image, sharp edge
Contrast Acceptable color, brightness contrast, color contrast, total image contrast
Fidelity Nature color, preference, sharpness, main subject color, memory color,

memory texture
Total image
quality

Gray scale levels, detail of highlight and shadow, saturation, color balance,
skin color, preference, sharpness, texture, color appearance, image fidelity,
nature, main subject color, memory color, memory texture
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approach. As the clear semantic understanding and single task-oriented concept, bright‐
ness and colorfulness are selected to discuss in this study. In the role of psycho-attributes
and physical attributes, the brightness relates to the lightness of image and the color‐
fulness relates to the chroma and hue angle.

2 Research Method

2.1 The Scale of Physical Attributes

A previous study checked the scale of physical attributes, which is appropriate for an
experiment of image quality. Serial psychophysical experiments were conducted to
examine the differences of each physical attribute by visual assessment. In the results
of the previous study, the range of image adjustments in lightness was set from 60% to
140%, and the best was 100%. The range of image adjustments in chroma was set from
80% to 155%, and the best was 115%. The range of image adjustments in hue angle was
set from −20° to 20°, and the best was 0°. The range of image adjustments in contrast
was set from −5 to +3, and the original value was zero [4].

2.2 The Image Stimuli of Previous Study

Four images were used in the previous study, and each image was modulated by four
physical attributes including lightness, chroma, hue angle, and contrast (see Fig. 2). All
images were also processed according to color conversion and physical adjustment
based on the CIECAM02 function by the Boland C++ program. To display the image
for visual assessment tasks, the modulated images were represented on the screen by
Visual Basic 6.0 software [3, 4].

Fig. 2. Image stimuli set for main experiment.

2.3 Experiment Design and Participants

Each observer was seated facing a calibrated 30 inch Sharp LCD-TV with fixed lumi‐
nance and color temperature control on 120 cd/m2 and about 6500 k. The laboratory
light was fixed luminance and the color temperature was controlled by 233 lx and abuts
6500 k. The resolution of screen was multiply 1360 by 768 pixels. Each trial randomly
showed an image, and the background color was set by a mid-grey color having L* about
60. The serial order in which the images were projected was randomized by the computer
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so that the image order changed every trial. Totally, that about 40 min for finish the
experiment. The experimental environment has set as the same as to the environment of
pervious study [4]. The scale of physical attributes and the image stimuli of experiment
were according to the previous studies [3, 4]. 90 observers participated in the visual
assessment experiment. All the observers possessed normal color vision according to
the Ishihara color vision test.

2.4 Multi-collinearity Testing

In terms of Multi-Collinearity testing based on the Person correlation coefficient analysis
for check the correlation coefficient between brightness and colorfulness. 90 observers
participated in the results show that there were very low correlation coefficient between
brightness and colorfulness (r = .154, p < .001). In the other words, that may have no
linear relationship between those two attributes.

3 Data Analysis and Results

Due to the stepwise regression method in linear analysis can achieve the greatest predic‐
tive power of dependent variables with a minimum number of variables. Stepwise
regression method also uses the relative strength of every explanatory variable and
dependent variable to determine which independent variables can be incorporated into
regression equations [21]. Thus, this study implemented the stepwise regression method
to establish a regression prediction model by using SPSS 17 statistic software. The data
adopted to establish the regression model in this stage was obtained by randomly
selecting the 81 participants (about 90%) from the original 90 participants. The
remaining one-third of the 9 participants (about 10%) were reserved for model verifi‐
cation [21]. The sample size of participants conforms with the minimum sample size
criteria of holdout data, which is 2 K + 25. Since there are four independent variables,
K equals to 4. Thus, 33 participants conformed with the minimum sample size criteria
[21]. The total number of observation from experiments were 26,244 (4 images × 81
scale adjustment variations × 81 participants). Finally, 81 averaged samples were set for
linear and non-linear regression analysis.

3.1 Linear Regression Result for Brightness

The Lightness variable in Model I can explain that Brightness has reached a variance of
94.0% (F(1,79) = 598.340, p < .001). The Lightness variable also has an explanatory power
of 88.3% when represented by adjusted R2. Chroma variable was added into Model II,
which can individually explain that Brightness only possesses a variance of 2.5% (F(2,78) =
395.649, p < .001). Contrast variable was added into Model III, which individually
explained Brightness with only 0.4% for variance (F(3,77) = 351.579, p < .001). Hue Angle
variable was added into Model IV. This variable can explain Brightness individually, and
it revealed the minimum R2 with a variance of 0.4% (F(4,76) = 281.019, p < .001). All four
independent variables aforementioned reached the significance level for regression model
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(p < .001). Therefore, the four independent variables in Model IV can explain Brightness
with a variance of 96.8% in total. The adjusted R2 was also 93.3% (see Table 3). So the
regression equation for Brightness is shown as Eq. (1).

Table 3. Explanatory power and cross-validation of two prediction models with linear regression
by stepwise method.

Linear model Brightness Colorfulness
Including independent Li Ch
Variables Ch Ha

Co
Ha

Adjust R2 .933 .810
F 281.019 171.616
Sig. .000 .000

Li: Lightness, Ch: Chroma, Ha: Hue angle, Co: Contrast

3.2 Linear Regression Result for Colorfulness

The Chroma variable in Model I can explain that colorfulness has reached a variance of
89.4% (F(1,79) = 314.086, p < .001). The colorfulness variable has an explanatory power
of 79.6% when represented by adjusted R2. Hue angle variable was added into Model
II, which can individually explain that colorfulness only possesses a variance of 1.4%
(F(2,78) = 171.616, p < .001). All the two independent variables aforementioned reached
the significance level for regression model (p < .001). Therefore, the two independent
variables in Model II can explain colorfulness with a variance of 90.3% in total. The
adjusted R2 was 81.0%. So the regression equation for colorfulness is shown as Eq. (2).

Brightness = 5.736 × Lightness + 1.067 × Chroma
+ 2.210 × Contrast + 0.919
× HueAngle − 0.706

(1)

Colorfulness = 4.060 × Chroma + 1.175 × HueAngle
+ 0.706

(2)

3.3 Cross-validation of the Linear Regression Prediction Model

Cross-validation was also implemented at the same time to examine the correlation
between the actual value of participants’ evaluation and the prediction value posted to
the computing process of the model. The analysis using Pearson’s correlation coefficient
discovered that the participants’ evaluation outcome obtained from the brightness
prediction model had 94.6% correlation (prediction ability), while the prediction model
for colorfulness had 82.9% prediction ability.
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3.4 Results of Non-linear Regression Analysis

The stepwise regression method has also used to non-linear regression analysis. The
results of regression analysis shows (see Table 4), the six independent variables in
brightness’s model can explain that Brightness has reached a variance of 98.5% (F(1,79)
= 402.972, p < .001). The adjusted R2 was also 96.8%. The seven independent variables
in colorfulness’s model can explain that colorfulness has reached a variance of 97.6%
(F(1,79) = 207.606, p < .001). The adjusted R2 was about 94.8%. It’s also very high
prediction ability that compare to the results of linear regression.

Table 4. Explanatory power and cross-validation of two prediction models with non-linear
regression by stepwise method.

Non-linear model Brightness Colorfulness
Including independent Li Ch
Variables ChHaCo Ch2

Li2 LiCh2HaCo
Li2Ch2Ha2Co LiCh2Ha2Co2

LiChHaCo Li2ChHaCo
Li2ChHaCo LiChHaCo

ChCo
Adjust R2 .968 .948
F 402.972 207.606
Sig. .000 .000

Li: Lightness, Ch: Chroma, Ha: Hue angle, Co: Contrast

4 Discussion

The image assessment tasks for diverse observers are difficult to collect as stable data
and results. Both the semantic understanding in the IPS model and the task-oriented in
the CPS model were considered high-level processing based on cognition level. It’s an
important issue for image assessment research. Clearly a semantic allows observers to
understand the assessment task when they assess a complex image, such as the brightness
attribute directly related to the image’s lightness, tone, highlight/shadow, grayscale
levels, and so on. Specifically, the single task-oriented, which assesses the brightness of
the images, is very important in the image assessment experiment. For example, the
colorfulness attribute directly relates to the image’s saturation, color balance, memory
color for objects, skin color, color scale levels in shadow, chroma, hue angle, and reality
color. All of these items were considered by the observers when they assessed the
images. Tsai et al. (2016) [3] point out that naturalness, preference, and total image
quality also corresponded to diversity factors with cognition issues, but they were more
complex when assessing the total image quality by visual assessment. In contrast to
brightness and colorfulness, the “semantic understanding” should be more difficult for
observers who are assessing total image quality.
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The aim of this study is to focus on the clear semantic understanding and single task-
oriented issues in image assessment. Thus, brightness and colorfulness were selected to
discuss in this study. This study also finds the simple function based on brightness and
colorfulness prediction models. They are easy to apply or to reconstruct the research.
The results demonstrated a very high prediction ability in brightness and colorfulness
whether the linear (Adjust R2 = .933 in brightness prediction model, Adjust R2 = .810 in
colorfulness prediction model) or non-linear (Adjust R2 = .968 in brightness prediction
model, Adjust R2 = .948 in colorfulness prediction model) models were used. Since the
model should be easy to apply to images, industries and practical issues are the main
purpose. The results show that a clear semantic understanding and single task-oriented
are important in the experiment, which could help observers go through a simple image
assessment process. It could also help researchers get clear data and nice results.
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Abstract. Digital stories are short personal films made up of a series of still
images with voiceover, music and text. The technical barriers to creating such
stories are falling with the use of mobile apps which make it easy to assemble
story elements as audiophoto narratives on a smartphone or tablet. In this case
study, we explored the potential of mobile digital storytelling in a care home
context. It was used for four weeks as form of multimedia communication
between formal and informal carers inside and outside the home, and a care home
resident suffering from dementia. The home was located in São Carlos, Brazil as
part of a larger international project called Time Matters (UK and Brazil), in
which Time stands for ‘This is me’. Fifteen digital stories were made by partic‐
ipants in the trial, which is about one for every visit of the researchers to the care
home. Stories focused mainly on the resident; capturing aspects of everyday life
discussed in Visit conversations (4), documenting Social events (3) inside or
outside the home, recording Therapy sessions (3) with the resident or Health
reports (3) by professional carers, and forming Media albums (2) of the resi‐
dents’ art or life. In general, the technology was most useful for facilitating richer
conversations with the resident and other participants, and stimulating greater
expressivity and creativity in the resident herself. The desire to document the
resident’s current life and interests in the home for later reminiscence by their
family, stands in contrast to conventional reminiscence therapy and related digital
systems. These use media artefacts to stimulate reminiscence of residents’ past
life outside the home.

Keywords: Digital storytelling · Mobile · Multimedia narratives · Photo sharing
Dementia · Care home · Family and friends · Informal carers · Formal carers
Reminiscing · Memory · Communication

1 Introduction

Despite extensive scientific funding and research, dementia remains one of the biggest
challenges of national and international health care [25]. In the year 2010, the cost of
dementia in the world totalled $604 billion: equivalent to 1% of gross domestic product
(GDP) [26].
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As the disease progresses, several factors may result in relocation to a care home,
especially when their informal caregivers struggle to cope with the increasing burden
of care, and their own aging process [2]. Moving to a care home is a difficult period,
being a stressful time for both the person with dementia and their families and friends
[21]. Residents of these institutions during their first four weeks of admission often feel
anxiety, depression and loneliness [13]. Relatives who used to be informal caregivers
also experience grief and ambiguous loss when they are separated from their loved ones.
As a result, these caregivers usually require a significant role and remote involvement
with resident care [8].

With the advance of the disease, the need for meaningful remote and co-present
interaction and enjoyable activities with the resident becomes even more important.
Caregiver inability to understand and be understood by the person they are caring for is
one of the most commonly mentioned communication barriers for both formal (profes‐
sional team) and informal (family/friends) caregivers [22]. Surprisingly little attention
or communication technology has been applied to this problem. In a review of 66 tech‐
nology studies to meet the needs of people with dementia and their caregivers, [27]
concluded that: “The findings show that research on the role of technology in dementia
care is still in its infancy.”

One exception is the use of reminiscence therapy with residents at which family and
friends may (or may not) be present [30]. This usually involves life review and the
handling of physical media artefacts in ‘memory boxes’ to stimulate the residents’
memory and conversation about the distant past [4, 28]. Other occupational therapies
involving art, craft, music and drama are also used, but these are difficult to fit into busy
care schedules and seldom involve the use of new technology. Email and text-based
channels of communication may supplement phone contact between remote family and
friends and modern care homes, but residents themselves are unlikely to be able to use
these effectively as their disease progresses.

One technology which has not been fully considered in this context is that relating
to ‘digital storytelling’. Digital stories are short personal films made up of a series of
still images with voiceover, music and text [17]. These can now be made quite simply
on smartphones and tablets, using apps to assemble these media elements into ‘audio
photo narratives’ [9]. A number of popular photo sharing systems are now including
such facilities for making video stories out of photographs (e.g. Instagram Stories,
Snapchat Stories, iPhoto Memories, etc.). The possibility of using digital stories as a
form of multimedia communication between dementia sufferers in a care home and their
formal and informal carers, could provide a richer channel of both co-present and remote
interaction between them. It might also extend earlier attempts to use multimedia content
in reminiscing activities (see below), by offering it to formal and informal carers as well
as dementia sufferers. We test these predictions in a small-scale field trial in Brazil, after
reviewing related work in the area.
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2 Related Work

Reminiscence is a mental process that involves the recovery of significant autobio‐
graphical memories [6]. Therefore, as an intervention strategy, it is a psychological
process of recovering personal experiences, lived in the past that are used for therapeutic
purposes [19]. Although the clinical value of reminiscence has not yet been demon‐
strated, reminiscing may offer opportunities for mental stimulation, amelioration of the
behavioural and psychological symptoms of dementia [3, 30]. The sense of personal
identity, continuity, self-esteem and efficacy are restored as the individual manages to
self-orientate with the past and maintain social connectivity with the present, despite
her/his dementia [16].

The production of collages, gift boxes and albums of life story are popular recollec‐
tion support activities. Despite its many benefits, the reminiscence interventions using
old photo albums are often perceived as intensive activities for dementia patients [12].
Nevertheless, narrative is one of the best non-pharmacological interventions for patients
with dementia [5].

Moreover, digitizing family photo albums can help with individual care planning for the
care home resident. The use of innovations for creative expression through digital narra‐
tives can help in memory, communication, and influencing sensory aspects, participation
and quality of life [23]. Case studies [15] show that drama therapy using life history
improves communication between older institutionalized patients and caregivers.

In the early stages of dementia, bright colours, interesting sounds and flashing objects
can attract attention more than other activities. A multi-sensory approach to interaction
and care is particularly important when a person has advanced dementia. Several authors
have begun to design and test multimedia systems which stimulate dementia sufferers
with digital media of various kinds. This includes both university and industry initiatives
to digitize memory cues for reminiscing and communication.

In the university category, researchers from the Universities of Dundee and St Andrews
in Scotland developed a system called CIRCA for presenting multimedia stimulation to
dementia sufferers to stimulate conversation [11]. This was found to support reminiscence
and put them on an equal conversational footing with caregivers [1]. Researchers at Pace
University in the USA challenged their computer science students to design services for
dementia and Alzheimer patients. These included mobile apps for families to share photos,
video clips and music with loved ones remotely [31]. Although not targeted at people with
dementia, Waycott and colleagues from the University of Melbourne, Australia, devel‐
oped and tested digital story sharing with older housebound adults. In one study they
examined the sharing of video stories over the internet or via a community display [7]. In
another study, they developed a photo display system called Enmesh which allowed older
adults living at home to share photo-and-text stories with each other and their remote
carers [29]. Both studies showed participants were willing to create story content and
benefitted from deepening relationships with carers and peers.

Finally, a number of commercial systems for reminiscing have come onto the market
in recent years. For example, MyLife, InteractiveMe and RemindMeCare are all touch-
screen systems designed for care home use in profiling residents with personal and
internet media relating to their interests and past. Care home staff, family and friends
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are expected to input data in collaboration with residents, who can then access the mate‐
rials alone or with others. No formal evaluations have yet been published, although the
market success of these systems provides some indication of value to users.

3 Methods

Given that mobile digital storytelling has never been carried out before in a care home
setting, we set about testing the approach with an existing system of our own, with a
single resident and their formal and informal caregivers. A simple field trial was
conducted using the Com-Phone Story Maker app as a ‘technology probe’ [14] to
uncover the benefits and requirements for future systems, customised for this context.
Com-Phone is part of the Community Media (Com-Me) toolkit designed to support
multimedia communication in communities with low levels of literacy (http://digitale‐
conomytoolkit.org). It is an open source Android app available free on the Google Play
store. It allows users to assemble photo narratives on a smartphone or tablet and annotate
each photograph with voiceover and/or text in a multimedia slide show [10]. Three
screen shots of the interface are shown in Fig. 1. The narratives can be saved as movies
and uploaded to social media sharing systems such as YouTube. Full details of its capa‐
bilities are given in the user manual for Com-Phone from the website above. For our
study, we created a Portuguese language version of the app and made it available within
a single care home, acting as a case study.

Fig. 1. The Com-Phone interface, showing the home screen (left), the options for an individual
frame (middle) and a frame populated with image, sound and textual content (right).

The case study was conducted in a private care home, having about 24 residents and
26 care staff, in São Carlos, in the countryside of São Paulo state in Brazil, in 2017. All
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the residents of this care home have neurocognitive impairment and present dependency
for daily living activities of levels 2 or 3 (in a 0–3 Katz scale, being 3 totally
dependent) [18].

One female resident aged 60 with dementia was invited to participate following the
inclusion criteria of presenting important neurocognitive impairment but still having
communication skills remaining, with score of ten on the Mini Mental State Exam
(MMSE) [20]. After that, we invited the resident relatives and carers to participate. Final
participants were: two family members, one sister and the brother-in-law; and two care‐
givers, one manager and the nutritionist. Four Brazilian researchers (Abrahão, da Silva,
Castro and Gratão) also participated in the fieldwork. The study protocol (875.356/2014
and 2.069.671/2017) received ethics approval from the Federal University of Sao Carlos
Ethics Committee and all volunteers signed a consent form.

The procedure used in the trial is illustrated at Fig. 2. After a baseline interview, the
participants attended a half-hour workshop about digital storytelling and the Com-Phone
app, and then used tablets and smartphones to create their stories over the next four
weeks. A Portuguese version of the app was installed on an Android tablet kept in the
care home for the duration of the trial, and also on the Android smartphones of the
researchers and the resident’s sister. A principle researcher and author (Abrahão) led
the fieldwork in the trial and attended all care home visits. She was occasionally accom‐
panied by another field researcher on a subset of visits (da Silva, Castro or Gratão). In
fact, these researchers became important participants in the study itself because the
technology proved difficult to hand over to other participants for unassisted use. During
the trial period, the researchers met the resident for twelve one-hour sessions (usually
scheduled every 2 days). They also met family members and care home staff four times
to support story creation and upload onto YouTube. Every week the researcher uploaded
the narratives at YouTube for sharing them.

Base line 
assessment - 
pre interview

•2 caregivers
•2 relatives
•1 60 years old 
resident with 
neurocognitive 
impairment

30 minutes 
workshop

•Digital 
storytelling

•Com-Phone

4 weeks trial 
- 12 sessions

•support 3 times a 
week to the 
resident

•support once a 
week to relatives 
and caregivers

Post-
interview 

•Post trial 
assessment and 
interview

•Follow-up

Fig. 2. Trial procedure

After the four-week trial period, participants answered questions in two post-trial
interviews (soon after and follow-up) about their experiences with the software, as well
as about the values of the system in supporting communication. Because of the signif‐
icance of the field researchers in the trial and their involvement in both therapy and story
creation sessions, they were also interviewed as additional ‘participants’ by UK author
four (Chrysanthaki) who did not attend any of the sessions in Brazil.
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4 Results

The data were analysed with frequency and thematic analysis in the following way. First,
we collected 15 digital stories made by participants in the study, over one month from
24th May to 26th June 2017. These stories comprise multimedia narratives in sound,
image and text. Stories were assembled into a ‘story-book’ transcript with English
translation in the form of a PowerPoint slide show with associated sound. This was
eventually printed (without translation) as a photobook which was given back to the care
home resident as a memento of the study. The storybook was also used to code the
technical characteristics of stories as described in Sect. 4.1 below. Unfortunately, the
content of the 15th story was lost due to a failure of the authors’ phone, which had to be
reset. We include it in the analysis so far as we can, without knowing the exact charac‐
teristics or including it in the storybook transcript.

Second, we recorded all pre and post-trial interviews with participants and field
researchers, and created both Portuguese and English transcripts. These were subject to
separate content analyses for each type of participant; generating four different perspec‐
tives on the technology intervention from the care home resident, care home staff, family
and friends, and researchers themselves. The results of these analyses are given in
Sects. 4.2, 4.3, 4.4 and 4.5 below, summarising answers to similar questions asked and
themes which emerged in each type of interview as salient to participants themselves.

4.1 Story Characteristics

The best way of introducing the characteristics of stories made in the trial is to describe
a typical story, such as that shown in Fig. 3. This comprises five frames containing one
image each, in which some of the frames have additional text, voiceover or music. The
total duration of the story was one minute, 45 s (1:45) and was authored by one of the

Table 1. Characteristics of recorded stories (key to authors: RS = Researcher, HR = Home
resident, FF = Family or Friend, FC = Formal Carer).
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field researchers with help from the resident and her sister. Creation was done on the
sister’s phone. The features of this story approximate to an average story of 6.53 frames
and images, with 2.2 voiceovers and text messages and 0.4 music clips, all with an
average duration of 1:25. Most stories were authored by the researchers in collaboration
with other participants on either a phone or tablet. The distribution of these character‐
istics across the story corpus is shown in Table 1, together with a description and clas‐
sification of their content and authorship.

This particular story is not very story-like, which is also typical of the corpus. It was
recorded during a visit to the resident of her sister and brother-in-law, by a researcher
who was also present. The researcher begins the story by recording a short conversation
with the resident about what she is wearing for the visit, perhaps prompted by the fact
she is wearing a warm woollen hat, scarf and cardigan indoors with her legs covered by
a blanket. The first three frames show this in pictures and sound before showing the
exchange of a prescription between the resident and her sister, and a group shot of all
visitors around the resident’s chair (researchers in white). In effect, the ‘story’ is a visit
conversation illustrated with photographs, text and music in no particular order, and
serves as a reminder for all parties of the time they had together. Four other story types
could be observed in the corpus. These were social events beyond a regular visit,
therapy sessions documenting progress in some ongoing cognitive or sensory-motor
training programme, health reports by formal carers, and media albums containing

Fig. 3. A typical story (number 11)
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collections of artwork or media of various kinds. These appeared to have different func‐
tions and appeal depending on who they were made by and made for. Therefore, we
illustrate them below in relation to the perspectives of different trial participants.

4.2 Resident Perspective

The formal post-trial interview with the resident was difficult because the resident found
it tiring and wasn’t able to answer many of the questions. However, she was much more
talkative in the story creation sessions. So findings in this section are brief and taken
mainly from these sessions and the content of stories themselves.

The resident’s favourite stories were the social events, specifically her dentist
appointment (story 6) with her brother-in-law and sister. The two frames of story 6 are
in Fig. 4. She may have felt a sense of freedom because of the trip outside the care home
to the dentist office, excitement due to being with her family and she got a gift (tooth‐
brush) from the dentist. She told us that she would like to share this story with her
extended family, in the post interview.

Fig. 4. Going to the dentist (story 6)

Story 5 was also noteworthy for the resident. In this one, a story was created as a
kind of media album to showcase the resident’s artwork with music clips. It is worth
mentioning that she has hypergraphia and repeatedly draws simple nature pictures such
as apples and flowers, making them almost without interruption every day. She also
colours different pictures made by others as a gift, for example, the painting of a cake
drawing, because her birthday was due soon.

In this sense, simple everyday actions are special to her, and most of the stories are
about these routine activities. She likes to win little gifts and mementos, shoes or even
school supplies, such as paper clips described on story 4.
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In addition, the resident therapy sessions were also theme for many stories, as for
example the cognitive stimulation activities with smells and colours on story 9 and tactile
therapy in story 12.

The resident was unable to perform the activities alone using the Com-Phone appli‐
cation and required help for commands and direct aid for using the features of the app,
as described in the second story. She had co-participation in carrying out the stories and
tried to interact with another app (WhatsApp) (story no. 14). However, she had positive
interaction with researchers, was responsive and communicative during the meetings,
as portrayed in the story 4. In effect, the main benefit of the technology to the resident
was in the process of story creation which was done collaboratively with either the
researchers, her family or both.

She greatly enjoyed the family and researcher visits in their own right, and welcomed
the opportunity to create multimedia artefacts about her life with their help. In fact some
of the stories are about the resident’s relationship with the researchers, such as the last
Story 15 in which she says goodbye and says to them: “Don’t forget me”.

4.3 Family and Friend Perspective

The family participants showed great interest in trying new ways of communication with
the resident. They made about half of the 15 stories and were very engaged with the
process and possibilities of the trial. The extended family visited the resident on festive
dates, while the close family members such as the sister responsible for the resident,
visited on average three times a week for four weeks.

The resident’s sister and brother-in-law needed aid to interact with the application
in the beginning of the project, but gradually became more independent in making stories
themselves. At the end of the study, they needed help only to upload the stories to the
study YouTube channel.

The sister did not choose just one favourite story, but pointed out all the stories with
family reunions. She said that every story has its own meaning. These were stories of
social events, such as story 8 describing the resident’s birthday when the largest number
of family members and friends were gathered. The sister is the primary author of this
story, which contains eight frames, seen in Fig. 5, with photos taken by her own family.
Family, friends and caregivers reunion was what made the story so important and mean‐
ingful for her, according to her post interview comments: “The most beautiful is when
we are all gathered… was her (resident) birthday here at the care home, with all the
carers, the care home owner, a party that symbolizes happiness, friendship, joy, because
every year of life is a new opportunity.”

On the first voice recording, the resident and her sister are naming and saying the
relation of each of the people in the photos, which the resident does not meet often, the
other siblings and mother. She is happy because all these people had gone to visit her.
The song on the following frames is Roberto Carlos’ musical track “Happy birthday to
you”, whom is one of the resident’s favourite singers since childhood.

The family appreciated the possibility of sharing day-to-day activities with the resi‐
dent and her artwork, by means of digital narratives, according to a statement from the
post-trial interview: “We took more pictures of her, didn’t we? We took more of her daily
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routine in the clinic, like the little flowers that she likes to draw… Bringing her the
pictures, the colours, because she cannot walk and she does not go out of the clinic. So
we are bringing some of the beauty, a little joy, the positive energy also that I think this
is to live: it’s sharing.” The sister reports that regular conversation on her visits is repet‐
itive, covering topics such as food, paintings the resident has done, people she has seen.
But there was a sense with the storytelling technology that a wider range of topics are
introduced through photographs and the things different people say about them.

When asked what she would like to do with the stories after they are made, the sister
mentions their historical value for her and the rest of the family, and sharing with younger
generations such as her daughter (the resident’s niece). The family have an awareness
that the stories will be even more precious in the future when the personality or the
person of their loved one is lost: “It is history. It means that it was what we lived;
moments, souvenirs and memories. So we have to keep it in the heart…” These memories
are not just those of the resident herself in happier times before the care home, but of
the times spent with her in the care home, good and bad, and the care given to her by
the family itself. “I have as recorded, I have as photos, very important to remember
also that I was here with my sister for the best steps (crying)”.

In this connection, it is also worth mentioning that the family liked to watch the
stories related to formal caregivers, to see the care that is being provided to the resident
and thus establishing a better communication with the formal caregivers.

4.4 Formal Carer Perspective

The formal caregivers who work in the institution failed to participate in most story-
making sessions and didn’t create stories pro-actively. Probably the task of making the

Fig. 5. HR birthday party (story 8)
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stories brought more demands, increasing the burden of care. Another issue observed
by the researchers was the lack of support and guidance of the care home management.
For these reasons the care home staff did not keep track of all the stories being made in
the trial and did not have a favourite as such.

However, they did make three stories collaboratively with the lead field researcher
(Abrahão). The researcher interviewed them about the resident and recorded their talk
on Com-Phone. She later added image files to the frames. In these conversations, the
formal caregivers made comments about the resident, how she arrived at the institution
to live, her health condition, her diet (story no. 13) and about what happened in her day-
to-day care (stories 3 and 10).

For example, story 13 depicts the story of the resident with the institution when she
arrived at the care home, including the rehabilitation after a surgery due to a hip fracture
(see Fig. 6). At first, she could not walk and had limited locomotion, but after a while
with physiotherapy and adequate diet, the patient was able to walk with the aid of a
walker. In the first frame of story 13 the care home manager discusses the state of the
resident when she joined the home. “The resident arrived in a very difficult condition
in order to have a quick recovery. She had surgery to put on a prosthesis after a
trochanter fracture, but she suffered rejection… the prosthesis was removed, and later
the movements rehabilitation was very difficult because without articulation it is almost
impossible to walk. But today she still presents difficulty to walk, even on account of
coping with her weight. But she walks normally today, like any other person with the
disability that she has, without the trochanter.” In the second frame of the story, the
nutritionist discusses her diet. This is important due to the resident’s tendency to gain
weight caused by knee joint problem, reduced mobility and low physical activity level.
“Her diet is normal, except that she is using skim milk, non-fat yogurt, we are not giving
dessert candy, she is eating more fruit and we have reduced the calories of all her meals
a little, that’s all.” Together the resulting story summarises the early care of the resident
in a way which may be useful to other staff or to the resident’s family and friends.

Fig. 6. Health report story (story 13)
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When asked about the value of the system in the post-trial interviews, the manager
was sceptical that the resident would be able to use it, and didn’t see the need to record
health reports herself since she speaks to the family almost every day. The nutritionist
felt that the system might be evolved into a game which could help the resident commu‐
nicate better, but did not see a professional value in it for herself or her colleagues.

4.5 Researcher Perspective

There were four Brazilian researchers in total involved in the study recruitment and data
collection (Abrahão, da Silva, Castro and Gratão). They usually visited the care home
in pairs. Their roles varied and evolved over time depending on story theme, participant
and project requirements. During the first session, after meeting and consenting all
participants involved (resident, family/relatives/staff), researchers acted as facilitators
in the digital technology training workshop. Using content from their story of arrival to
the care home and weather example, the purpose of this workshop was to teach both the
resident and the family members what digital story telling was and how they could use
the app using the tablet and/or the smartphone to make their own stories. It was soon
realised by the researchers that the tablet was the most appropriate technology platform
for the resident whilst family members decided to use their personal mobile devices for
the duration of the study. After the training session, using pictures from her phone and
in collaboration with the resident, the resident’s sister decided to make their own first
story. “They were doing it together. The main practice person was the sister who was
putting everything in but she was showing the resident, the brother in law. They seemed
to be doing it together. The resident actually chose one of the pictures”. (Researcher)

The researchers’ role in this instance was just to observe the resident with the family
interacting with the new technology and assist them when in need. For example, the
resident’s sister requested some help for uploading the media from her phone and for
posting the finished story on YouTube channel. Uploading did not seem to work directly
from the sister’s phone. Furthermore, since the resident did not use the internet, she
couldn’t view any stories on YouTube. These technology issues acted as a barrier to the
development of a culture of digital story sharing on the project. Stories tended to be
made locally in the care home or at the sister’s house, and then shared face-to-face on
a tablet or phone during a family or researcher visit. Further technology use and access
problems prevented the resident from privately reviewing stories on the tablet.

During the second visit, and whilst family members were also present, the resident
started using the tablet for the first time. With a step by step guidance by the researcher,
the resident took photos of the researcher, selfies with herself holding the tablet, created
an audio and created a whole story by herself. Researchers felt that the resident was
really efficient and intuitive in using the touchscreen whilst family members felt really
pleased that the resident could create the content on her own and learn how to use the
tablet. Family members would even take the opportunity to change the task (story
making) and use the Com-Phone technology for other cognitive task performance
(colour identification task, reminiscence). The main difficulty identified by researchers
for a resident with dementia in the use of Com-Phone technology was the ‘click and
hold’ function: “If you click it, just touch one click you open the frame to watch the
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video, if you click and hold you are going to add the story. On the day this was the main
difficulty and the access to the whole story. She did not overcome this difficulty. She was
not able to click when she wanted to watch it and click and hold when she wanted to
add it.” After the end of each session, the tablet was returned to the researcher as the
care home did not want to leave the technology with the resident or care home staff.
Lack of access to the tablet in between visits was an indication of the lack of care home
staff engagement with the study in the absence of research staff. It also compromised
the ability of care home staff and resident to develop a sense of ownership and familiarity
with technology and the growing repository of stories.

Researchers spent most of their time with the resident and helped her with the story
making process as a joint act. During this time, they developed a close relationship with
the resident and learned via this task who she was and what made her happy and moti‐
vated: “When she usually draws it is flowers and apples. When it is something different,
someone else has drawn for her to colour inside. She considers them as presents. She
does not like books for colouring. She likes people to draw for her… We talked about
what she draws, what she likes and she asked us to put some music with the drawings
and then she watched all the photos. She watched the presentation and she enjoyed it
very much. She laughed throughout. She asked us if she could have it and we said yes,
she could have it all in an album at the end”.

Stories became a means of communicating the resident’s likes and dislikes (e.g.
photo frame layout) and her daily routines and activities within the care home. For
example, towards the end of the 9th session the resident talked to the researchers about
how she liked to eat in the kitchen as eating on the porch or dining room was too isolating.
Walking to kitchen though was challenging so she asked them to take a picture of her
favourite object ‘the walker’. This eventually appeared within story 8.

The use of the storytelling technology helped researchers to facilitate rich conver‐
sations with the resident and their relatives, and stimulated greater expressivity and
creativity in the resident herself. On the last day of the visits, the sister brought in a
picture of the resident as a child. Although the resident liked seeing herself as a child
what she loved mostly was a frame that she asked the researcher to create which captured
both herself now and her picture as a child.

Creating digital stories not only gave the residence a sense of purpose but also for
family members it was a mean of connecting their loved one with the world and her
relatives/friends outside the care home environment. During the 7th session the
researcher was asked to help the family put a story together about a birthday party they
attended so they could share it with the resident. They brought photos, texts to put on
the smartphone and asked the researcher to post it directly on the You Tube channel:

“resident was watching as the story was being made. The sister also provided some
narratives and was explaining to resident ‘who is who’ and how the people were after
some time that she has not seen them, what they are doing and how the party went”.

In other instances (on visit days of cognitive training) and usually in the absence of
relatives, the researchers’ role in the digital story making process was different.
Researchers became the core authors of stories usually to document in real time or
narrate an incident that involved resident’s engagement (bonfire, 2nd birthday party with
interns) or non-engagement with a task (Visit 3, resident’s refusal to do the cognitive
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training). Similarly, the researchers created stories about their interviews with care home
staff.

For the researchers using digital story telling technology in this context was a new
and exciting learning experience. When asked about what they liked the most in the
study they argued that they enjoyed the interaction with the resident, the family and the
opportunity they both had via the study to access and learn how to use the technology:

“What I liked the most was the interaction. I feel that I was able to enter the life of the resident.
The family’s life as well but mainly the resident’s life because I went inside the care home. I also
liked the technology part because it was new and the resident did not know it and she learned
how to use it. Sometimes she would not even look and she would continue to draw but she was
listening and then she was asking us to put it again, and again and again. She enjoyed more
listening than watching. She started to talk with the stories as if someone was asking a question.
She answered again as if the person was there but she realised it was a story, She still talked to
it anyway.”

One researcher focused more on the benefits of the technology in bridging the gap
between the relatives and the resident in the care home: “Talking to the sister was my
favourite one as she was the only one who verbalised the communication problem
because the resident feels it and if she had access to the phone she would talk a lot to
her family.” The researcher felt the technology provided another way for the sisters to
talk.

5 Discussion

At the outset of the study we noted the distressing nature of admitting a family member
with dementia into a care home, and the need for remote involvement of family and
friends in their care. We also cited research showing problems in communication with
dementia sufferers and the need for meaningful and enjoyable co-present activities with
them, particularly as the disease progresses. In the context of a relative lack of tech‐
nology support for these problems, we cited multimedia systems for the support of co-
present reminiscing conversations. We wondered if digital storytelling could extend
this approach as a more general form of multimedia communication between care home
residents with dementia and their formal and informal carers.

The short answer to this question is that we have found a strong value in the co-
present creation and sharing of digital stories for a resident and her close family who
visit regularly to spend time with her in the care home. Surprisingly, and in contrast with
computer-supported reminiscing therapy, the most common and valuable stories were
those relating to the resident’s current rather than past life. These served to elicit richer
conversations with the resident in the process of creating the stories, and acted as
mementos for the family themselves to look back on in the future. Other values were
evident in the findings, together with additional discoveries about the design, integration
and management of storytelling technology in this context. These will now be discussed
under the headings of Technology and Values, before outlining their implications for
Future Research.
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5.1 Technology

Surprisingly few usability problems were discovered with the Com-Phone app, even
when used by the resident herself. It quickly became evident with her that a tablet was
more suitable for interaction than a smartphone, because of the larger size of the fonts
and display. But only a click-and-hold action was singled out for criticism, since this
could be invoked accidentally with different consequences for story creation than a
single click. With help from the researchers, the resident learned to contribute to the
media design of stories, and enjoyed sharing them with others as they played full-screen.

Of far greater significance were problems of integration of the storytelling app with
other software on the tablet and social media services on the web. Being able to select
a photo or sound clip from the tablet relied upon knowledge of the repository structure
for media on the device, and a means of navigating it. Even more difficult was uploading
a completed story to the YouTube channel created for the trial. This had to be configured
on the device to point to the right account, and simply never worked from the sister’s
smartphone. Unfortunately, this was where the sister made all her independent story
content relating to her own activities that she wanted to share with the resident. Even if
this had worked, the resident has no independent access to the YouTube channel anyway
and wouldn’t have been able to see such stories without assistance. This compromised
the remote sharing of stories in the trial and meant that we didn’t really test this value.

A final lack of integration of the technology was with the care home management.
For busy staff, new technology is a burden to master and maintain. This is even more
true in a small-scale field trial where the technology will be removed at the end of the
trial. Consequently, in this case, the staff chose not to engage with it and even refused
to keep the tablet in the care home between researcher visits. This meant that the staff
did not really test its value for themselves or allow the resident access to stories inde‐
pendently. If the first author (Abrahão) had not taken over the role of maintaining and
using the tablet with the resident, the trial would have collapsed. In effect, she took over
some aspect of care for the resident in this decision, and even became facilitator for the
care home staff to record stories about the health of the resident. We will return to this
point in Sect. 5.3 below because it has consequences for how care homes might accom‐
modate such technology in their day-to-day care of residents. For now, it is sufficient to
note that the cooperation of care home staff is as important as the technology itself to
its long-term success.

5.2 Values

The range of values experienced by participants in the trial can be illustrated in connec‐
tion with the five different types of stories they created. By far the greatest values were
associated with the visit conversation and social event stories which made up nearly
half the stories. Together these began to form a multimedia journal or diary of the resi‐
dent’s life in and out of the home, with special trips to the dentist and birthday celebra‐
tions making up the highlights. While these were fun for the resident to make and share,
they had deeper meaning for the family. The resident’s sister was aware that they were
documenting her own care of her sister in the home, and the happy moments that she
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planned to look back on in the future. Given the progression of dementia over time and
the gradual loss of memory and personality of the sufferer, this is not a surprising obser‐
vation. However, it does reinforce the value of these stories for future reminiscing by
family and friends.

The documentation of therapy sessions and health reports by the researchers,
sometimes on behalf of care home staff, formed another set of stories. These were valued
by the resident’s family as a record of professional care given, and also as a testimony
of character through adversity. The latter was illustrated most dramatically in health
story 13 featured in Fig. 6, which contained two bland photographs but a powerful
narrative about how the resident had overcome mobility problems on admittance to
become mobile with the use of a walker (now her favourite object).

The final category of media album stories was also valued by the resident as a record
of her many drawing and art works, and by family and friends who saw these as reflecting
her personality. The use of digital media technology to essentially digitise and collate
art works for archiving and broader review is a latent value which might be developed
further in the future. It begins to connect with other forms of occupational therapy
performed in care homes involving arts and crafts, and might be seen either as a method
of capturing the outputs of those, or as a form of digital media art in its own right.

Moving away from a focus on the story outcomes in the study, there is much that
can be said about the process of story creation and sharing that took place. Perhaps the
strongest value of the technology discovered in the whole trial was its ability to draw
the resident and her visitors into richer and more creative conversations about her life
than usual. This was true for the researchers as much as for family members, who
expressed delight in getting to know the resident on a deeper level through the kinds of
conversations involved in story making. One reason for this may be that stories were
essentially photo narratives with an average of 6 photos per story. This meant that
participants were always looking to illustrate activities and ideas visually, as scaffolding
for voice or text annotation. Another reason is that the images and stories themselves
became points of conversation, and could be recycled with other visitors in different
ways. The fact that they were always created and shared collaboratively, points to the
highly social nature of the technology and some new possibilities for enhancing this in
the future, as described below.

5.3 Future Research

A number of implications for the design of digital storytelling technology follow from
these observations, and we begin with these here. An end-to-end solution is needed for
care homes, which allows stories to be remotely shared as easily as they can be made.
This should either attend to integration with existing ICT systems in the care home, or
alternatively provide a self-contained solution that operates without dependence on
existing infrastructure. The former route is likely to be less expensive, but more chal‐
lenging across the diversity of systems currently in place. Once achieved however, this
solution should begin to address the requirement of remote communication between the
care home and the family and friends of residents. This may unlock new values such as
the sharing of social events outside the home that residents are not able to attend, and
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the reception of health reports by family and friends reassuring them of resident care in
their absence.

Given that story creation was collaborative and involved interesting conversations
with the resident, much more could be done to support this. Larger displays might be
used in tabletop orientation or via projection on a wall, to facilitate better media browsing
and larger group review. Indeed, a latent possibility exists to share or even make stories
locally with other residents. This was not tested in our trial but would reinforce the
capture and sharing of current care home life by the whole population of residents.

The assembly of individual stories into a larger ‘book’ was used as a mechanism for
analysis in the trial. This was surprisingly effective in educating the remote UK
researchers about the life of the resident, and something that the family appreciated as
a memento in both digital and printed form. Future developments might pay greater
attention to the packaging of story collections as digital or physical mementos, and
explore augmented paper technologies that allow media assets to be linked and played
back from printed photos and photobooks [24].

Other implications for care home management and research follow from our find‐
ings. We recommend the establishment of a new staff role in care homes focussed on
the mental health and wellbeing of residents, rather than their physical health. A large
part of this role should involve liaison with family and friends, addressing their need to
feel involved in the life of the resident as well as the resident’s need for an active social
network. This was essentially the role played by Abrahão in our study. We think digital
storytelling technology has a role to play in this process, but only if it can be embraced
and managed by ‘wellbeing staff’ who see it as an integral part of their professional
work.

Finally, our findings imply that research on reminiscing in dementia care should take
a new direction. This should focus on documenting the current life of dementia sufferers,
and support for future reminiscing by family and friends. More attention should be paid
to the kinds of conversations involved in creating multimedia stories of the everyday
lives and activities of people with dementia. These appear to have the potential to
increase social engagement and creativity in dementia sufferers, and to deepen the topics
of conversation that can be had with them by family, friends, care staff and strangers.
The current case study did not record such conversations but reports their benefit anec‐
dotally from the comments of participants. Future studies should examine this system‐
atically with a larger population.
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Abstract. Societal narratives arise from shared social constructions that cor-
roborate social discourse about a given subject or object. Social representations
endorse the image that society creates about people, objects, and events. The
Internet constitutes a world of mediated social interactions, where communi-
cation is decontextualized several times for the distribution of disaggregated.
Practices within the new social tools demonstrate individual behaviour-based
that occurs in online networks. The new computer-mediated communication
platforms and social media are used to create bonds and social capital from
decontextualized social representations. This paper maps social representations
of old age through the appropriation of social media tools, analysed from a
digital storytelling perspective across images published in Instagram platform
using semantic indexing techniques. A dataset of Instagram images draw
through the hashtag #aavoveiotrabalhar, which is connected to an intergenera-
tional active ageing project, will be analysed. The main aims are to identify
dominant discourses and to understand if it is possible to generate engagement
from the deconstruction of age and gender stereotypes.

Keywords: Active ageing � Social media � Social representations

1 Introduction

In contemporary societies the socially constructed nature of the ageing phenomenon [1]
is embodied in the discursive “requalification” of ageing linked to a positive termi-
nological plurality of adjectives [2]. The term “active ageing” is the successor to
concepts such as “healthy ageing” or “successful ageing” [3–6]. In fact it was produced
and has been conveyed essentially through political discourse. In 1997 the World
Health Organization, inspired by the United Nations Principles for Older Persons,
presented the concept of “active ageing”, defined as “the process of optimizing
opportunities for health, participation and security in order to enhance quality of life as
people age” [7].
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Like other European countries, Portugal is also a country with a considerable aged
population. In the last Census (2011) [8], the population over 65 was 19%. Currently the
population over 65 years old represents 20,9% [9]. According to PORDATA, in 2016 the
longevity indexwas 48.8% and the ageing indexwas 148.7. The last metric represents the
relationship between the elderly population and the young population, meaning that there
are 148.7 elderly people per 100 young people in Portugal. The average life expectancy in
Portugal is 80.6 [10]. According to the annual estimates of the resident population, the
Portuguese female population above the age of 65 is 23.2%.

The process of construction of social representations is social because it happens in
a particular social context and determining composed of ideologies, values and shared
social categorization systems through communication and social interaction; as well as
produces and translates social relations [11]. The changing nature and transformative of
the society leads to the construction of shared social representations associated with a
collective identity [2, 11], which assumes the media as an element of social connection.
A multiplicity of discourses propagated by the media and digital media systematically
create and recreate identities about social groups producing social representations
anchored to stereotypes [12].

The paradigm of ‘active ageing’ proposes a redevelopment of old age, promoting
positive conceptions, and an extension of the social and economic participation of older
people against the persistence of stereotyping that associates this stage of life the
uselessness, illness and dependence. Taking into account the importance of the digital
world in the interaction and the construction of social identities, this paper aims to
understand how it is represented the “old age” in digital storytelling and if cyberspace
can be, for its disaggregated distribution of contents, a reconstruction tool of meanings
and serving less conventional representations of old age and ageing. “What repre-
sentations of old age and elderly are prevalent in the digital world?” is the research
question that guides this paper.

The new paradigm of communication is social-oriented and based on social media
platforms, social networks and user-created content. Therefore, it is focused on the
social use of technology. All elements become collective, in the sense in which they are
shared: content, distribution, interaction, practices, context [13]. The purpose of this
paper is to analyse social representations of old age in social media through a hashtag
connected to an intergenerational active ageing project that aims to deconstruct
stereotypes of age and gender.

1.1 Social Representations in Cyberspace

As the Internet is a markedly symbolic space [13], information and the context of
interaction have become major elements in the process of reformulating spatial tem-
poral notions and social representations [13, 14]. The concepts of user generated
content and user- generated media make it possible to maximize the notion of par-
ticipation in the Internet through the formation of social networks. In the context of this
kind of structure, threaded networks [14] and hashtag networks are essential for
understanding the development of new practices and, therefore, relationships based on
content streaming’s, designed by appropriations of social representations. Conversa-
tions on social networks and social media platforms enable the analysis of content
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systems, interactions and social representations based on the perspective of distributed
outputs that induces collective consumption [15].

In the context of Communication Sciences, research on social networks in cyber-
space uses multiple theoretical and methodological approaches [16]. One issue that
should be emphasised is the fact that it is possible to identify and study social networks
on platforms with diverse characteristics and purposes and where different aspects can
be analysed. Most research on online social networks and social media has focused on
social networking platforms and studied the potential of information transmission;
social capital and temporal patterns for messages [17].

Social networks on the Internet derive from the appropriation of technical tools,
transforming them into channels of content and conversation circulation based on
different social representations of the world. There are patterns of connectivity in and
on network that have metamorphosed the digital culture [13]. The concepts of
user-generated content and user-generated media make it possible to maximize the
notion of participation in the Internet through the formation of social networks of
contents that are constantly changing, in a logic of viral speed, where social repre-
sentations are decontextualized, disaggregated and consumed collectively. In the
context of this type of structure, semantics is essential for understanding the devel-
opment of new practices and, consequently, relationships based on streaming of con-
tents, drawn by appropriations of social representations [13].

Social media embody a world of mediated social interactions, where communica-
tion is recontextualised several times for the distribution of disaggregated and the
semantic indexing. Practices within the new social tools demonstrate individual
behaviours based on and in networks. In this sense, the behaviours, attitudes and values
are presented in permanent mutation. The social media are used to create ties and
capital from decontextualized social representations. Image publishing platforms, by
disaggregated content distribution, change the user perspective. Collective narratives
are materialized in decontextualized images. The social era and the beginning of the
massification of the prosumer [13, 16]-the consumer converted into a user, substan-
tially alter the patterns of consumption.

Cyberspace, as it constitutes a new space of sociability, also generates new prac-
tices and forms of social relations based on social representations of the world with
their own codes and structures [13]. However, these codes will not be entirely new, but
rather a reformulation of the already known forms of sociability, now adapted to the
new spatial-temporal conditions [14]. At a time when the notion of consumption is
changing with the passage from “going online” to “being online” [13], and digital
discourse is a pressing sociocommunication reality in social change, we consider it
urgent to rethink in the light of contemporaneity the idea posed by Jean Baudrillard
[18] that consumption translates to systematic manipulation of signs. Based on the
assumption that those who are not represented in the media universe are not socially
relevant, we agree that traditional media and digital media currently represent recon-
figured Greek “ágora”, where everything is discussed and decided and where everyone
wants to participate. The media play a crucial role in defining and reinforcing the
cultural characters of a society. Among its potential attributions are the modelling of
conceptions about ageing and the place and role of the elders.
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1.2 Gender Representations and Stereotypes

Family in the contemporary world is in profound change. Since the twentieth century,
the family organisation has undergone reconfigurations due to changes in the social
role of women. The traditional model of the masculine lost the strength that charac-
terized it [3]. There have been some changes in the attribution of roles to men and to
women within and outside the family. Even though, the media continues to perpetuate
gender conceptions that determine the conventional gender roles where male is asso-
ciated to the public life and business, and female to domesticity, private life and
affections. There is a certain mystification based on normalization of the act of ageing
[3], referring the elderly to a perpetuation of these gender roles to a stage where they
are labelled as “retired” and therefore inactive [1].

In determining a social construction of gender roles and attributes in relation to
biological sex, there are historical and cultural factors of our society that lead to social
representations of masculine and feminine that are distinguished and hierarchized in
terms of importance [3, 19]. Oakley [20] proposed the term gender to refer to the
socially constructed character of the differences between men and women, thus
rejecting the naturalizing and essentialist explanations for inequality. Different social
representations are created on the attributes and personal characteristics, competences,
interests and motivations of men and women, in the scope of work and the family, that
translate into social practices in keeping with these representations [19, 20]. However,
and traditionally, roles and responsibilities are assigned to men in the public domain,
livelihood and outcome orientation, competitiveness, independence and strength, and
women’s roles are anchored in the private domain, the care of others /domesticity,
based on more emotional, relational and aesthetic characteristics [19].

Social representations of gender determine “who does what” on the basis of “how
women are” and “how men are” [19]. These representations are normative and impose
themselves in the definition of different capacities, roles and functions between women
and men [3]. According to these gender roles and stereotypes, the male group, con-
sidered the dominant group, is not limited to one role or function as with women. These
are seen as dependent and submissive beings whose characteristics refer them to the
family and domestic field [19]. These representations will be reflected in the roles
played by men and women in the various spheres, as well as in the expectations of their
behaviour.

Gender issues tend to be invisible in older people [19] and the media perpetrate this
assumption as a normalization, and consequent sociability, of the condition of being
old [21]. There are a large number of studies related to research on how the senior
public is represented in literature, print media and even cartoons. Given its great impact
on society is in this logic of corroboration of the media image of the elderly, television
is the most investigated medium [21]. In one of the first studies on the representation of
the elderly in television, Gerbner et al. [22] identified that there is an attribute that is
perpetuated in all analyses into this matter regardless of time or space to unfold. It
refers to a tendency for underrepresentation of older television characters, contrasting
this situation with its growing significance in population demography [21, 22].

The Use of Social Media Among Senior Citizens in Portugal 425



Several authors have focused on the study of the representation of the elderly in
advertising, concluding that this social group are subject to a tendency under-
representation in television advertising. Numerous studies underline that within the
underrepresentation of the elders, the female gender is even less represented than the
masculine [21, 23]. This situation is further reinforced by the fact that women over 50
are incomparably more vulnerable than men to a categorization of pejorative stereo-
types [24]. Lindsey [25] also argues that in age-based cultures, media discourses
present gender intersected with social class and race. In this regard, Kjaersgaard [26]
consider that the low representation of the elderly in media, particularly in advertising,
focuses on a certain type of sexism that celebrates the younger women and tends to
devalue or even ignore the older ones.

Bailey et al. [27] refers that “stereotypical representations of girls as sexualized
objects seeking male attention are commonly found in social networking sites”.
However, as gender became invisible through the ageing process, this idea is not
connected to the elderly. As elderly are seen as a homogeneous group, though as a
group they get more diverse the older they become [28–30], their social representations
in digital media is anchored to society’s traditional perceptions of them. As Aroldi et al.
[31] stated, “media play different roles at different moments of this social construction
of a shared identity, and that these roles are strongly affected by a lot of variables, both
socio-cultural and technological”.

1.3 Digital Media: Inclusion, Active Ageing and Inter-generational
Approaches

The trend of population ageing in contemporary European societies determines the
need to pay attention to the heterogeneous nature of the situation and experiences of
elderly people. In fact, diverse life experiences are connected to different forms of
ageing [32]. The promotion of “active ageing” implies optimizing health, safety,
independence, mobility and participation opportunities in order to achieve the highest
quality of life for the elderly [7]. Digital media may represent an opportunity for
inclusion and improve quality of life of citizens, especially for senior individuals.
However, demographic and socio-cultural changes push the elderly towards social and
digital exclusion.

Low levels of media and digital literacy (competences that enable people to
understand the media and use digital tools effectively) induce a condition of
sub-citizenship [2] that is anchored to the difficulty of mobilizing civic knowledge,
digital capital, and participation in public life. In the Portuguese case, in 2016 there
were 26% of the population who have not used the Internet, mostly among the elderly
and less educated [27]. According to a OberCom report from 2014 [33], the rate of
Internet use in Portugal declines significantly with age, with a percentage of 31% users
in the 55–64 age group and only 11,6% in the age group over 65 years of age. Social
exclusion is a reality for millions of people around the world and this social phe-
nomenon can lead to a global sense of injustice [2] as it enhances distorted media
representations as a contributing factor to the categorization of “disadvantaged groups”
that can be characterized in a multidimensional scale, which includes indicators of the
absence of social rights.
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This idea may be address from an inter-generational approach [34]. Age and
generations are central concepts within this perspective [35]. Comunello et al. [34]
reflected on “generational semantics” that “are produced by senior citizens to interpret
their own relationship with ICT deals with the perception of both personal abilities and
socially expected performances and might be shaped by their own perception of age
and ageing”. In this sense, media environments may be considered as “generational
contexts” [36] following the idea that different age-based groups arrange the techno-
logical experience in a similar way according to cultural backgrounds [37] and inter-
actions. Therefore, it may shape a social construction of a “generational identity” [37]
that arises from discursive practices and appropriations of the media and digital media.

Trentham et al. [38] concluded that the senior citizens might resist to ageism
through social media contradicting the dominant narratives of their inability to adapt to
the world of technology. boyd [39] argues that social media “allow people to gather for
social, cultural, and civic purposes and they help people connect with a world beyond
their close friends and family”. The engagement of citizens may depend on this tools
that can be inclusive instruments to advocacy and promote social change. This is the
aim of several projects of active ageing, anchored an intergenerational approach. In
Portugal, the project “A Avó Veio Trabalhar” (“Grandma Came to Work”) brings
together women over 65 years to produce design objects.

1.4 Active Ageing Project “Grandma Came to Work”

The proposal of the project is to get away from the traditional offers of social programs
for the elderly and intends to reintegrate senior citizens from an area of the city of
Lisbon into community life. Through creative challenges, the members develop design
work. Currently the project has 70 participants, has a physical store and two work
centers. “A Avó Veio Trabalhar” (“Grandma Came to Work”) uses the Internet, in
particular social media, to disseminate the project nationally and internationally. The
average age of project members is 75 years. It is not a project for women only, although
these are in the majority. The participants are involved in various projects in the city,
such as the DOC Lisboa film festival, the cultural weekend “Silent Festival” and even
the Lisbon LGBT march. The work developed allows the elderly to fit into community
life and also in the modernization process of that particular geographical area. The
members of the project regularly participate in handicraft fairs and design at national
and international level. The intergenerational approach also aims at the deconstruction
of age and gender stereotypes.

2 Method

The aim of this paper is to map symbols and social representations of “old age” in
cyberspace through the analysis of semantically indexed in the photo sharing service
Instagram. We conducted a study that relied on the hashtag “#aavoveiotrabalhar”
(“grandma came to work”) to call Instagram API and collected the data through the tool
Visual Tagnet Explorer. The script has extracted all media items posted 2014-12-17
(16:38:41) and 2017-12-11 (09:15:35). The dataset is composed by 500 media items
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posted by 78 unique users with the hashtag #aavoveiotrabalhar. The tool also retrieved
statistics, activity metrics and metadata.

The process of collective narrative was collected from the public stream of Insta-
gram by the semantic indexation to the hashtag. The methodology combines quanti-
tative analysis with a descriptive and documentary analysis of semantic classification of
images collected and interactions generated in order to map a collective narration
process. The main goals of this study are: (1) map the dominant discourse about the
hashtag in analysis; (2) analyse most engaged media items correlating these with the
dominant discourse; (3) identify the most common hashtags used with
“#aavoveiotrabalhar”.

3 Results and Discussion

The day with more posts published with the hashtag #aavoveiotrabalhar was 26th July
2017 (International Grandparents Day, n = 43). The frequency of publication is
essentially related to events in which project members participate. Most posts with the
hashtag #aavoveiotrabalhar are published by the project mentor and project profile.

There are no comments in 54.6% of posts, as showed in Table 1. The engagement
generated by the posts in terms of comments is reduced. Only 1.2% (n = 6) of the posts
get more than 10 comments.

Table 1. Comments on posts.

Comments n %

0 273 54.6
1 106 21.2
2 52 10.4
3 19 3.8
4 15 3.0
5 10 2.0
6 9 1.8
7 4 .8
8 5 1.0
9 1 .2
11 1 .2
12 1 .2
15 1 .2
17 1 .2
23 1 .2
35 1 .2
Total 500 100.0
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The engagement analysed from the likes is significant, with 49.8% of the posts
having more than 28 likes. All posts received likes with an average of 42.54
(Mode = 13; Std = 53.286; minimum value = 1, maximum value = 506) (Table 2).

A post with 267 likes and without hashtags in the caption is from a granddaughter
that posted a message when the project was in danger of ending. Two other posts have
435 and 501 likes and also no hashtag in their messages announcing the presence of the
project in a design event. The post that has more likes (506) is from a Portuguese
vintage store and also doesn’t have hashtags in the caption (“A cup of tea, please!”),
which accompanies the photograph of a piece of embroidery that covers a cup. The
posts with more likes mobilised in their captions the hashtags that are presented in
Table 3.

Interestingly, the most called hashtags on messages are related to events (e.g.
#popinthecity), deconstruction of old stereotypes (e.g. #oldisthenewyoung or #lovely-
humansofportugal), trademarks (e.g. #Lanidor). However, there is evidence of gender-
ization in hashtags like #fashionista #diva #granny. It is also important to point out that
there is concern about indexing the streaming content of hashtags with more users to
publicize the project (e.g. #follow4follow or #picoftheday).

Table 2. Number of likes (categorized into quartiles).

Likes n %

<=18 125 25.0
19–27 126 25.2
28–45 126 25.2
46+ 123 24.6

Total 500 100.0

Table 3. Hashtags in the captions of the top ten posts according to likes.

Likes Hashtags

160 #popinlisbon #popinthecity #popinlisbonne #aavoveiotrabalhar
171 #aavoveiotrabalhar
172 #oldisbeautiful #oldisthenewyoung #aavoveiotrabalhar #fashion #fashionista #diva

#granny #91yearsold #lisbon #follow4follow #followforfollow #follow
175 #haconversa #oldisthenewyoung #aavoveiotrabalhar #lata_65
178 #aavoveiotrabalhar #vamoscorrercomoovento #iamnotamorningperson #coffee

#magazines #hellokristof #lisbon
186 #oldisbeautiful #oldisthenewyoung #aavoveiotrabalhar #follow4follow

#followforfollow #follow #picoftheday #lisbon #portugal
207 #oapartamento #wildling
263 #AAvoVeioTrabalhar #Lanidor
303 #lovelyhumansofportugal #aavoveiotrabalhar
381 #AAvoVeioTrabalhar #Design #ProjetodeAprendizagem #Lisboa #Maquilhagem
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In the “Hashtag”field, the user can enter keywords. It is possible to verify that some are
common with those that are also used in captions when comparing Tables 3 and 4. The
most commonly used hashtag is the one that identifies the project (#aavoveiotrabalhar).
Also issues related to geotagging (#Lisbon, #lisbonlovers) and location (Fermenta - name
of the project store) are evident. The #oldisthenewyoung (n = 123) and #oldisbeautiful
(n = 92) hashtags again stand out as forms of deconstruction of idadaist stereotypes. The
streaming indexing of hashtags with many followers is also evidence in this table
(#ig_captures, #Ignant, #Huntgram, #myfeatureshoot, #p3top, # oh_mag, #Pixeispt,
#Igerslisboa, #igersportugal, #followforfollow, #followforfollow, #Igerslx #Instapic).
The characterization of the works produced in the project (#Handmade, #Embroidery,
#bordadosobrefotografia), the association to projects of entrepreneurship (#gerador) and
events (#Lisboalive) are also present in the mobilisation of hashtags (Table 4).

Table 4. Hashtags of the posts.

Filters n %

aavoveiotrabalhar 325 10.7
oldisthenewyoung 123 4.0
Oldisbeautiful 92 3.0
Gerador 50 1.6
ig_captures 46 1.5
Ignant 46 1.5
Huntgram 45 1.5
myfeatureshoot 45 1.5
p3top 38 1.2
Handmade 36 1.2
Embroidery 32 1.0
Lisboalive 30 1.0
Lisbon 30 1.0
oh_mag 29 1.0
Pixeispt 29 1.0
Tarefadodia 25 .8
Instiesgerador 24 .8
Igerslisboa 23 .8
Lisboa 22 .7
Lisbonlovers 22 .7
bordadosobrefotografia 21 .7
Igersportugal 21 .7
Fermenta 20 .7
follow4follow 20 .7
followforfollow 20 .7
Igerslx 20 .7
Instapic 20 .7
Others 1797 59.7
Total 3051 100.0
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Most images have no filters (n = 255, 51%), which allow to understand a repre-
sentation of the project participants in a realistic perspective. It should be noted that
images with filters (n = 245, 49%) correspond mostly to products created by project
members and events in which they participate (Table 5).

4 Conclusion and Limitations

This paper aimed to map social representations of “old age” in digital narratives
semantically indexed in Instagram in order to answer to the research question: “What
representations of old age and elderly are prevalent in the digital world?”. The dom-
inant discourse present in the 500 analysed posts is clearly related to the ideas of
empowerment, stereotype deconstruction and promotion of active ageing. In an age
where the notion of ageing is undergoing change, with powerful social and individual
impacts, digital discourse is a major socio communicational factor in social change.
Images and representations of old age are social constructions in a constant state of
change, related to socio-economic and political contexts, and the collective digital
narratives have the same influence on the self- and hetero- categorisation of the elderly
as the offline discourses. This explains how the digital discourse can transform the

Table 5. Filters on images posted.

Filters n %

Normal 255 51.0
Gingham 84 16.8
Crema 32 6.4
Clarendon 26 5.2
Slumber 18 3.6
Lark 17 3.4
Juno 14 2.8
Aden 10 2.0
Ludwig 9 1.8
Reyes 6 1.2
Sierra 5 1.0
X-Pro II 5 1.0
Valencia 4 .8
Lo-fi 3 .6
Amaro 2 .4
Hefe 2 .4
Mayfair 2 .4
Perpetua 2 .4
Rise 2 .4
Hudson 1 .2
Skyline 1 .2
Total 500 100.0
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social representations old age and participate in the creation of new identities and social
relations that impel change in the concept of ageing held by contemporary societies.

In cyberspace, the social dimension of a shared construction of meanings and
representations replaces the physical place. The idea of territory is diluted in simulacra
of presence, feelings of belonging, permanence and own codes. The technique, through
the tools of computer-mediated communication, creates mechanisms of interaction that
are assumed as spaces of collective narratives and shared social representations [13].
We have verified this aspect in the study. Indeed, the hashtags used in streaming
analysed classified images, allowing the creation of shared social construction. The
hashtags are assuming the logic of the semantic Web as a new social practice. In fact,
“Do-It-Yourself media tools” as a way to enhance network connectivity can introduce a
new modality of sociability, as they enable new forms of communication and inter-
action [13]. The semantic Web itself is already changing the media and landscape of
the Internet, as we know it. The involvement of users, meanings, actions and social
contexts in collective environments are increasingly built on the basis of
object-oriented sociability. From the multiple hashtags published in the streaming
analysed, we find that the most predominant ones relate to events, deconstruction of
stereotypes related to old age, and trademarks. In the process of collective narrative of
#aavoveiotrabalhar there is a central discourse promoting active ageing through the
deconstruction of preconceived ideas about the elderly (#oldisthenewyoung, #Oldis-
beautiful, #lovelyhumansofportugal), in particular of older women (#fashionista, #diva,
#granny). The induction of social change is done through social representations pre-
sented in a realistic perspective of images (images with no filters: n = 255, 51%),
where the participants of the project appear as protagonists in different contexts of real
life, regardless of age (#91yearsold, #lata_65). Social change and changes in the tra-
ditional social representations of the elderly can be potentially altered by projects such
as the one presented in this paper.

The main limitations of this study are related to quantitative perspective analysis. In
future studies, it will be interesting to analyse captions of images and comments in a
qualitative content analysis approach. It would also be interesting to study through the
analysis methodology of social networks ties and communities, which are created by
the indexed content in order to understand how this induces new relationships and
social practices that may promote social change.
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Abstract. This paper intends to explore how the commodification of items linked
to assisted living for older people educate the rest of the population to aging issues,
especially when people are staying at home. We will work on the popularization
capacity of advertising and commercial discourses in this respect. Classical ads,
advertorials, common mass consumption promotional leaflets and catalogs, along
with the uses of new media and online shopping enable the massification of a
consuming class of elderly people. Advertising acts as information-education for
the general audience, preparing younger senior to accept more easily assisted-
living goods and even encouraging them to change their habits in advance. This
is particularly obvious in marketing and off and online media productions that
use three main communication strategy to reach baby boomers: 1/address to the
main population in order to reach baby boomers senior working sometimes on
taboo facts linked to aging, 2/work on offer and messages addressing a double
target (young senior and their parents) or 3/changing the representations of old
people in communications by promoting a new stereotypy of “longer young
seniors” or “silver generation”.

Keywords: Advertising · Baby boomers · Elderly · Consumption · New media

1 Elderly, New Frontiers for New Media and Advertising

Aging as a New Consumption Eldorado
In countries with growing aging population, Elderly people have become a huge polit‐
ical, social and economical stake. On a demographic point of view, the whole population
is ageing and the so familiar pyramid shape of population demography will evolve
towards a cylinder shape around 2050. This is a major change in all fields since lesser
young people will have to provide economical help for elders, and this could be a
problem. At the same time, especially in European countries and USA, a great part of
social, economical, political power will be on the side of senior people who appear as
groups that need to be understood since they are a kind of promise [1–3]. In some of
these countries, for the first time, two generations in a same family reach together the
limit of senior-age, being both part of the older part of the population, the senior «kids»
being 60 to 70 or plus and their senior parents being 80 to 90 and more. The younger
ones being most of the time involved in taking care of the oldest. It appears that the
challenge for the system of consumption, including marketing, media and advertising,
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is to understand fully these new populations of consumers as being plural, with different
ways regarding some new needs linked to aging, in terms of food, way of life, media
consumption or home adaptation.

These different ages of life are still often categorized as one, as a whole, especially
when it comes to new ways of consumption, new media and IT products consumption.
It is now the time to distinguish the «Older» senior population from the younger one.
Especially since the newcomers in this class of age are experienced users of classical
and new media as much as IT devices and will go on like this, inventing on the go new
uses and new or adapted forms of sociability, mixing traditional and online media [2, 4,
5]. Uses regarding consumption, advertising and media are very different between the
different generation of senior and each of them has to deal with specific needs of
consumption regarding health, care, grandparenthood, leisure and everyday life,
including the question of assisted living.

In this respect, adapted and/or assisted living is a main consumption challenge that
touches all generations of Elderly, the younger ones having to manage their parents into
this step and they themselves, as very well trained, experienced consumers, from the
baby boomers generation, start to find their own way to consume through aging, as the
«best in class» in consumption they always have been. We will try to analyze these
assumptions of what marketing professionals could call different senior targets in brand
and media discourses through a socio-semio-communicative approach that enables to
analyze how representations circulate across society through different media and
commercials.

Rise of New Classes of Consumers: Silver more than Older
As it is now well known, marketing, media and advertising people work on groups of
people eligible as consumers, that is to say people having the purchasing power and the
will to purchase [2, 4, 6]. Until not so long ago, senior citizens, especially retired people
were considered as poorly purchasing people, stuck to habits, at least suspicious towards
innovation, especially IT ones, even unable to adapt to new technologies, new products
and rejecting them. In this respect, as we labeled it, «once Elderly were no target at all»
[4]. Till less than fifteen years ago, older people were thought as too stuck to old ways
and habits and difficult to convince because of a great suspicion towards advertising.
Since then, this point of view started to change in society in general and in the mind of
marketing professionals [4, 7, 8]. Being more and more numerous, having a longer life
expectancy, working later and having bigger pensions, Elderly started to turn into an
interesting «new frontier» for products like banking products, life and health care insur‐
ances or pre-arranged funerals, then leisure products came into the scope (travel etc.)
and finally everyday and IT products [5, 7, 9–12].

The context has changed during the last decade since it has become obvious that
more and more people reach the age of being called senior and stays in this category for
decades. Furthermore, the baby boomers have massively joined the group. This category
of people is well known for their great ability in all consumption fields since their great
number and their incomes have made of them the dream target for sales since they were
young. In fact, the idea of teenagers as a marketing target emerged with this generation
[13]. France is now the place where a new configuration is more and more numerous:
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parents and children being together retired with a two-step system of consumption.
French marketing people even created the expression of silver economy (in English) to
refer to this supposed treasure [14]. The American case is partly different since senior
people are working longer and staying longer in regular consumption with different
needs regarding the physical problems linked to aging [3, 15].

Because nowadays senior marketing target (60–79) is constituted of people and
consumers very different from the previous senior, their parents, which are still alive
and constitute the Elderly marketing target (80–…). This two ages of life are, on a
consuming point of view very different, they don’t need the same things, they don’t have
the same income and the youngest one tend to take care of the oldest and have to deal
with their parents who are reluctant towards assisted living expenses. Nevertheless,
assisted living products and services tend to become an everyday commodity and a mass
consumption issue.

The Senior and Elderly marketing target are seen as a «new frontier» because of the
economical weight they represent. We intend here to question and analyze in what
respect media and advertising discourses can drive the acculturation of baby boomers
and elderly to the buying and use of assisted living products and services. But first of
all, speaking about marketing and target requires a theoretical and methodological clar‐
ification regarding our specific point of view in research linked to communication
sciences which are different from business and management sciences as well from
psychology or sociology. Using the next-presented method, we will approach the
following research questioning trying to have a first exploratory approach on how
marketing and advertising people try to address, on an off-line, to baby boomers, taking
into account their very complex situation in between generations, feeling not or not so
old and dealing with their parents great age.

2 Communication Sciences: Point of View and Methods

2.1 Media and Communication Studies

The scientific point of view here will be framed by the specificity of French Information
and Communication Sciences contemporary approaches [16, 17]. Especially the part of
French communication sciences which are dedicated to the description and analysis of
social, media and market discourses and how they circulate among different social and
media spaces building their public exposure. Brand discourses are considered as social
discourses assuming market mediation. We are not in a psychological or sociological
point of view, we won’t take in charge what people think or say and we won’t be able
to work on processes of choice. Our approach will concentrate on public discourses,
through media or professional communications: corporate communication, advertising,
journalistic discourse and, more widely media communication. These communication
productions provide a specific point of observation and can give a way to reach practices.

In this frame, methodology can be considered on an epistemological point of view.
This communication sciences approach takes in charge what people publicly say they
do or think, especially advertising professionals and what is present in fact in media
productions. This implies to work on openly commented uses in order to reach practices
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and, then, it enables to go towards both uses and representations that accompany or guide
them. It also gives access to creative appropriation users may develop. This perspective
is not on the reception side since it is not media uses studies, but it is however on the
side of the receiver. The point is to be in a socio-semiotic point of view, looking for the
negotiation in interpretation and creative appropriation.

A Semiotic-Based Method: Socio-Semio-Communicational Analysis [18, 19]
Another important point is the idea of creative methodology in research. Each research
needs the search and find of the proper set of qualitative methods, that is to say not based
on statistics or not able to be presented with quantitative results, in order to question it,
theoretically, in a proper way. Using already existing set methods is not enough, and
most of the time it is necessary to conduct a theoretical analysis before choosing the
proper set and architecture of mingled methods.

A last we think that micro scale approaches are necessary and very useful especially
when one want, in the end, to reach macro analysis. The accumulation of small scale,
very detailed, analysis on small elements, going towards, in a second step big corpuses
of small elements, enables to reach precious and unexpected results which would not
have been attained with a direct macro analysis. This methodological point of view is
based on the idea that the smaller are your research objects, the bigger and wider can be
the conclusions.

In view of the foregoing, our theoretical position regarding methodology is one of a
socio-semio-communicational approach. Working on contemporary brand discourses
and both formal and strategic transformations at work, the need for an adaptable meth‐
odology that will respect the complexity of research objects is obvious. The method
needs to cope with the on going and never ending metamorphosis of brand discourses,
advertising, and it has to enable the analysis of forms, given professional aims and
discourses, and social discourses. Regarding brand discourses, the method starts form
the point that these discourses are semiotic forms and communication tive/apparatus
[20]. In this respect, they aim to recommend some uses.

In order to be able to fully analyze these discourses, it is necessary to provide a global
and specific context understanding based on different aspects: technical and material
conditions of production, socio-economic logics at work dealing with economics, soci‐
ology of organizations, variety of professional players (advertising, communications,
marketing, media professionals and State regulation and consumer groups). From this,
it is possible to build an analytical method that is the result of a semiotic approach of
discourses, forms, formats and contents using methods or part of methods coming from
discourse analysis, semiotics, economy, sociology, anthropology and regarding the
organization of companies, agencies and business as well as culture in the wider sense.
The method is a socio-semio-communicational point of view, looking for negotiation
and interpretation of messages.

Regarding new media, new commodification and elderly people we will concentrate
mainly on French media and advertising discourses. We will use content analysis mixing
socio-semiotic analysis, visual semiotics, semio-linguistic analysis and discourse anal‐
ysis on three kind of elements: gathered elements from French and international brands
being specifically dedicated to older population, media and new media discourses
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dealing with the same brands or themes in a socio-semio-communicational approach to
brand discourses.

In order to analyze fully these productions, we need a both comprehensive and
specific context understanding the specificities of the market of Elderly, globally and
internationally and, more specifically, about the French market and society regarding
older people. In this respect, one has to know that the French society is specific regarding
retirement and pensioning, since people usually stop working between 60 and 65 years
old with a universal and «pay as you go» pension system that enable them, most of the
time, to have a stable situation and a good income on a monthly basis.

3 Aging Turning Commonplace Through Commodification and Its
Discourses

Educating Everybody To Sell To Senior
As already seen, the baby boomers constitute the first generation that massively reaches
the qualification of senior, being at the same time involved in grandparenthood and in
caregiving for their own parents reaching advanced age with very specific health and
life care needs. In this respect, baby boomers can be seen, in a marketing point of view,
as a double target: they are consumers who loves traveling, leisure activities alone or
with grand-kids and, at the same time, they are the one helping their parents in a new
consuming path, the one of assisted living on order to stay as long as possible at home.

As a matter of fact, the older generation is entering the time of life when assisted
living is involved on different scales: from staying at home with adaptations to nursing
homes with or without residential care. The older ones are reluctant to change their way
of life before being obliged to, mostly because of health and security issues. They prefer
to stick to their usual ways because buying specific home appliances linked to assisted
living is a proof of disability and one of their main argument could be condensed into
«as long as I can do it… » . In this respect, even if they are, in fact, potential consumers
for a full range of specific products, they are not so easy to address directly. That is why
brand communications, advertising, advertorials, and so on, will mostly try to reach their
children since they are the ones being able to make them buy specific products and
appliances. But the problem is that some of the baby boomers already have body changes
due to aging and sometimes, on another scale, could need some of these products or
services. Brand discourses face a kind of a dilemma: they need to speak about aging and
adapted products to people that will be repelled if they feel to much involved for them‐
selves too.

The problem can be circumvented by presenting in media the products related to
aging and/or assisted living as mass consumption products, regarding a wide range of
people of different generations, completely standardized in order to normalize their
consumption and open new markets. In this respect brand managers use the educational
capacity of advertising [21, 22] in traditional and new media. Education can be thought
as a paradoxical effect of brands and advertising, but it is one of their long-standing
missions that began at the end of the nineteenth century when brands of soap or tooth‐
paste started to educate people to body and dental hygiene in order to sell their products
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better. In this respect, the fact that an object or service becomes a good, its commodifi‐
cation, acts as a sign of its normalization since there is no need to go in a specialized or
dedicated to professionals store. When a supermarket chain like French Intermarché
starts to exhibit in its weekly promotion advertising catalogues, delivered in every mail‐
boxes, assisted living products in between shampoo, baby food and shoes, these small
products linked to assisted living mixes with promotions on food, kid products and adult
clothes. It gives to the main population the information that these products can be bought
at any time, by everyone, in a well-known and familiar neighborhood store and, at the
same time, it provides the information that this kind of products are now common, part
of everyday life. And they go further, implying that it is normal to need as to buy these
goods along with the groceries and, at the same time, that it is strange not to buy them
if you need them (Fig. 1).

Fig. 1. Intermarché hypermarket advertising catalog

The presence, almost on a daily basis of this kind of products in mass consumption
communications, is a first step towards the education of the whole population and it can
help older people to accept and eventually buy themselves or with the advise and help
of their senior children, these goods. But the commodification and the massification have
to act deeper and be more present in everyday advertising and media in order to really
reach and educate down to the baby boomers, being themselves senior who are not really
thinking of themselves as old people especially since they are caregivers for their elders.
New ways of communicating relaying on this generation great knowledge of consump‐
tion have to be found using both traditional and new media.
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Advertising is once again used as a user’s manual for life. It brings into full light
former taboo topics related to aging an one can see on TV, computers and tablets, espe‐
cially at mass viewing hours and largely general public, news or women magazines.
This is the case for health issues like cholesterol, diabetes etc. and their numerous
everyday products such as special Omega-3 enriched margarines. It also goes toward
more delicate subjects such as bladder control problems for both women and men. This
is not the kind of topic people usually talk about, even with their own family. Since a
significant number of senior of all ages are concerned by the problem, advertising tackles
this issue directly by generalizing the point, speaking very directly about it and extending
it to very young senior women and men. At the same time, brands use advertorials in
magazines on and off-line in order to explain the phenomena and build a common
knowledge about it, as French brand Tena and international brand Always do. These ads
are targeting more «young» senior than their parents.

They do two things at a time, saying that age issues services and products are mass
products, they will be consumers as ever and not «turning old» and the offer will be both
sanitary safe and aesthetically acceptable (Fig. 2).

Fig. 2. Tena and Always print advertisings

Aging in Consumption as Aging in Beauty: Stereotypes and Taboos
This opens a new field of expectation for marketing people who develop a single new
target of senior baby boomers and specific products are regularly launched such as
magazines, radios, TV broadcasts and programs, websites, specific food and so on. These
new seniors appear in more and more commercials for cars, insurance, banking, and
rather expensive goods. We can say that brands and advertising are using a stereotype
to change a stereotype for a new one. Advertising makes the work of stereotypy,
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choosing carefully nice looking not so old people, very dynamic, beautifully tanned,
hair magnificent gray or white, doing easily physically and intellectual demanding
activities [4, 8, 18, 19]. The new generation of senior appear as a most acceptable socio-
marketing built artifact using a stereotype to replace the previous one of old people as
turned towards past. This new representation spread by commercials depicting people
looking forward future with confidence and buying power. Being senior is no more about
aging but about staying young. Baby boomers appear to stay «younger later» and most
of all they still have money to spend after retirement (Fig. 3).

Fig. 3. Young senior stereotypy in mass advertising

Brand managers and advertisers begin to be well aware about how baby boomers
become old and most of all how they dealt, all their lifelong, with IT change, from radio
to TV, from tape-recorder and CD’s to streaming, from video-recorder to DVD and blue-
ray players and then router boxes. At work, they started everyday use of computers and
web services and keep on using once retired, coping with new devices as often as neces‐
sary. They commonly use travel applications to buy plane tickets and hotel reservations.
The newcomers in the senior class of age are totally users of IT devices and will go on
like this for a while, inventing new uses and new sociabilities.

It is a challenge to be able to keep these very well trained, experienced consumers
that do not stick to international brands as oldest people do. And the main issue will be
to provide safety, comfort and aesthetics at the same time and show it in advertising on
and offline.

As a matter of fact, it appears that baby boomers start to plan assisted living devices
before needing them, using the experience built while convincing and helping their
parents. When older senior people change, in extremis, their old bath tube for a plastic
built in a day shower when they are no longer able to step over the side of the bath when
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entering or leaving it, the younger ones plan to change their entire bathroom to something
more adapted but still stylish. Some brands are playing on these two sides like the French
store specialized in home decoration Leroy Merlin. On their website one can find a two
step proposition with different offers regarding aging and home adaptation. The first one
is for very old people needing instant change in their bathroom because of a physical
degraded condition; it’s built in a day shower with practical issue and no aesthetical
concern. The second one is presented as a guide to go towards aging beautifully and
harmoniously in a redesigned bathroom, adapted with style and value to future issues
linked to great age (Fig. 4).

Fig. 4. Leroy Merlin Website about adapted bathtub and bathroom (01.02.2018)

Other options can be analyzed in the press, off and online, dedicated in France to
senior persons. The two main publications are Pleine Vie (meaning living fully) and
Notre Temps (meaning nowadays). Pleine Vie gives a great place to consumption as a
main topic, especially on its website where consumption and finance is section in itself.
That implies that aging with fulfillment is linked to consumption and that advices are
given about the good or best way to consume. Notre temps has the same point about
consumption and goes further on its website since the third element, presented as an
information, is an advertorial dedicated to a conference about silver economy obviously
training senior people to think about themselves as consumer, and more, as a specific
kind of consumer, designated with the gratifying word silver. This is a three months
marketing operation delivering three videos featuring the same «self-invested» expert
who is CEO of a French company Indépendance Royale, specialized in home adjust‐
ments for elder people like walk-in showers, stair lifts, specialized beds etc. These three
conferences are dedicated to French demography, International demography, Digital
and Senior and, as they are advertising at core, we can say that they prepare good
consumers feeding them with facts and statistics leading to the idea that baby boomers
generation is THE senior consumer generation not in the idea of aging, but of being
smart consumers. Some other marketing discourses speak about a new generation of
senior.

The point now is to keep in touch with this generation through their uses of new
media.
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4 Conclusion and Limitations

As a conclusion after this exploratory research regarding how marketing and advertising
people try to address, on an off-line, to baby boomers, taking into account their very
complex situation in between generations, feeling not or not so old and dealing with
their parents great age, we have discovered three main communications strategy to reach
baby boomers: 1/address to the main population in order to reach baby boomers senior
working sometimes on taboo facts linked to aging, 2/work on offer and messages
addressing a double target (young senior and their parents) or 3/changing the represen‐
tations of old people in communications by promoting a new stereotypy of “longer young
seniors” or “silver generation”. These is in fact a first approach and we need now to
conduct specific and extended research on the three of them in order to provide a global
reflexive approach on communications toward Elderly but also in order to understand
how the rise of this new class of consumers is changing the whole system of advertising
and media discourses putting former taboo themes in full light and how on and off-line
discourses play their parts. There is a research to conduct on the circulations among
different discursive spaces of the new stereotypies of aging to do, taking into account
how economic, sometimes state driven topics or denominations like “silver économie”
in France has travelled along different media spheres and ends perfectly naturalized, as
presented by Roland Barthes [XZ], that is to say given as perfectly normal while hiding
the ideology at work. In other words, the full extent of this research will enable starting
with commercial discourses to deal with the ideologies at work within society regarding
aging.

References

1. Pison, G.: Le vieillissement démographique sera plus rapide au Sud qu’au Nord. Population
et sociétés. 457, 1–4 (2009)

2. Colombo, F.: Ageing, media and communication. In: Paper Proceedings, ICA, Puerto Rico,
21–25 May, pp. 1–13 (2015)

3. Beard, J., Biggs, S., Blomm, D., Fried, L., Hogan, P., Kalache, A., Olshansky, J.: Global
Population Ageing: Peril or Promise? PGDA Working Paper 89 (2012). http://
www.hsph.harvard.edu/pgda/working.htm

4. Berthelot-Guiet, K.: Elderly and IT: brand discourses on the go. In: Zhou, J., Salvendy, G.
(eds.) ITAP 2016. LNCS, vol. 9755, pp. 186–193. Springer, Cham (2016). https://doi.org/
10.1007/978-3-319-39949-2_18

5. Colombo, F., Aroldi, P., Carlo, S.: New Elders, Old Divides: ICTs, Inequalities and Well
Being amongs Young Elderly Italians, Comunicar, Media Educ. Res. J. 45(XXVIII), 47–55
(2015)

6. Colombo, F.: The long wave of generations. In: Colombo, F. Fortunati, L. (eds.) Broadband
Society and Generational Changes. Peter Lang, Francfurt, pp. 19–36 (2011)

7. Defrance, A.: Penser, classer, communiquer. Publicité et catégories sociales, Hermès 38, 155–
162 (2004)

8. Loos, E.F., Ivan, L.: Visual ageism in the media. In: Ayalon, L., Tesch-Roemer, C. (eds.)
Contemporary Aspects on Ageism. Springer (accepted)

444 K. Berthelot-Guiet

http://www.hsph.harvard.edu/pgda/working.htm
http://www.hsph.harvard.edu/pgda/working.htm
http://dx.doi.org/10.1007/978-3-319-39949-2_18
http://dx.doi.org/10.1007/978-3-319-39949-2_18


9. Loos, E.F., Designing for dynamic diversity: representing various senior citizens in digital
information sources. Observatorio (OBS*) J. 7(1), 21–45 (2013)

10. Loos, E.F., Ekström, M.: Visually representing the generation of older consumers as a diverse
audience: towards a multidimensional market segmentation typology. Participations 11(2),
258–273 (2014)

11. Berthelot-Guiet, K.: Mort de pub, stéréotypie des discours publicitaires, 5, Effeuillage Revuc,
pp. 28–31 (2015)

12. Feillet, R., Bodin, D., Héas, S.: Corps ages et medias: entre espoir de vieillir jeune menace
de la dependence. Etudes de communication, Languages, Information, Mediations 35, 149–
166 (2010)

13. Berthelot-Guiet, K.: La marque médiation marchande ou mythologie adolescente, In:
Lachance, J., Saint-Germain, P., Mathiot, L. (eds.) Marques cultes et culte des marques chez
les jeunes: Penser l’adolescence avec la consommation, Presses Universitaires de Laval,
Laval, pp. 23–38 (2016)

14. La filière Silver Economie. www.entreprises.gouv.fr/politique-et-enjeux/la-silver-economy,
consulté le 3 janvier 2018

15. Mather, M., Jacobsen, L.A., Pollard, K.L.: Aging in the United States. Popul. Bull. 70(2),
Population Reference Bureau (2015), www.prb.org

16. Jeanneret, Y., Ollivier, B.: Les sciences de l’information et de la communication, HERMES,
38. CNRS Editions, Paris (2004)

17. Jeanneret, Y.: Critique de la trivialité. Les médiations de la communication, enjeux de
pouvoir, Le Havre, Editions Non Standard (2014)

18. Berthelot-Guiet, K.: Paroles de pub. La vie triviale de la publicité, Le Havre, Éditions Non
Standard (2013)

19. Berthelot-Guiet, K.: Analyser les discours publicitaires. Armand Colin, Paris (2015)
20. Foucault, M.: Le jeu de Michel Foucault, entretien avec Colas, D. Grosrichard. In: Le Gaufey,

A., Livi, G., Miller, J., Miller, G., Millot, J.-A., Wajeman, C., Ornicar: Bulletin périodique
du champ freudien 10, 62–93 (1977). Repris in: Dits et Ecrits II. 1976–1979, Paris, Gallimard,
pp. 298–329 (1994), texte n° 206, p. 299

21. Cochoy, F.: Une Histoire du Marketing. Discipliner l’Économie de Marché. Paris, La
Découverte (1999)

22. Berthelot-Guiet, K.: Grandir en publicité: marques et mythes d’enfance, In: Bahuaud, M. et
Pecolo, A. (Dir.) Naître et grandir en terres publicitaires, Jeunes et Médias, 9 (accepted)

23. Barthes, R.: Mythologies. Editions du Seuil, Paris (1957)

New Media, New Commodification, New Consumption for Older People 445

http://www.entreprises.gouv.fr/politique-et-enjeux/la-silver-economy
http://www.prb.org


Technology: A Bridge or a Wall?
The Inter(intra)generational Use of ICTs

Among Italian Grandmothers

Simone Carlo1(✉) and Catarina Rebelo2

1 Università Cattolica del Sacro Cuore, Largo Gemelli 1, 20121 Milano, Italy
simone.carlo@unicatt.it

2 Instituto Universitário de Lisboa (ISCTE-IUL),
Centro de Investigação e Estudos de Sociologia (CIES-IUL), Lisboa, Portugal

ana_catarina_rebelo@iscte-iul.pt

Abstract. Our research aims to investigate the role played by media and ICTs
in building intergenerational and intragenerational relations for the grandparents.
The project aims to understand how grandmothers use Facebook and digital
devices (computers, laptops, tablets, smartphones) within the family and the
friend networks, the role of communication technologies for entertainment and
the resistance and difficulties in using ICT for elderly. Data for research analysis
was collected through four focus groups conducted with 28 Italian grandmothers
living in Milan, Italy.

Our focus groups show an intricate scenario: although the trigger to start to
use new digital technology comes from family and people belonging to different
generations, the daily use of the ICTs reveals a complex relationship with children
and grandchildren regarding technological issues, which often characterized by
incompatible netiquette, different competences and lack of learning assistance.

As more elderly are going online and widening their online interactions,
further research should be pursued to understand how older people use digital
technologies to communicate with peers and to point out the differences between
elderly digital use for intra and intergenerational communication.

Keywords: Elderly · ICTs · Generations · Grandmothers · Family

1 Introduction

The aging of population is a global trend and a big challenge for societies, as the major
transformations it produces implicate almost every sector of society. It is a global
phenomenon as, even if in different stages and speeds, it implicates virtually every
country in the world. While more advanced in countries that developed earlier it became
also an undergoing process in many countries where the development has occurred later
[1]. The fertility decline, together with the improved longevity, are the key factors
explaining this process. By 2030, according to the UN forecasts [1], the proportion of
elderly people will be more than 25% of the population in Europe and Northern America.
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Followed by Oceania with 20% of the population, 17% in Asia, Latin America and
Caribbean, and 6% in Africa.

Concomitant to the population aging, the mediatization by technology also continues
to proliferate producing important transformations in every aspect of society including
how we live and how we relate to others.

In this context, it becomes critical to understand how latter life is being experienced
in this mediatizated society. As the elderly experienced these transformations later in
life, they may felt changes in a greater extent, which increase the relevance to understand
how the elderly manage to adapt their everyday life to the social transformations
resulting from the process of proliferation of digital devices and mediatization. The role
of family and intergenerational communication within family seems to have a great
impact on the appropriation of ICT between the elderly, especially grandmothers. It is
thus important to further analyze the ICT practices within this group.

Taking into account these assumptions, a qualitative study was conducted with the
aim to understand:

– What are the social contexts of ICT’s use in the daily life of the grandmothers?
– What are the role of ICT on grandmother’s intergenerational and intragenerational

relationships dynamics?

2 Context, Theoretical Framework and Research Methodology

2.1 ICT and the Elderly

The interest on how the elderly relate with digital technologies has grown in the past
few years with a significant increase of the studies devoted to the issue. The digital divide
is the reasoning behind most of these studies, following the observation of the data on
Internet use, where age is recurrently a key configuration of the digital divide within
many societies [2]. The digital divide literature argues that being excluded from the
society mediated by technology affects not only the economic inclusion as all the other
aspects of life, as education, community issues, cultural and entertainment, personal
interactions and political participation [3]. At the beginning the concept was focused
only on the access variable, making a distinction from those who have and those who
have not access to technology. The concept then developed to an understanding that the
digital exclusion would not end with full access [4, 5], not only because there are different
levels of access [6] but mainly because the access to digital technologies by itself, do
not promote the inclusion of the people who does not have the “technical skills, status
markers, and content structures that are fast becoming key institutional features of the
Internet age” [5, p. 144]. Thus, the debate on digital divide was refocused from the access
to the different uses and skills to benefit from the access to digital technology [4].

Senior citizens are currently, however, a most growing group of people going online
[2, 7]. Loos [9] points out for the danger of using age as an ultimate explanatory variable
of digital exclusion and argues that more than a problem of age, it is a problem of lack
of experience with digital technology. Colombo [10] argues that factors such as the
social network of the individuals, their professional status and their former jobs should
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be taken in consideration more than the causal impact of age. In fact, some studies shown
that there are not empirical evidences that the young people do not have problems with
technology [11–13]. And some studies about population of the Netherlands show that
content skills tend to increase in older users [11, 12]. As the studies on the seniors and
ICT are strongly conditioned by the socio-cultural and socio-economic variables and
contexts, they are country relative [14]. Italy, for example, if compared to more digi‐
talized countries, seems to have a delay on Internet adoption of around ten years [15].

Another frequent premise on studies about seniors and technology is that the Internet,
and particularly Social Network Services (SNS), would benefit the quality of life of the
elderly. Factors as the decrease of social relations and the mobility loss are viewed as
common processes in latter age that contribute to a greater exposition to isolation and
loneliness [16]. In this context, SNS are seen as tools capable of strengthen the social
networks of the elderly, making them less vulnerable to situations of isolation and lone‐
liness [16, 17]. General socio-economic benefits and facilitated access to services such
as researching services, bank and shopping [18], access to cultural and recreational
activities and the enhancing of inter-generational solidarities [19] and access to infor‐
mation such as health information [20] are also pointed out as potential benefits for
seniors being online. Other studies drown attention for the fact that the use of the Internet
by senior citizens are not just about benefits, it involves also some risks [15] that should
be taken into consideration.

Although the elderly are a fast growing group of Internet users, in many countries
senior digital exclusion are still one of the most expressive feature of digital exclusion.
The reasons pointed out by the elderly for not use the Internet are predominantly the
lack of motivation and interest [19, 21–23] and the idea that elderly “often do not
consider the internet a technology that is appropriate or relevant for people of their age
group” [24].

Levy and Benaji [25, p. 62] have pointed out that negative stereotypes about older
people impact on their “cognition, behavior and health without their awareness”. After
a lifelong exposure to ageist stereotypes, they can be directed inward, on the form of
“implicit age self-stereotypes” or the beliefs of older individuals about the senior popu‐
lation [25–27].

In a study about how senior Internet users position themselves against to different
others Kania-Lundholm and Torres [28] shown how senior citizens that are active users
see it as a privilege and constructed as exceptional and that “they refer to their age as
one of the aspects that informs their usage [28, p. 28].

Also, intergenerational relations seem to have a great impact on the use of the Internet
by senior citizens. This issue enters the debate both as a start and an ending point as
maintaining contact with children and grandchildren seems to have both a positive
outcome from the elderly being online and as a motivation for the senior citizens start
to use the Internet.

2.2 Grannies Online

Senior citizens and woman are both two of the demographic groups reported as less
likely to be online on the digital divide literature. Lack of perceptions of benefits for
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going online is one of the central issues on the reasons presented by the elderly for not
use Internet. However, the possibility to connect with family members, especially the
younger ones is a strong benefit perceived by the elderly to go online [29]. Intergenera‐
tional relations, maintaining contact with children and grandchildren seem to be a reason
for elderly to start to go online and result in strengthen intergenerational relations [22].
“Forced adoption” [30] or “pressure to adopt” [31] are some of the expressions used to
describe the process by which senior citizens adopt a technology persuaded by family
members, either children, grandchildren, nieces and nephews or others. Although it is
an external pressure, it is not necessarily felt as negative by the elderly [32].

Since the beginning of the studies of technology on the domestic space [32] that
family, and specially children have been identified as elements that foster adults’ adop‐
tion. Sawchuk and Crow [31] mentioned a desire to belong and the desire to understand
and connect with grandchildren as a special motivation for grandmothers to changing
perspectives towards what they don´t understand and as a reason to keep up with prac‐
tices they did not feel comfortable with. Being highly involved in the everyday life of
their family and particularly the children and grandchildren is presented as a main point
of the relevance of the use of social media for grandmothers [36]. Specially in a context
which they may not related much to the contents they find online, as “when marginalized
groups do log on, there is often scare content that applies to their lives and their
communities.” [33, p. 20].

This intergenerational communication mediated by technology gives visible shape
to the different set of values and behaviors between generations towards communication.
Sawchuk and Crow [34] identify how elderly understand distraction and interruption as
rudeness or impoliteness in the case of the use of the cell phone. Ivan and Hebblethwaite
[33] also highlight how grandmothers use the shared presence on Facebook with their
grandchildren to act as a role model, rising issues of decency and privacy.

In addition to the ability to connect with family, other perceived benefits by the
elderly identified by Quinn et al. [29] are the ability to surpass some age related limita‐
tions, such as mobility, being able to contact with distant friends and the cognitive
benefits of learning something new.

Senior users reportedly integrate ICT in a weighted way, making choices around
different options accordingly to their needs and lifestyles [30, 34].

In terms of use of Facebook seniors seem to have a relatively passive use [17, 33],
the platform is seen as a place to get updates, keep in contact and monitor the situation
but in a passive way. For Erickson [17] the lack of trust reported by the elderly on
Facebook is not focused on the persons they can contact with but on the nature of the
technology and their limited comprehension of it.

For distant grandmothers, although Facebook is not a preferred platform to commu‐
nicate with the family, it has a key complementary role. It is used as a complementary
platform for everyday reminiscing [35] offering an opportunity to keeping update about
the everyday life of the families and functioning as a trigger for conversations via other
platforms [33]. For instance, personal photos posted at Facebook can generate “photo‐
talk” [36], talk around them in conversation on via other channel.

Telephone and video-chatting, however, seems to be the favorite platforms for
distant grandmothers to talk with their relatives because of the deeper feel of connections
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and personal relationship they provide [33]. Forghani et al. [36] argue that the adoption
of video-mediated technologies at home is motivated by the desire for closeness.

But this sense of closeness brought by the technology raises questions about the risk
of replacement of face-to-face connection and interaction. For Erickson [17] the aware‐
ness raised by Facebook does not replace face-to-face interaction, it often results in
emotional support through other channels.

It terms of the risks perceive by the elderly about ICT they seem to relate with the
type of use. The more experienced elderly users perceive more risks, but also more
opportunities [37]. Among the perceived risks by the elderly are the fear of making
technical mistakes, exposure to offensive content, data theft, or wasted time on the
Internet [37].

2.3 Objectives and Methodology

The main research objective was to understand the role played by the ICTs in the daily
life of the grandmothers. A crucial importance was given to the role played by the inter‐
generational and intragenerational relations in shaping media use and learning style of
the elderly. Specifically, the research wanted to investigate:

– the possible relationships in place between the grandmothers, children and nephew,
with the aim of understanding the dynamics of intergenerational exchange, and how
grandmothers experience the use of Internet as a tool to facilitate family communi‐
cation with family members.

– the possible relationships in place between the grandmothers and their friends with
the aim of understanding the dynamics of intragenerational exchange, and how
grandmothers experience the use of Internet as a tool of communication and enter‐
tainment and leisure activities with friends.

Data for our research analysis was collected through four focus groups, with approx‐
imately two hours, conducted with 28 Italian grandmothers living in Milan, Italy, in
February and March 2017. Participations were recruited first by a snowball approach
through acquaintances and then in collaboration with a local association of elderly. The
average age of the focus-group participants was 72 (minimum 65, maximum 81). The
grandmother’s selection criteria was being 65 years old or older and user of digital
technology. The questions asked to participants focused on their subjective experience
and were organized around five main topics: how they communicate with their family,
how they communicate with their friends and acquaintances, the role of digital tech‐
nologies in their leisure activities, the difficulties faced when using them and what would
they change about these technologies.

3 Learning Processes and Family Role

Every interviewed grandmother has got and uses at least one device for digital commu‐
nication (computer, laptop, tablet, smartphone). From the interviews clearly emerges
that often the digitalization process and ICT usage is not a recent event in grandmothers’
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life: according to many of the interviewed grandmothers learning how to use digital
technologies happened some years ago, this by using the computer at work.

The majority of our grandmothers are teachers or employees in retirement; they lived
in time the digitalisation processes during the second half of the 90s.

Children’s education and the need to give children tools for school and homework
were an additional incentive to the approach to the information technology and the digital
world. The computer has often entered grandmothers’ houses when their children
attended university or school. For some grandmothers it was an opportunity to get closer
to the information technology and the digital world.

In some cases grandmothers taught basics of computer usage to their little children:

In fact, my daughter learned to use the PC with me, I approached her to the PC. Now things are
different, maybe for so many functions I lose and I have to ask her (65, FG2)

Grandmothers who own a computer for many years (for work reasons or because
they bought it when children attended school) still use it nowadays to do research or to
send emails, but they know they use it less than before, since the smartphone, tablet and
mobile arrival. In the last few years, grandmothers perceived that the real change has
been the arrival of the Internet and the smartphone but especially the computer usage in
relationships and entertainment terms, not just related to work and to help children with
their homework.

As regarding the theme of the family role in stimulating the technologies, the possi‐
bility/necessity to keep in touch with their younger relatives (children and grandchil‐
dren) is still the initial incentive to adopt technologies.

Familiar relationships support and stimulate the initial usage of the ICT, but in some
cases it is not a serene relationship: grandmothers perceive a sort of family pressure
concerning the update and learning of new digital services: a “commitment to be up with
the times” but especially to be connected with the familiar web:

I’ve always refused to use the IPhone, then my children and husband have almost forced me,
and since then when I use the smartphone I also use WhatsApp, it’s quite comfortable I do not
really like telecommunications. But I use it, even because otherwise I would feel cut off even
from my family (FG1, 71)

If the first digitalisation processes (computer and feature phone during the 90s/2000)
were bounded to the work sphere and to children education, during the “second digital
wave” (the Internet and smartphone) the role of the family is fundamental, both in
supporting/pressing the adoption (provide technologies to keep in touch with family)
and, in some cases, in supporting a “reaction” of the elderly people, who want to show
relatives to still be able to learn and to be at the same level of the other (younger) members
of the family.

According to some grandmothers, in particular the oldest ones, the adoption of digital
technologies is told as a “personal” challenge towards the family and the society in
general (and also a personal challenge in feeling still active):

I always wanted to keep up with the times and at some point I decided to buy the smartphone.
My son asked me to do what with smartphone but I had decided to buy it. Also because in everyday
life I saw everybody using the new technology and I did not want to be outdone. Apart from the
fundamental importance of being always reachable… (79, FG1)
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For some grandmothers, in particular, learning to use the computer and other digital
devices (especially through organised courses for elderly) is an occasion to show their
independency, modernity and activity. The beginning of these courses offers an oppor‐
tunity for grandmothers to feel active and independent (also towards husbands and chil‐
dren).

Many interviewed grandmothers tell how often the basics to use “new” digital tech‐
nologies came from children, but rarely, from grandchildren, in the case of older grand‐
mothers with adult grandchildren. In particular, children saw in the digitalisation of the
elderly an “inclusion” opportunity in children/grandchildren world:

My daughter taught me to use all these things because I used to reject them… if it was not for
her, she is very technical. It was a way to get me closer. (71, FG1).

After this learning phase, it seems there is not an attention of the younger generation
in answering grandmothers’ additional doubts and questions. It seems that the intro‐
duction in the “new” digital world mainly happens in delimited and unexpected moments
(perhaps towards the present of a smartphone or the new service casual download), but
it is not combined with a daily following assistance. Numerous grandmothers expressed
a certain difficulty in receiving help from children and grandchildren:

In fact, children when they have time to teach are so fast they do not understand that we may
need to take note, to answer calmly… they now have this use speed in themselves and they don’t
think that for us is different… (76, FG2)

In particular, grandmothers consider their grandchildren to be rushed and not able
to explain with attention the complex steps of the ICT usage. Indeed, grandmothers
request certain patience in teaching, the respect of their learning times, and comprehen‐
sion of the different literacy level. These are often requests, that fall on deaf ears: several
interviewed grandmothers perceive, often with lots of frustration, they do not have
always available children or grandchildren to count on for doubt related to the use of
the computer and smartphone:

I don’t ask to my children because they don’t explain me anything, I prefer to go to the shop or
to a friend who knows more than me. (73, FG4).

It is interesting to notice that elderly people consider younger generation less able
to understand elderly people “times” in learning new digital technologies. To this
“generational” problem we can also include another problem related to familiar
dynamics: children and grandchildren are often perceived as impatient in teaching.

Facing a detached and unpleasant familiar environment, learning can also happen
(as an alternative or as an integration) by means of information technology courses
organised by public or private authorities, which are able to offer basic information
technology knowledge that can be integrated, if possible, with children and grandchil‐
dren pieces of (often sporadic) advice.

These courses in particular are appreciated for the ability teachers (often elderly
teachers if not adult) have to teach with calm how to use the computer and the smart‐
phone. Rather than the informal and not organised (and often rushed) learning of children
and grandchildren, several interviewed grandmothers seem to prefer a “classical” and
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formal learning process, based on the “teacher-learner” relation, on the classroom
dimension, homework, final exam and based on the certificate.

4 Being on the Internet

With “being on the Internet” we mean grandmothers’ reflection elements concerning
the role of the Internet in their daily life and the digital services use (or not use). It is
interesting to notice that interviewed grandmothers’ reflections regarding the role of the
Internet are linked to the comparison with “younger generations”.

It seems to constantly emerge in grandmothers a worry concerning young people use
of the Internet, but also a certain pride of a more “adult” and balanced approach to
technologies, which is more thoughtful and reflective than the use children and grand‐
children do.

Interviewed grandmothers give importance to the use of the digital technologies they
consider to be “correct” and “appropriate”, and they are very reflective about it. In
particular, they say they consider with attention both when to use technologies and, with
a wider choice of means of communication, which means and services to use for a certain
aim (playful, formal, intimate).

Concerning the “when to use the ICTs” issue, interviewed grandmothers consider
exaggerated the use young people do of new technologies. A use which is often judged
inappropriate because in contests in which the ICTs should not be used, for example in
public spaces:

Several grandmothers affirm, with certain strength, to face “correctly” (in a wisely
and moderate way) the use of technologies rather than the younger generations that often
use them in an antisocial and deregulated way, in some cases at the edge of pathology
and dependence. Grandmothers demonstrate to have a particular attention in using the
technologies in an appropriate way, at the same time the interviewed intensely criticise
the use younger generations (both children and grandchildren) do of technologies.
Grandmothers consider very important to have limits in the use of technologies, even
though they perceive that the Internet, smartphone and computer have features that
support an extended use. The worry for an excessive use of the Internet is both a criticism
towards grandchildren and children, but also a personal risk in a reflective way. Grand‐
mothers think that being elderly, experienced and responsible, the risk is limited for
them, on the other hand the worry for younger people is higher.

They strongly criticise the unaware and superficial way the younger generations use
of ICTs, affirming to be more “prepared” to face with maturity so powerful tools. Being
elderly people and having more experience in general concerning “things in life” helps
to use the ICTs in a more balanced way:

Their generation and more the next one are kind of superficial… I see my grandchildren who,
although they still cannot read, are able to use, decide, look… I also think that it’s a matter of
generation. Young people are more skillful in using but somewhat more unprepared (71, FG2)

Grandmothers express a strong criticism, sometimes, concerning the use their chil‐
dren and grandchildren do of the ICTs. In particular there is a certain worry regarding
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intimate pictures children and grandchildren often publish, with the aim to show private
life and feelings:

I think my children have no problem [to post personal photos]. They were born in another time;
we are more suspicious. (81, FG2)

Elderly people perceive to be less “competent” than younger generations, but they
feel to use technologies with more common sense and measure. On one side grandchil‐
dren’s ability to use technologies is considered positive and admirable (“they are so
young but already so active”), on the other side a worry emerges and they distance
themselves from an excessive use of technologies. Young people’s knowledge is
perceived as a source of opportunities, especially material and practical ones, but at the
same time it is also perceived the risk to loose the cultural substance that other “analogic”
content have (the reading of a book for example) and the human dimension of commu‐
nication and relationships:

From the practical point of view, young people can take advantage by the use of these technol‐
ogies. They certainly have a boost in practical terms but not in terms of human relationships.
(71, FG1)

Between the strong critical element regarding children and grandchildren use of the
ICTs, there is a perception that the digital is coming along with the replacement of offline
and “real” relationships with “virtual” ones. In particular, face-to-face relationship or
“traditional” means of communication such as the telephone are considered, by our
grandmothers, to be the more suitable means of communication to express important
things and feelings: Whatsapp messages or emails are considered too superficial to be
used for complex issues, leading to misunderstandings. Verbal communication is still
considered more suitable (even though in some cases it is mediated by a telephone),
rather than written communication:

I belong to a generation in which it is more important a phone call or a meeting when you have
something to say or share, rather than sending a video or photo (71, FG2).

According the interviewed grandmothers, the excessive use of the smartphone makes
the verbal communication and the experiences in “real” contexts more difficult. In
grandmother’s perception, young people use of social network risks to make more
difficult intimate relationships with their own coetaneous:

In fact, the problem for young people is exactly this… being linked, for example, to games, friends
on FB, Instagram… and to be detached from reality. They have maybe 3,000 friends on FB and
two friends nearby (76, FG2)

The criticism towards “young” and grandchildren is also extended to their children,
daughter-in-law and son-in-law, who are considered to be at risk in the process of
replacement of “real” friendships with “virtual” ones, the replacement of lived/remem‐
bered experiences with the ones memorised on the smartphone, the replacement of “here
and now” and the use of the smartphone:

And for young people, I also mean people of 40, 45, 50 years… […] they have lost a lot of sense
of reality in my opinion. Because everyone looks at it, everyone is taking pictures, but a cell
phone more in memory cannot contain… with the result that in the end you lose the real memory
of your remembering. (71, FG2).
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There is the anxiety of always being connected, between difficulties already
mentioned in the use of technology and between the negativities considered in the digital
world. The anxiety seems to be, already once, imputed to the younger generations, to
children and grandchildren.

I call my daughter “mother anxiety” because of these technologies and because they always
have to communicate everything (76, FG3)

nowadays going out without our smartphone is a catastrophe (72, FG3)

This anxiety sometimes makes grandmothers pride of their partial disconnection,
and their necessity to have moments in which the smartphone is turned off:

Some time in the evening I switch off my cell phone because I do not want to be dependent to,
and everyone knows that if anything is needed, they can be found on the fixed telephone (71,
FG2).

5 The ICTs and Familiar Relationships Among People Belonging
to Different Generation

In the previous paragraph we underlined how grandmothers widely criticise the ICTs
and their “wrong”, excessive, unaware use. Nevertheless, interviewed grandmothers
consider the digital tools to maintain intimate and distant relationships with family
members fundamental. This concerns grandmothers, whose children and grandchildren
live far away and who find in digital channels tools able to “stimulate” proximity and
feel, even though virtually, the pleasure of a “physical” and intimate relationship with
distant relatives (children and grandchildren). In particular, grandmothers find in digital
tools a possibility, from distance, to observe grandchildren growth, sending pictures:

I’m seeing my nephew growing up, I actually see her two or three times a year when I go there,
but I feel really close. For me it’s an emotion every time, every Sunday, she does not talk yet but
starts playing… it’s just a joy (66, FG1)

Elderly people with grandchildren and children, who live far from them, consider
digital communication services necessary and fundamental and allowing to build inti‐
mate (mediated) relationships with their dear ones, even though they consider them
personal face-to-face relationship “substitute”:

However, if these instruments were not there, it would have been even more difficult. Because
even when it comes to small messages or small videos, they are always very important to us (76,
FG2).

Therefore, if digital communication tools are considered to be central for the main‐
tenance and care of distant relationships with children and grandchildren, the ICTs role
is more problematic in building intimate relationships among people belonging to daily
contests (children and grandchildren), especially if seen regularly. In building/mainte‐
nance intimate relationships, face-to-face relationships and the necessity to see and talk
to each other is also considered central in a transversal way. Despite this certainty, clearly
emerges that for the majority of our grandmothers digital communication tools (What‐
sapp in particular) are still useful to build a connection, not necessarily intimate, but
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work and instrumental, and are fundamental to maintain sentimental relationships with
children (in a more residual way) with grandchildren.

Physical contact, see and talk to each other, “touch” children and grandchildren is
still the main way to demonstrate affection, to feel the pleasure of given and received
love, but digital channels and services (Whatsapp especially) have the ability to build a
thick web of daily messages, a light, playfully and jokingly communication with the aim
to keep in touch with relatives through “little things daily exchange”:

It’s a daily exchange of small things, the other night my daughter made the tortellini with my
mother-in-law, she sent me the picture, to see… we get involved… (71, FG1)

On one hand there is a wide scepticism regarding digital tools ability to “create” a
relationship with relatives, on the other hand communication technologies are consid‐
ered excellent tools to consolidate an already existing intimate relationship, “rein‐
forcing” bonds:

I think there must be a basic predisposition, a very good relationship that is so humanly
strengthened. (72, FG1)

According to our interviewed grandmothers, digital channels have not created a drop
in meeting moments and they have not substituted face-to-face relationships, but they
have created new (little, daily, interstitial) relationship moments between a meeting and
the other. This concerns channels that create a spread, arranged intimacy in the often
frenetic life interstices of children and grandchildren.

Indeed, interviewed grandmothers consider asynchronous digital communication
channels (Whatsapp in particular, but also emails) useful because less invasive than the
telephonic contact: indeed grandmothers have a certain worry to disturb their children,
who are considered to be always too busy (or distracted and unpleasant).

Whatsapp use is central from this point of view, as a technology included in children
crack times and it is considered to be a less invasive technology, which does not disturb
and allows children (and grandchildren) to be free to answer when they want:

WhatsApp because the children do not often respond, the only solution is to send them a nice
message they might answer to, they say they will call later (71, FG2).

On one hand Whatsapp is considered a suitable tool for familiar relationships “inter‐
stitial” management, on the other hand the criticism against Facebook is wider, espe‐
cially because it is not considered able to express in the best way oneself feelings. Indeed,
Facebook is considered a too “public” place of “exhibition”, rather than the more private
Whatsapp. In particular, concerning grandchildren’s pictures, grandmothers agree that
Facebook can put at risk minor’s privacy and be dangerous. Whatsapp is for this reason
preferred because there is no danger that people who do not belonging to relative and
friends web can see published pictures.

Grandmothers perceive they do not have control on the list of addressee and the
audience of published images. Worries on Facebook are fomented by children and by
social and medial speeches regarding this service but also by the negative behaviour
children have against the medium that brings to limit and control grandchildren use of
it. Facebook does not seem to be a “safe” environment to share personal material and
feelings, because it is considered to be a public environment unlike Whatsapp, which is
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the communication medium “for the family” and in general dedicated to the private
sphere, and which allows to share in a protected way grandchildren’s pictures, through
closed “family” groups:

Photos of children or some family situations I’m not used to sharing them with so many people,
I’d just like to share them with them, with the family group that’s been created on WhatsApp
(76, FG2)

Despite strongly criticising Facebook, a significant number of interviewed grand‐
mothers has got a Facebook account and uses it. A wide part of grandmother’s Facebook
web is composed of relatives, children and grandchildren. Grandmothers strongly refuse
to publish “intimate” and “familiar” contents, but they demonstrate to often use Face‐
book in a lurking way, to be updated on children and grandchildren lives, without inter‐
acting with them.

I see their photos there. My grandchildren, my daughter, publish a lot… I use it basically to see,
I enjoy seeing what they do. For example, my grandson who was in the mountains and published
the world cup skiing race that I liked… (81, FG2).

It is interesting to notice that for some grandmothers, Facebook is a necessary
window opened on the world of their own children, on their private and professional
life, on their activities and their lives updates. From this point of view, Facebook is used
as a tool to follow from “closer” children lives, who are often considered to be too busy
to daily orally update parents on their lives (private or professional):

My son is involved in musical activities and so I use FB to get know about what he is doing. It’s
not that he does not want to tell me things but maybe he sometimes ignores me… (72, FG1)

As a matter of principle, grandmothers strongly criticise when children or grand‐
children publish intimate contents on Facebook, but in substance they consider those
contents useful to “understand better” their own children and grandchildren. Being on
Facebook is a way to comprehend grandchildren’s character, to understand if they have
worries, if they are happy or sad, it is a way to understand their feelings, through their
status vision and their pictures on Facebook:

Sometimes it’s a bit like reading the secret diary as we did once. Now you look at Facebook (70,
FG2)

According to some grandmothers, feeling the necessity to be “updated” through
Facebook on movements, news of their grandchildren (who are considered to be way
“further” than children) is a sign of incommunicability between grandparents and grand‐
children or it is a sign of an asymmetrical relationship. Facebook use is for some grand‐
mothers an attempt to keep in contact with grandchildren and to enter (glance?) their
world, apart from real confronting and updating occasions, considered to be too little.

The advent of digital technologies brought positive aspects in our interviewed grand‐
mothers’ perception, both related to the possibility to keep in touch with their familiar
web. However, negative elements emerge constantly connected to the use of the Internet
and the difficulty and challenges brought by the use of these tools in familiar relation‐
ships. In some situations and contests, the presence of digital tools is a digital barrier to
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interpersonal relationships and an obstacle to the dialogue and interpersonal relation‐
ships with children and grandchildren, this facing a different netiquette, a different way
to “being on the web” among grandmothers, children and grandchildren:

For example my daughter in the evening almost cannot talk because she is always at the phone,
speaks, looks, reads… and she does not listen to me (70, FG2)

In every situation and familiar and intimate contest, the invasive presence of smart‐
phones is considered by our grandmothers an often insurmountable barrier, which is
added to the difficulty to dialogue especially with their grandchildren, because they
perceive to have little to share and say with them:

I have two grandsons and when I visit them at their houses, they are always using their smart‐
phones and they don’t participate to the conversation…We don’t know anymore our grandsons
(67, FG3)

Regarding relationship with grandchildren, grandmothers often perceive to be secon‐
dary compared to the thick twist of conversation that guys have with their coetaneous
or their parents. There is the impression that grandchildren call often, they send lots of
text messages, they write, read and they engage with the smartphone but that they dedi‐
cate just a little percentage of the amount of time spent online to digital relationships
with grandparents:

The grandchildren then use cell phones with their grandparents just to ask for something. When
there is a need, then it is a continuous message (FG2)

6 ICTs and Relationships Among Friends Belonging to the Same
Generation

In the previous paragraph we described how interviewed grandmothers use digital serv‐
ices to build/maintain intimate relationships with their relatives alive, in particular with
children. Our interviewed elderly ladies claimed not to be just grandmothers, but alive
and active people regardless of their familiar relationship and their “grandmother” iden‐
tity. Our elderly ladies wanted to underline that they have a thick and significant web of
friends, and they have interests and hobbies. The ICTs are tools considered to be funda‐
mental to manage their own web of friends, with the aim to keep in touch with their
acquaintances. The ICTs are not just a useful tool to manage intimate and familiar sphere,
but are always more useful tools to take elderly ladies’ minds off, to spend time having
fun, to support their free time, often spent with friends.

Comes out with perseverance from our interviewed ladies, that our grandmothers
use intensively digital tools (Whatsapp firstly) to keep in touch with their web of friends.
Often it is not a particularly extended web, but made up of a few, trusted people, with
whom they shared decades of friendship and they find in digital tools a (new) efficient
(and funny) channel of communication.

Some grandmothers underline how the intensity of communication with friends is
superior than the one with relatives, both in terms of frequency and often in terms of
value (fun, engagement) given by communication.
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Interviewed grandmothers underline how communication technologies do not
substitute “face-to-face” relationships and meetings in person, but they are integrated
and they add a joking level relationship with friends, to continue between a meeting and
the other. In particular, grandmothers underline how Whatsapp did not substitute
personal relationships but it solidified them, multiplying occasions and ways to be in
touch with friends, between an appointment and the other.

But even with friends, it is not that personal relationships stop, we maybe send a video to laugh…
then everything remains as it is, if we have a relationship we still prefer to see each other (71,
FG1).

Not only: digital communication services allow to organise in a simpler way meet‐
ings and events. This favoured, in some grandmothers’ perception, meeting moments
with friends.

The most popular and used service with friends is Whatsapp, in particular through
group organisation divided for “activities”, to demonstrate the extreme activism of our
interviewed elderly ladies. According to our grandmothers, Whatsapp has also the func‐
tion to keep stable the bond with geographically “far” friendships that are kept “alive”
during periods in which they do not see each other regularly. In particular, Whatsapp is
necessary to keep in touch with friends they see during summer, during Christmas occa‐
sion and who live in their native cities or in resort places.

Among the positive Whatsapp elements there is the ability to offer space for a light
humour, sometimes stupid, because it is able to fill grandmothers’ daily life with happi‐
ness. Participants appreciate the playful element of this medium of communication
between friends of the same generation, this can bring carefreeness and lightness but
not only:

They add something. They mostly add humour, we do so much more laughs… and a bit of
affectivity (71, FG1)

The most important register in communication among people of the same generation
is represented by the sense of humour, rather than feelings. If the use of Facebook for
intimate and familiar relationship is generally criticised by our grandmothers (because
of its public dimension and because of following dangers), several interviewed women
underline the playful and recreational use of Facebook, in particular in relationships with
friends:

Even in the case of FB, everything depends by the way it is used. I like it, once a day I use it, just
to do best wishes, to communicate with some friends, to post some photos if I go somewhere, to
share with friends… it is also a way to communicate.. (66, FG1)

Regarding the role of Facebook to extend the personal social web, grandmothers
show a strong scepticism about digital technologies and their ability to recover old lost
friendships. Grandmothers show fatalism concerning the end of past relationships and
they think Facebook just reactivates, in an artificial way, friendships and relationships
ended many years before and that are still considered valid for some reasons.

Most of the time the recover of old friendships happens just at an online “conversa‐
tion” level (Facebook chat in particular) or just accounts lurking of people they used to

Technology: A Bridge or a Wall? The Inter(intra)generational Use 459



know. Therefore, there is a general diffidence to transform the “contact” recover in real
new meetings:

I’ve found almost all my former students, they’ve written… and I like to see that one is married,
the other has a son… their lives. It is not that we write, sometimes we see a picture… we wonder
what they were doing. That’s fine for me. (68, FG1)

Technologies are considered useful to reinforce still current but weak friendships.
This is the case of colleagues, with whom there is still a current relation (in some cases
grandmothers are in retirement since not many years) but that became weaker in the last
few years, due to several familiar responsibilities (in particular grandchildren care):

I also have the group chat of ex-colleagues, but we also have lunch once a month. […] But this
beautiful practice was born to meet us every month for about 3 years and WhatsApp was also
able to resume contacts with someone who was lost and re-found thanks to the group (71, FG1)

According to some grandmothers Facebook has a positive role in recovering memo‐
ries and relationships of past friendships. According to some other, not only is Facebook
useless, but it risks to make worse, more complex, too thick and extended their social
web, in a moment of life in which it is more important to pause on little and important
personal relationships.

I find FB a waste of time. …between messages, comments and so on… you should spend all day.
For me it really became just stressing. Parents of the pupils, then friends, acquaintances… I
find it exaggerated. I finally decided to give up (71, FG1)

Nevertheless, grandmothers agree that a limit in the quantity of communication with
friends is necessary: often the number of received messages is considered to be exces‐
sive, contents are recurring (“goodnight”, “good morning”) and elderly people live with
inconvenience the impossibility to read every message or to answer to everyone. In these
occasions, Whatsapp risks to pass from being a positive relational tool, to be a source
of anxiety and strong criticism. If the number of received messages is considered exces‐
sive, it can be a symptom that who sends them is investing too much time in digital
relationships, to the detriment of face-to-face ones:

They put a bit of sadness on me. In addition to being harassing, because of the thousands of
useless messages, they make me sad because I think those who act like this, maybe he/she only
too alone… (66, FG1)

7 Conclusions

Our study lead to new insights on the role of ICT on the everyday life of the grand‐
mothers, especially regarding how intergenerational and intragenerational relations
shape their process of uptake, learning and use of “new” media.

- What are the social contexts of ICT’s use in the daily life of the grandmothers?

Interviewed grandmothers often characterised to be long-time digital users, with a
past experience with computer, even though minimal and work related, from the late
90’s. In line with the results of previous researches [30, 31], despite these past experi‐
ences, “new” digital technologies, as computers connected to the Internet and
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smartphones with data connection, seem to have entered our interviewed grandmothers’
lives thanks to family pressure. This shift from a work related and child homework
assistance computer use to a more entertainment, communication and relational centred
use seems to characterize a second phase of their digitalization. Children – and also
husbands in a residual way - have in some cases pushed grandmothers to use digital
tools for safety reason and to control grandmothers’ activities, for example, by qualifying
grandmothers to send pictures while looking after grandchildren. The learning of these
new technologies is immediately perceived as convenient, or even as a real social duty,
for communicate efficiently within their family setting.

Grandmothers’, however, often see technology as a “pray” escaping from the
complete comprehension and complete control. Technology is sometimes considered
dangerous, excessive and intrusive, able to “throw away” and ruin beautiful moments,
as when the smartphone is intrusive and spoils face-to-face relationships, and to waste
younger generations’ time.

Elderly grandmothers are in general confident of their abilities to avoid those
dangers, and they proudly affirm that their adult age, their experience with “complicated
things in life”, their wisdom and moderation, can keep them distant from risks and
excesses of the digital communication.

- What are the role of ICT on grandmother’s intergenerational and intragenerational relation‐
ships dynamics?

Several previous researches have underlined how processes of media literacy and
appropriation are influenced by (positive) forms of intergenerational exchanges, espe‐
cially in family contexts [15]. Our interviews show a more intricate scenario: although
the trigger to start to use new digital technology comes from family and people belonging
to different generations, the daily use of the ICTs reveals a complex relationship with
children and grandchildren regarding technological issues, which often characterized
by incompatible netiquette, different competences and lack of learning assistance. For
this reason, elderly people seems to favour formal and structured ICT courses directed
to them rather than the informal and not organized assistance provided by the younger
relatives. This seems also to reinforce the development of some ICT uses linked the
leisure dimension and to the relationship with friends.

Digital channels (Whatsapp in particular) become therefore not (only) media for
communicate within the family boundaries but emancipatory tools, that allow to contin‐
uously nurture, reinforce and warm up long-standing friendships in a simpler and faster
way and, for this reason, more compatible with the busy lives of some active grand‐
mothers. Our interviewed grandmothers have demonstrated both an intense social
activity, and the use of ICT as a backdrop where they articulate fun interactions and
collective moments with friends.

Therefore, our research confirm how communication technologies can promote rela‐
tionships between family members belonging to different generations and offer occa‐
sions to show (in a more or less clear way) love and intimacy. But in our research it’s
also clear how elderly consider digital services more and more important in offering a
playful, light, leisure and entertaining environment where they can build satisfying
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friendships with people belonging to the same generation and with the same way to
“being on the Internet”.

8 Limitations and Future Works

The amount and features of our focus group participants exclude any possibility of
generalization of our results. The interviewed grandmothers represent a not common
profile of Italian elderly. They are middle and middle-upper class, involved in the asso‐
ciative context of one of the richest Italian city (Milan): our grandmothers are a wealthy
and active niche of the Italian elderly population. As more elderly are going online and
widening their online interactions, further research should be needed to understand how
older people use digital technologies to communicate with peers and to point out the
differences between elderly digital use for intra and intergenerational communication.
Further researches should also explore the differences between uses in elderly with
different social and cultural backgrounds.
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Abstract. Ageing is commonly considered as a serious social problem. Older
adults are often regarded as the consumers of social welfare rather than creators
and they are thought to be “incapable” and “worthless”. This article advocated a
strength-oriented or empowerment-oriented perspective. Based on different
empowerment models, this paper proposed an influence and process model of
empowerment. It provided a framework to map the strengths of “incapable”
people (as traditionally believed) and barriers to empowering them, and a practical
reference to take action for empowerment during which participation was empha‐
sized. Cases of empowerment for older people was introduced and analyzed
following the framework of the model by which we provided a reference of
empowerment-oriented practice for researchers and practitioners.

Keywords: Design empowerment · Older adults · Participation · Strengths

1 Introduction

The ageing of populations is rapidly accelerating worldwide. For the first time in history,
most people can expect to live into their 60s and beyond [1]. On the one hand, this shows
the dramatic development of human society. On the other hand, it also brings new chal‐
lenges. From a stereotype viewpoint, ageing is often considered as a serious social
problem. Older adults are regarded as the consumers of social welfare rather than crea‐
tors and they are thought to be “incapable” or “worthless” [2, 3]. The public always
neglects older adults’ diverse capabilities and their positive impacts on the society.
Consequently, the government and families tend to hold a negative view when dealing
with the age-related issues, which seriously hampers the functioning and self-actuali‐
zation of older adults and makes them a burden to both the government and their families
[4, 5].

However, a report by WHO provides evidence that age and physical decline are not
linearly related, as traditionally believed [6]. Older people in fact are diverse in their
capabilities. Some older people are equivalent to middle-age people in physical func‐
tioning [7]. With the right policies and services in place, population ageing can be viewed
as a rich new opportunity for both individuals and societies. Therefore, there is a neces‐
sity to change the paradigm from problem-based to strength-based stance which encour‐
ages practice with a focus on individuals’ potential and capacities rather than their limits
[8, 9]. The strengths and empowerment perspective places emphasis on individuals’
inner and environmental strengths and resources of people and their environment rather
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than their problems and pathologies. From this perspective, the focus to work with older
people is to help them maintain agency and create a supportive environment for
them [10].

Empowerment theories have been applied to many disciplines such as management,
social work, nursing and education. Many models are developed for empowerment
research and practice. In recent years, researchers and practitioners in design discipline
show a growing interest in this field. In the social background of ageing, the question
of how design can help to empower older people calls for answers from both theoretical
and practical perspective. Manzini proposed the concept of “enabling ecosystem” and
suggested that design activities should focus on facilitating users and stakeholders and
help people to solve their problems by their own rather than provide design solution for
them directly [11]. However, how to facilitate, enable or empower people from a design
perspective is unclear and the theory of design empowerment is lacking.

In this paper, we compared and analyzed different empowerment models and devel‐
oped one for the design discipline. In order to demonstrate how this model can be applied
in design, several cases of design empowerment for older people were analyzed using
this model.

2 Empowerment Models

2.1 1-A Linear Empowerment Process Model

Conger and Kanungo developed an empowerment model in 1988 that focused on the
process and action to empowering subordinates in the organization management context
[12]. In order to differentiate it with the later empowerment process model by Cattaneo
and Chapman [13], we refer to The Linear Empowerment Process Model based on its
linear process.

This model divides empowerment in five stages that include the psychological state
of empowering experience, its antecedent conditions, and its behavioral consequences.
The five stages are shown in Fig. 1. The first stage is the diagnosis of conditions within
the organization that are responsible for feelings of powerlessness among subordinates.
This leads to the use of empowerment strategies by managers in Stage 2. The employ‐
ment of these strategies is aimed not only at removing the external conditions responsible
for powerlessness, but also (and more important) at providing subordinates with self-
efficacy information in Stage 3. As a result of receiving such information, subordinates
feel empowered in Stage 4, and the behavioral effects of empowerment are noticed in
Stage 5.

This process can by roughly divided into 3 stages—diagnosis, intervention and
results. In intervention stage, we can see both measures targeted on internal and external
factors are taken. This process gives a detailed and practical guideline for organizational
management based on identification of factors effecting empowerment.
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Fig. 1. The linear empowerment process model by Conger and Kanungo (1988)

2.2 The Contextual-Behavioral Empowerment Model

Fawcett and his colleague developed the contextual-behavioral model of empowerment
in 1994 [14]. It includes three dimensions: the person or group, the environment, and
the level of empowerment. It is assumed that the level of empowerment results from the
interaction between personal (group) factors and environmental factors. The personal
dimension represents the degree of personal or group’s strength-from vulnerable to
strong. People with physical disability or less knowledge and experience may be less
empowered and vice versa. The environment factors including opportunity, discrimi‐
nation, information access may facilitate or restrict the empowerment outcome and
status. The surface of the model depicts the level of empowerment that will be effected
by the dynamic interplay of personal and environmental factors (Fig. 2).

With this model, Fawcett and his colleague identified 4 main strategies encom‐
passing 33 specific enabling activities, or concrete tactics for promoting community
empowerment. Those strategies include enhancing experience and competence,
enhancing group structure and capability, removing social and environmental barriers
and enhancing environmental support and resources [15].
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Fig. 2. The contextual-behavioral empowerment model by Fawcett and his colleague (1994)

2.3 The Social Work Model for Empowerment-Oriented Practice

The social work model for empowerment-oriented practice with older people was devel‐
oped in 1994 by Coxs and Parsons and introduced to Japan in 1997 [16, 17]. This model

Table 1. A practice framework of empowerment-oriented practice with the elderly developed
by Coxs and Parsons.

4 dimensions Conceptualization of problems and focus of interventions
D-1 Personal Personal individual aspects Individual needs, difficulties,

values, and attitudes
D-2 Personal common aspects Common problems; Personal

strengths and weaknesses; The
developing of social support

D-3 Interpersonal Micro environmental and
organizational aspects

Social, health, and economic
services; Problems with service
delivery; The developing of skills
related to obtaining services,
communicating with
professionals, and participating
in related advocacy and change
activities

D-4 Political Macro environmental
aspects

Political, economic, and social
factors and social policy
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provides a framework containing both a theory base and a practice framework. The
empowerment practice includes a 4-dimensional conceptualization of problems and
focus of interventions from micro to macro aspects (Table 1).

The practical part of this model empathizes on understanding of the personal, inter‐
personal, and political aspects of at-risk population’s situation and developing interper‐
sonal support network. It stresses recognizing and working with the strengths and
resource of clients including respect for diversity, which transfers the traditional
problem-based paradigm to a strength-oriented paradigm. What is more, it encourages
participation and a partnership in action [18].

2.4 The Iterative Empowerment Process Model

The iterative empowerment process model was built on the understanding that an increase
in power is an increase in one’s influence in social relations at any level of human interac‐
tion, from dyadic interactions to the interaction between a person and a system. Six compo‐
nents are identified, namely meaningful and powerful goal, self-efficacy, knowledge,
competence, action and impact. The model defines empowerment as an iterative process
in which a person who lacks power sets a personally meaningful goal oriented toward
increasing power, takes action toward that goal, and observes and reflects on the impact of
this action, drawing on his or her evolving self-efficacy, knowledge, and competence
related to the goal. In this model, the author underlines the importance of social context.
Social context influences all six components and the links among them.

As shown in Fig. 3, the process is not linear, and a person may cycle through compo‐
nents repeatedly with respect to particular goals and associated objectives. The
successful outcome of the process of empowerment is a personally meaningful increase
in power that a person obtains through his or her own efforts [13].

Fig. 3. The iterative empowerment process model by Cattaneo and Chapman (1988)
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2.5 Comparison of These Models

The four models above provide rich information for empowerment. Comparing these
models, we can see the different focus in the following three aspects.

Factors or Process. Some models lay emphasis on describing the influence factors of
empowerment, while others pay more attention to provide a practical guideline step by
step. For example, the contextual-behavioral empowerment model identified and clari‐
fied personal and environmental factors that affect the behaviors and outcomes associ‐
ated with empowerment. Although it proposes many strategies for empowerment at the
same time, most of them were based on certain factors that do not show a practical
sequence. How to apply them in practice is unclear. In comparison to the factors model,
Conger and Kanungo’s linear empowerment process model and Cattaneo and Chap‐
man’s iterative empowerment process model provide the practical guideline step by step.
By a clear process, the practitioners can take empowerment-oriented actions. However,
without a comprehensive recognition of influence factors of empowerment, the action
may not work.

Different Dimensions of Factor Categories. Different models divide influence factors
in different way. The social work model for empowerment-oriented practice clarified
the influence factors into 4 dimensions, which can be divided into 3 categories– personal,
interpersonal, and political aspects. While in the contextual-behavioral empowerment
model, the factors are divided into two categories, personal/group factors and environ‐
mental factors, even though the environmental categories can also include the political
environmental factors. This model also discriminates the positive aspects (supports) and
negative (stressors and barriers) aspects in its environmental factors, which shows a
specific direction for action. For example, to deal with negative factors, the practitioners
may try to restrict or remove them and verse vice.

Besides the 4 models which distinguish different categories by different criteria, Rich
et al. examined different types of empowerment [19] and grouped them into 4 categories,
namely “formal empowerment” (or societal empowerment, in which the larger political
decision-making system allows some measure of meaningful local control), “intraper‐
sonal empowerment”, “instrumental empowerment” (via individual citizen participa‐
tion) and “substantive empowerment” (via group action).

Different terms were utilized in order to distinguish different influence factors or
dimensions of empowerment. Some terms described the categories from different
perspectives and some terms include other terms in their scope, which makes the clari‐
fication ambiguous. We divide these terms into two aspects. One refers to the domain
of empowerment, such as personal, intrapersonal, and environmental aspects. The other
refers to the properties of empowerment that make a distinction between the positive
and negative factors.

Linear or Iterative. In two empowerment process models, one presents the process in
a linear form while the other is iterative. By the iterative empowerment process model,
Cattaneo and Chapman argued that the components of the model influence each other
in dynamic ways. In other words, the action of empowerment and reflection on impact
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after action will affect the initiative goals, thus start a new round of empowerment action.
They cited Kieffer’s idea to convince readers.

“The longer participants extend their involvement, the more they come to understand. The more
they understand, the more motivated they are to continue to act. The more they continue to act,
the more proactive they are able to be. The more proactive they are able to be, the more they
further their skill and effect. The more they sense their skill and effect, the more likely they are
to continue [20]”.

Therefore Cattaneo and Chapman suggested take empowerment-oriented action in
an iterative way. Since power is a rational construct, it is a relative concept rather than
an absolute concept. We believe empowerment as a process has not a definite end.

3 An Influence Factors and Process Model of Empowerment

3.1 Introduction of the Model

Based on the review of the prior four models, a process model of empowerment based
on the influence factors was developed. As shown in Fig. 4, this model described
empowerment from both spatial and temporal dimensions.

Fig. 4. A process model of empowerment based on the influence factors

From a spatial dimension, this model identifies the influence factors of empower‐
ment, including both the intrapersonal and interactional aspects. Intrapersonal aspects
refer to the factors influenced by individuals’ internal condition such as knowledge and
experience which may subsequently influence personal confidence and competence.
Interactional aspects refer to the external factors including “person to person interaction”
(interpersonal) and person to environment interaction (environmental, societal and
political).

Additionally, distinguished from a problem-based paradigm to solve age-related
issue, this model addresses the positive factors of older adults based on a strength-
oriented paradigm and utilized “strengths” and “barriers” to replace “problems”.
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These two pairs of criterion–intrapersonal/interactional and strength/barriers divide the
factors’ space into 4 subspaces, namely intrapersonal strengths, intrapersonal barriers,
interactional strengths and interactional barriers.

From a temporal dimension, this model presents an iterative empowerment process.
In order to empathies the agency of vulnerable people, this process encourages practi‐
tioners to start from working on intrapersonal factors. From a strength-oriented prin‐
ciple, people’s strength should be paid more attention in action. Therefore, an expected
process of empowerment may start from enhancing intrapersonal strength and removing
intrapersonal barriers to enhancing interactional strength and removing interactional
barriers based on comprehensive identification of those factors. It should be noted that
not all the steps must be addressed in practice, sometimes it only need to focus on one
or two steps of them.

Participation is the key component of this model. Rappaport endorsed the Cornell
Empowerment Group’s definition of empowerment as involving respectful, caring and
reflective participation in a community group in order to gain equal access to and control
of resource [21]. Zimmerman considered participation in community organizations is
one way to exercise a sense of competence and control. Participation in a variety of
community organizations has reported an increase in activism and involvement, greater
competence and control, and a decrease in alienation [22]. Maton and Salsem’s paper
also viewed empowerment in general terms as a process enabling individuals, through
participation with others, to achieve their primary personal goal [23]. Based on the prior
viewpoints on empowerment, participation is crucial for people to be empowered.

In the iterative empowerment process model, Cattaneo and Chapman adopted the
term action as a component. They argue that participation is improper because it is only
one of an almost limitless range of action. However, we think participation is precisely
a specific way of taking action for empowerment. Empowerment as a relational construct
describes a status that one controls resource and has power over others. It requires inter‐
action with other people, organizations and resources. Someone may take actions by
themselves without any interplay with others and this process can improve self-efficacy.
Without participation, self-efficacy cannot transfer to social impact. However, empow‐
erment addresses on social practice to promote social change [24].

3.2 Designing Participation as Empowerment

The above model illustrates the influence factors of empowerment and a generic process
to empower people. How design can play an important role in this process? We consider
participation as an essential aspect for empowerment-oriented design.

Reviewing empowerment in the design discipline, we find that empowerment related
to participatory design frequently.

In the context of participatory design, users are encouraged to participate and exer‐
cise power in the design process. Correia and Yusop considered users’ democratic
participation and empowerment as the core aspects of the Participatory Design [25].
Ertner et al. had conducted a review on 39 papers from the PDC (Participatory Design
Conference) proceedings of 2008 and found 21 papers in which an enunciation of
empowerment was evident [26]. In order to empower users via design participation,
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many approaches and tools were utilized and suggested. Visualization was suggested as
a mediator for user participation and empowerment in neighborhood design [27]. Narra‐
tives have the ability to create imaginary worlds for the public and increase their active
participation in social life via enabling social dialogue [28, 29]. Olivia’s research iden‐
tified crafting activities as a way to allow older adults to participate in the design
process [30].

Design outcomes can also be a mediator to encourage participation in empowerment-
oriented design. Users can experience power by open-ended solution. Storni’s research
shared a project on self-care technology for diabetes in which a mobile journaling tool
was developed to enable the personalization of self-monitoring practices [31]. With this
product, people with diabetes can participate in tracking the effects of their actions, thus
improving a sense of control. In this case, users’ participation is an essential part of the
solution. Therefore, the key of designing empowerment is designing participation. An
open-ended and flexible solution may welcome participation with lower threshold and
less restriction.

4 Cases of Design Empowerment for Older Adults

In this section, we illustrate four cases of design empowerment for older people.
A-Gingko house is a western restaurant with the value proposition of supporting

senior employment enjoying life. In this restaurant, 90% of the employers are older
people. Those people with rich life experience can amuse people when providing
catering services for guests. Before joining the work, older people are required to attend
repetitive training in order to overcome the problem of senior’s bad memory. The
working duration is adjusted to 4–5 h one day with the consideration of their physical
ability. All the vegetable in Gingko House comes from an organic farm where most of
the employers are also older people who has many years of farming experience. Staffs
transporting vegetables from the farm to the restaurant are also retired drivers [32].

B-“The Innocent Big Knit” is a public welfare program for helping people to over‐
come their loneliness in later life. This program asked older people and younger people
to knit little woolly hats. They then put those hats on the drinks of smoothies. For every
behatted smoothie sold, Age UK will receive 25p to help fund vital national and local
services that combat loneliness for older people, in particular keeping people warm and
well in winter. The idea snowballed and so far the people of the UK have knitted an
astonishing 6 million hats. Together they’ve raised over £2 million for Age UK [33].

C-“Hosting a Student” is a co-housing program between independent elderly
people and university students from outside Milan. Its initiative is based on a very simple
idea: find lodging for students in the homes of elderly people who have a spare room.
The young people do not pay rent as such, but contribute to the expenses of house-sharing
by paying a monthly sum of about € 250–280, as well as performing practical tasks and
providing company for the elderly person who, in addition to suffering less from lone‐
liness, can enjoy the satisfaction of still feeling useful. Since 2004 over 650 house-
sharing agreements have been established of which only eight were discontinued due to
incompatibility [11, 34].
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D-AARP Foundation Experience Corps is an intergenerational volunteer-based
tutoring program to provide both older adults and children with opportunities to enrich
their lives through literacy. This program inspires and empowers adults aged 50 and
above to help students who have difficulties in reading in primary schools. Volunteers
provide an average of 6–15 h of support each week throughout the school year. After
one year, many students who work with Experience Corps volunteer tutors achieve as
much as 60% improvement in critical literacy skills compared to their peers [35].

4.1 Mapping the Influence Factors to the Model

The above 4 cases identified different strengths and barriers of older people. Many
activities in these cases are based on these strengths and barriers. We mapped them in
the framework of the above model (see Fig. 5).

Fig. 5. Strengths and barriers mapping

How to enhance or utilize the intrapersonal strengths and remove or avoid the intra‐
personal barriers are evident in the case of “Gingko House”. For example, people who
are employed by this restaurant are equipped with many skills such as farming and
driving. Farming can be identified as a special strength of older people since farming is
gradually lost in the rapid process of urbanization and the youth have few chances to
learn it. These skills are identified and facilitated to produce value while matching to
suitable work. Additionally, it is reported that guests speak highly of the senior waiters
because of their rich experience since they might understand guests’ unique need better.
What is more, some intrapersonal barriers of older people are also identified. With
consideration of their memory loss and physical power limitation, the restaurant
provided repetitive training and adapted staff time rota to a shorter duration.

In the case of “Hosting a Student”, most efforts are made based on identification
of interactional factors of senior people. In Italy and many other countries, some
older people often have a house with spare rooms. Meanwhile, they live alone in town
and need help in everyday activities. The “Hosting a Student” program utilized their
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resource and bridge them with the needs of students who can not afford a relatively
higher house rent but have spare time to company the elderly. However, the diffi‐
culty to enhance mutual trust between the older people and students is evident. In
this case, The association Meglio Milano carried out a careful cross-analysis – of
their psychological profiles – in order to match people who will be able to live their
everyday lives together in the best possible way, and afterwards also provides
support to avoid and solve tensions and misunderstandings [36].

4.2 Designing Participation

All of the four cases place great emphasis on designing participation. For example, “The
Innocent Big Knit” provided many approaches calling for participation both online and
offline. In order to lower the barrier of participation, many patterns of woolly hats were
post on the website for beginners to easily find a pattern which is proper for their level.
Video tutorials are also shown in website. In order to attract more expert participants,
the organizers launched annually competition which allows participants to vote for their
favorite hats. The winner hats will be promoted in Facebook. Offline activities included
knitting together in senior house and at home. The website reported a story that an old
mother teach her two daughters knitting hats at home. This report shows a Parent-Child
Interaction scenario which attract much attention of participants.

“AARP Foundation Experience Corps” also provided diverse activities for partici‐
pation. The organizers arranged a 30-hour training course for the senior volunteers
during which they can build new social network and form mutual support group in 7–
10 members. Each group will enter a primary school to help the young students in
reading. Volunteers were encouraged to participate in regular meetings which allow
them to make planning, discussion and socialize together. Those social participation
activities proved to be beneficial for enhancing their physical and cognitive capabilities.

5 Conclusion

The shift from a problem-based paradigm to an empowerment-oriented paradigm shows
a positive transformation to view population ageing. In the background of ageing society,
the benefits of empowerment-oriented paradigm is widely accepted by many researchers
and practitioners in many fields such as phycology, social work, and organization
management. Many practices around the world also show the advantages for both senior
individuals and the society. However, when this concept was introduced to the design
discipline, it is important to think about how design can play a unique role for empow‐
erment.

This paper proposed a design empowerment model which provides a framework to
identify and map the influence factors of empowerment. This framework also gives a
step-by-step guideline for practitioners to take action. More importantly, we argue
participation as a key component in the process of empowerment since it bridges the
action on the internal (intrapersonal) aspect with the external (interactional) aspect. We
also argue that the key of designing empowerment is designing participation. The four
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cases provide a reference for empowerment for older people in practice. By these cases,
we identified specific strengths and barriers and show the strategies to design for partic‐
ipation such as lowering the barriers to participation, attracting diverse participants in
different capability levels and building networks between participants.

However, we have not provided a comprehensive list of strengths and barriers in the
model. A survey will be conducted among older adults in the future to identify more
strengths and barriers.
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Abstract. Older adults are finding new ways to communicate their stories and
one way is through digital storytelling. This study examined a selection of ten
older adults’ digital stories to explore how they used multimedia in their stories.
It was found that older adults use media in different ways to express their life
narratives. The stories either followed the narration across a lifespan or centered
around a single event. Stories often brought the topic into a reflection on life as
a whole. Images were used to display historical pictures of people and places, or
they were used in more implicit expressions such as visual metaphors. A further
examination of a reflective journal of one individual’s process in creating the
digital story, and the multimedia choices used, was also examined. The visual and
aural choices made by the participant suggest that they were made to enhance the
story; however, the media appeared to simultaneously shape the participant’s
understanding of their story. The act of putting images and sound together with
a life narrative can serve not only to enhance the story, but to shape its telling and
the storyteller’s understanding.

Keywords: Digital storytelling · Older adults · Multimedia · Lifelong learning
Reflection

1 Introduction

Storytelling is a crucial part of our lives. It has a long history of playing an important
role in how we learn, communicate, and perceive our life [1]. Each event we experience
could be segmented into a small story within the larger story of who we are. These life
stories help to form our identity and allow us to make meaning of the world and our
place within it [2]. Older adults may benefit from reflecting upon life and sharing these
stories; for example, sharing stories may increase self-awareness [3]. Sharing a life
narrative serves as an opportunity to reflect upon an experience, and the telling of the
experience may reshape the memory and the meaning of the events [4].

Within a technological society, there are many possibilities for expressing life stories
with new media. Multimedia can be used and can play a role in how storytellers convey
themselves. The advantages of using multimedia for storytelling range from having a
digital platform to share stories easily, to layering with different artistic expressions that
create diverse moods and meaning [5]. New media also provides an opportunity to share
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stories with a larger audience [6]. Furthermore, information shared through an audio‐
visual approach can be more effective then text based [7].

Older adults are increasingly using technology in communication, including telling
snippets of life story through social media and other platforms. Recently, the Pew
Research Center [8] reported that 34% of seniors use social media in the United States,
including such platforms as Facebook, Twitter, and Instagram. Furthermore, younger
seniors, particularly those that are more affluent and highly educated, have similar rates
of technology ownership and use to those under 65. However, there is still a significant
digital divide for those seniors not within this category. Using new media as a form of
communication and expressing their story could be important to allowing older adults’
stories to be heard, and it may help to facilitate intergenerational connections [9].
Further, a multimedia approach may allow for diversity and depth of narrative expres‐
sion.

One form of new media story that has risen in popularity is digital storytelling. Digital
storytelling is a layering of visuals, narrative, and sound that are combined in a digital
platform and presented as a short film [10]. The current project examines ten older adults’
digital stories created during an 8–10-week course. It aims to explore the different
approaches older adults take to layering images, sound, and narrative. This paper also
examines one participant’s reflective journal during the course to explore the process of
choosing and reflecting on multimedia choices.

1.1 Narrative Knowing

Various researchers and theorists have explored the role of narrative in our lives and its
role in shaping understanding and identity (e.g. 1, 2, 11). For example, Bruner [11] takes
a distributed intelligence perspective on knowledge arguing that “cultural products, like
language and other symbolic systems, mediate thought and place their stamp on our
representations of reality”. Our experiences, and the meaning we form from them, are
often organized into a narrative structure [11]. Bruner [11] outlines a series of features
present in the narrative construction of reality.

1. Narrative diachronicity: Narrative events occur over time. However, this sense of
time is characterized by the significance of the event and how the storyteller decides
to frame it.

2. Particularity: Narrative includes a particular event; however, the particulars also
may have some generic aspects.

3. Intentional state entailment: Characters within a narrative have specific intentions
(beliefs, values, desires, etc.…) that they act with within a specific environment.

4. Hermeneutic composability: Narratives are constructed from a series of events that
are interpreted as a story with meaning.

5. Canonicity and breach: A story usually requires a breach of the normal set of
events; thus, something interesting should happen.

6. Referentiality: Narratives are only a representation of a reality; they are narrative
“truth”. Therefore, they don’t need to be exactly true, but they must appear believ‐
able.
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7. Genericness: Narratives can be classified into a genre to guide our understanding
of human difficulties.

8. Normativeness: Stories, although they deal with a breach of the norm, are essen‐
tially about social norms.

9. Context sensitivity and negotiability: Narratives that are told undergo a negotiation
between the readers perspective and background knowledge and the storyteller’s
version. This partially happens through an understanding that the story is context
dependent and the reader agrees to suspend disbelief.

10. Narrative accrual: Narratives are cumulative, one leads to another. In the case of
life narratives, the life story does not consist of a single event but is gathered from
many stories.

1.2 Multimedia Storytelling

The way in which we share and understand story is constantly changing within a world
that is driven by new media. Throughout history, storytelling has been multimodal in
its expression [12]. However, storytelling no longer only occurs while sitting around the
fire using our body and expression to portray meaning, but it also occurs over and with
technology. Multimedia is not new as a tool for storytelling, but with each generation
and with each expansion of technology new ways of communicating life narratives arise.
For example, with the invention of slides came the social activity of the slide show,
where individuals would invite guests over and go through a series of photographs.
These could be related to holidays or other events; thus, the slide presenter would tell a
story using the images as a guide.

While including images in storytelling can be seen in slide shows, picture books,
and photo albums, today’s new media communication is increasingly including photos
in social media storytelling, such as Instagram and Snapchat [13]. At the present time,
much of this activity takes place online through social media and other sites. Users will
often post photos, with brief descriptions of meaning or events. Yet, social media as a
way to publicize a personal story has met some resistance by older adults [14]. In a study
by Xie et al. [14], they found the main barriers were related to privacy issues; however,
these attitudes changed with a course designed around social media use.

Music has also been used as a vehicle to tell a story. Many of the structures seen
within musical compositions can be considered comparable to those within a plot struc‐
ture of a story [15]. Within the romantic era, composers would often have a story to be
read or imagined that accompanied the musical score, creating a story with an emphasis
on sound. With new media, music within narrative presentations (such as film and video
games) often contributes to a large proportion of how we experience music today [16].
It is often a distinct part of the understanding of new media storytelling.

Using new media to combine images, sound, and narrative into expressions of life
narratives expand many of the creative and communicative options for older adults.
Creating stories with new media gives older adults a voice and allows them to be content
producers, sharing their understanding of the world to multiple audiences [6]. The
different multimedia pieces bring with them different representations of and for reality
and knowledge [17]. Thus, choosing the visual representations of story and the musical
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accompaniment requires a consideration of what the storyteller wants to highlight. In a
study by Subramaniam and Woods [18] that used digital stories to engage six older adults
with dementia, it found that the multimedia layer, particularly music, was very important
to sharing their life narratives. Furthermore, a study by Hausknecht et al. [19] found that
older adults also increased digital literacy skills through the act of telling their stories
on a multimedia platform. In a further analysis of focus group interviews, they found
that older adults gained valuable depth in story expression through including the multi‐
media layer [20]. A multimedia approach to storytelling may provide older adults with
opportunities to explore meaning and re-imagine life narratives.

1.3 Research Questions

1. In what ways do older adults incorporate multimedia into digital stories?
2. What is the process involved in choosing multimedia components?

2 Method

Over a two-year period (2014–2016), multiple offerings of an 8–10-week digital story‐
telling course for older adults were implemented. A selection of ten older adult digital
stories were chosen from different groups who attended one of the offerings. The stories
were analyzed for specific content and examined how older adults used multimedia
elements in the creation of their stories. In the second part of the analysis, one story was
chosen to examine in depth. The analysis of this story examined a reflective journal that
was kept during each week to develop a more thorough understanding of the storyteller’s
process in choosing different multimedia to represent their story.

2.1 Participants

The participants (N = 10) were chosen from a range of participants from different iter‐
ations of the digital storytelling courses. The researcher selected ten representative
digital stories to analyze, examining choice of story and multimedia aspects. Story
selection was based on choosing from a range of age groups (all participants selected
were from ages 55–95), with a sample from each decade and from different courses.
Over half of the participants in our study were immigrants and most were female. One
participant was chosen who had completed a detailed reflection journal of their process.
This in-depth example of the process of choosing media was from a female immigrant
in her 70s.

2.2 Summary of Course

Each offering of the course was an 8–10-week digital storytelling program for older
adults and was offered through centers, care homes, and libraries across Metro
Vancouver. The design of the course used principals from creative writing, film, and
suggestions from the Digital Storytelling Cookbook [10]. The course consisted of two

The Role of New Media in Communicating and Shaping Older Adult Stories 481



phases, the first being focused around writing story and the second focused on the digital
aspects and creating a digital artifact. The theory behind the design was to give learners
an understanding of, and practice in, creating a solid story they are happy with, that can
be shared and explored within a group setting before participants were in front of a
computer adding the digital aspects [19]. This was important to the social and emotional
benefits that a shared story experience might have [19]. However, within the first half
of the course, participants were shown various digital stories and given information on
choosing imagery and music. They were then required to create a storyboard, so although
they were not necessarily on the computers initially, they were encouraged to continually
consider their story in terms of its multimedia representation (For details on the course
see [19, 21]).

2.3 Analysis

The ten stories chosen were analyzed for story topic, temporality of story content, visual
and aural choices. Bruner’s framework [11], outlined earlier, was also considered in the
analysis; specifically, regarding narrative diachronicity (also called temporality here),
particularity and genericness (genre and content), canonicity and breach (adversity/
conflict), hermeneutic composability and, intentional state entailment. This analysis was
done through watching each of the stories and making notes on these aspects. For the
analysis of the process of the one story, the reflective journal was used to understand
the process of choosing different multimedia aspects. The findings in the journal were
scrutinized with the digital story to form a better understanding.

3 Results

Stories ranged from three to eight minutes in length. Each story was a fully developed
piece that used photos and some form of sound.

3.1 Story Analysis

Temporality and Content of Digital Stories. The ten stories were examined for their
temporality, whether the narrative expanded over a lifetime, a specific time (e.g., child‐
hood) or a single event (Table 1). As Bruner [11] points out, narrative diachronicity can
be very different from our sense of time; however, the events are understood as how
they relate over a point in time. The current set of stories are written by older adults;
and thus, they had extensive options for the time of life they wanted to focus on. Stories
that took place across a persons’ life tended to have a specific theme that tied the stories
together; for example, a love of dance, a pen, a person (grandparent), or a place. Within
these stories, the older adult storytellers often started with a comment on childhood, and
then continued through to adulthood, and concluded with thoughts of their current selves.
However, the common theme tied each of these moments together over the narrative
timeline.
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Table 1. Story topic and temporality

Category Topic # Example items
Adversity in
story

Family 1 Challenging family relationships
Health 2 Overcoming health issues or looking after someone else who

has a health problem.
Gender 3 Being a female widow and needing to challenge roles

(women as a coach, as a worker)
Race 3 Struggles of immigrant minority as a child
Fear 1 Fear of robber and physical harm

Story across
time

Main
event

4 Baseball game, Robbery, Fixing a boat over summer, piano
recital

Across
specific
time

3 The effect a childhood place had on life as adult, growing up
in China town and an influential person, living with a family
as a student

Across
time

3 Dance as a constant passion from childhood to adulthood and
how it helped overcome health issues
A pen given in childhood and its significance across time,
memories and reflection on grandmother

Where the individual told a specific story about an event, it often focused on a point
in their adult life where there was a breach in the normal set of events and something
exciting was happening; for example, a baseball game where the other team attempted
to cheat, struggling to fix up a boat after a husband’s death, and a robbery. However,
even if the focus was on a single event, the storyteller included a reflection about the
story’s current meaning to their life. Interestingly, in our sample, the oldest participants
chose this form of narrative.

Story Type. Narratives incorporate both genericness and particularity [11]. Within
“The Digital Storytelling Cookbook”, Lambert [10] discusses the genericness of
personal stories that digital storytellers often tell, such as a story about someone impor‐
tant (character stories, memorial stories), a story about events (adventure story, accom‐
plishment story), a story about a place, a story about what a person does (recovery story,
love story) and a story about discovery. However, when analyzing the ten stories within
the study, they rarely fit in one category alone.

The stories all displayed a breach to normal events and often incorporated over‐
coming some form of adversity or challenge (Table 1). When the stories were about
other people they often discussed the challenges that those individuals overcame. Most
of the stories focused on, or in the very least touched upon, moments of hardship
encountered and how these were overcome. The challenge of such aspects as race and
gender were often seen within the stories of the past. Only one of the ten stories focused
on a humorous event that did not highlight overcoming adversity; however, it had a clear
rising action and tension and breach of normal events (in a humorous way).

All stories had intentional state entailment [11], in that the intentions of characters
were clearly displayed regardless of their role. Most stories incorporated people in their
lives who are important. However, the extent that this was done depended upon the story
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events and topic. It also depended on how important the people were to the meaning of
the story. Thus, in cases where the story was what Lambert [10] might call “a story about
someone important” there was a heavy focus on the person and the meaning the person
brought to the storyteller’s life. For example, in one story told by a man who immigrated
to Canada as a child, the story was based around a prominent figure in the community
that he admired.

In instances where the storyteller was the main character, the emphasis was less on
the person or people and more on their value to the story of self. For example, in one
story a woman discusses her love of dance and struggles with health, yet an older
women’s dancing group (and those within it) are important to her recovery. Within
another story, the antagonist of the story who bet the woman she couldn’t fix her boat
became the motivation for her doing so. The focus was on the accomplishment of the
storyteller; however, the accomplishment was not possible without the challenge or
support of the other person.

3.2 Imagery and Sound as Media

The ten stories were examined for the storyteller’s choice of photos. Some of the deci‐
sions on photo choice were dependent on whether the participants had personal photos
available or whether they had to find or create these. Within the courses, there is a day
designated to discussing, and giving examples, of implicit and explicit information
through photo choice. For example, when narrating about a person, did the person use
a picture of that person (explicit representation); thus, the photo was a literal represen‐
tation of what the person narrated. On the other hand, if they used implicit imagery, the
participants used images to represent something other than the literal meaning of what
they were saying within the narration; for example, an image of a dark cloud to represent
a feeling of depression.

All participants used images such as photos of their family, places, objects and
childhood memories that they were discussing. This type of imagery was the most
common imagery used. These photos often enhanced the impression of time and the
history of the people within them or provided a visual of the noun they were discussing.
All participants had at least one photo of themselves during the time period described.
There was one participant who used photos that were almost all explicit to the story.
Where participants did not have a photo, they sometimes drew a picture; for example,
one participant drew a map and took a photo of this to show where they were talking
about.

Most of the older adults combined both styles of visual representation. Thus, they
layered the narratives with photos of family, places, and objects that were mentioned in
the story, but also used symbolic photos to represent different emotions and moods, such
as a tree when discussing growth. Occasionally participants used videos or moving
images within the story, but this was less common. Digital storytellers were taught a
number of editing techniques. All of the participants used the zoom in and zoom out
feature on at least one photo. This may be due to the ease of creating this effect or that
it was taught early on.
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Sound as a Medium. Music was used in most stories; however, the amount it was
featured varied (Table 2). In some designs there was only a single song that was featured,
giving the story a sense of consistency whereas in other stories there were music shifts.
Most of the musical shifts coincided with a change in the mood of the story; for example,
an upbeat song was used when a person had a life breakthrough. Occasionally, music
was used as a part of the narrative; for example, in a story about a piano recital, a variety
of piano compositions were used throughout the narrative, yet when the storyteller
mentions twinkle little star then the music turns to twinkle little star. Where storytellers
used varied music throughout, they seemed to use moments of silence to emphasize
serious points within the story. One storyteller didn’t use music but included sound
effects.

Table 2. Visuals and sound used

Category Number Example items
Imagery, photos, visuals All
– Explicit 10 Photos of people, houses, places
– Implicit 9 Photos that act as visual metaphors such as a dark

cloud for depression
Videos 3 Video of dancing and water twirling, lights, bike
Music, sound All
– No music 1
– Music (single song) 2 One song or theme creating consistent mood
– Music (varied) 8 Music varies throughout, creating varying moods
– Sound effects used 5 Airplane, seagulls, background voices

Sound effects were not used as often, but still played a specific role in some partic‐
ipants’ stories. When they were used, they were often used to bring the listener/viewer
to a particular place. For example, discussing a gathering and using background voices
as if at a party, seagulls when discussing an event on the harbour, and the sound of an
airplane when talking about immigrating as a child.

3.3 A Study of the Process of Working Through Multimedia Story Creation

A case study from one of the stories was conducted examining process based on weekly
reflective journals and the digital story created. Each week in the course session, partic‐
ipants were asked to reflect upon specific aspects of creating a story. In this instance, an
elder storyteller kept a journal of the process. The researchers examined the story and
journal to determine the participant’s process.

Story Details. The story spans over a lifetime starting with a focus on the storyteller’s
grandmother and childhood memories and ending with a reflection upon her role as a
grandmother. Throughout, the story explores the idea of the storyteller’s perspective as
a carefree child, her mother’s perspective, her grandmother’s perspective, and finally
her perspective as a reflective older adult. In her journal, she comments on the process
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of needing to re-explore her relationship to, and understanding of, her grandmother. She
commented “I’d had only negative reflections of grandmother, but thanks to this project,
my thoughts of her have been tempered by adult recollections and reflection”.

The story also took place across various settings. As she is an immigrant, her child‐
hood memories and family history spans over China and Singapore and then the setting
shifts to Canada. Although this is not the main focus of the story, it is prominent in her
reflections within the narrative of the story as she discusses her grandmother’s Chinese
heritage and some of the rituals she remembered her grandmother doing, such as dressing
in her Chinese funeral clothes or getting Gua Sha treatments.

Imagery Process and Choice. In this case, the storyteller used both explicit and
implicit representations in her choice of imagery to give her story life (Fig. 1). A variety
of photos were used throughout, some with symbolic or metaphorical meaning. Other
photos were family photos, such as herself as a child and photos of her grandmother and
mother. Within her short story a combination of imagery is used. In the reflection journal,
she specifically outlines her choices and the meaning she hoped to convey (Fig. 1); for
example, a frozen leaf “to represent grandmother, my dry withered memory of her, my
cold attitude.”

Fig. 1. Reflective journal image choice

The choice of photos was not simply guided by the story and mood she wanted to
create, but while searching for photos they influenced the telling of the story. In one
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journal excerpt (Fig. 2), the storyteller describes how as she was searching for photos
to use for the story, the images began to shape her story. Choosing the photos seemed
to help clarify the structure of the story. She began to play with ideas of juxtaposition
and meaning. She describes how her grandmother’s absence in family pictures also gave
her a deeper understanding of the woman. The two photos of her mother and grand‐
mother side by side in different dress made her consider that “there was a cultural divide
between her and my mother” (Fig. 2).

Fig. 2. Reflection journal excerpt on photographs of childhood

Music and Sound. The storyteller uses a variety of music to create different moods
throughout the digital story, no sound effects were used. Music was used to “reflect and
express different moods” within the story (Fig. 3). The storyteller suggests that she uses
points of no background music “to give greater significance to the voice and words said”
(Fig. 3).

The Role of New Media in Communicating and Shaping Older Adult Stories 487



Fig. 3. Reflective journal on music choice

4 Discussion

Storytellers explored a diverse range of stories that either captured an event within their
lives or a more extensive reflection. They often chose stories where the storyteller (or
other protagonist) had to overcome some form of adversity. Thus, the canonical breach
[11] was evident through one or more difficulties interrupting the norm. Narrative
diachronicity [11] was often displayed as either a single event or a theme across many
years, usually starting in childhood and ending at their reflection of their current life
situation and who they are now.

In what ways do older adults incorporate multimedia into digital stories? In this
sample of older adult digital stories, a variety of approaches are shown to capture life
stories with new media. At times participants seem to focus more extensively on the
narration and story element, whereas others played with imagery and film to add depth
to expressions. Imagery and sound were incorporated in different ways to emphasize
certain aspects of the story or to explicitly show a place, person, or object. This seems
to be one of the most important uses of imagery for the storytellers in this study. Memo‐
ries are often associated with photos and this gave older adults an opportunity to share
these within the story format. Many storytellers also used imagery to present a more
metaphorical meaning, particularly to give expression to the emotional experience.
Music and sound were also used in different ways to highlight meaning. In many of the
stories a variety of music was used to show a shift in tone or mood. Whereas, sound
effects were used to recreate a specific place or feeling. The use of multimedia seems to
allow older adults to communicate with multiple layers of expression within their stories.

In a previous digital storytelling project with immigrant women, Brushwood Rose
and Granger [22] found that the multimodal approach to storytelling created unexpected
shifts in the original meaning of the story. Within the current paper, this shift in under‐
standing can be seen within the participant’s journal as she works through her
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relationship with her grandmother. The storyteller is influenced by the images she finds.
As mentioned in her comments, the photos played an integral role in shaping the story,
but also reflecting upon the meaning of the story within her life. In the storyteller’s
description of working through the multimedia story, narrative and imagery begin to
play off each other. Whereas the music played the role of enhancing mood and expres‐
sion.

Within each of the stories, the storytellers often brought the story back to some
reflection about self or about life. They seemed to convey a number of messages and
lessons learned. The reflective aspects of recounting life histories has a capacity to give
the teller an opportunity for self-reflection [3]. The choices made for creating the multi‐
media story were thought out thoroughly. This seemed to require the teller to continually
reflect upon their story and reexamine its meaning to the storyteller’s life.

With recounting the story, the storyteller begins to be more than one person at a time
and contains a multiplicity [12]. Thus, the storytellers within the study share their
reflection on what the story means now to their moral understanding, who they are, or
reconceptualization of what the event meant to their life direction. They become the
person in the story (another self) and the person they are now. This idea was prominent
in the participant’s reflective journal and story as she was looking through the eyes of a
carefree child, an adult who understands hardships in life, and as a caring grandmother.
All of these aspects were brought together in the story; however, the images of her
grandmother and reflecting on the different images and music seem to have required the
participant to explore all of these multiplicities in detail and give them a visual and a
sound.

What is the process involved with choosing multimedia? For the participant exam‐
ined in this study, the process involved a reciprocity with the multimedia shaping the
narrative of the story as much as the narrative being used to choose the multimedia. The
participant underwent an extensive process of considering their emotions and the mood
they wanted to display. The old photos viewed made them think of their story in relation
to the photos representation of reality and form new meaning. Bruner [11] discusses
how we narrate our lives within “cultural tool kits” and the symbol system of cultures.
It may be that when the narrator is faced with choosing visual and aural material to
enhance their story, they must renegotiate their understanding based on the addition of
the media. Thus, if narratives are symbolic cultural tools [11] and multimedia also hold
representations of and for reality [17], when storytellers include multimedia into their
stories, they must negotiate with the new knowledge of that representation.

5 Conclusion and Limitations

This study was a smaller exploratory analysis of a larger project; and thus, it was limited
by the number of stories selected to examine. The researcher is planning to conduct a
larger study analyzing the stories in further detail. Furthermore, as the older adults were
part of a course some of what they included in their stories related to the instruction. It
would be interesting to explore the choices of multimedia in online environments where
limited instruction is given. Finally, the older adults represented in this study were those
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who came to a course held in the community. This eliminates some participants who
may be homebound or uninterested in community courses.

Older adults’ use of digital storytelling is growing and may be an increasingly bene‐
ficial way to express their understanding of their life history. The ways in which they
integrate multimedia and use technology differs; however, they tend to use both imagery
and sound in thought-provoking ways to enhance meaning. The process as seen in this
instance, and others [20], can be very emotionally powerful for the storytellers.
Reflecting back upon life can create a situation where the storytellers must redefine their
relationship to the story (and in this case, the people within). Furthermore, including
multimedia aspects in the retelling and reshaping of the story may have an influence on
how it transpires. Creating digital stories may require storytellers to further investigate
events and lead to increased depth of understanding as the storyteller must put sound
and imagery to their memories.
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Abstract. For the past seven years, the Ageing, Communication, Technologies
(ACT) team (http://actproject.ca/) has been creating workshops and events that
engage older adults, many who have limited access to digital tools and technol‐
ogies, in digital media-making projects. We collaborate with elders in a variety
of Montreal settings, from public libraries, to public housing and organizations
founded and run by seniors developing ways to both meet their individual wish
to engage with digital media, as well as their collective desire to “take a class”
that is social and sociable. Building on our past work on “precarious ageing and
media-making”, as well as the impetus to “mediatize” older adults and organiza‐
tions, we focus on both the concept of promising practices and the specific insights
of those who lead these workshops: the students and professionals employed by
ACT, all of whom are young adults, between the ages of 18 and 35. We begin by
offering a set of five “promising practices” for collaborative digital media making
with seniors. From our point of view, promising practices are not prescriptive,
but rather a way of contesting some of the imperatives and normativities
subsumed by the idea of “best practices”. We conclude the paper by describing
the key principles to our contextualization of “best practices” in terms of digital
workshops for seniors.

Keywords: Promising practices · Aging · Digital literacy

1 Introduction

For the past seven years, the Ageing, Communication, Technologies (ACT) team (http://
actproject.ca/) has been creating projects that engage older adults in digital media-
making and digital literacy workshops. We have collaborated with elders in a variety of
Montreal settings, from public libraries, to public housing and organizations founded
and run by seniors. Many of these participants have limited access to digital tools and
technologies. In all cases, we have taken on the challenge to meet their individual desire
to engage with digital media while “taking a class,” or partaking in an activity that is
social, sociable and enjoyable. By organizing and facilitating these workshops, we have
recognized that working with different groups and in different settings can drastically
change learning contexts, and we need to be attuned to learning dynamics that are in
flux over time.
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Building on our past work on precarious ageing and digital literacy [1], as well as
on the pressures to “mediatize” older adults and organizations [2], we reflect upon
lessons learned over the course of several varied workshops, from the basics of learning
the internet, to digital scanning and photography, to making blogs. We offer insights on
what has worked and what has not, presenting these ideas as a set of “promising prac‐
tices”. In this paper, we focus on both the concept of promising practices and the specific
insights of those who lead these workshops: the students and professionals employed
by ACT, all of whom are young adults, between the ages of 18 and 35. This is distinct
from our previous discussions, which have been based primarily on conversations and
surveys with the older adults who are workshop participants. For this paper, we have
interviewed the young workshop leaders about their experiences in leading these digital
workshops over several years. These interviews form the basis for intergenerational
knowledge sharing and collaborative digital media making with older adults over 65.

From these interviews, we articulate five points: flexibility, meaning of technological
devices, boundary setting in workshops, openness of outcomes, and the celebration of
shared success. These are points that our interviewees identified as key elements for
organizing and facilitating a successful workshop or series of workshops, and together,
these points can be thought of as an interlocking set of promising practices. We conclude
the paper by drawing from our reflexive comments about workshop practices to flesh
out three key principles that inform and contextualize our approach to using the term
promising practices, and more broadly our approach to sharing methods and processes
related to digital workshops for seniors.

2 Methodology

2.1 ACT and Its Approaches to Digital Workshops with Seniors

ACT is a seven-year research project that is funded by the Social Sciences and Human‐
ities Research Council of Canada (SSHRC). ACT was launched in 2013, but we have
been developing and leading digital literacy and digital media-making projects with
seniors since 2011. These projects have been essential to building long-term relation‐
ships with community organizations serving the needs of older adults in the Montreal
area. In this paper, we draw specifically from our long-term connections to some of these
organizations, including digital literacy workshops in Montreal low-income housing
buildings in partnership with Groupe Harmonie, digital media projects done in collab‐
oration with activist group Respecting Elders: Communities Against Abuse (RECAA),
and various creative projects undertaken with the community group Notre-Dame-de-
Grâce Seniors Citizen Council (NDGSCC), and the Atwater Library and Computer
Centre (ALCC), each of which serves a large population of seniors. We also include in
the scope of this paper podcasting and video-making workshops that were components
of “aging activisms capsules,” undertaken with colleagues at Trent University [3]. These
projects vary widely based on the needs, interests and proclivities of the seniors with
whom we often co-design workshops, as well as the mandates of the organizations and
groups with which we collaborate. Since 2013 only, we estimate that we have given
over 300 individual workshops, and well over 500 seniors have participated in them.
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We typically run two basic types of workshops: those focused on enhancing the basic
digital skills of our participants (like using the Internet), and others focused on partici‐
patory media making as a way to enhance the learning of digital skills through collective
projects. The former workshops have entailed “technical drop-in sessions” that are held
on a monthly basis, where seniors bring their devices to troubleshoot or learn new
computing tricks on ACT’s devices. An individual can attend only once or can choose
to return several times for more sustained learning. Through lessons, conversations and
engagements with devices and software, participants learn the basics of the Internet or
they are invited to ask “tech mentors” for assistance in addressing specific issues or
problems. Our second type of workshop typically involves projects with significant
creative components. Examples include recent workshops on building a food blog,
workshops on taking, processing and exhibiting digital photography, workshops on
telling, recording and sharing stories about the city, and a video series about participants’
lives. What these workshops have in common is that the learning of digital technologies
is accomplished by focusing on a collective, shared goal using a community-arts
approach, usually over several sessions over the span of a few weeks or months. Often,
these workshops culminate with an exhibition or vernissage of some sort.

The increasing scope of ACT’s involvement with community groups and digital
literacy workshops since 2011 has meant that over twenty young people have been
employed at ACT. These young adults have held various roles in these projects: research
assistant, workshop facilitators, tech mentors, coordinators and leaders. These individ‐
uals are MA or PhD students, postdoctoral fellows, or recent graduates turned profes‐
sionals. They have worked at ACT and collaborated with community organizations for
several years, often throughout the duration of their graduate degrees and even beyond.

For a number of students, employment with ACT has represented the first time they
engage with the topic of aging and the topic of later life as part of their formal education.
Partaking in an intergenerational digital literacy workshop is often their first experience
of working with older adults, and the first time they are pressed to reflect on digital media
and ICTs from this perspective. Although support through regular meetings and other
means of training is provided, learning to be a facilitator for ACT team has been a
proactive and collective project-one in which we have tested, succeeded, failed and tried
again together, through various iterations of projects, and slowly built the contours of
promising practices along the way.

2.2 Interviews with ACT Workshop Facilitators

To understand what current facilitators might share with future facilitators, we undertook
semi-directed interviews with four current and past employees of ACT. We interviewed
Kendra Besanger, Kelly Leonard, Ashley McAskill, and Magdalena Olszanowski,
hereby identified by their first names only. We approached these particular four indi‐
viduals for two reasons. First, they all had been in charge of one or more intergenerational
digital workshop over the past three years. Second, they had been working (or had
worked) at ACT for a significant amount of time, with the durations ranging from two
to six years. Third, they had each been involved in more than one form of workshop,
and thus could offer insight into the diverging contexts in which ACT workshops unfold.
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We used an interview template that included ten open-ended questions that were
common to all, and then asked further questions in relation to specific projects they had
facilitated. In answering their questions, the participants were invited to draw from
concrete examples from their experiences. As co-authors of this paper, we also have
interviewed each other, and discussed our own experiences facilitating and organizing
workshops. These six interviews are used to identify some thematically dominant themes
that outline five promising practices for running either a technical workshop or a more
collaborative community-based arts workshop. They also inform our conceptualization
of the undertheorized term ‘promising practices’.

3 Theorizing ‘Promising Practices’

3.1 Questioning Best Practices and Prescriptive Approaches

We use the term promising practices deliberately, and in response to the prevalence of
best practices in the current literature in the social sciences and the humanities. The term
“best practices” originates from the field of management and the model has been taken
up in various areas of public policy, as well as in several academic disciplines [4]. Best
practice guides often discuss the insights gleaned from what has been previously imple‐
mented elsewhere, and what has been proven to work [4]. The term best practice, for
Bretschneider et al., implies that the practice in question is considered “best when
compared to any alternative course of action and that it is a practice designed to achieve
some deliberative end” [5]. Best practices are, as such, recognized as being superior to
any considered alternative, and are often geared towards efficient attainment of a well-
identified objective or set of objectives.

As Overman and Boyd argue, one of the strengths of best practices is that they allow
practitioners and researchers to distill complex situations, and turn them into a readable
and prescriptive format. This is often done “by avoiding negative analysis and focusing
instead on possibility and change” [6]. What this approach does, however, is cast aside
discussions of failure, which can be just as informative, illuminating and rich as stories
of success.

There are a number of other theoretical and methodological issues that can be raised
in response to the development and widespread use of best practices (see those compiled
by Veselý, for instance), including a lack of common methodologies for identifying best
practices. As Bardach suggests, the term “best practices” can be misleading, as it implies
that all other options have been tested out and considered, which is rarely, if ever, the
case [7]. In addition, it is not always evident how one set of best practices can be trans‐
ferred to a different setting [6]. The specificity and context of the original terrain of study
or original “case study” is usually not relayed in a way that provides a complete or
satisfactory picture of the original context and existing conditions. Despite what the term
boasts, best practices do not necessarily reveal an optimal path that can be applied in
diverse settings. The idea of best practices thus sets up a normative course of action that
may very well be inappropriate for the context at hand.

Promising Practices in Collaborative Digital Literacy 495



3.2 Towards Promising Practices

In her study of caregiving institutions across a variety of countries and contexts, Cana‐
dian age studies scholars Pat Armstrong, with Baines, Daly and Braedley, uses the notion
of promising practices, or “ideas worth sharing,” to articulate a set of contextual possi‐
bilities for caregiving [8–10]. To demonstrate the range of caregiving possibilities,
Armstrong and her team have produced an intentionally accessible series of small books,
or “bookettes,” of what they term promising practices in long term care. The bookettes
do not lay out a set of conditions to measure the efficacy of care. Rather, they articulate
a range of practices for caregiving in a number of different countries. With each case
being distinct, they collectively provide a vantage into the ways caregiving can be
reimagined and implemented within institutional settings. These bookettes of promising
practices incorporate vignettes and storytelling culled from “flash ethnographies” of
long-term care residences that researchers visited for a short period of time. The book‐
ettes, and their vignettes, effectively document different forms of caregiving that are not
prescriptive. They contest the idea of universally applicable solutions, and engage with
complicated sites and situations. It is worth quoting at length Armstrong and Braedley’s
description of their approach to promising practices:

Too much research looks for universal patterns and solutions, eliminating variation and
conflicting interests. In contrast, we seek to recognize differences and identify ideas worth
considering by those on whom they have an impact, allowing them to do so in ways that take
their particular context into account. We also seek to recognize conflicting approaches and
interests, looking for ways to balance them rather than ignore them or choose one side. This is
why we talk about promising practices rather than best practices or a single, right way [10].

Following Armstrong’s lead, it is possible to imagine the potentials for using inter‐
views and observations to articulate promising practices for enhancing and sharing
different digital literacy and digital media-making workshops with seniors. Although
we are not doing a “flash ethnography” that is either “institution by institution” or
“project by project,” we are inspired by the potential of the term promising practices,
for those doing community engaged research using digital media tools with older adults.

Promising practices, in the context of digital media-making with older adults, present
a vision of what participatory collaborations with older adults can do to bridge digital
and intergenerational divides. As Magdalena reminds us in her interview, taking a
prescriptive approach to teaching technologies can have an undesirable outcome. As she
explains, too rigid a set of expectations “might reinforce their fear and discomfort with
technology, or reinforce their assumption that they are unable to learn to use technolo‐
gies” precisely because they cannot learn through rigid or recognized teaching models.

In this context, we contend that the ideas of sharing promising practices means
representing the insights gathered from empirical first-hand experience. These practices
are guidelines that are not fixed, but are used to initiate a reflection on the multiplicity,
context-specificity and fallibility of approaches. Describing a promising practice must
pay attention to the open-ended character of research relationships and collaborations.
Outlining promising practices, to recapitulate, entails engaging in a collective and
reflexive exercise to document and open up a repertoire of approaches and tools that can
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avail themselves to practitioners and researchers. Promising practices challenge cookie-
cutter approaches, and instead promote experimentation and collaborations on-the-
ground, and allow for the building of relationships of trust. We build upon this these
ideas, and upon this definition of promising practices, for the remainder of this article.
From the interviews conducted with participants, we present five overarching promising
practices, that gain specificity and context through their explanation. The practices we
put forth in the context of this paper contribute not only to our understanding of how to
create meaningful intergenerational digital literacy workshops, but to enhance the
conceptualization of promising practices within the social sciences and humanities.

4 Five Promising Practices for Digital Workshops with Seniors

4.1 Be Flexible

One promising practice is learning to balance organization and open-mindedness, and
imbuing each aspect of the project with flexibility. Seniors are not a homogeneous group,
particularly in a highly multilinguistic and multiracial city like Montreal. Workshop
participants who come to ACT typically arrive at a session not only with different
linguistic and cultural backgrounds, educational and workplace experiences—they
come with a wide variety of experience using media that has been accrued over years.
Many have accumulated a multiplicity of devices over time, and have variegated expe‐
riences with technologies, digital and otherwise.

Given this great potential variety within the population of older participants, we have
learned, in the words of one facilitator, Ashley, to “expect the unexpected”. Expecting
the unexpected is particularly critical when working in “the field” rather than a classroom
setting—in our case in senior’s housing complex or a community centre. Ashley adds
that “you may arrive with your toolkit, and realize that you’ll have to try out lots of
different tools, and maybe these won’t work either”. This point highlights several
dimensions of why being flexible when working with seniors on site matters.

While a typical advertisement for a workshop may promise the delivery of a partic‐
ular set of learning outcomes—say to learn how to take, edit, and print a digital photo‐
graph—when giving workshops to seniors, one needs to be in conversation with the
participants and adjust accordingly. Kendra noted that “you have to be genuinely willing
to include their vision of the workshop into their plans, and work towards that vision”.
As digital activist Virginia Eubanks pithily writes in Digital dead end, it is important to
value what participants bring to the table individually [11].

Being flexible, not only with learning outcomes but with a work plan, means being
responsive to unforeseen contingencies. Workshops must leave the time and space to
discover new things, that are unexpected by the participants. Further, participants may
either have trouble putting into words what they do not know, or conversely, they may
underestimate what they do know. As Magdalena put it “people don’t know what they
don’t know”. She further asserts that it is important to be aware of this fact, and to “read
between the lines and to surmise their technology needs in alternate ways”.

While all of the facilitators interviewed emphasized that it was important to come
prepared with an agenda and a plan for a workshop that includes a set of goals and steps
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to achieve those goals, each of them had contingency plans to help with different kinds
of potential learning styles within this already heterogeneous population. Some people
like to learn through written instructions, others by oral directions, visuals, or by trying
to use a device. Further, having supplementary materials is important. For Magdalena,
giving a sheet “primer” at the beginning of a workshop allows for room in the workshop
to take tangents, without feeling like she has not covered the basics. For Kelly, a work‐
sheet with the information that could be taken away meant that people who do not want
to sit through a workshop, and just want a worksheet, could still have access to basic
information.

One of the key themes that emerged in interviews with these facilitators, which we
too have observed, is the import of being mindful of “time”. This emerged in interviews
in several respects. While there is the myth that seniors have much time on their hands,
many had sudden appointments with medical practitioners, which are always more
important than our workshops. Facilitators also stressed that it was important to make
it clear to people that they can drop out of the project at any point and that they will not
be penalized for doing this. Yet at the same time, this volatility in membership can pose
problems in meeting a project’s stated objectives.

Working with groups sometimes means that things can take longer than expected,
and part of meeting people where they are means respecting the time it takes for them
to experiment with devices and to learn with them. “You shouldn’t necessarily set
expectations for how things need to happen, because then you miss on a lot of good
surprises.” Ashley further emphasized that it was important to “make time” to let things
happen, and often this means letting the group take the lead and help steer the project
in the way they wanted.

4.2 Address What Each Technological Device Means Culturally

Digital devices are not only technical objects, but cultural objects that are imbued with
histories of meaning, and individual anxieties and fears. Attention to the symbolic power
of technology needs to be built into the workshop, and it can be helpful and revelatory
to encourage conversations on this matter. If one is not attuned to the complex nature
of technology, one risks missing something important. As Kendra suggests, “sometimes,
people need to talk about their fear of or their uneasiness with a technology before a
workshop can proceed”. She adds that at first, she did not think to ask questions like
“are you comfortable with a microphone”. Kendra describes how she learned to be a
better facilitator when she acknowledged the discomfort of a participant in a digital
storytelling workshop. This participant felt uncomfortable with a microphone propped
up in front of her; the device made her uneasy, though she expressed that she wanted to
be recorded. The facilitators found an arrangement that allayed these fears by putting
the microphone behind her. This incident launched ongoing conversations about micro‐
phones being objects of power within the context of that workshop. Different anxieties,
decades of perspectives about complex social and personal implications of technologies
often surface, reminding facilitators that technologies are not neutral tools.

Universities often have better equipment than individuals, and sometimes the most
cutting edge of technologies may not be the most appropriate: they only remind people
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of what they cannot afford. In some instances, it has been helpful to eschew the use of
the latest and greatest, an ethos followed by the ALCC, whose workshops with seniors
use the least expensive equipment possible. Instead of choosing the best device, a
favoured alternative has been to use point-and-shoot cameras. Instead of purchasing one
camera, we are able to afford purchasing one camera per participant and the facilitators
were then able to lend out these cameras to the participants between workshops. This
gave them the chance to practice their newly-acquired skills but more importantly to
play and experiment with the devices without having the feeling that someone was
looking over their shoulder. Yet, the devices themselves also offered challenges. These
smaller cameras were more difficult for participants to use because the buttons were
small and difficult to manipulate from an affordance perspective.

Again here, there is not one solution or best practice—balance and context are key.
For some facilitators, these workshops are a way to let participant have access to more
expensive or professional tools that they might not otherwise buy. Some seniors are keen
to try out more expensive and complicated digital cameras. As Magdalena describes,
“participants do enjoy using the DSLR [digital single-lens reflex camera] because it
gives them a certain access to a camera that is professional, and that they otherwise
would not have access to”. However, she is at the same time aware of what this can
mean for participants and emphasizes that “it’s important to demystify the technology
and to show how certain functions correspond between devices”. This expensive equip‐
ment can also deter participants from playing around with the device for fear of risking
breaking it. Magdalena’s experience suggests that when dealing with the meaning of
technologies in these situations, that ultimately facilitators must “make sure that the
equipment that is not overwhelming to people”.

4.3 Navigate Social Boundaries

For the facilitators, key to setting up workshops for older participants was the process
of creating a sense of familiarity and openness between participants and facilitators, and
challenging the hierarchy of a typical teacher-learner rapport. This, however, needs to
happen while navigating sometimes difficult social dynamics provided by varied work‐
shop settings. As Kelly points out, she found that this hierarchy was somewhat chal‐
lenged from the onset for facilitators in these intergenerational settings, “because they
are older, I feel uncomfortable being in a role where I say ‘you should do this’”. Further,
facilitators adopted workshop themes that would engage the participants and their expe‐
rience (like recording stories about living in the city, for instance). This was specifically
done so as to promote knowledge sharing, and not knowledge transfer, and to assert the
roles of seniors in the workshop as knowledge bearing assets within a digital technolo‐
gies workshop setting. Ashley, mentioned the importance of “trust building” and
“creating lasting relationships” in her approach, and building the conditions for people
to feel encouraged to ask questions and for knowledge to be shared in a reciprocal way.

Ashley further notes that it can be important to set limits to the level of familiarity
one seeks to cultivate in a workshop, and not doing so can make the workshop dynamic
unravel. Similarly, Kendra remarks that “we’re not part of their everyday life,” and we
cannot expect that bringing together strangers, friends, or individuals with histories of
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conflict with one another will generate the same workshop dynamic. For instance, in
working in low-income housing buildings, where tenants are living together out of
necessity and not out of choice, facilitators have encountered conflicts between tenants,
and have often had to find workaround solutions to deal with situations of conflict.
Facilitators developed tactics for dealing with moments of friction, like bounding
conversations more strictly to the subject matter at hand, or relying on knowledgeable
community partners for input and guidance.

Conversely, the facilitators’ experiences have been different when they worked with
groups of seniors who choose to congregate and spend their spare time together. Working
with RECAA, an activist group of older adults, can be quite different than working with
seniors in social housing. As we have argued elsewhere, eating together, engaging
socially and building friendships are essential building blocks to their activist project,
and these activities structure the way they engage with their activist project [10]. As
such, the digital literacy projects ACT has undertaken with RECAA entailed workshops
that usually followed potluck-style lunches. These lunches became a way for facilitators
and participants to get to know each other, but also to build the social connections that
would carry over into the workshop.

Magdalena emphasized another balance that needs to be struck in setting the tone
for a workshop. It is important to navigate a line between using language that is simple,
and that risks being infantilizing, and using language that is too advanced, and that risks
being alienating. This line is one that can change from group to group, depending on the
skill levels of the participants and facilitators alike. Further, others pointed to the fact
that it was important to be open with one’s own lack of knowledge about technology,
and thus show to the participants that learning to use the latest device or software is not
so easy, and that we are all learning all the time. For example, Kelly explains: “some‐
times, they ask me questions, and I do not know the answer. I tell them ‘I need ten
minutes to figure it out, and then I could explain it to you’”. She adds “they usually
laugh, they say ‘See! The young people they can’t figure it out either!’”.

4.4 Be Open to Different Outcome and Successes

Part of building flexibility is opening up the workshop to have different possible meas‐
ures of success and different possible outcomes. As previously discussed, while the
facilitators noted the need to have a set of goals at the beginning of the workshop, they
all emphasized the importance of parting with some of them along the way, when they
no longer fit with the trajectory of the workshop.

This is illustrated especially well by an example from Kelly. She explains that she
worked with a man from Serbia in the context of workshop in a low-income housing
building. He participated in a workshop on learning to navigate the Internet and it became
clear that the only thing he really wanted to do online was find his childhood home on
Google Maps. “We wanted to show him how he could do this on his own, but he wasn’t
interested in doing this”. She explains that “we found it for him and he then talked to us
about his childhood home and neighbourhood for some time. I think he was just happy
to show us his home, and his town, and sharing this with us and the other participants
seemed to be important to him”. Kelly recognized that this man wanted to engage with
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the digital, but wanted to do so in a way that would allow him to connect to people
around him. The workshop became a place where he could see his former home, but
also a place where he could break his social isolation.

Success in the context of digital workshops for seniors does not usually mean that
the participant will become a regular user of a technology or that they will become
proficient ‘super users’—though this has happened on occasion. To define success as
technology adoption or use would be to misunderstand the diversity of reasons that push
seniors to follow the workshop in the first place. In ACT’s experience, workshops are
valued as a place to learn but they are just as valued as creative and social spaces. In this
sense, as Kendra emphasizes, it is important to ask participants what they want to get
out of the workshop, and to constantly be attuned to this when thinking about outcomes.

Facilitators also noted the need to be open to victories and successes that were not
foreseen. ACT, in collaboration with partner Groupe Harmonie, organized a digital
photography workshop that took place in the common room a low-income building was
especially difficult for the facilitators, Ashley and Kelly. There was much enthusiasm
for the workshop, and five participants joined it at the beginning. However, a conflict
arose, and one participant was diagnosed with a serious illness. These conditions diffused
participation and the workshop eventually dwindled to two facilitators and one partici‐
pant, an older African woman who had been living in the building for about a year. There
was question at this time as to whether ACT should cancel the workshop series, but it
was decided that it was important to move forward. This woman created a series of
digital photographs and exhibited her collection in the common room of the building.
If one were to match the outcome of the workshop against narrowly-established goals
about teaching digital camera skills to the seniors of a single building, one might miss
seeing how the project actually succeeded. The facilitators and the participant organized
a vernissage to open the exhibit and put the spotlight on this woman’s work. To every‐
one’s surprise, the event drew a crowd of over fifty individuals, most of whom were
from the building itself. This enthusiasm was an anomaly in a building where interper‐
sonal conflicts were rampant, where the common room is often shunned and locked, and
where participation in social events is meagre. A few months later, we learned that the
woman who had completed the workshop had remarked that, while she was the subject
of significant racism in a building of Caucasian inhabitants, the workshop had signifi‐
cantly lessened these racial barriers with the other tenants. The photography workshop
had made her feel more at home in her building—a success well outside the bounds of
what facilitators could have imagined for a digital photography workshop.

4.5 Share and Celebrate Successes, Whatever They Are

Over the last few years, we conclude digital media-making workshops with the organ‐
ization of public events such as the photography vernissage described above. We have
also hosted launches for podcasts, “listening parties” for digital stories, and screenings
for video capsules. These events often include “Q & A” sessions with the participants,
biographical notes about the seniors, and interpretive information about each collection
or piece on display. Participation in a workshop is never contingent on sharing one’s
work publicly or on participating in the final exhibit. Nevertheless, nearly all workshop
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participants have partaken in the public exhibit over the last few years, and in doing so,
have collaborated towards its organization through its curation, and by having an input
on the venue, guest list, theme, and so forth.

In preparing public events, it is important not to bog down the curation stage with
narrow aesthetic ideals, or to seek technical perfection. Several facilitators who had
worked with digital photography pointed out that it was okay if not all the final images
turned out perfect, or if they were conventionally beautiful images. What was most
important is that they had been taken as part of the workshop, had reflected the partici‐
pants’ vision for their own work, and had been chosen by the workshop participants
because they were proud of them.

This practice of organizing public events has been especially fruitful in the low-
income housing setting, where building residents can participate in a social event
together, and see their common room cleaned up, decorated and repurposed into an
exhibition space. In addition to neighbours, friends and family members of the workshop
participants are invited, and they often come to the exhibitions to celebrate the work of
their loved ones. Members of ACT often attend, as do community partners, and past
workshop participants. The exhibit has served as a way of highlighting the work of the
seniors, and also the work of the facilitators, and it has provided for all a common and
shared goal towards which everyone can work over the course of a workshop series.
Further, it has been a ground for creating conversation about digital technologies and
aging, and of reaching out to prospective participants for future workshops, and even
building further connections within the Montreal community.

5 Conclusions and Implications for Future Research

In this paper, we have articulated five promising practices gleaned from ACT’s work
organizing and facilitating intergenerational digital workshops for communities of older
adults in Montreal. Drawing from interviews conducted with facilitators, we identified
five practices that we have mobilized in our workshops with seniors. These practices
emphasize the importance of flexibility, of positioning devices and technologies cultur‐
ally, of navigating social boundaries, of having plural measures of success while
remaining open to different outcomes and, finally, of celebrating successes, whether they
be big or small. We built upon on these approaches to challenge the rigidity of best
practices and instead foreground the term promising practices. In this light, we outline
below three principles that guide our understanding of promising practices in the context
of digital workshops for seniors.

First, our approach to promising practices is inspired by a commitment to accounting
for the heterogeneity of later life. Older adults live in different contexts informed by
their social positionings, and they engage with technologies in vastly different ways. We
understand that in the context of digital literacy or digital media-making workshops,
what works in one setting often does not in another for a wide array of reasons-ranging
from the workshop spaces, [12] to the level of interest of the participants, to mobility
and physical access, to the weather, among countless others. Promising practices, then,
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make us attuned to the uniqueness of encounters, and seek to instill within us an
awareness that a holistic approach to thinking about context is essential.

Second, our approach to promising practices connects to our commitment to empha‐
sizing process over results, to engaging earnestly with failures, and to challenging
normative measures of success in digital literacy. There is much to gain from not shying
away from thinking and writing about failure, and this goes well beyond knowing and
sharing information about what not to do. What could be considered failure for some in
the context of intergenerational workshops on new technologies can still offer a wealth
knowledge about people and the contexts for learning, knowledge sharing and co-
creating. Some failures also reveal paths towards unexpected successes, and can put into
focus that learning to use a device or technology is far from being the only or most
important outcome of such projects. In this sense, promising practices are committed to
a plurality of processes and outcomes.

Third, promising practices are open-ended, and signal a commitment to collaboration
and long-term engagements. Promising practices imply that they are constantly in flux,
always being tried and tested, and potentially tweaked or overhauled. Researchers, and
in our case, workshop facilitators and coordinators, are not the sole keepers of knowledge
about how best to structure our own workshops, and finding methods that show promise
is always a process that involves conversations and negotiations with colleagues,
research partners and workshop participants. The open-ended nature of promising prac‐
tices for our research group has also reflected a commitment towards building relation‐
ships with community partners and seniors that extend beyond the parameters of a single
project or workshop.

In fleshing out our own set of promising practices based on interviews with workshop
facilitators, we have deliberately outlined five practices that emphasize the openness,
contextuality and responsiveness we collectively value in teaching digital technologies
to seniors. These are traits that we also find to be lacking in the prescriptive best practices
model, that claims transferability and predictability of outcomes. The facilitators inter‐
viewed in the context of this paper offer not univocal approaches, but varied and
complementary ideas that are attuned to the specificity of each teaching and learning
context.
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Abstract. Hyper-aging societies are looking for ways to support their elderly
populations and mitigate aging-related societal challenges. One way to do this is
by increasing elders’ social participation in the workforce and their communities.
Towards this end, an opportunity-matching app for Japanese elders called GBER
(Gathering Brisk Elderly in the Region) was created and deployed in a large
Japanese city. In this paper, we report on the results of a usability and user expe‐
rience (UX) study that evaluated a new version of the app’s user interface (UI),
which was redesigned for smartphones based on feedback from current users and
by taking an elder-centric design approach. The study, which involved represen‐
tative elderly users, revealed several insights about the use of flat UI design,
conceptual transferability of common app iconography, information reading
patterns, and persona and scenario methodology. It also confirmed the diversity
of Japanese elders interests and skills, providing further empirical support for the
need for an opportunity-matching service like GBER.

Keywords: User interface · Smartphone · Aging · Elderly · Senior workforce
Senior community · Social participation

1 Introduction

Societies around the earth are aging rapidly, and Japan is leading the march. As a hyper-
aging country [12, 14], Japan has a rapidly increasing population of elderly citizens and
one of the lowest birth rates in the world. It is speculated that by 2040 over one third of
the population will be over 64 years of age [3]. This is already having important and
widespread effects on Japanese society, especially healthcare and social systems, that
are sure to be reflected elsewhere as other countries’ aging rates catch up. As such, how
to manage the realities of a hyper-aging society while supporting elders is becoming a
crucial social, technological, and research concern.
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One way to both support elders and society at large is by increasing elders’ partici‐
pation [4, 12]. Participation is defined as a combination of social interaction—the micro
scale acts of speaking with and being around people—and community engagement—
the macro scale behaviors of being present in community spaces and going to community
events. Several factors can affect whether and how elders participate in society. In many
industrialized nations, people are expected, if not required, to retire once they reach a
certain age; in Japan, this is 60 or 65 years of age. As we get older, we also tend to
encounter issues with mobility that assistive tools and devices, such as wheelchairs, may
not be able to reverse and may introduce new issues, such as environmental barriers.
Finally, relationships can weaken or break down, such as in the event of family moving
far away or when elderly friends pass away. In the face of reduced participation and a
desire to regain a sense of community presence, many elders in Japan take on part-time
jobs or volunteer positions; however, these can be difficult to find and may not match
the elder’s interests [11].

One avenue for tackling these issues is technology. Elders, in Japan and elsewhere,
are becoming an increasingly tech-savvy population. Smartphones, in particular, are
becoming a popular choice among seniors in Japan; as of 2014, 39.4% of younger elders
(50+59) and 22.5% of older elders (60+) own smartphones [2]. Following this trend, a
research team at the University of Tokyo created GBER (short for Gathering Brisk
Elderly in the Region), a cross-platform app that matches elders to activities, jobs, and
events in their community [1]. The purpose of the app is to improve elders’ participation
by providing them with curated, personalized opportunities near where they live. The
current version of the app was designed using a combination of research-backed guide‐
lines, expert design, and interview with a group of assumed users. At present, 106 elders
in Kashiwa city, Tokyo are registered users of GBER.

This paper describes the results of a usability and user experience (UX) study
conducted around improving the current GBER app’s user interface (UI) design. The
current users of the app informally provided feedback about the UI, revealing three main
issues. First, it is difficult to imagine what kind of service will be provided under each
menu displayed on the top page. Current top page displays a set of abstract icon with
brief description by text. Displaying information which does not directly concern each
user on top page made user reluctant to interact with further contents in lower hierarchy.
Second, finding activities is not tied to the user’s availability: users must add their
schedule, then go to a different calendar to see booked and recommended events. Third,
gathering preference information from users is tedious. Users must fill out a lot of ques‐
tionnaire forms consecutively, which can be tiresome. With these issues in mind, a new
version of the UI was designed and user tested with six elderly Kashiwa residents. The
aim of this study was to ensure that the new design addressed these issues in a user-
friendly and easy to use fashion, towards the overarching goal of to accelerate elderly
participation in GBER service. The main contribution is a series of usability and UX
insights on an activity-finding and schedule-based smartphone app design for Japanese
elders.
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2 Related Work

In the wake of widespread smartphone use, researchers and designers have begun to
assess their usability, UX, and accessibility for elderly users. Indeed, there is now some
evidence to suggest that elderly users have different kinds of experiences and needs when
it comes to the design of smartphone interfaces. Salman et al. [13] revealed and cate‐
gorized some usability issues related to effectiveness (e.g., inability to complete the
task), efficiency (e.g., time required to carry out task), and user satisfaction (e.g., not
using the feature phone again). This implies there were a gap between developers (who
were mostly young) and elderly users’ mental models, where developers made design
decisions based on their own understanding, which may not al-ways reflect those of
elderly users. Other research has shown that elderly users might experience difficulties
in navigation, easily getting lost when walking through dialogs that are composed of
several phases requiring navigation, selection, input, output, confirmation, and so on [7].
Harada et al. [6] investigated the issues and challenges that elderly people may encounter
when using smart devices in certain kinds of interfaces, such as map apps and address
books. In these interfaces, elderly users were found to make unintentional taps due to
parts of their hand accidentally making contact with the touchscreen on the device.
Additionally, they sometimes took action without noticing important information or
being aware of their mistake, and then received unexpected feedback as a result. During
our study, we made sure to watch for these kinds of issues in the redesigned GBER
interface.

Some studies have conducted experiments to generate guidelines for how to ad-dress
known issues about elderly people using smartphones. Kobayashi et al. [10] suggested that
an input target should be larger than 30px to make it easier for elders to tap. Since smart‐
phone screen sizes and resolutions have changed much in the seven years since this study
was published, we decided to redesign using the official iPhone guidelines. As such, most
clickable elements on the redesigned GBER UI are at least 44pt in width or height in the
iPhone X. Their study also noted that elderly preferred dragging operations rather than
tapping. Further, they suggest that applications should avoid multi-mode interfaces—
similar interfaces that show different statuses for one screen or view—as much as possible,
since elderly users are less likely to notice changes in the modes and thus can become
confused. For example, in their study, there were multiple modes for thumbnails, such as
by events and by persons, and the participants had difficulty understanding which mode
was active. In the redesigned GBER app, multiple views for the same or similar tasks were
removed or merged into one, such as the calendar feature.

The ideal model of technology usage for elderly might involve breaking tasks down
into small pieces to avoid elderly users feeling overloaded or getting lost easily. For
instance, it is difficult for elderly users to use social networking applications on smart
devices because they often require a sequence of actions during form completion.
Hiyama et al. [9] proposed “Question First,” an interaction model based on the inter-
action modes of phone calls and emails. Elderly users were able to become familiar with
the idea of social networking by simply answering questions on the application. The
similar concept of micro-tasking can also be found in a study about elderly workforce
matching [8]. The authors proposed a “spatial mosaic” framework for management of
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time, space, and skills related to elderly workforce matching. The current GBER service
was based on this particular framework, and in the redesign, we applied the UI principles
to the GBER UI. For example, the event recommendation and question cards were
designed with a simple operation for the user: answering one survey question at a time
by simply clicking a preset response option. This could make it easier to collect the
user’s data for the matching system. We will describe this and the other changes we
made in more detail in the next section.

3 System Design

The main purpose of GBER as a service app is matching elderly people to jobs or activ‐
ities that suit their interests and abilities. By collecting user behavior through GBER’s
in-app questionnaires, the system knows how to recommend opportunities to each indi‐
vidual user. Users need to manage and review their booked activities on the service. The
following are the main actions possible using GBER:

1. Jobs and activities exploration based on time and location
2. Questions interface (“Q&A”) for user profiling
3. Schedule interface for reviewing and managing booked jobs and events
4. Recommended opportunities information feed
5. Group-based communication and a personal profile page

A mid-fidelity prototype of the redesigned interface was developed using InVision,
a web-based prototyping tool that generates realistic, interactive prototypes without the
need for coding. The InVision prototype was presented to users on an actual iPhone X
device. The following sections detail the parts of the prototype that were redesigned and
tested in the user study. See Fig. 1 for a visual reference to the redesigned screens detailed
below, and Fig. 2 for the equivalent screens on the current, live version of GBER.

Fig. 1. Key redesigned screens in the new GBER app UI. From left to right: (a) the home page;
(b) the Q&A system in action; (c) the calendar page; and (d) the event search page.
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Fig. 2. Original screens in the current version of the GBER app. From left to right: (a) the home
page, featuring the long, vertical menu; (b) the long version of the questionnaire; (c) the calendar
page with a list display; and (d) the event search page with a calendar filter.

3.1 Tab Bar Navigation

Elderly users have difficulty understanding menu hierarchies [2], so it is recommended
that the main navigation be placed identically on all pages [7]. Critical functions, like
searching activities and scheduling, should always be accessible, from any screen in the
app. Scrolling menu content should be reduced to a minimum as well. The tab bar fits
these guidelines, so it was used in the new design (see any screen in Fig. 1).
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3.2 Home Page

The aim of the new design (Fig. 1a) is to reduce the effort placed on the user in terms
of getting access to the information they need across different situations. The home page
design used several design strategies and patterns to reduce the information load yet
provide the necessary information. A “feed” approach was used so that the user does
not need to look for information by changing pages or by clicking any button: everything
is accessible in one page. The card-based design creates a minimized information unit.
Showing what is next on the schedule and recommending what can be next can shorten
the experience of finding activities and opportunities in schedule calendar or map. By
making home page general purpose—not tied to any specific feature—the design and
the usage of the service becomes more flexible.

3.3 Q&A

Previous research has shown that extracting information from the elderly about their
technology experiences is difficult [1, 9]. The current version of GBER users a series of
long questionnaires to get information about users’ activities and interests for the oppor‐
tunity-matching algorithm. However, metrics showed that only about a third of users
filled these out [1]. Instead, we redesigned the questionnaires as question cards (Fig. 1a)
to divide the original long series of questions into smaller chunks that should be quicker
and less overwhelming to complete. These pop up periodically on the home page.

3.4 Calendar

The current version of GBER has two kinds of information that are displayed in the
calendar but these have different purposes: one is the user’s availability, which they have
to input, and the other is any booked events. For the former, this means that the user
must go through a longer process of inputting information, with many steps involved.
In the new design (Fig. 1c), the user does not need to input their availability: they can
just add events at their leisure.

3.5 Map

To achieve the goals of involving users in activities in their region and making sure that
the events are accessible, it is important to let users know where the event will be. The
map interface needs to allow users to explore where and when events will take place.
The difficulty is ensuring that this view provides enough information for the user to
browse each possible event. The user will need to explore the available activities and
then decide which to apply to given several pieces of information. In the new design
(Fig. 1d), an easier solution is explored for elderly users to get access to events infor‐
mation. Specifically, information cards featuring events nearby and soon to happen are
displayed at the bottom of the map view. Control filters are provided for fast exploration.

While the redesign was informed by informal feedback from current GBER users,
we needed to ensure that the changes made would be beneficial. We also wished to know
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more about potential GBER users so as to attract more users and refine the service. Next
we describe the user study we conducted towards this end.

4 Method

A user study was conducted to assess the usability and UX of the new GBER UI. The
study followed a common approach [15] with a representative user testing an in-
progress, mid-fidelity version of the UI through two scenario- and task-based
“missions,” completed by all participants. A think-aloud protocol [5] was followed to
give us access to participants’ thoughts as well as what they were looking at in the UI
while using it. A split-part (pre- and post-testing) semi-structured interview was
conducted to better understand participants’ experiences with, knowledge on, and opin‐
ions about smartphones, community participation, and the GBER app.

4.1 Participants

Six Japanese elders (3 women and 3 men) aged 62 to 73 (mean age = 67) who were
residents of Kashiwa city took part in the study. See Table 1 for demographics and usage
information. Participants were not GBER users but all used smart devices, primarily
smartphones. They also used map apps, particularly Google Maps, although only half
used calendar apps. Participants were recruited through Second Life Factory, the elderly
community located in Kashiwa city, which uses current GBER to improve social partic‐
ipation the member. Participants were compensated by Second Life Factory; and they
were provided with refreshments and given access to the GBER app. The protocol was
covered under the University of Tokyo ethics guidelines.

Table 1. Participant demographics and information on GBER and technology use

ID Age Gender GBER user Smart device Map apps Calendar apps
P1 73 Male No Smartphone,

PC
Google Maps Yes

P2 65 Female No Smartphone Google Maps,
Yahoo Maps

No

P3 62 Male No Smartphone Google Maps Yes
P4 65 Female No Tablet, Sony Google Maps No
P5 66 Female No Smartphone,

Macbook
Google Maps No

P6 73 Male No iPhone Google Maps Yes

4.2 Procedure

Participants were asked to meet the researchers at the University of Tokyo Kashiwa
campus. They were greeted, lead to the study room (enclosed meeting rooms with a
main table and chairs) and introduced to the study. They were then asked to sit at the
table in front of a smartphone containing the new GBER prototype (Fig. 3). The
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facilitator then asked about demographics, technology use, and knowledge of GBER.
After offering refreshments, the facilitator then introduced the participant to the new
prototype and provided two “missions” tailored to assess the three redesigned features:
the homepage; finding activities; and the new Q&A setup. An assistant then began to
record video of the participants’ interactions with the new prototype. The participant
was guided through the tasks making up each mission by the facilitator. The facilitator
took notes and prompted the participant to think aloud using neutral comments and
questions, such as “Tell me more about that,” “What are you thinking right now?” and
“What are you looking at?” After finishing the missions, the participant was interviewed
by the facilitator again about aspects related to the new GBER prototype. They were
then debriefed and thanked for their participation.

Fig. 3. A participant interacts with the GBER prototype featuring the redesigned UI.

4.3 Missions and Tasks

Two missions addressing the three key issues covered by the redesign were provided to
participants verbally by the facilitator. Each was framed as a scenario with a persona
[15] and comprised of several tasks, where the participant was asked to imagine them‐
selves as the user and carry out the action they believed would complete each task. The
two missions were:

1. Activity-Finding and Schedule: Searching out new activities, viewing scheduled
activities, and managing the schedule. An example task is: Your friends ask you for
dinner next Wednesday, so you need to check if you are available at that time.

2. Q&A: Finding, understanding, and responding to the new Q&A system. An example
task is: You notice that you are able to join some events tomorrow, so you try to find
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an event to join through the searching feature. After you find some events, chose one
and apply to it.

4.4 Instruments

Two sets of questions were used for pre- and post-test semi-structured interviews. The
questions were split before and after to balance out the flow of the study. The first set
of questions asked about demographics (age, gender) as well as GBER use, if the partic‐
ipant was already a user of GBER (e.g., How do they use GBER, via smartphone, PC,
or other? How often?). The second set of questions asked about perceptions of partici‐
pation, barriers and challenges to pursuing activities and hobbies, and general smart‐
phone-related issues. Specifically:

• How would you rate your social participation on a scale from 1 to 5, where 1 is very
low, 5 is very high?

• What kinds of activities you attend regularly, before and currently?
• Is there anything that makes it difficult for you to pursue your activities, hobbies, or

interests? Please give an example.
• What activities do you want to do but cannot, and why? What is the difficulty?
• Do you use a calendar app? Which one? What do you use it for? Are you still using

it? (If not, why not?) [The same was asked about map and message/SNS apps.]

4.5 Data Analysis

Written notes and answers to interview questions were transcribed. Video was reviewed
to fill in blanks in the notes. Two analysts looked through the data several times for
behavioral patterns and points where there were errors, confusion, and breakdowns.
These were recorded in a qualitative matrix.

5 Results

5.1 Usability and UX Results

A summary of key results is presented in Table 2. Overall, while all participants were
able to complete the missions and tasks, most required guidance, and there were clear
areas where usability broke down for a substantial number of elders.

Although they were asked to find the next upcoming event, four of the participants
pressed buttons on the recommendation card instead. P4 said that she had no interest in
the upcoming event. P2 and P4 said that they were interested in the recommended event
and kept pressing the “apply” button on the recommendation card. P6 found the
upcoming event the first time and clicked on the information card to read the details,
then said he did not see how this information benefited him.
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Table 2. Matrix of the key user study results.

ID Clicked
“recommended”
and ignored the
upcoming card

Clicked the
“cross” icon to
finish the “add
event” task

Used the tab bar
to access the
calendar

Used tab to find
activities

Swiped to find
out more
information

P1 ✓ ✓ ✓
P2 ✓ ✓ ✓
P3 ✓ ✓
P4 ✓ ✓
P5 ✓ ✓ ✓ ✓
P6

Four participants were able to use the calendar icon in the tab bar as intended. P4
and P6 were not able to figure out how to navigate the calendar; they were looking for
the entry of the schedule around the upper zone of the screen, not looking down at the
tab bar. P2 encountered a bug and P6 was uncertain and give up on the task. The other
three participants clicked on the cross icon to close the form. Only P3 used the “save”
button on the bottom of the “add event” form page.

In terms of activity-finding, the majority struggled to complete the task, with the
exception of P3. Only P3 successfully found and used the middle icon in the tab bar to
get to the activities page without direction. P6 clicked another icon on the tab bar and
then found themselves on another screen that was not what he wanted. When participants
were asked to find an event to join, they kept looking at the event card at the bottom (see
Fig. 1d). None used the red pins on the map to see if there was another event to join;
instead, they pressed on the “I am interested” button. P2 and P3 used swiping gestures
to slide between screens; even when the researchers told them that swiping was not
possible and guiding them in terms of how to navigate, they kept trying to swipe between
screens.

5.2 Activities and Barriers to Access

The difficulties in terms of pursuing activities that were reported by participants were
highly specific and as such there were no patterns. For example, P1 said he was lazy,
while P2 and P4’s difficulties were about lacking time and money. P3 wanted to start
his own business but did not know how. The self-rating of participation in social activ‐
ities was high (median = 4). Two participants rated themselves as 5, or “very high,” one
gave a rating of 3, or “medium,” and the rest of the participants rated their participation
as 4, or “high.”

6 Discussion

Overall, participants were intrigued by the new interface and experienced moments of
joy. For instance, most participants enjoyed the emoji feedback and the level of detail
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presented in the events. However, there were several areas of confusion and usability
breakdowns, such that it was challenging for some participants to finish certain tasks.

A common behavior that we observed suggests that our elderly participants were
attracted to colors. Most participants kept pressing colorful elements or reading colorful
text rather than the black and white elements and text, even though they were the right
elements to interact with. This suggests we have to be careful about using flat design
because it is hard for elderly to conceptually distinguish between visually similar elements,
in our case flat-style tags and buttons. Importantly, this is not a visual perception issue
(i.e., contrast, visual acuity), as older adults were able to perceive and read the elements in
question. In effect, they were interpreting cues of the visual elements as the same,
suggesting they were the same kind of element. Previous research has already indicated
that older adults may prefer skeuomorphic rather than flat UI designs [cite]. Our results
suggest that there is more than preference at play: flat design may not be as usable as
alternatives. However, future work will need to explore this in greater depth. We will
assess a skeuomorphic style for the interactive elements, like buttons, so the users might
not miss them; also, non-button elements will be presented with colors or borders.

Some typical smartphone icons, like the calendar icon, were clear to participants,
but some were not. This became apparent in two tasks requiring use of the tab bar
navigation: checking the calendar schedule and exploring activities. Most participants
successfully found the calendar (Fig. 1c) through the tab bar, but only one used the tab
bar to access the activity-finding page (Fig. 1d), even though both tab bar buttons were
placed next to each other in the tab bar. Further, all participants did not understand why
and how the red pins on the activity-finding screen worked, even though all were Google
Map users. This suggests that there was a mismatch between their mental model of what
to expect on an activity-finding screen and what was actually on the screen. With these
results alone, we can only speculate about the underlying cause: it could be the label
(“recruiting”) or presence of the map (elders do not associate maps or locations with
activities). We will redesign the event boxes to have clearer clues of how to navigate or
get access to other events. These clues will directly point out what users need to do to
find out more information. For example, they may provide instruction text to guide first-
time users to follow along.

There is a bit of evidence to suggest that certain visual design patterns overwrote the
dominant right-to-left, top-to-bottom cultural reading pattern. When participants were
asked to change screens using the tab bar or when they were expected to use the interac‐
tive elements at the bottom of the screen, they typically spent some time searched around
the upper zone of the screen, exploring the bottom zone only after they realized what they
needed was not there. However, this behavior changed when they were on the activity-
finding page (Fig. 1d). Participants kept looking at the event box at the button and did not
explore or interact with the elements in the upper zone (the map, filters, and search
control). The most important action elements, like save buttons, may be moved to the
upper zone, or perhaps be visually redesigned to more strongly draw the user’s attention.

We also discovered an issue in our user study methodology that, in our experience,
seems to be particular to our elderly participants. Specifically, it was hard for elders to
pretend to be a persona. Even after we spent some time explaining what personas are
and why we needed them to pretend (e.g., to save time, because the prototype was
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unfinished), they did not seem to understand and/or did not want to pretend In the first
task, where participants were asked to find a booked event in the app, some said that
they did not want to apply to that event or had not applied to it. One participant pressed
on colorful elements, attempting to change the status of the interface. Half of all partic‐
ipants told us their real schedule or plans instead of carrying out the task of checking
the schedule and adding an event. The facilitators needed to keep explaining that the
tasks were pretend so that the study could go on. While it is unclear why, there are
alternatives that we and others can explore in the future. One idea is to start with no
preset persona (essentially, ensure a robust prototype design and have the participant
carry out all necessary tasks before the main tasks). Another idea is to create customized
personas based on the participants themselves (if we can get access to demographics
information about them before the study).

The diversity of reasons for not participating or barriers to participation highlight
the need for a service like GBER and motivate us to continue developing the platform,
especially the matching algorithm.

7 Conclusions

We designed a new version of the GBER social participation app that was inclusive of
elders’ needs and abilities and then evaluated it with representative users. Through user
testing supplemented by semi-structured interviews, we were able to glean new insights
into elders’ perceptions, behaviors, daily life, and use of smartphones, as well as their
impressions on and ability to use GBER. The elders in our cohort—Japanese residents
of Kashiwa city—were a tech-savvy group with diverse interests and a strong desire to
participate more fully in their communities. The redesigned GBER app shows promise,
but further design iterations are needed. Even so, we can propose some general findings
and indications from our results. Even when elders are familiar with map and calendar
apps, this familiarity may not translate to similar design patterns. Moreover, we must
be careful with the use of flat design by ensuring that elements such as tags and buttons
are clearly visually distinguishable. Finally, it may be difficult for elders to imagine
themselves as personas going through scenarios, so alternative usability procedures may
be needed. We will be applying these insights in the next design iteration and then release
the new version, after which we will conduct further user testing with GBER users “in
the wild.” Future research will evaluate not only the usability and UX of the new GBER
app but also its ability to improve the social participation of the elderly over a longer
period of time and in situ.
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Abstract. Population aging, one of the sturdiest demographic trends of the past
few decades, is leaving a substantial mark on the relationships and the structure
of family. Three and even four generations are now in a position to spend
significant parts of their lives together, making it increasingly important to form
and maintain strong bonds among older and younger adults in families. One way
to achieve this is through shared activities appealing to both sides of the age
spectrum. In this study, we examined the potential of joint video gameplay to
build or restore intergenerational family relationships. Participants (n = 183),
mainly grandparents and grandchildren, were asked to play video games toge-
ther over a period of six weeks. Before and after the treatment, participants
completed a modified version of the questionnaire on the inclusion of the other
in self as the measure of relationship closeness, as well as responded to a series
of open-ended questions post-treatment. Results indicate a significant increase in
the inclusion of other in the self. A comparison group (n = 88), tasked with
having conversations with the same stipulations, yielded considerably less sig-
nificant results. These findings suggest that video games as a shared activity
hold the potential to positively impact family relationships by increasing rela-
tionship closeness, and thus improve the lives of both younger and older
generation.

Keywords: Older adults � Video games � Inclusion of other in self
Intergenerational gaming � Family relationships � Interpersonal relationships

1 Introduction

The need for entertainment, competition, and challenge is part of human nature—that is
how we discovered music, dance, and ultimately games [1]. People have always played
games, from the ancient Senet board game, through more hazardous gladiator chal-
lenges of the Roman Empire, to contemporary leisure activities such as sports and
video games [2]. Huizinga explained that playfulness and games are fundamental
elements of civilization, critical for human cultural advancement, where each of us is
homo ludens—man the player—and games are “a regularly recurring relaxation, the
accompaniment, the complement, in fact an integral part of life in general” [1, p. 26].
This is becoming increasingly more prominent today, as the digital age has brought on
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the tremendous rise of video games. Games are now pervasive, expanding into many
aspects of modern life, from Internet search engine logos to mobile phones, from
television to computers. Play is at our fingertips, instantly ready to begin as soon as we
decide whether we want to dance to professional choreography, lose in scrabble to
grandma who lives on the other side of the country, compete in tennis in our living
rooms, fly a fighter jet, or go on a heroic adventure to save the world. While they
started off as exercises for a narrow interest group in the last third of the 20th century,
the technological revolution of the new millennium brought on the proliferation and
accessibility of new computer devices, which in turn broadened video game devel-
opment to encompass wider audiences, ultimately changing gaming from a marginal
subculture to a major component of the mainstream culture [3, 4].

1.1 Sociability of Video Games

While games have historically been seen as collective activities [1], video games are
generally perceived as a solitary endeavor [2]. Play with others, however, has been the
backbone of video gaming since the beginning; after all, the first video game, Pong,
was created for two players [5]. The Entertainment Software Association market report
[6] revealed that some 54% of gamers play with others, while 45% say it helps their
family spend time together. Further research found that the choice of gaming partners
influences player’s emotional state [7]. Specifically, playing with or against a friend
produced deeper engagement, greater social presence, and higher levels of physio-
logical arousal than playing with a stranger or against the computer. While friends use
interaction through multiplayer games as a means to maintaining and enhancing their
relationships [8], co-playing video games with parents was found to decrease the level
of aggressive behavior, and increase prosocial behavior in adolescents [9].

1.2 Effect of Joint Video Gaming on Intergenerational Relationships

More recent studies have focused on the effect of joint video gaming on intergenerational
relationships within families, particularly those between grandparents and grandchildren
[10–13]. Distinct due to a usually large generational gap, positive grandparent-grandchild
relationships have been shown to produce positive psychosocial outcomes for both par-
ties, where grandchildren gain a source of family values, beliefs, and history, as well as
social support, and grandparents gain a source of pride and the feeling of being young
again [15]. Studies focusing on video games and the aforementioned relationships
uncovered that intergenerational gameplay within families yielded social interaction and
connectedness, with both younger and older adults finding video games a good platform
for bonding [10, 11]. Young adults reported playing video games with older family
members mainly as a means of maintaining or deepening the relationship, spending time
together, and talking about simple and complex topics in a setting they find comfortable
and comforting. Older adults found video gaming with younger family members enjoy-
able, fun, and bonding, highly rating the informal daily contact and the common ground
joint gameplay creates between the two generations [11]. Both generations cherish the
social interaction and the confederacy of collaborative play, while younger adults unan-
imously emphasized the desire to playmorewith the older adults in their families [11–15].
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1.3 Relationship Closeness as Self-other Overlap

In order to understand the family interaction, in which individuals come to accom-
modate each other, video gaming within families has to be observed as a process in
which people and technology adapt to each other over time through design, concession,
and interaction. Understanding the aspects of our interactions with and around video
games has much to offer to research on interpersonal communication and the adaptation
of old social practices into new lifestyles. This is especially true in intergenerational
gaming, where older adults who tend to have well-established rituals of social inter-
action come together with young adults, who have their rituals of social use of
technology.

To empirically examine the effect of video gaming on family relationships, espe-
cially those among younger and older generations, we considered one of the rela-
tionship schemas imperative both to family communication and relational maintenance,
inclusion of other in the self (IOS) [17]. Inclusion of other in the self is a measure of
relationship closeness “in terms of differing degrees of overlap between the differen-
tiated region that represents the self and the region that to the individual represents the
other” [17, p. 597]. In other words, relationship closeness is seen as “people’s sense of
being interconnected with another” [17, p. 598]. The self-other overlap construct
stipulates that individuals are motivated to form and maintain close relationships owing
to an intrinsic yearning to grow, to expand their sense of the self [17]. Inclusion of
other in the self develops as the person is motivated to embrace the resources, per-
spectives, and identities of their relationship partner [17]. Through this process, each
individual not only welcomes other’s knowledge and capabilities, but also begins
experiencing the world from their point of view to some degree, which is exceptionally
important in relationships with a significant generational gap. In a sense, one becomes
closer with their relationship partner as the partner becomes more of a part of the self.

In relationships with a high degree of self-other overlap, an individual shares the
other person’s perspectives, identities, and resources [17]. In the context of family
relationships, young adults who report high IOS with the parent are likely to share
beliefs and values, use “we” language, and receive more support from the older adult
[18]. Studies have shown that IOS is associated with relational maintenance, where the
“model has proven fruitful in understanding the cognitive underpinnings of a variety of
relationship phenomena such as the fundamental motivations to enter and maintain
relationships” [19, p. 390]. Thus, it stands to reason not only that both younger and
older adults are motivated to form stronger bonds, but also that the resulting higher IOS
also may be associated with greater closeness in family relationships—that is, the sense
of interconnectedness among family members—and with it, relationship satisfaction.
With this, we postulated that:
H1: Regularly playing video games together is positively associated with a higher

perceived IOS for both the older and younger adults.
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1.4 Purpose of the Study

The aim of this study was to explore the effects of intergenerational video gaming on
the bonds between older and younger family members. At the heart of the inquiry was
the potential of the shared leisurely activity to build or maintain relationship closeness
between family members, especially of different generations, through the increase in
self-other overlap. To assess the effect of sharing the activity of playing video games as
opposed to simply bonding over a conversation, we employed a mixed-methods lon-
gitudinal design to collect both survey data on self-other overlap and detailed personal
accounts of the effects of gaming on dyadic family relationships. For comparison
purposes, the same design was used to collect data on the effects of regular conver-
sations on intergenerational family relationships, removing the shared gaming factor.
The results of this investigation are presented below.

2 Method

To fully understand player interactions and relationship development in and around
video gameplay, data were collected through a longitudinal study, using both quanti-
tative and qualitative methods as described below. The participants were recruited from
classes at two large universities in southern United States after receiving approval from
the appropriate Institutional Review Board. Each participant was asked to select an
adult, age 55 and above, from their immediate family circle who would consent to
participate in the six-week study. Participants were divided into two broadly defined
groups: younger adults (ages 17–35) and older adults (ages 55 and older). The broad
demarcation of older adulthood was made with the study’s focus on intergenerational
family relationships in mind. Younger adults were tasked with selecting the game or
games to be played, with input from the older family member where possible. For this
study, data were gathered across two experimental groups. The first group, experi-
mental group 1, was tasked with playing video games with their selected family
member at least three hours a week, whether in a mediated or co-located setting. To
control for the effect of gaming as a shared activity, a comparison group, experimental
group 2, was asked to talk to their selected family member at least three hours a week,
whether by mediated channels or in person. The data from the dyads were collected
over a period of six weeks. Younger adults received partial course credit while older
adults did not receive any compensation for taking part in the research.

Group 1 Participants. The sample consisted of 182 participants: 89 older adults, 58
females and 31 males (M = 1.65, SD = .48), ages 55–77 (M = 59.43, SD = 4.57), and
93 younger adults, 51 females and 42 males (M = 1.59, SD = .50), ages 17–28
(M = 20.39, SD = 2.05). The older cohort (n = 89) comprised 75 (84.27%) grand-
parents, 11 (12.36%) parents, 2 (2.25%) stepparents, and 1 (1.12%) aunt. The younger
cohort (n = 93) comprised 77 (82.80%) grandchildren, 13 (13.98%) children, 2
(2.15%) stepchildren, and 1 (1.08%) niece.
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Group 2 Participants. The sample consisted of 88 participants: 49 older adults, 32
females and 17 males (M = 1.65, SD = .48), ages 55–71 (M = 59.57, SD = 3.73), and
49 younger adults, 28 females and 21 males (M = 1.57, SD = .50), ages 18–25
(M = 20.84, SD = 1.71). The older cohort (n = 49) comprised 44 (89.79%) grand-
parents, and 5 (10.20%) parents. The younger cohort (n = 49) comprised 44 (89.79%)
grandchildren, and 5 (10.20%) children.

Data Collection. Considering the pretest-posttest nature of the study, self-completed
questionnaires were used to collect standardized and thus comparable information from
the participants. All questionnaires were web-based, administered using the Qualtrics
survey tool. Web surveys were employed for being easily available and accessible, with
the possibility to prompt for missing data or explain potentially difficult sections, which
is important given the age of some of the participants and lack of funding for the study.
For the same reason and also given the potentially mediated nature of the study, the
questionnaires were used to collect narrative data as well, allowing for a broader
accessibility. The survey was distributed online. It took approximately 30 min to fill
out, with the narrative section approximated at 10 min, depending on the level of detail
of the response and typing proficiency of the respondent. All participants were tasked
with completing the survey at the beginning and the end of the study.

The pre-test survey consisted offour sections. The first section contained questions on
demographic information (including gender, age, and relationship status) and the rela-
tionship between the two family members (i.e., parent-child or grandparent-grandchild)
participating in the study.

For group 1, the second section comprised questions on previous gaming experi-
ences (e.g. “Have you ever played video games?”, “What games do you play most
frequently?”). In the survey, video games were defined as all digital games, including
applications embedded in mobile devices or accessible through social media. To assure
understanding, pertinent examples were provided for game types, e.g. FarmVille,
Candy Crush, card games. For group 2, the second section comprised questions on the
modes and frequency of communication with their family members in general (e.g.
“Which family member do you talk to the most?”, “What means of communication do
you usually use?”).

For group 1, the third section was available to those who positively responded to
the query on previous gaming experience with family members and consisted of
questions related to that experience (e.g. “With which family member do you play
video games most frequently?”, “Within the past three months, how often have you
played video games with this family member?”). For group 2, the third section com-
prised questions on the modes and frequency of communication with the family
member who co-participated in the study (e.g. “How often do you talk?”, “What means
of communication do you usually use?”). Both groups were then asked to complete the
fourth section of the survey which addressed the self-other overlap, coded per its
respective scale, detailed below.

Self-other Overlap. The fourth and final survey section comprised the measure of
relationship closeness as an overlap between the other and the self. The self-other
overlap was measured using Aron, Aron, and Smollan’s pictorial Inclusion of Other in
the Self (IOS) instrument, presented in Fig. 1 [17]. The IOS scale asserts that in a close
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relationship, an individual acts as if there is a degree of inclusion of the other within the
self so that, for example, close friends believe they are interconnected with each other.
The IOS scale consists of a set of Venn diagrams, each representing varying levels of
overlap ranging from slight to almost entirely overlapping. One circle in each pair is
labeled “self” and the other circle is labeled “other.” The participants were instructed to
select the pair of circles that best depicted the nature of perceived overlap with the
family member with whom they were participating in the study. The IOS scale has been
extensively validated in both experimental and observational studies, with a = .87 for
family relationships [17].

The post-test survey, completed after six weeks of video gaming and interaction,
consisted of four sections. The first section contained questions on demographic
information and the relationship between the two family members participating in the
study. For group 1, the second section comprised questions on games played, gaming
type (collaborative, cooperative, or other) and location (collocated, remote, or other)
during the experiment. For group 2, the second section contained questions on the
modes and frequency of communication with the selected family member during the
study (e.g. “How often did you talk?”, “What means of communication did you usually
use?”). The third section comprised repeated self-other overlap measures.

Digital Postcards. The fourth and final section of the post-test survey was designed
for narrative data collection, consisting of digital postcards asking the participants to
share their experience of the six-week study in their own words. Participants were
asked to reflect on their gaming/conversation rituals, the expectations, outcomes, and
future plans in relation to joint gaming or conversations. Questions to aid in reflecting
on the experience and writing the postcards were provided on the same page.

Data Analysis. Responses to the scaled items for both groups were examined using
pretest-posttest statistical analysis. Narrative data was examined using careful,
line-by-line content analysis, investigating the context, perspectives, and overall
character of the responses. Emerging patterns and themes were uncovered by searching
for word repetitions, then analyzing keywords and their context. Themes were grouped

Fig. 1. The Inclusion of Other in the Self (IOS) scale
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and assigned colors, and the narrative data was highlighted accordingly. Detailed
analyses of pretest-posttest surveys and the narrative data for both groups are presented
in the next section.

3 Findings

Based on the responses from our participants, we answer our questions about if and in
what ways intergenerational game playing may affect the perceptions of self-other
overlap as the measure of relationship closeness between family members. Both older
and younger adults in group 1 largely reported positive outcomes from playing video
games with family members—while enjoyment was an important aspect, maintaining
connections with each other and with the home were repeatedly emphasized. The
changes in self-other overlap were also noted, as both gained more insight into each
other’s lives, knowledge, and thoughts. The effects on group 2 were significantly
smaller.

3.1 Group 1: Gaming Group

Group 1 Previous Video Gaming Experience. The majority of the older adults who
participated in the study—63 or 70.8%—reported never having previously played
video games. None of the remaining 29.2% identified as active gamers or playing video
games on a regular basis, but stated they had either tried video games in the past or play
sporadically. Their gaming experience included a wide variety of games and platforms,
from mobile apps to exergames and sports simulations, to more complex first-person
shooters. Younger adults who participated in the study predominantly (82, 88.2%)
reported playing or having played video games, of which 29 (31.2%) identified as
active gamers who play six or more hours per week. They too reported having played
or playing a variety of games on different platforms.

The hypothesis postulated that regularly playing video games together is positively
associated with a higher perceived self-other overlap for both the older and younger
adults. To assess this hypothesis, a paired t-test was employed to determine whether
there was a statistically significant mean difference between the perception of inclusion
of other in self before and after the six-week gaming treatment. The results of the paired
t-tests are presented in Table 1.

Table 1. Results of pretest and posttest IOS for younger and older adults for Group 1.

Variable/Results N Pretest-posttest
diff. of M

SD t p

Inclusion of other in self for
younger adults

93 1.44 .71 19.46 .000

Inclusion of other in self for
older adults

89 1.30 .79 15.58 .000
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Among younger adults, there was a statistically significant difference between
pretest (M = 3.81, SD = 1.40) and posttest (M = 5.25, SD = .99), t(92) = 19.45,
p < .0001, CI.95 1.29, 1.59. Cohen’s effect size (d = 1.19) suggests a large increase in
the perception of self-other overlap. The difference in the perception of inclusion of
other in the self between pretest (M = 4.22, SD = 1.95) and posttest (M = 5.53,
SD = 1.39), t(88) = 15.58, p < .0001, CI.95 1.14, 1.46, was also significant for older
adults. Cohen’s effect size for older adults (d = 0.77) suggests a moderate to high
increase in the perception of self-other overlap. The hypothesis was thus supported for
both test groups, with younger adults experiencing a more significant change.

3.2 Group 2: Conversation Group

Testing the conversation treatment group data for the same effects yielded significant
outcomes, albeit much smaller. A paired t-test was employed to determine whether
there was a statistically significant mean difference between the perception of inclusion
of other in self before and after the six-week conversation treatment, finding a clear
increase in the self-other overlap for both groups. The results of the paired t-tests are
presented in Table 2.

Among younger adults, there was a statistically significant difference between
pretest (M = 4.27, SD = 1.38) and posttest (M = 4.63, SD = 1.52), t(49) = 2.84,
p = .007, CI.95 .12, .63. Cohen’s effect size (d = 0.25) suggests a small increase in the
perception of self-other overlap. The difference in the perception of inclusion of other
in the self between pretest (M = 4.49, SD = 1.12) and posttest (M = 4.71, SD = 1.29),
t(49) = 2.68, p = .0101, CI.95 .06 .39, was also significant for older adults. Cohen’s
effect size for older adults (d = 0.18) suggests a small increase in the perception of
self-other overlap.

3.3 Comparison Between the Groups

For both groups, the inclusion of other in the self pretest-posttest analysis follows the
same trend, if not quite with the same effect size, as evident from Fig. 2.

As we can see, the conversation group started off with a higher perception of
self-other overlap and experienced a distinctively smaller increase over the course of
the study. It is important to note that in both groups, younger adults underwent a
steeper increase than older adults.

Table 2. Results of pretest and posttest IOS for older and younger adults for Group 2.

Variable/Results N Pretest-posttest diff. of M SD t p

Inclusion of other in self for
younger adults

49 .36 .91 2.84 .007

Inclusion of other in self for
older adults

49 .22 .59 2.68 .010
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3.4 Group 1: Qualitative Findings

In the final part of the closing survey, gaming group participants were asked to describe
their six-week joint gaming experience—which games they played, did they compete
or collaborate, what was the usual gaming ritual, what stood out to them the most, how
did they feel about it at the beginning and the end of the study, will they continue
playing video games together.

Time spent together and the resulting sense of closeness were in the center of most
responses. As one female participant (57) noted:

My daughter is my oldest child so we have an extremely close bond. Now that she’s older, it’s
hard for us to do fun things together even though we live in the same city. Even though it was a
silly phone game for school, I appreciated the extra time we were able to spend together and I
was surprised at the amount of time we actually spent engaged in conversation while doing this
project. I think that more than anything that time actually made our relationship stronger.

Younger adults shared similar experiences, as a male participant (19) elaborated:

I found that we exchanged text messages more often during this time because my dad is a big
trash talker. My dad and I already are very close but I’d say that this added an extra element to
our relationship! It was great doing something together and it gave us something out of the
norm to look forward to!
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For some, it was about feeling physically closer to their family member, said one
grandmother (63):

With these video games, as simple as it may sound, reconnects you again no matter how far.
While I played, it made me think of her, and when she played, it made me feel like we were
connected even thought we were not in the same city. It made me feel close to her and we
enjoyed it.

A younger female participant (18) concurred:

I liked that we were playing together. It was a nice since the game put us both in position to
have conversations about the game and other things in her and my life at the moment. She is
about 900 miles away from me so it was a nice way to keep connected and share in each other’s
lives.

More than two-thirds of both older and younger adults (74.2% and 69.9%
respectively) cited more frequent communication and spending more time together as
the outcomes of the six-week joint gaming, while 24 (25.8%) younger adults and 31
(34.8%) older adults specifically cited an effect on the sense of interconnectedness or
relationship closeness. A female participant, age 74, said:

Playing games with my grandson keeps me sharp. We joke and talk and compliment each other
on good moves. I love that he treats me as an equal and doesn’t hold back. Playing games has
brought us closer, in my opinion. Doing this with [my grandson] is now one of the joys in my
life. I feel that playing games together has taught us both different things, we have learned from
each other and about each other.

Participants’ narratives provided a deeper understanding of their experiences, and
perhaps an insight into potential moderating elements that occurred during the study.
Primarily, both younger and older adults found new ways of connecting to their family
members, whether through more frequent conversations, broader selection of topics,
shared subjects, or pure entertainment. Gathering around the novel activity allowed
participants the space to talk and listen in a relaxed environment, and they largely
reported bonding and enjoyment, with older adults also placing emphasis on learning
and acquiring new skills.

3.5 Group 2: Qualitative Findings

Unlike the gaming treatment group, for the conversation group time spent together and
the resulting perception of closeness were not the focus of most narrative responses. As
a matter of fact, only 10 (20.4%) younger adults and 14 (28.6%) older adults specif-
ically referred to increased relationship closeness in their digital postcards. For some, as
one female participant (21) noted, this is simply because three hours of talking per
week was not beyond their usual routine:

I live with my parents, so I see them every day. My [extended] family is also close, and we talk
on the phone daily. There are times when I think they are too involved in my life and I get
annoyed, but then I remember how lucky I am to have them. This assignment did not really
make me go out of my way, although I did spend more time than usual talking to my grandma.
She lives 10 min from my parents, so we just added our phone conversations with hanging out
or shopping during the weekend.
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For others, however, it was a bonding experience, as observed by one son (22):

I actually started calling my mom a couple of times a week to talk. I get along with her much
better than with my dad and am more comfortable sharing things about myself and my life.
I think she liked it too because I initiated the weekly phone calls and now she does it more. We
definitely grew closer and she knows more about what’s going on with my life than my brother.

Older adults shared similar stories and relished spending time with their family
members, as a male participant (62) explained:

[My grandson] and I decided to do our “talking” during the weekend since we both have busy
weeks, and he was at my door on Saturday nights with a half a gallon of ice cream and a war
movie. Next weekend, I am barbecuing. We do talk when he is here, mainly about my late wife,
or about his school and life. I like that it’s brought us closer. He has grown to be a good man,
and I am proud of him.

For one older female participant (59), it was about feeling better together:

When I was younger, I envisioned my kids and grandkids living near. Well, fate has a funny way
of changing your life. When I fell ill 2.5 years ago, I had to move in with my daughter and her
family. It’s been difficult on everyone: I despise losing my independence and my daughter
despises losing her freedom. But we love and respect each other and make it work. Helping my
granddaughter with this school project, we talked to each other like two adults for the first time.
We both opened up and I feel we are closer than ever before.

To summarize, in some measure, both younger and older adults appreciated the
experience, connecting over deeper conversations, broader selection of topics, and
newfound shared interests. For some, talking three hours a week was not outside the
norm, while for others it created both opportunities and challenges. Opportunities were
found in discovering more about family members, be it positive or negative. Chal-
lenges arose for both cohorts in having their voices heard during the conversation,
dealing with arguments, boredom, and the lack of common topics that would move the
chats from the realm of mundane. Majority of the participants do not plan on con-
tinuing with weekly conversations with family members, preferring that chats arise
naturally.

4 Conclusion

In this study, we hypothesized that regularly engaging in a social activity—in this case,
regularly playing video games together—will be positively associated with a higher
perceived self-other overlap for both older and younger adults in the family. This was
certainly true—while they played video games, in the background their relationships
changed. The shift materialized in the significant upward slope of self-other overlap for
both groups, indicating an increase in the perception of relationship closeness. This
outcome suggests that playing video games together indeed creates a platform for the
expansion of family relationships. Narrative accounts supported these findings. The
opportunity for conversation and bonding attracted both younger and older adults. The
older cohort, largely consisting of individuals who have never played video games
before, found the experience entertaining, interesting, and gratifying. The younger
cohort enjoyed the opportunity to display their expertise to older family members while
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in turn discovering more about them and receiving the benefit of an interested listener
and adviser. Younger adults also gained greater awareness of their older gaming
partners’ knowledge and capabilities, while older adults saw their relationships with
post-adolescents as more rewarding. The significance of these findings lies in the
apparent ability of video games to serve as a bridge between generations, helping
(re)form and maintain relationships that, when tended, can have a profound influence
on the lives of both younger and older adults.

The findings of the comparison group were less stellar. While there was certainly an
increase in the self-other overlap after the six-week conversation treatment, it was very
modest. According to the illuminating narrative reports, the cause may be in the lack of
motivation as most of the participants did not find the weekly conversations particularly
rewarding.While the gaming dyads gathered around a fun activity, which added a dose of
excitement and an environment that not only allowed for sharing stories but creating them
too, the conversation groupwere left to their own devices, finding topics andways to push
through arguments and awkward pauses. As a matter of fact, accounts that reviewed the
conversation experience positively, and saw it as bonding mostly also engaged in some
shared experiences, such as shopping, watching a show, or pet sitting. The slightly higher
increase in self-other overlap for younger adults possibly resulted from increased moti-
vation as their participation in the study was a part of the class credit.

Overall, it can be said that the gaming group experienced larger effects post-treatment.
For both younger and older adults, positive emotions such as happiness and enjoyment
coalescedwith—and stemmed from—the bonding, the conversations, the feeling of being
closer to loved ones and of maintaining relationships across distances. They used the
platform to spend time together, and have fun, talk, and generally take part in each
other’s lives.

Ironically, not all was fun and games in this group. Despite positive outcomes, only
half of the older adults and less than half of the younger adults plan to continue playing
with their family member. The cause of this lack of motivation to continue is clear—
younger adults have considerably underestimated the technical abilities of their older
family members, as well as their capabilities in mastering new forms of electronic
entertainment. Thus, younger adults largely selected games based on old tabletop
models, such as Trivia Crack and Words with Friends. Such games have a minimal
learning curve and are less involving, which in turn led to older adults becoming bored
towards the end of the six-week gaming period, and younger adults already being
disinterested in these unchallenging apps. While some concerns about game accessi-
bility may be valid, as many older adults do dread the fast response time requirements
and the complex controls, this concern should be addressed and removed as an obstacle
in enjoying the many worlds and stories video games provide.

5 Implications

With each year, the aging population grows [20]. In the same time, especially in the
Western world, it seems that the use of technology has led to people living in the same
space but rarely spending “quality time together,” actually interacting and bonding.While
popular media continuously emphasize the importance ofmeaningful interactions among
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family members and friends for the strength of the relationships, resulting in calls for
sharing meals without distractions, with the wide introduction of personal computers,
tablets and smartphones, the silence and distance are becomingmore pervasive. However,
as this and other recent studies show, the same technology can be used to counter this
effect and enhance lives across generations. With careful design and consideration of
current and potential players, video games have the capacity to positively impact families
and social life in general, bridging the distance and drowning the silence [10, 12, 21].

6 Limitations

As with any research, this project has its limitations. First, the participants were
selected using a sampling procedure of convenience rather than randomized sampling
of a larger population. Furthermore, all participants are from the United States, which
affects the generalizability of the findings. In addition, for younger adults the partici-
pation was a part of the course requirement, which may have impacted their perception
of the project—must vs. want—and thus the level of their participation and satisfaction.
Finally, the selection of the games was left to younger participants, who chose games
based on their perception of the older adults’ abilities and skills. Future research should
address the limitations to this study, as well as examine more specific aspects of
variable influences, examining the effect of specific games, of existing relationships,
family patterns, and emotional and physical states. These additional motivations are
important to gaining a more complete picture of shifts in family relationships and how
video games can be used to help balance them.
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Abstract. This study explores the use of WhatsApp instant messenger in
extended families in two countries, Finland and Italy, that represent different
family and communication cultures. Qualitative research material was collected
in 2014/2015 from families consisting of three or more generations and living
either in the same or different households. A directed approach to qualitative
content analysis was applied in the analysis of the research data. The results of
the study show that WhatsApp is considered to facilitate family interaction across
generations. The success of WhatsApp in the family context accounts for two
main factors: first, for the possibility to reach the whole family at once; and
secondly, for its capacity to promote “phatic communion” via small messages.
While utilizing various communicative modalities of WhatsApp (text and voice
messages, photos, videos), family members take into account others’ preferences
and communication skills.

Keywords: Extended family · WhatsApp · Instant messaging
One-to-many communication · Phatic communion · Reach
Intergenerational relations

1 Introduction

This study investigates instant messaging as a form of everyday family communication.
Particular focus is given to the use of WhatsApp which is currently one of the most
popular instant messaging applications in many countries [1]. The study seeks to answer
the question: What is the importance of small messages exchanged via WhatsApp for
the sense of social coherence in extended families? In this research, extended families
consist of family members representing two or more generations who may live in the
same or different households [2, 3]. What makes WhatsApp an attractive communication
tool for such families is that it allows both one-to-one and one-to-many interaction, and
provides multiple modalities for intergenerational family communication (e.g. voice,
text, photos, and videos).

The study argues that the big meaning of small WhatsApp messages emerges from
both its technical properties and social affordances. WhatsApp makes it possible to reach
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more than one family member at time, sometimes the entire family. Multiple modalities
allow the choosing of the most suitable mode of communication according to personal
and joint preferences of the sender and the receiver(s). Second, the study argues that
extended families have harnessed WhatsApp especially for daily phatic communion [4].
That is to say that instead of the exchange of highly relevant and important information,
small WhatsApp messages helps to sustain the social bonds between family members
whose daily agendas and schedules are often incompatible.

Empirical evidence provided in the study is drawn from qualitative research material
collected from Finland and Italy in 2014–2015. Finland is a Northern European country
where families and households are characteristically smaller than in Italy that is located
in Southern Europe. Both countries were among the forerunners in the adoption and use
of mobile phones in Europe. The research material is analyzed following the principles
of a directed approach to qualitative content analysis.

The next section provides a short overview of the WhatsApp application and its
recent success. Thereafter, prior research of instant messaging in families is presented
and definitions for the key theoretical concept of the study are provided. Qualitative
methodology and data used in the study are presented before the results section. The
study concludes by summarizing the answers to the research question and discussing
the limitations of the study.

1.1 WhatsApp’s Growth and Success

WhatsApp is an instant messaging application that runs on mobile communication
devices equipped with an Internet connection. It allows sending text, picture, voice and
video content, for one person at a time or to several persons using chat groups. WhatsApp
can be categorized as a real-time – or near-real-time – communication tool.

In addition to these primary functions, WhatsApp makes possible following the
success of a message delivery, such as checking when contacts are available and when
they are typing messages. WhatsApp indicates with a ‘tick’ mark when the message has
been successfully delivered and with two ‘ticks’ when it has been received and read.
Similarly, WhatsApp shows whether other users are currently online and when they last
were logged in. The user, however, can disable the latter feature. Previous studies have
documented that this micro-scale peer-monitoring is commonly used to check whether
a person is available, without a real intent to contact them [1, 5].

Following the release of WhatsApp in 2009, its popularity has grown globally.
According to Statista [6], the total number of WhatsApp users elevated from 200 million
to 1.3 billion between April 2013 and July 2017. However, available user statistics are
somewhat diverse, incompatible, and unavailable for some countries, despite consis‐
tently demonstrating an increase in user rates.

In the context of Nordic countries, the Audience Project [7] report shows that What‐
sApp was clearly more popular in Finland than in any other Nordic country in 2016. In
Finland, WhatsApp was ranked as the most popular social media tool, while in other
countries it did not come close to the top. In the last quarter of 2016, 68% of smartphone
owners in Finland were reported to use WhatsApp. Finns were also very active What‐
sApp users, as 49% stated using it several times every day and 29% at least once every
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day. In comparison, in Sweden the same figures were 25 and 16%, respectively. The
same report shows that women (42%) used WhatsApp more than men (32%) in Finland,
and that WhatsApp was the most popular social media in all age groups. The penetration
rates varied being the highest among 15–25 year-olds (70%), and the lowest for 56+
year-olds (18%). In fact, the growth in the number of users is pronounced compared with
2014, when just more than a third (37%) of Finns reported using WhatsApp [8]. For
Italy, the penetration numbers are not so readily available. According to Cosenza, 22
million Italians used WhatsApp in 2017, which is about a third of the total population.
While the profile of users is diverse, ranging from the young to the old, the average time
spent on WhatsApp in Italy was 11.5 h a month. However, those who use WhatsApp
several times a day were typically between the ages of 15 and 24 [8]. Deutsche Bank
estimated that the penetration rate of WhatsApp among Italian smartphone users was
68% in 2015 [9].

1.2 Instant Messaging in Families

Online instant messengers remained for a significant time a communication media
mainly utilized by teenagers for peer-to-peer communication and young adults for work-
related interaction [10–13]. Recent studies have also continued to highlight children’s
preference to communicate with their peers (and not parents) through mobile and social
media tools [14]. As WhatsApp is sneaking into the technological reservoir of older
family members, its untapped potential for family communication across generational
boundaries begins to unfold.

A majority of prior research deals with the gratifications of instant messengers and
similar media tools [15]. Church and de Oliveira [18] studied 20 to 60 year-old Span‐
iards, and found that immediacy, a sense of community and free use were considered as
the main gratifications of WhatsApp, although SMS was still regarded more reliable,
invoking less privacy concerns. O’Hara et al. studied the use of WhatsApp among 17
to 49 year-old Britons with various occupational backgrounds including both individuals
and couples [1]. They suggest that WhatsApp is constitutive of commitment and faith‐
fulness included in social relations, and serves the needs of social bonding more than
functional exchange of information.

The migration of instant messengers from desktop computers and laptops to smart‐
phones multiplied the total number of users and diversified their socio-demographic
profile. Smartphones did not only add mobility to instant messaging but they also
extended a range of available modalities from sole text-based messaging (e.g. IRC and
AOL’s Instant Messenger) and voice calls to photos, voice messages and Internet calls
[17, 18]. The possibility to choose between various modalities makes WhatsApp a suit‐
able tool for connecting people with differing communicative preferences, and by so
doing it may help to overcome social differences between family generations.

In extended families instant messengers have to be positioned into intricate parent-
child relationships. On the one hand, these relationships reflect children’s opposing
needs for autonomy and parental care. Studies show that mobile communication in
general serves both ends; they work as an “umbilical cord” between children and parents
[20] and as a medium to gain a bigger degree of independence [19]. On the other hand,
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the social roles of parent and child are easily inverted in relation to digital technology
use. Daily family practice reflects parent’s dependency on their children’s technological
assistance and caretaking [3].

A possibility to sustain and nurture family connections from afar has caused
researchers to argue that new communication technologies and social media have
produced “networked families” or new relational families [21–25]. However, studies
exploring the ways in which families use mobile instant messengers, and their group
chat functions in particular, to stay connected are few. One of the few comes from
Rosales and Fernández-Ardèvol, who show that while WhatsApp is commonly used
across all age groups in Spain, the ways in which smartphones are used relates to interests
and communication needs that change as we grow older – more than to age-differentiated
skills [26]. Siibak and Tamme argue that Estonian families appreciate new web-based
communication tools especially because they offer a way to feel close [27]. The same
authors remind that web-based communication technologies serve family relations also
when people live in the same household. Portable communication devices and applica‐
tions are widely used to coordinate activities and share information in the physical
proximity of others [27].

Siibak and Tamme maintain that Estonian families favor synchronous chat groups
and other closed online spaces in family communications. This is an important obser‐
vation since prior research reiterates that face-to-face conversations and telephone calls
predominate family communication and local relationships [28–31]. However, it begins
to unfold now that some new forms of social media facilitate more group and small
community interaction than early forms of social networking sites, in which multiple
audiences easily collapse into one and compromise the privacy of conversations [32].

Therefore, compared with traditional person-to-person communication channels
(like voice calls and SMS) instant messengers are particularly useful for staying in touch
with closely related people and communities that favor enclosed and private communi‐
cation spaces to public or semi-public social media platforms [16]. Close-knit commun‐
ities, like families, do not seek to reach vast audiences, but are neither limited to private
one-to-one communication.

1.3 A Technology of Middle Reach and Phatic Expression

Baym argues that the success of social networking sites is based on their wide, but
selective reach [31, p. 30]. She has borrowed the notion of reach from Gurak, who
describes it “as the partner of speed” and maintains that digitized contents cannot only
travel with speed, but they can also reach large audiences. As Baym acknowledges,
media technologies vary in their ability to attain, support, or reach audiences of different
sizes. The reach of face-to-face contacts is the narrowest, but the qualities of in-person
communication, are also insurmountable. In-person communication involves a range of
nonverbal, facial, and bodily cues that are difficult to mediate to their fullest extent using
any technological mean. Personal mobile communication tools allow both narrow reach
of the closest friends and family members (using phone calls and SMS), but also a wide
reach of acquaintances and even strangers (through Twitter, Instagram, Facebook and
so on).
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But as Graham notes, Byam’s observations are based on early forms of ICT and
social media [33]. Instant messaging applications like WhatsApp, that feature a closed
group chat function, seem to fall in-between these two ends; WhatsApp makes it possible
to reach, sustain, and manage middle reach audiences as well. The extended family
serves as a good example of such a middle-range community, since it typically involves
both close family members, (like siblings and parents), but also distant family members
and relatives, (like stepparents and half-siblings), in addition to grandparents living
further away. Previous research that relies on rather straightforward distinctions between
weak and strong ties easily views contemporary families as a weak nexus of individually
networked family members; families that have to make more of an effort to stay
connected than the previous generations did [24].

WhatsApp and similar mobile instant messengers have introduced a new layer to
mobile communication, which allows easy communication within families. WhatsApp
affords a possibility for rather secure communication for dyadic family relationships and
for the entire family communities, who want to discuss private family matters, to
exchange emotions, provide care and support without revealing this intimacy in public.
Family WhatsApp use does not bring separate individual networks together, but it
conjoins family members who all know each other.

In this connection, the “sharing as caring” mantra obtains perhaps a deeper and fuller
meaning than anywhere else. While small acts of sharing, such as social media statutes
updates, “post sharing”, and “liking”, might be sufficient to establish and maintain weak
ties in Twitter, Instagram, or Snapchat, strong family ties are never established purely
online. The strength of family ties is based on a great amount of time, emotion, intimacy,
and reciprocal services family members invest in intra-family relationships [34]. Family
WhatsApp groups offer a particular channel to maintain and nurture these strong family
ties whether near or afar, providing both synchronous and asynchronous modes of
communication that helps the juggling of individual daily agendas and timetables.
Considering that the notion of sharing points to a set of values that are typically feminine,
such as openness, and mutuality [35], it is not so surprising that WhatsApp is used more
widely among women than men.

These affordances of closed WhatsApp chat groups resonate well with the particu‐
larities of contemporary extended families, which are geographically dispersed, non-
hierarchical, and change their composition over time. These affordances have made
WhatsApp a very fit medium for one-to-group communication, and allowed constant
family connectivity [15]. Family members, who used to, as Rainie and Wellman write,
“mostly dance sole but take part in a few duets and household ensembles” [24, p. 162],
can now use a WhatsApp chat group to keep their own band together and play their joint
favorite songs non-stop.

The meaning of sharing photos, video clips, and exchanging small text and voice
messages is perhaps best captured through the concept of phatic communion. The term was
coined by Malinowski, who showed that seemingly meaningless and purposeless talk,
greetings, and small talk have an important social function establishing, maintaining and
renewing, social bonds between interlocutors [4]. More recently, Miller argued that online
media cultures promote mainly social and networking-driven communication at the
expense of functional and informational contents, and dialogic intents [37]. In fact, the
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design of many social media platforms encourage the use of only a short expression by
limiting the number of characters a user may use (e.g. on Twitter). This promotes the use
of visual material, and provides new ways of expressing emotion with one-click. Wittel
pessimistically argues, that in the end all this contributes to the flattening of communica‐
tion and even to the flattening of social bonds [36].

2 Method

2.1 Data Collection Procedure

The data was gathered using the Extended Group Interview (EGI) method [3, 38]. The
EQI was designed to study intergenerational relations in extended families, and it was
premised on the collaborative nature of the ethnographic enquiry. The “extended” refers
to the study of extended families instead of nuclear families. It also points to the need
for various methods of conducting interviews, ranging from in-person to electronically
mediated ones, in geographically dispersed extended families. EGI allows reaching a
number of family members by stretching out the interviews from one specific place and
time into a series of interviews.

In this study, college students (hereafter, key informants) were given the assignment
to first observe ICT-related communication in their families for one week and then
interview at least five of their family members (hereafter, informants) on ICT usage.
The key informants were instructed to interview at least one of their parents and one
grandparent, if that was possible. They were free to choose the three remaining inter‐
viewees as long as that they were of different ages. Some key informants extended the
interviews to cover their cousins, aunts and uncles, especially in Italy, and others inter‐
viewed their spouses and own children. The limitation of the EGI method had been
reported in earlier publications [3, 38].

Based on the fieldwork, the key informants wrote three reports, with a minimum of
300 words each, in which they were asked to describe: (1) what ICT tools and applica‐
tions were used to stay in touch with family members; (2) how the key informants
consider their ICT skills in relation to one another; (3) how ICT shapes the roles within
their family. ICT was defined broadly as different kinds of digital communication
devices or services that are used to stay in contact and communicate with family
members (e.g. mobile phones, e-mails, Facebook, Twitter, WhatsApp, Instagram).

2.2 Informants

The empirical research data consists of 66 student reports based on extended group
interviews (EGI) collected from Finland, Italy and Slovenia in 2014/2015. In Slovenia,
WhatsApp was largely concentrated on peer-to-peer usage at the time of data collection.
Only one Slovenian family reported using it for family communication. For this reason,
the analysis is limited to Finnish and Italian families (N = 43).

College students from three universities served as key informants. In Finland, the
key informants were social sciences and communications studies students at the Univer‐
sity of Jyväskylä, who were recruited through university e-mailing lists. In Italy, the
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students were undergraduate and graduate students of the Multimedia Communication
study programme, who likewise were invited to take part in the study via email. In
Slovenia, the key informants were students of the Social Informatics graduate
programme at the University of Ljubljana. Unlike in other countries, Slovenian key
informants completed interviews and reporting as a compulsory assignment as part of
an ongoing course.

The key characteristics of the participants of the study are included in Table 1. The
total number of informants in this study is 397, including the 66 key informants. A
majority of the key informants were females (45). Their ages range from 20 to 38, being
slightly higher on average in Finland (28) than in Italy (24). The key informants inter‐
viewed and observed altogether 162 female and 168 male family members. The key
informant also provided information on whether or not they shared the same household
with their family informants. A geographical distance between the key informants and
informants was inquired to estimate the need for electronically mediated family commu‐
nication, and to discern country differences in the dispersion of family members. The
distances between family members were slightly shorter in Italy than in Finland, where
the key informants most often lived in their own households.

Table 1. Characteristics of key informants and informants by country

Finland Italy Slovenia
Key informants (n) 22 21 23
Gender (n)
Male 3 10 8
Female 19 11 15
Age (years)
Range 20–38 21–28 23–30
Mean 28 24 28
Informants (n) 111 104 115
Gender (n)
Male 50 51 61
Female 61 53 54
Relationship with the key informant (n, (mean distance))
Parent 36 (150 km) 31 (111 km) 42 (58 km)
Sibling/stepsibling 26 (217 km) 18 (219 km) 27 (141 km)
Grandparents 10 (239 km) 21 (164 km) 22 (90 km)
Others 39 34 25

2.3 Method of Analysis

The research material was analyzed following the principles of a directed approach to
qualitative content analysis [39]. This method is based on a deductive category appli‐
cation and is also known as theory-driven approach because it usually starts with a theory
or prior incomplete research findings as guidance for initial coding. During the analysis,
the parts of the report that dealt with instant messaging and WhatsApp in particular were
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extracted. The notion of “reach” and “phatic communion” provided an initial coding
frame and helped focus on parts of the reports that were relevant in terms of the aims of
the study. These initial categories were then reanalyzed to promote clustering around
common themes. What was found to be constructive of “reach” and “phatic communion”
in the context of family WhatsApp use emerged straight from the research material
without any specific pre-determined categories. When reporting results, pseudonyms
are used to guarantee the anonymity of the informants. The ages of informants were
manually inserted afterwards by the researcher, and they are presented within paren‐
theses.

3 Results

3.1 Reaching the Family

National differences in the use of WhatsApp for intra-family communication are
pronounced. They relate to different communication cultures and housing arrangements,
such as a higher age of moving out in Italy when compared with Finland. These are
directly connected to physical distances between grown-up children, their parents, and
grandparents. The physical distance reinforces the need for electronically mediated
family communication. In addition, a prevalent pricing model for wireless internet
connection may encourage or hinder the shift from voice calls and SMS to online-based
communication. In Finland, mobile broadband connections usually includes an
unlimited amount of data transfer at a flat rate, while the flat rates in Italy typically
include a limited amount of data transmission. Despite these differences, a common
incentive for using WhatsApp in family communication was cost saving. Several key
informants reported that in their families sending messages and making voice calls via
WhatsApp was considered free-of-charge, and hence a cheaper option than making
normal phone calls or sending SMS/ MMS which can be charged as per use (e.g., In
Finland, Carla, 23 and Ella, 24; In Italy: Alice, 23 and Elisa, 26).

In Italy, a large part of family WhatsApp use took place between younger family
members of approximately same age. Furthermore, this communication was not
restricted to the closest family member only (e.g. the key informants Alessandro, 20;
Bruno, 27; Matteo, 24), but WhatsApp was also used to reach cousins and second cousins
(Silvia, 25), and in some cases also uncles and aunts, who were typically less than 20
years-older than the key informant (Melissa, 25; Monica, 25; Enrico, 24).

Families in which everyone uses WhatsApp were most numerous in Finland. Many
Finnish key informants described WhatsApp as a new daily mode of family communi‐
cation (e.g. Jenny, 28; Sara, 25), although they had typically created a family chat group
quite recently. One of them is Emma (24), who describes the pivotal role of the What‐
sApp group for daily family communication as follows:

Me and my core family’s (parents, 52 and 53, sister, 19) main channel of communication is
nowadays a WhatsApp chat group. We created this group about half year ago, and it has become
very active. Someone sends photos and messages every day for the group and everyone follows
it actively. The biggest difference to the past is that my parents have learnt to use the instant
messaging service WhatsApp.
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A major advantage of WhatsApp chat groups is that they allow the majority of the family
to be reached at once. Finnish key informant Emilia (24) express this as follows:
“Recently, we created a WhatsApp chat group for the family, through which we can
easily reach the entire family when we need to contact everyone at once.” WhatsApp
had clearly become more common in Italian families as well. Monica (25) from Italy
describes WhatsApp as something novel for her family that is mainly used by her mother
(53) and all the children (25 and 19):

We all use WhatsApp, the smartphone application, primarily for instant messaging. My father
(58) is a geek and enjoys technology. He likes to keep up to date but, due to his age or to scarcity
of time, is not able to use this application as proficiently as the others. To my mother (53),
although she is not the oldest of the respondents, WhatsApp is a novelty because a smartphone
was bought for her only recently. My aunts and uncles, instead, regularly use WhatsApp with
family and friends, and also for sending photos… I personally use WhatsApp with all the
respondents but especially with my mother, because I want her to learn the use of this application
and I wish to share with her some parts of my life, since we live far away from each other.

The end of this quote illustrates the “sharing as caring” aspect of family WhatsApp
communication. Perhaps not so surprisingly it is a practice that mostly occurs between
mothers and their daughters. This gendered aspect of WhatsApp communication is
illustrated by several Finnish key informants too. For example, the Finnish key informant
Emma (24) describes that her mother (52) was for a long time against acquiring a smart‐
phone. But when she finally got a smartphone from her employer and learnt to use, it
was the mother who “initiated the idea of creating a WhatsApp chat group for the
family”. Another Finnish key informant Emilia (24) encapsulates the central role of
mothers in family WhatsApp communication writing: “No longer mom (52) needs to
call once a week to ask news from her offspring, as we exchange news every day”.

The mother’s central role in family communication is also accentuated by comparing
it to father’s limited communication skills and practices. While Finnish key informant
Julia (21), her sister (19) and mother (54) praise “that WhatsApp is the best communi‐
cation means, as it can be used to send messages for free over a mobile network, and
what’s best, sending photos is easy and free”, they have chosen other ways to stay in
touch with the father (59). According to Julia, she, her sister and mother “always call
[him] as he has not installed WhatsApp on his smartphone and his messages in general
are unclear”. Julia specifies that her father does not punctuate the messages, he makes
spelling mistakes and sends jokes others do not understand. Some Italian key informants
also elaborate the differences between mothers and fathers with respect to their What‐
sApp communication. The Italian key informant Silvio (21) writes that:

To keep in touch with my mom (50) I can use calls, SMS, WhatsApp and email, since she has
been able to integrate herself almost completely into the world of technology, also using a
smartphone. My dad (54), on the other hand, is still at a lower step, and I can communicate with
him only through calls, SMS and more recently with emails.

These extracts indicate that even in the cases where the entire family can be reached
through WhatsApp, mothers are typically considered as the main operators of family
communication. At the same time, it is also considered problematic that fathers remain
a bit distant if they do not use instant messengers (e.g. in Finland, Teresa, 26). In this
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light, WhatsApp family communication appears as a new form of immaterial labor, in
particular of care work, which still involves more women than men [40].

The importance of WhatsApp communication for the social coherence of family is
clearly articulated by both Finnish and Italian informants; WhatsApp facilitates inter‐
generational connections and togetherness within the extended family. A younger
brother (11) of Finnish key informant Sofia (24) expresses this as follows: “Thanks to
WhatsApp, we write and stay in touch with each other more”. Similarly, the Finnish key
informant Emma (24) summarizes her interviews writing that “We discussed that all
have noticed how we are much more in touch with other family members after adopting
WhatsApp than before it.” Even a nine-year-old sister of the key informant Maria (24)
maintains that the advantage of WhatsApp chat group is that “you can know how other
family members are doing, even if they are afar”.

In some families where parents had not started using WhatsApp, it was anticipated
that their presence in this platform “would facilitate family communication”, like the
little brother (12) of Finnish key informant Marika (29) puts it. A sister (21) of Finnish
Sofia expresses the same concern as follows: “parents (51 and 48) are excluded, we have
own small circle. Parents are bitter as that they don’t see the pictures… The relationships
would be saved, if they only had WhatsApp.”

3.2 Short, Fast and Trivial

The role of WhatsApp as a medium of phatic communion emerges strongly from the
reports of both Finnish and Italian key informants. Most often, it appears implicitly as
downplaying of the importance of small WhatsApp messages, which in practice,
however, seems to form the backbone of electronically mediated family communication.
The report of the Finnish key informant Ella (24) is illustrative in this sense. She writes
that “at times, the contents of messages are not really important and full of information,
and then WhatsApp is the best choice”. Similarly, the sister (25) of Finnish key informant
Teresa (26) feels that “WhatsApp has made us closer as we can speak about trivial
matters and have fun even if we are physically in different places.” While the benefits
of reaching the entire family are perhaps most pronounced when geographical distance
prevents regular in-person contact, WhatsApp is also actively used for intra-household
communication. For instance, Italian key informant Claudia (21) writes that WhatsApp
is the principal application when a “simple and fast application” is considered for daily
communication with relatives sharing the same household with her.

Another characteristic of phatic expression via WhatsApp relates to its adaptability
to different kinds of communication needs and preferences. Family members can accom‐
modate each other’s favorite communication modes when they want to facilitate intra-
family communication and keep the family connected.

With my partner (23) and little brother (23) we communicate with a mobile phone mainly using
WhatsApp messages and Facebook Messenger… WhatsApp messages among a younger gener‐
ation are usually the easiest and fastest ways to connect. Also the free use of the given application
is a major reason for its usage. (Karin, 27, Finland).
It must be said that WhatsApp makes everybody agree, and in my opinion, it acts as a connection
between different generations, because it allows short and fast communications, those preferred
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by my mother, but also longer casual chats with a lot of links and images, the kind of commu‐
nication preferred by my sister. (Monica, 25, Italy).

The two extracts above show that WhatsApp promotes, on the one hand, short and fast
communication often valued by younger generations. Such expression typically includes
chat jargon and the use of emoticons. On the other hand, WhatsApp does not exclude
longer forms of expressions either like some other social media platforms do (c.f. Twit‐
ter’s 140-character limit). Furthermore, the extracts reveal individual variation and thus
challenge some stereotypes of generation-specific communication styles. As in Moni‐
ca’s family, it is sometimes the members of the older generations who favor short and
fact-based expression, while children go for longer chats.

3.3 Multimodality Spiced by Playfulness

A great deal of the popularity of WhatsApp accounts for its ability to transmit different
types of contents. Sometimes, this seemingly purposeless exchange of photos and other
media contents between family members is the easiest way for social bonding and feeling
together. In Finland, key informant Carla (23) explains that in her family “WhatsApp is
preferred especially when one wants to send photographs to another”. Parents have also
eagerly started exchanging photos and video clips to stay connected as the following
extracts from Italy demonstrate:

Lately, especially in relation to the festive seasons, I have noticed an increase in the use of
WhatsApp by my parents (both 52), although they still employ it only for communications of
minor importance or the exchange of photos and funny videos (Antonio, 30, Italy).
With my sister, the cousins of my age, and my mother (51), I also sometimes use WhatsApp, it
is very popular, convenient, and easy to use for sending videos and photos. (Mario, 24, Italy).

This multimodality of communication brings about some new aspects to family
communication. First, the use of one’s own voice in messages and self-taken photos
makes communication a bit more personal compared to texting. Italian key informant
Alice (23) describes this by writing that that even though her “parents (55 and 56) didn’t
immediately understand the meaning of WhatsApp groups, they found voice messages
a new way to send a message more personal than a text message”. Second, there is a
certain playfulness that is included in the exchange of funny videos and photos, which
encourages social bonding that is the ultimate end of phatic expression. For example,
Italian key informant Francesco (25) writes as follows:

I installed WhatsApp upon request by my father (n.a.), who wanted to clog my smartphone with
“fun” videos… It is interesting to note that while I use WhatsApp for any kind of communication,
the generation of my father and my mother (57), instead tends to view it more as a “game” in
the sense that they employ it almost exclusively for communication of scarce importance or for
the sharing of entertainment contents, relying on SMS and calls for everything else.

Parents’ engagement in multiple new communication modalities provided by WhatsApp
may also indicate their willingness to connect with their children. Similarly, children’s
willingness to take part in family WhatsApp groups and children’s readiness to adjust
their communication manners to those of the parent speaks for the same aspiration to
reconnect. In closed family WhatsApp groups, intergenerational communication can be

542 S. Taipale and M. Farinosi



less reserved and deficiencies in one’s own communication skills can be more easily
revealed to other family members than in public online forums, where the risk of “losing
face” is more likely. Hence, it is “quite common to send greetings and funny videos to
smile together” as Italian key informant Claudia (21) summarizes the use of WhatsApp
in her family.

4 Conclusion and Discussion

This study analyzed WhatsApp as a technology of “middle-reach” that can potentially
serve the social coherence of extended families and intergenerational family relations.
The research material provided many answers to the question: What is the importance
of small messages exchanged via WhatsApp for the sense of social coherence in
extended families?

First, WhatsApp provides a functional platform for facilitating intergeneration
communication, especially between young people and their late-middle age parents, as
it allows reaching the whole family at once. As parents have begun sending photos,
video clips, and voice messages, it can be even argued that WhatsApp is marking a shift
away from the straightforward division between “texting teenagers” and their “talking
parents”. Especially the mothers of the key informants have keenly engaged in instant
messaging with their grown-up children in Finland and Italy, extending their role as
family caregiver, to the electronically mediated communication and online world. The
role of fathers in WhatsApp communication is much more limited, yet still existent.

Second, the importance of small messages relates to WhatsApp’s capacity to
promote “phatic communion”. In family WhatsApp communication, social bonding via
multiple modalities, such as small text messages, photos, and video clips, often appears
as a superior form of communication to the exchange of messages with a high infor‐
mation value. In dyadic family relations, WhatsApp’s many modalities allows the
choosing of the most desired and most suitable mode of communication for every family
member individually. Furthermore, WhatsApp provides a relatively safe environment
for one-to-group communication. According to the informants, especially WhatsApp
group chats facilitate intra-family communication and strengthen the social cohesion of
geographically dispersed families. Sometimes small WhatsApp messages do have also
functional value. They are utilized to exchange information and coordinate daily agendas
and schedules among the family members living under the same roof.

It is worth noticing the interviews did not reveal any evidence about skipped-gener‐
ation communication, in which children and grandparents would be directly in contact
with one another via WhatsApp. While some grandparents and children exchange
messages via WhatsApp on one-to-one basis, family chat groups have mainly remained
as a communication channel for two successive family generations at time. Future
research should be targeted to explain to what extent the relative lack of grandparent-
grandchildren interaction and the absence of multigenerational WhatsApp groups
accounts for the lower digital skills of grandparents, or is this current situation just a
reflection of the pre-digital forms of intergenerational communication in which relations
with own parents are naturally more intense than those with grandparents.
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Lastly, the design of research material collection entails also some limitations that
should be kept in mind while reading and interpreting the results. While the key inform‐
ants were able to gain information that might not be accessible to an outside interviewer,
their double role as co-researchers and the members of the studied families is not
problem-free [38]. It is also likely that the self-selection of the key informants has bear‐
ings on the contents of the research material. Furthermore, the collected research mate‐
rial does not represent the whole diversity of social class backgrounds as college students
tend to come from highly educated families.
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Abstract. Social media technology has become an integral part in elders’ daily
communication. While there is an intense interest among HCI scholars to design
effective function and interface to assist elder users’ digital communication, a
theoretical understanding to guide this design is lacking. To address this research
gap, this study examines the effect of social media communication on elders’
perception of intergenerational isolation. From the perspective of technology
affordance (functional vs. emotional), we examines both the role of online usage
behavior of social media (frequency and form) and offline intergenerational
distance (geographical distance). 107 interview-based survey results show that:
(1) Elders with a higher level of functional affordance are willing to try diverse
social functions to communicate with their children, while emotional affordance
will increase elders’ intergenerational communication frequency; (2) Communi‐
cation frequency can reduce elders’ perceived intergenerational isolation, but
diversity of communication forms cannot; (3) Unexpectedly, geographical
distance significantly decrease elders’ perception of intergenerational isolation,
because of the mediator role of increased intergenerational communication
frequency and forms in social media. Our research has profound theoretical and
practical implications.

Keywords: Technology affordance · Intergenerational isolation · Social media
Elder people

1 Introduction

With the development of social media technology, more and more elder users have begun
to use the new tool to maintain social connection (Xie 2003). According to the annual
report of WeChat (the most popular social media in China) in 2017, there are more than
fifty million active elder users per month (Zhong 2017). Hence, both practitioners and
researchers have recognized the importance of social media in elders’ digital life. While
there is an intense interest among HCI scholars to design effective function and interface
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to assist elder users’ digital communication, a theoretical understanding to guide this
design is lacking. To address this research gap, we aim to unravel the underlying mech‐
anism through which social media communications influence elder users’ life feelings,
in order to provide more targeted services for them.

Then, whom do elder people mainly communicate with in social media? In
Chinese society, children take the role as middlemen to motivate, facilitate and help
parents to learn to use social media (Zhou and Gui 2017). Thus, children always
ranked first in parents’ contact list. Against this backdrop, this study attempts to
focus on a unique perspective: intergenerational communication between elder users
and their adult children.

Based on technology affordance theory, social media provide both functional afford‐
ance and emotional affordance for its users (Hutchby 2001). Intuitively, social media
facilitate intergenerational communication and reduce elders’ perception of intergen‐
erational isolation due to its functional affordance to anytime- and anyplace-communi‐
cation. However, prior literature is not consistent about the belief. Although technology
enables communication, it does not necessarily improve communication efficiency. Tian
(2016) found that the use of social media aggravated elder people’s feeling of isolation
instead. Highly underestimated in prior research, emotional affordance facilitated by
social media may be a possible reason for the above inconsistence. From the perspective
of technological affordance, a series of questions were proposed by this study: Will
technological affordance of social media (functional and emotional affordance)
reduce elder people’s perception of intergenerational isolation? In specific, how does
technological affordance impact intergenerational communications via social media
(frequency and form), and then change elder people’s feelings?

In addition, offline factors have been largely ignored in prior research when the
research interests mainly lie in digital communication within social media. Geographical
distance decreases the chance for intergenerational face-to-face communication, there‐
fore has a negative impact on their offline communication. However, how the offline
geographical distance impacts digital communication through social media is still a
question to be answered. Focusing on this point, we proposed the following questions.
For those family who live apart (i.e., longer geographical distance), will they have
more intergenerational communications via social media (frequency and form) or
not? Can elder people’s perception of intergenerational isolation be reduced through
the use of social media (mediator effect)?

Overall, this study aims to examine the effect of social media communication on
elders’ perception of intergenerational isolation. From the perspective of technology
affordance (functional vs. emotional), we examines both the role of online usage
behavior of social media and offline intergenerational distance (geographical distance).

We recruited 10 confederates to conduct face-to-face survey-based interview for
elder people over 55 years old, and got a final sample of 107. SmartPLS was used to
analyze our data. The results show that: (1) Elders with a higher level of functional
affordance are willing to try diverse social functions to communicate with their children,
while emotional affordance will increase elders’ intergenerational communication
frequency; (2) Communication frequency can reduce elders’ perceived intergenerational
isolation, but diversity of communication forms cannot; (3) Unexpectedly, geographical
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distance significantly decrease elders’ perception of intergenerational isolation, because
of the mediator role of increased intergenerational communication frequency and forms
in social media. Our research has profound theoretical and practical implications for
scholars, HCI practitioners, elders and their children.

The rest of the paper is organized as follows. We first review technology affordance
theory, impact of social media technology and intergenerational support on elder users.
Then we propose our research model and hypotheses. After that, we report on research
method and data analysis. Finally, we discuss the implications and limitations of this
study.

2 Literature Review

2.1 Technology Affordance Theory

In 1986, Gibson defined affordances as “possibilities of action” provided to the animal
or the individual by the environment. This theory was soon adopted by IS researchers
and a similar new term “technology affordance” appeared, which means the opportuni‐
ties for action provided to a user by a computerized system (Markus and Silver 2008;
Bloomfield et al. 2010). In other words, technology affordance is mainly helpful for
examining what a specific technology can do to users (Argyris and Monu 2015).

As such, Hutchby (2001) identified two types of affordances: functional afford‐
ance and relational affordance. Similarly, Mesgari and Faraj (2012) distinguished
technology affordance into materiality and sociality ones. An official report from
Chinese Academy of Social Sciences also proposed that technology affordance of
social media can be classified into functional affordance, emotional affordance,
social participation affordance, and identity affordance (CASS 2017). Based on the
above literatures, we summarized and categorized technology affordance into two
groups. (1) Functional affordance comes from the relationship between technology
and user, which reflects the possibilities for actions brought to the user by the tech‐
nical features (Markus and Silver 2008). (2) Emotional affordance refers to the
emotional relationship between users realized by technology (Hutchby 2001), which
reflects the relational and sociality nature of affordance.

In this paper, we attempt to adopt technology affordance theory to explain how and
why elder people begin to use social media, especially the different role of functional
and emotional affordances.

2.2 Impact of Social Media Technology on Elder Users

With the development of technological and social change, many transformations are
underway in terms of how elder people communicate with the aid of social media.
Although elder people are with lower technical capability compared with younger ones,
they are taking a more positive attitude about social media, and gradually learn to use
this new technology (Xie 2003).

Summarized from previous literatures, social media technology provides two aspects
of impact on elder users: functional impact and emotional impact. First, social media
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facilitate online communications for elder people, which can be an alternative to conven‐
tional communication channels in providing low-cost, synchronous talks and other easy
to access service (McCormack 2010). In other words, elder users can obtain practical
or technical benefits when using social media. Taking mobile instant messaging service
(MIM) as an example, older adults can use various functions of MIM, such as sending
messages, voice chatting, updating status, browsing news, and so on (Deng et al. 2010).
Second, Harley and Fitzpatrick (2009) addressed the “social, cultural and spiritual
impact” of social media to elder users. Social media makes their life meaningful and
colorful, because they can share life stories and have frequent communications with
friends, relatives, and especially their children. More deeply, their mental or psycho‐
logical needs can be satisfied with the help of social media (Deng et al. 2010).

Therefore, in consistent with technology affordance theory, social media have both
functional and emotional impacts on elder users. However, except for “what” impact
social media have on older adults, a more important question is “why” and “how” elders
use social media. We are among the first to fill the research gap in this field.

2.3 Impact of Intergenerational Support on Elder People

The primary responsibility of adult children is to care for and provide support on their
elder parents (Silverstein et al. 2006). Silverstein and Bengtson (1997) proposed several
types of intergenerational support for elder people, including financial, practical, and
emotional support. Among them, financial support is exchanges of money and materials,
practical support is exchanges of instrumental assistance (e.g., daily care), while
emotional support means exchanges of heart-to-heart communications. In previous
research, all of the intergenerational supports are proved to be helpful to elder people’s
health and happiness (Zunzunegui et al. 2001).

With the development of technology, social media become the mediators to help
form a “distant but close” family relationship (Zhou and Gui 2017). Intergenerational
communications can not only happen in face-to-face circumstances, but also in online
context. Then, a new question appears: what is the relationship between online and
offline emotional support? Are they complementary or exclusive on elders’ psycholog‐
ical feelings? Relevant literatures mainly reported positive results. Elder people who
use social media communicate almost twice than those who don’t, and have a stronger
feeling of emotional satisfaction (CASS 2017).

However, several gaps remain in previous research about online emotional support.
First, they only focus on communication frequency but not communication form.
Second, as an important component in intergenerational support, the impact of online
emotional support should not only be limited to traditional factors like loneliness and
health, but also be extended to elders’ intergenerational feelings like isolation. Third,
although our purpose is to investigate the role of online emotional communication,
offline factors should also be paid attention to, especially those objective offline factors
which can reflect intergenerational relationship. We attempt to solve the above problems
in this study.
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3 Research Model and Hypotheses

3.1 Research Model

Our research model is shown in Fig. 1. Elders’ perception of technological affordance
impacts the way they use social media, and then changes their perception of intergen‐
erational isolation. Meanwhile, since online intergenerational support usually happens
when elders and children live apart, offline geographical distance would also play an
important role during the process.

Fig. 1. Research model

3.2 Online Factors: Technological Affordance, Intergenerational
Communication in Social Media, and Elders’ Perception of Intergenerational
Isolation

From the technology affordance perspective, social media, as one of the most popular
technology, provide both functional affordance and emotional affordance for its users
(Hutchby 2001; Mesgari and Faraj 2012). In this paper, we apply this dyadic classifi‐
cation to a special group: elder people. First, with multiple functions (e.g., voice chat,
friend cycle, et al.), social media have gradually involved into older adults’ daily life.
Elder people can communicate with their children through text, voice or video format
conveniently without limitation of time and space. They can also share picture, videos,
or essays to adult children and have a deep discussion with them. Therefore, functional
affordance of social media increases both the intergenerational communication
frequency and form for elder people, we hypothesize H1a and H1b:

H1a: When elder people perceive higher functional affordance of social media, they
are more likely to use more communication forms (e.g., text, video, friend cycle,
et al.) when they communicate with their adult children in social media.
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H1b: When elder people perceive higher functional affordance of social media, they
will communicate more with their adult children in social media.

Different from functional affordance, emotional affordance of social media satisfies
the psychological needs of elder people. Through the communications in social media,
older adults can feel the care from and show the care for their children (CASS 2017).
Therefore, to obtain more emotional happiness, elders are willing to have more frequent
and diversified intergenerational communications. We propose H2a and H2b:

H2a: When elder people perceive higher emotional affordance of social media, they
are more likely to use more communication forms when they communicate with
their adult children in social media.
H2b: When elder people perceive higher emotional affordance of social media, they
will communicate more with their adult children in social media.

With the development of social media, intergenerational communication becomes
more convenient to be realized. Just as Zhou and Gui (2017) argued, social media is the
mediator to help form a “distant but close” family relationship. Parents are more likely
to feel happy and satisfactory about their intergenerational connection (CASS 2017).
Therefore, online communications in social media shorten the distance between parents
and children, and bring a lower feeling of intergenerational isolation, we propose H3
and H4:

H3: When elder people use more communication forms when they communicate
with their adult children in social media, they will have a lower perception of inter‐
generational isolation.
H4: When elder people communicate more with their adult children in social media,
they will have a lower perception of intergenerational isolation.

3.3 Offline Factors: Geographical Distance, Intergenerational Communication in
Social Media, and Elders’ Perception of Intergenerational Isolation

It is very important to maintain family connections with the help of human-computer
interaction technology (Ling 2008). Especially for family members who live apart,
social media help them to communicate more and feel the “virtual co-presence” or
“connected presence”, which overcome long geographical distance to some extent
(Baldassar 2008). In other words, “long-distance” families have more frequency and
forms of intergenerational communications to maintain their intimacy (Kang 2012). So,
we propose H5a and H5b:

H5a: When elder people live further from their adult children, they are more likely
to use more communication forms when they communicate with their children in
social media.
H5b: When elder people live further from their adult children, they will communi‐
cate more with their adult children in social media.

However, although social media supplement traditional face-to-face communica‐
tions to help family members living apart connect (Lam 2013), elder people’s feeling
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of loneliness and intergenerational isolation can only be released to some degree. The
role of online emotional support is supposed to be weaker than direct offline cares. For
instance, when children live away from their parents, they cannot accompany and help
the elders immediately when they are sick, sad or boring. In other words, geographical
distance constrains the interaction between family members, and increases the percep‐
tion of intergenerational isolation (Crimmins and Ingegneri 1990), just as H6 hypothe‐
sizes:

H6: When elder people live further from their adult children, they will have a higher
perception of intergenerational isolation.

4 Research Method and Data Analysis

4.1 Data Collection

Considering the difficulty in collecting data from elder population, 10 confederates were
recruited and trained to conduct face-to-face survey-based interview. The target subjects
of our investigation are Chinese elders above 55 years old who use social media for daily
communication. This study chose WeChat as our target social media technique as it is
widely adopted among Chinese elders.

As we aim to examine intergenerational communication, our interview subjects need
to have at least one child. In the investigation, four parts of questions were designed. (1)
Subjects’ basic information including their demographic information, economic state
and family; (2) Subjects’ perceived functional affordance and emotional affordance that
are facilitated by WeChat; (3) Subjects were asked to nominate one of their children.
Then they answer questions that were specified to their relationship with the nominated
child. These questions included their intergenerational online communication through
WeChat, how far their children live apart, economic support and daily care from the
child; (4) Subjects’ subjective perception of intergenerational isolation.

At this stage, valid data from 107 elder social media users were collected. Among
them, 47 were male (44%) and 60 were female (56%). Average age of subjects was 61.

4.2 Instrument Development

An important step in data collection is to develop an instrument (e.g., questionnaire) to
measure each latent constructs in the model (Xu and Chen 2006). To ensure the validity
of the instrument, we adopted existing quality questions whenever possible. We also
made necessary adaption of adopted items to our research context. In addition to research
constructs, several control variables were also designed and tested. Demographic infor‐
mation such as gender and age are controlled. We also asked and controlled subjects’
communication frequency with their nominated child via other channels, such as tele‐
phone call, email, short message or offline contact. Drawing on prior literature, we add
economic support and daily care into our research model as control variables because
they are found to be critical components in intergenerational support (Silverstein and
Bengtson 1997).
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Items for subjective constructs were measured based on a seven-point scale. In the
survey-based interview, functional affordance was measured as multi-item formative
construct, while emotional affordance and intergenerational isolation were measured as
multi-item reflective constructs. For objective constructs, that is, diversity of commu‐
nication forms, communication frequency, geographic distance, daily care, economic
support and communication frequency through other channels, only one item was used.
For example, geographic distance was measured as five levels (Living together, does
not live under the same roof but in the same city, living in different cities but in the same
province, living in different province and living abroad). Items for elder’s perception of
intergenerational isolation comes from PSI (parenting stress index) proposed by Abidin
(1995).

4.3 Evaluating the Measurement Model

Although our research model only contains two multi-item reflective constructs, we still
first checked the validity of the measurement model before hypothesis testing. Confir‐
matory factor analysis (CFA) is the conventional statistical method to test the convergent
validity of a measurement model. The set of criteria includes (1) loading of each item
is significant, (2) the average variance extracted (AVE) for each item should be greater
than 0.5, and (3) the composite factor reliability (CFR) and Cronbach’s alpha are greater
than 0.7. Table 1 reports the results of convergent validity for our sample. All criteria
were satisfied.

To satisfy discriminant validity, inter-construct correlation is required to be less than
the square root of AVE. The underlying rationale is that an item should be better
explained by its intended construct than by other constructs. Results indicate satisfactory
discriminant validity. In summary, our measurement model confirmed both convergent
validity and discriminant validity. With that, we could proceed to test the causal rela‐
tionships among all factors.

Table 1. The convergent validity of the measurement model

Construct Item Std loading T-value AVE CFR α
EA EA1 0.924 34.35 0.836 0.953 0.934

EA2 0.963 89.49
EA3 0.908 34.53
EA4 0.859 29.68

II II1 0.875 20.14 0.767 0.930 0.899
II2 0.875 19.32
II3 0.883 22.02
II4 0.870 17.20

EA: Emotional Affordance; II: Intergenerational Isolation
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4.4 Hypothesis Testing

Due to there is one formative construct (FA) in our research model, PLS was used for
data analysis. We first fitted the full model to test our proposed hypotheses. Then we
conducted examined the mediator role of intergenerational communication via social
media when controlling for geographical distance.

Table 2. Analysis results

DCF CF II
DCF Model 2 Model 3 Model 4

FA 0.472** (2.446) 0.064 (0.305) −0.056 (0.904) −0.052 (0.764)
EA −0.070 (0.541) 0.283* (1.936) −0.039 (1.038) −0.048 (1.145)
GD 0.196** (2.551) 0.280*** (3.532) −0.148 (1.33) −0.102 (0.840)
DCF −0.097 (0.913) −0.085 (0.800)
CF −0.162* (1.711) −0.190* (1.672)
CF-O −0.005 (0.048)
ES 0.051 (0.448)
DC 0.053 (0.397)
GENDER −0.114 (1.141)
AGE 0.099 (0.942)
R-Square 0.243 0.235 0.062 0.084

*p < 0.10, **p < 0.05, ***p < 0.01. Values in parentheses are t-statistics. FA: Functional Affordance; EA: Emotional
Affordance; GD: Geographic Distance; DCF: Diversity of Communication Forms; CF: Communication Frequency; CF-O:
Offline communication Frequency; ES: Economic Support; DC: Daily Care

Table 2 showed the model fitting results. Results suggested that elder users’ high
level of perceived functional affordance of WeChat increased the diversity of commu‐
nication forms. Thus H1a was supported. This result may suggest that functional afford‐
ance is closely associated with elder users’ explorative behavior in technology usage.
However, the effect of functional affordance on communication frequency was insig‐
nificant. Thus H1b was not supported. The effect of emotional affordance was exactly
opposite. Emotional affordance imposed an insignificant effect on the diversity of
communication forms, but its effect on communication frequency was significantly
positive. Thus H2a was not supported while H2b was supported. Compared to functional
affordance that addresses the human-technology interaction, emotional affordance is
more about the human-human communication. Thus a high level of emotional afford‐
ance motivates elder users to use social media more frequently in order to maintain their
social relationship, no matter which communication form is used.

Communication frequency showed a significant effect in reducing elders’ perceived
intergenerational isolation. However, the expected effect of diversity of communication
forms was not detected. Thus, H4 was supported but H3 was not supported. Therefore,
whichever communication form is used, elder’s perception of intergenerational isolation
can be only impacted by communication frequency.

Then, we focus on how offline factors impacts elders’ online behaviors. The effect
of geographic distance on the diversity of communication forms and communication
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frequency was both significantly positive. This result indicated that the more distance
elder parents were apart from their children, the more they rely on social media to
strength their connection. Thus H5a and H5b were both supported.

After controlling the effect of intergenerational communication via social media
technology, the direct effect of geographic distance on intergenerational isolation was
insignificant. However, from Table 3, we see that geographic distance and intergenera‐
tional isolation are significantly related. So, we test their relationship without adding in
variables about social media communications, and find a significant negative effect
between them (𝛽 = −0.181∗, p < 0.1), which is contrary to Hypothesis 6.

Table 3. Mediator effect of communication frequency

Mediator Test procedure Path Unstandardized B SE B Mediator effect
(Sobel Test)

CF II = f(GD) (c) −0.181 0.108 Supported
CF = f(GD) (a) 0.370 0.092
II = f(GD, CF) (c′) −0.111 0.115

(b) −0.190 0.114

A possible reason for the unexpected result may be that the effect of geographic
distance was mediated by communication frequency. The positive effect of geographic
distance on communication frequency and the negative effect of communication
frequency on intergenerational isolation combined to lead to its direct negative influence.
Following the well-recognized mediator testing procedure (Baron and Kenny 1986), we
tested the mediator effect of communication frequency for the main effect of geographic
distance. The results in Table 3 indicated that communication frequency significantly
mediated the effect of geographic distance (ab/s(ab) = |−1.66| > 1.64), thus support our
explanation.

5 Discussion and Implications

5.1 Discussion of Findings

Our results reflect interesting findings. First, while prior research emphasized the impor‐
tance of functional affordance, our finding suggested that its effect in elders’ technology-
supported intergenerational communication is limited. Indeed, elders with a higher level
of functional affordance are willing to try diverse social functions to communicate with
their children. However, the increased communication diversity does not reduce their
perceived intergenerational isolation.

Second, instead of functional affordance, we find that it is elder users’ emotional
affordance with social media technique that influences their intergenerational relation‐
ship. Emotional affordance is found to increase elders’ intergenerational communication
frequency, which significantly reduces their perceived intergenerational isolation. While
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prior research paid attention to functional affordance, this study suggests that the impor‐
tance of emotional affordance in elder users’ technological usage has long been
underestimated.

Third, the anytime- and anyplace-feature of social media breaks through the barrier
of geographic distance in intergenerational communication. Geographic distance
decreased face-to-face communication. In the traditional offline world, the decrease of
face-to-face communication may have a negative impact on intergenerational affection.
With the help of social media technique, however, elders have an alternative and more
convenient way to keep contact with their children, and might even strengthen their
intergenerational relationship. We found that an increase of geographic distance moti‐
vates elders to resort to social media techniques, resulting in significant increase of both
social media communication frequency and diversity. Afterwards, communication
frequency further decrease elders’ perception of intergenerational isolation. We
summarized our research findings in Fig. 2, all significant relationships are marked in
red dotted line.

Fig. 2. Data analysis results (Color figure online)

5.2 Theoretical and Practical Implications

This study has profound theoretical and practical implications. Theoretically, this
research improves our understanding of elder users’ intergenerational communication
in social media. First, through the perspective of technological affordance, we propose
the dual effect of social media in its functional and emotional affordance to enhance
intergenerational communication. Second, we are among the first to integrate offline
intergenerational distance with online intergenerational communication, and proved that
geographic distance doesn’t always increase intergenerational isolation, which provides
a different finding with previous literatures.

In practice, this study offers practical guidance of social media design for elder users
and alerts people to pay more attention to elders’ feeling of intergenerational isolation.
For instance, social media should enable the “priority” feature that allows elder users to
put their chat box with children at the top of the interface. This feature is used to help
elder users to communicate more with their children (increase communication
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frequency). Besides, except for promoting technical functions, HCI practitioners should
pay more attention to elder users’ emotional need. An elder-friendly interface is thus in
call for social media design. Content providers are also called to offer more content that
fits elders’ interest. For adult children, especially those who live far away from their
parents, should take advantage of technique-mediated communication tool, and have
more heart-to-heart intergenerational talk which shortens the objective geographic
distance. For elder people, except for trying diverse forms of communication in social
media, communicating more with their children is more important for them to release
their feeling of isolation.

5.3 Limitations and Future Research

First, our cross-sectional investigation only reflects a static state of elders’ social media
usage. To have a better understanding of the evolution of elders’ digital usage and their
technique-supported intergenerational interaction, long-term follow-up surveys are
necessary in the future.

Second, while the diversity of communication forms is positively influenced by both
functional affordance and geographic distance, its effect on intergenerational isolation
is unfortunately insignificant. A series of questions emerge here. (1) Does communica‐
tion diversity means nothing for elder users? (2) If multiple communication forms are
useless for elders, should HCI practitioners reduce communication options to make the
interface simpler? The answer for the above questions may depend on whom elder users
are communicating with. Although the diversity of communication forms shows no
influence in reducing intergenerational isolation, it may benefit elders’ peer communi‐
cation with their friends of the same age. Future research will be conducted to examine
elders’ peer communication through social media.

Last, communicating more does not mean communicating better. In this research,
we only focus on communication frequency, but did not further investigate the content
of communication, which should be considered in future research.
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Abstract. This paper studies the causes for the loneliness of empty-nesters in
rural and urban areas in China, analyzes their loneliness-solving methods with
different living habits and living environments, and lists their different ways of
emotional interactions. The purpose of this study is to verify the differences in
the emotional needs of empty nesters in rural and urban areas, providing ref-
erence value for the emotional interaction products of them, hence better
communicating with surrounding people and things. Based on questionnaires
and field interviews, this study analyzes how they vent loneliness and thus
determines their emotional demands, and eventually design an emotional
interaction model for the elderly. The study found that the differences in emo-
tional needs of rural and urban empty-nesters are more reflected in neighbor-
hood relations and entertainment ways. Attaching importance to these
differences can better help distracting them from loneliness. The findings can
also be applied to other product designs that relate to the elderly’s emotions.

Keywords: Urban and rural areas � Empty-Nesters � Sense of loneliness
Emotional needs � Emotional interaction model

1 Introduction

In China, with the deepening of aging population degree, the number of empty nesters is
also increasing. The National Committee of Seniors predicts that by 2015–2035, Chinese
elderly populationwill grow at an average rate of 10million per year. In rural areas, a large
number of migrant workers go to urban areas for work and rural empty-nest phenomenon
becomes more and more serious [1]. In the cities, many teenagers study or work in other
cities and settle there, resulting in a large proportion of empty nest, it has become a social
issue that can not be ignored [2].According to the data disclosed in the “White Paper on the
Development of China’s Pension Industry”, it shows that as of the end of 2016, the
population aged 60 or above has reached 230 million in China, accounting for more than
16% of the total population. At present, the empty nesters has almost reached 100million,
the decrease of the family pension calls for the aid of social pension subsidy. It indicates
that under the rapid economic development in China, the problem of empty nesters has
become increasingly prominent.
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Empty nesters are tend to feel depressed and lonely [3]. According to the survey, it
showed that the empty nesters suffering from psychological problems reached 60%.
And those who reached the disease level, requiring medical attention, psychological
intervention accounts for 10%−20%. Wenqu psychology network pointed out that the
lack of elderly television programs, fitness and recreation facilities resulted in the poor
spiritual life of the elderly, together with the insufficient social activities and children’s
care, which can easily lead to mental illness of the elderly.

For relieving loneliness of the empty nesters, the market has launched a series of
technological and intellectual products for distracting them from loneliness, improving
the living quality of them. In the design field, it has become mainstream to design
products for the elderly, however they focus on their material level more than the
spiritual level, or one-sided analysis on their emotions. In 2012, American cognitive
psychologist Donald Norman put forward the concept of “emotionalization” of product
design. With the advent of experiencing economy era, “emotionalization” has become
one of the major design trends of current Internet products. Nowadays, people have
higher requirements for the innovative design of products, however there are very few
products that can really satisfy people’s emotional needs.

As two different groups, urban and rural empty nesters have enormous differences
in economic ability, living habits and living environment, leading to the distinctions of
emotional sustenance. Based on these distinctions, this article discusses the needs of
emotional interaction product.

2 Data Collection

2.1 Questionnaire Design

Firstly, the daily lives of the elderly were classified, in order to select the appropriate
scenarios for research. As shown in Fig. 1, it indicated the main scenario of the empty
nesters’ emotional interaction.

To sum up the above scenarios about emotional interaction: (1) Given that the
elderly may be widowed or living with their spouses, the spouse blank is excluded;
(2) Both children and relatives have genetic relationships with the elderly, they can be
classified as one group. (3) Friends and neighborhoods enjoy a large overlap ratio,

Fig. 1. The main scene of empty-nesters emotional needs.
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so they can also be grouped into one category. (4) The strangers getting in touch with
during outgoing (traveling, etc.) can be grouped separately. Therefore, personal
recreation, children, neighborhoods (communities) and outgoing (tourism) were
selected as four scenarios to figure out the proportion of the elderly’s emotional
demands for these scenarios, as shown in Table 1.

The questionnaire design was based on the above four scenarios (as shown in
Table 2), it collected information about the interactions between empty nesters in rural
and urban areas under different scenarios, and explored the impact of them on the
emotion of the elderly. Besides, the questionnaire also included the following
descriptions of emotional needs: “For the purposes of this study, we categorized the
emotional demands of a certain person or something in daily life into three levels from
0 to 2, the demands level increased sequentially, 0 - totally not needed, 2 - urgently
needed.” These descriptions were shown to participants before the questions were
asked in Table 1, for establishing a basic emotional demands system.

Table 1. The weight distribution of emotional demand scenarios.

Weight Emotional demand scenarios
Personal
entertainment

Children
(relatives)

Neighbors
(friends)

Strangers
(travel, etc.)

Urban elderly 30% 20% 20% 30%
Rural elderly 20% 30% 30% 20%

Table 2. Questionnaire of emotional needs.

Category Factor Question statement Response scale

Personal
entertainment

Listen to the
music

Do you like listening to music? 0-never;
1-occasionally;
2-often

Reading books
and newspapers

Do you like reading and reading
newspapers?

0-never;
1-occasionally;
2-often

Play the game Do you like to play games? 0-never;
1-occasionally;
2-often

Take a walk (walk
the dog, etc.)

Do you like walking? 0-never;
1-occasionally;
2-often

Exercise Do you like to exercise? 0-never;
1-occasionally;
2-often

(continued)
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2.2 Sample Profile

This study was implemented in China, through questionnaire and interview, 60 copies
of the elderly samples were collected as shown in Table 3, urban and rural empty
nesters each accounted for 30 copies. This session could be applied to test the influence
of personal information (age, gender, number of children, level of education) on the
elderly.

Table 2. (continued)

Category Factor Question statement Response scale

Children
(relatives)

Voice call Do you like to make voice calls
with their children?

0-never;
1-occasionally;
2-often

Video call Do you like to make video calls
with their children?

0-never;
1-occasionally;
2-often

Daily interactions Do you want to know the daily
life of your children?

0-never;
1-occasionally;
2-often

Photo sharing Do you like sharing your daily
photos with children?

0-never;
1-occasionally;
2-often

Neighbors
(friends)

Playing CARDS Do you like playing cards with
your neighbors?

0-never;
1-occasionally;
2-often

Square dancing Do you like dancing square
dance with your neighbors?

0-never;
1-occasionally;
2-often

Shopping Do you like to go shopping with
your neighbors?

0-never;
1-occasionally;
2-often

Chat Do you like to have a chat with
your neighbors?

0-never;
1-occasionally;
2-often

Strangers
(travel, etc.)

A new friend Do you like making new
friends?

0-never;
1-occasionally;
2-often

Photo sharing Do you like sharing travel
photos?

0-never;
1-occasionally;
2-often

Write a diary Do you like to write a travel
diary?

0-never;
1-occasionally;
2-often
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3 Results

3.1 Questionnaire Results

This questionnaire surveyed 30 urban empty nesters and 30 rural empty nesters
respectively. The final statistical results are shown in Table 4.

Table 3. Participant profile (N = 60)

Characteristics Category N %

Age 60–70 21 35.0%
70–80 20 33.3%
80–90 15 25.0%
Over 90 years old 4 6.7%

Gender Male 28 46.7%
Female 31 51.7%
Other or unknown 1 1.7%

Number of children 1 17 28.3%
2 24 40.0%
3 7 11.7%
4 and above 12 20.0%

Education level Primary school and below 11 18.3%
Middle school 13 21.7%
High school 15 25.0%
University degree or above 21 35.0%

Table 4. Investigation data on the emotional needs of urban and rural empty nesters.

Category Factor Urban elderly (N = 30) Rural elderly (N = 30)
0-never 1-occasionally 2-often 0-never 1-occasionally 2-often

Personal
entertainment

Listen to
the music

5 7 18 15 9 6

Reading
books and
newspapers

6 12 12 20 6 4

Play the
game

10 13 7 23 5 2

Take a
walk (walk
the dog,
etc.)

3 8 19 8 5 17

Exercise 6 7 17 11 11 8
Children
(relatives)

Voice call 2 17 11 1 11 18
Video call 5 9 16 21 8 1

(continued)
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Average and analyze the above statistics, and the results are shown in Tables 5 and 6.
The Importance Degree of each factor (I) = Weight (W) * Demand value (D) (take
I > 0.25 as effective value).

Through the comparison, the following conclusions are found: old people living in
urban areas require more variety in personal leisure and entertainment, while the
demand of whom in rural areas are relatively simple. As to the communication with
their children, the urban elderly prefer to chat through the video, while the rural elderly
prefer to contact with their children by phone. Both of them are longing to share photos
with children, and have more daily interaction with them. Concerning to the neigh-
borhood relation, the elderly in the city would like to dance with their friends in the
community square or go shopping, on the other hand, rural elderly prefer to play cards
or chat. When it comes to tourism, urban elderly prefer to make new friends when
going out and like to write travel diaries. However, rural elderly have less demand for
tourism, and their only wish is to have a photo as souvenir.

Table 4. (continued)

Category Factor Urban elderly (N = 30) Rural elderly (N = 30)
0-never 1-occasionally 2-often 0-never 1-occasionally 2-often

Daily 1 8 21 2 10 18

Photo
sharing

2 11 17 4 11 15

Neighbors
(friends)

Playing
CARDS

10 12 8 2 8 20

Square
dancing

4 8 18 23 6 2

Shopping 3 17 10 10 11 9
Chatting 10 12 8 1 8 21

Strangers
(travel, etc.)

Make
friends

5 15 10 16 7 7

Photo
sharing

4 12 14 5 10 15

Write a
diary

3 18 9 21 7 2
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Table 5. Data analysis of emotional demand factors of urban empty-nesters.

Category:
weight (W)

Factor Urban elderly:
Average value (A)

Importance
(I = W * A)

Personal
entertainment:
(30%)

Listen to the music 1.43 0.429**
Reading books and
newspapers

1.20 0.360*

Play the game 0.90 0.270*
Take a walk (walk the
dog, etc.)

1.53 0.459**

Exercise 1.37 0.411**
Children (relatives):
(20%)

Voice call 1.30 0.260*
Video call 1.37 0.274*
Daily interactions 1.67 0.334*
Photo sharing 1.50 0.300*

Neighbors (friends):
(20%)

Playing CARDS 0.93 0.186
Square dancing 1.47 0.294*
Shopping 1.23 0.246
Chat 0.93 0.186

Strangers (travel,
etc.): (30%)

A new friend 1.17 0.351*
Photo sharing 1.33 0.399*
Write a diary 1.20 0.360*

*I > 0.25, **I > 0.4.

Table 6. Data analysis of emotional demand factors of rural empty-nesters.

Category:
weight (W)

Factor Rural elderly:
Average value (A)

Importance
(I = W * A)

Personal
entertainment:
(20%)

Listen to the music 0.70 0.140
Reading books and
newspapers

0.47 0.094

Play the game 0.30 0.060
Take a walk (walk the
dog, etc.)

1.30 0.260*

Exercise 0.90 0.180
Children (relatives):
(30%)

Voice call 1.57 0.471**
Video call 0.33 0.099
Daily interactions 1.53 0.459**
Photo sharing 1.37 0.411**

Neighbors (friends):
(30%)

Playing CARDS 1.60 0.480**
Square dancing 0.33 0.099
Shopping 0.97 0.291*
Chat 1.67 0.501**

Strangers (travel,
etc.): (20%)

A new friend 0.70 0.14
Photo sharing 1.33 0.266*
Write a diary 0.37 0.074

*I > 0.25, **I > 0.4.
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3.2 The Construction of Emotional Interactive Model

According to the results of the questionnaire, the comparison of different emotional
demands between urban and rural empty-nesters, and the relevant information of
emotional interaction, the emotional interaction model of elderly can be constructed, as
shown in Fig. 2. The model builds the emotional interaction process of them from 5
aspects, which are the person who express the emotion (Who), the person who receive
the emotion (To Whom), Interactive Content, In Which Channel, and With What
Effect.

In order to present the emotional interactive effect of the elderly more directly,
intimacy value can be set in the interaction process. Through feedback, the model will
inform the elderly about their current emotional status or remind their children or other
relatives that they should enhance emotional interactions with the elderly. For example,
the following information can be transferred to children:

• No interaction today, intimacy value decreases;
• Interact for twice, intimacy value remains stable;
• Interact for three times, intimacy value increases.

By information like these, the emotional status of the elderly can be monitored
efficiently, informing their friends and relatives their emotional demands.

Who

Rural empty nesters

Urban empty-nesters

To Whom

Children (relatives)

Personal entertainment

Neighbors (friends)

Strangers (travel, etc.)

Interactive content

U-Listen to the music/Reading books and 
newspapers/Take a walk /Exercise

R-Listen to the music/Take a walk 

U-Video call/Daily interactions/Photo sharing

R-Voice call/Daily interactions/Photo sharing

U-Square dancing/Shopping

R-Playing CARDS/Chatting

U Make friends/Photo sharing/Write a diary

R Photo sharing

In Which Channel

Mobile phone APP

Intelligent robot

Smart bracelet

……

With What Effect

Better communication 
with the people and things 

around

Complete the elderly's 
emotional exchange

To relieve their loneliness.

Enhanced interaction

Feedback

Intimacy

Intimacy

Intimacy

Fig. 2. The emotional interaction model of empty nesters.
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3.3 Other Influential Factors

This section was completed through interviews. Some questions were raised about the
old people’s personal information, in order to find out other personal characteristics that
may affect the emotion of them. The study found that age and education had great
impact on the emotional interaction of them. The empty nesters that are comparatively
younger would like to pay more attention to personal space and they are more fond of
traveling, and they also enjoy making new friends and sharing photos during tourism.
The more educated elderly emphasize more on the quality of personal life, which is
especially reflected in the interest of reading. Besides, the number of children and the
gender of the elderly did not significantly affect the content of their emotional
interactions.

The purpose of this study is to explore the difference between the emotional
interaction of empty nesters in urban and rural areas. Therefore, the distribution of age
and educational degree of urban and rural elderly in the sample is recorded in Table 7.
The study found that the age distribution of urban and rural elderly remains generally
balanced, but it shows a big gap in education level.

The results show that the education level may have an impact on this result, which
is not discussed in detail in this paper.

4 Discussion and Conclusion

4.1 The Emotional Needs of Empty Nesters

With the development of science and technology and the progress of society, people have
met theirmaterial needs andnowbegin thepursuit of spiritual demands. For emptynesters,
a special group, emotional interaction products that focus on emotional needs of themplay
an important role in releasing their loneliness and reducing mental illness.

Table 7. Data distribution for age and education level.

Characteristics Category: N (%) Urban elderly Rural elderly

Age 60–70: 21 (35.0%) 10 11
70–80: 20 (33.3%) 11 9
80–90: 15 (25.0%) 8 7
Over 90 years old: 4 (6.7%) 1 3

Education level Primary school and below: 11 (18.3%) 2 9
Middle school: 13 (21.7%) 3 10
High school: 15 (25.0%) 7 8
University degree or above: 21 (35.0%) 18 3
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In the course of questionnaire survey and interviews, it is found that empty nesters
have an independent but lonely life. Although they are eager to communicate freely
with others, there are few chances and occasions for them. That is why they become
unsociable as time goes on. This research is based on the daily living habits and
environment of the empty nesters in urban and rural areas with a hope of being closer to
the life of every group. The urban empty nesters, in terms of personal recreation and
travel, have much more needs than those living in rural areas, while the rural elderly
pay more attention to the neighborhood relationship than the urban elderly. Though,
both of them have strong emotional needs from their children. All these demands on
emotional interaction deserve our attention.

4.2 The Design of Emotional Interaction Product

The research includes five parts, i.e. people with the need to express emotion, the
object, content, the way and final effects of emotional interaction, and recommends a
feedback channel. By doing these, a model of emotional interaction product design was
established. In this model, the differences in the emotional needs of empty nesters in
urban and rural areas are reflected in the interactive content on this step.

Emotional interactions in the product design cover two aspects: the emotional
interactions between the user and the product, and the emotional interactions between
people with the assistance of proper products. In the process of designing emotional
interaction products, we should pay more attention to the emotional states of empty
nesters, and conduct a further research on their daily behaviors and their emotional
changes. We also should implant multiple emotional factors into the product in this
process, thus creating more methods and opportunities for the lonely elderly to make
emotional interactions, for the goal of successful emotional interaction between people
and people, or between people and objects. The results of this study can provide
references for the design of emotional interaction products for the empty nesters in
urban and rural areas, realizing the commercialization of emotional interaction model
through interactive mode.

4.3 The Possibility of Further Study

Ageing population and empty nesters belong to connotative, extensive, comprehensive
and social issue, which involve knowledge concerning medical science, psychology,
sociology and design science. This study, functioned as a basis exploration, provides
reference and basis for the relevant research on emotional interaction for urban and
rural empty nesters. However, systematic and deeper study remain further develop-
ment. The objects of this study are set between empty nesters in urban and rural areas.
Through this contrast, this study is to promote the largest interaction and communi-
cation extent between empty nesters and other people, so that they can eliminate
loneliness when they are living by themselves, and improve their satisfaction to life.

Apart from living environments (urban or rural areas), this study finds that
influential factors of emotion also include age and education, which probably lead to
different emotional demand, while further discussion is needed concerning their
influence on emotional interaction.
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In China, similar to rural empty nesters, there are many vulnerable groups who
haven’t received enough attention, for instance, urban empty nesters, left-behind
children and migrant workers. Like rural empty nesters, they live apart with their
family, and cannot be taken good care of, what’s more, they badly suffer from missing
family, and their emotional demand cannot be met. The exiting problems among these
groups can also be solved by design. The emotional interaction product design is
currently in preliminary phase, theoretical research and design remain to be perfected.
If further research and design can be done about emotional interaction product, with
reference to other vulnerable groups, it is believed that the problem in regard to
emotional vacancy of vulnerable groups can be solved, and it will bring tremendous
benefit to the development of our country’s modernization.

References

1. Juan, W.: Analysis on the quality of life and mental health of the elderly in urban empty
nester. J. Chifeng Coll. (Nat. Sci. Edn.) 33(02), 150–151 (2013). (in Chinese)

2. Fu, B., Li, Y.: Study on the emotional demand of left-behind elderly in rural areas. J. Lanzhou
Inst. Technol. 22(01), 101–104 (2015). (in Chinese)

3. Du, J.: Study on the spiritual life of empty nesters in the community. Hebei University (2014).
(in Chinese)

4. Liu, X.: Study on the emotional needs of the elderly in urban empty nesters. Changchun
University of Science and Technology (2013). (in Chinese)

5. Lu, M., Guo, C.: The current situation and research review of the mental health of the empty
nesters. Prog. Psychol. Sci. 21(02), 263–271 (2013). (in Chinese)

6. Di, X., Zhou, Y.: Sociological analysis of the emotional expression of the elderly in rural
empty-nester. J. Anhui Agric. Univ. (Soc. Sci. Edn.) 21(05), 5–10 (2012). (in Chinese)

7. Yi, G.: Research on the design of psychological comfort product system for the elderly in
urban empty nesters. Jiangnan University (2012). (in Chinese)

8. Jian, C.: Research on the emotional needs of rural empty nesters and their emotional support.
Central South University (2008). (in Chinese)

9. Isi, Y.: Design and research of emotional interactive products. Zhejiang University (2014)

570 X. Xu and X. Hu



Gamified Design for the Intergenerational
Learning: A Preliminary Experiment

on the Use of Smartphones by the Elderly

Weihan Xu(✉) and Xiao Liu

School of Economics and Management, Nanjing University of Science and Technology,
Nanjing 210094, China

whxu@163.com

Abstract. With the development of Web2.0, smartphone is one of the most
typical and popular communication tools adopted by the public. As digital natives,
young people has a high degree of absorptive and learning ability for those
emerging technologies. In contrast, due to “technical panic” for smartphone, the
elder groups face a few problems, such as technostress, learning barriers, and less
interests. Intergenerational learning, as an informal communication and learning
style within the family or in a larger community, delivers knowledge, skills, abil‐
ities, social norms and values among generations systematically. It is a mixed
approach combining both formal and informal features, which integrates and
involves the young generation with their predecessors in an appealing manner.

In this paper, we consider that the intergenerational learning dominated by
young people would effectively help elder generation to use smartphone, which
also has a significant impact on intergenerational relations and intergenerational
barriers. Intergenerational learning is not limited to offline communication in
which knowledge is delivered in words or written form, but it also includes the
facial communications based on smartphones learning. In addition, it also
mentions that game-based learning, or gamification plays an important role in
improving the enthusiasm and effectiveness of study for the aged in process of
intergenerational learning. This paper explores the phenomenon of reverse social‐
ization of the elderly using smartphones which includes the reasons and the impact
on intergenerational learning. Furthermore, it also attempts to analyze the change
of attitude of both the youth and the elders during the process, which will yield
some practical implication for the implementation of intergenerational learning.

Keywords: Intergenerational learning · Reverse socialization · Gamification

1 Introduction

At present, our country is in an era of rapid web2.0 and rapid social change. As the
worldwide technological revolution has led to the changes in the mode of production
and economic structure, it has also profoundly affected the changes in family intergen‐
erational relations and family socialization process. With the popularization of the use
of mobiles communication equipment, people’s living habits, learning styles,
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communication channels, modes of thinking and social relations have been greatly
changed. Young people, as digital natives, have a high degree of acceptance and ability
to learn new emerging technologies and devices. In contrast, the elder, as digital immi‐
grants, are slow to learn and use hard-to-learn mobile communication equipment e.g.
smartphones, less interests and difficult to accept the problem. The impact of young
people on adult parents have become even more pronounced. In other words, we are in
a “pre-symbolized” society called by Margaret Mead that the elder have to learn from
their children that they have no experience [1]. In the case of using smartphones, what
is undeniable is that young people use significantly more than their parents, especially
in the field of daily life. The “Report on the Internet Utilization of Minors in China 2013–
2014” published in 2014 shows that parents who take the initiative to consult minors
about Internet knowledge have 56.1% and 22.7% of them, sometimes and often. There
is a phenomenon of intergenerational learning in reverse socialization between parents
and children, that is, elders ask knowledge and skills to their younger. The emergence
of this phenomenon has broken the monopoly of elders over knowledge and authority
over a long period of time. The adolescent generation is not only a passive recipient of
knowledge and authority, but also an active agent for knowledge creation and dissem‐
ination. It also has great influence on parents, children and families.

Furthermore, from the perspective of human-computer interaction, we believe that
the reverse socialization of intergenerational learning can be well reflected in the intro‐
duction of gamification into the use of smartphone by the elderly. Hamari et al. indicate
that gamification is a desired way to support user engagement and enhance positive
patterns in service use [2]. Deterding et al. highlight that the affordances implemented
in gamification will lead to some positive outcomes of product/service use [3]. To our
best knowledge, since the discovery of this phenomenon in our country, only a small
amount of direct research on intergenerational studies has been published in conferences
and periodicals. There is almost no application of gamification to this research. There‐
fore, we would like to explore whether the youth-dominated reverse social intergenera‐
tional learning can better motivate the elders to use smartphone, especially the influence
of gamification on teaching. In this paper, some of our experiments adopted gamification
design and observed the learning process of using smartphone by young people to teach
the elderly. We conducted a preliminary experimental with 15 elderly people who have
never had a smartphone before. We aim at answering these two questions:

RQ1: How does the influence of the intergenerational learning on the elderly’s use of
smartphone?

RQ2: How does the influence of gamification design on the process of intergenerational
learning about the smartphone use by the elderly?

2 Literature Review

2.1 Intergenerational Learning

Intergenerational learning is first and foremost an interdisciplinary term in the fields of
psychology, medicine and public policy [4]. With the development of information
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technology, it gradually penetrates into the fields of management science, pedagogy and
information science. The concept of intergenerational learning is divided into three
stages: the earliest can be traced back to the older generation, such as family, elder or
grandparent, to extend the wisdom and values to the next generation, but did not form
a standardized rule [5]. For example, Hoff defines intergenerational learning as a process
that is very common among generations in the family and that delivers the knowledge,
skills, guidelines and values to the next generation of systems [6]. Secondly, in order to
solve the problem of being young as a result of geographical divisions due to work and
family needs the gap between one generation and the older generation, the definition of
intergenerational learning is no longer confined to the relationship between family
members, extended to the family outside, that is, New Extrafamilial Paradigm [7], such
as Ropes believes that intergenerational learning in business organizations is an inter‐
active way that can promote the relations between generations and acquire new knowl‐
edge, new skills and new ideas [8]. In 1999, the UNESCO Institute of Education held a
meeting in Dortmund to broadly define the intergenerational learning as a purposeful,
continuous exchange of resources and learning tools between the older generation and
the younger generation [9]. The intent is to adapt the concept to multiple perspectives
and to promote cooperation. Bostrum believes that when people from different genera‐
tions are learning together, there is an interaction of knowledge, skills, attitudes and
values [10]. At this stage, researches on early childhood education, education for the
aged, family relations and other aspects have begun to be explored [11–13]. Generation
study in the modern sense began to emerge. Generation study gradually became a key
area of focus for European and American countries. Intergenerational Program,
Learning Practice [14] and Intergenerational initiative embody the meaning of inter‐
generational learning. Hatton-Yeo and Batty recognize that learning is a process that
runs through life and that people may have different needs and interests at different stages
of their lives, with the potential to share learning and transcend generations [15].

Therefore, the key to “intergenerational” terminology lies not between generations,
but between interpersonal relationships. Finally, with the rapid development of instant
messaging tools, the younger generation gradually occupies the leading position in
knowledge transfer. Intergenerational learning not only includes lines under the commu‐
nication, but we should also try to embed information and communication technologies,
computer collaboration technologies and various smart devices in the process of knowl‐
edge transfer, so that the development of intergenerational education can get rid of the
limitations of geographical, time, educational level and other factors to enhance learning
convenience, innovation and scalability, while emphasizing the content of learning. We
should also pay attention to the cultivation of intergenerational information literacy [16–
18]. Klamma et al. defined intergenerational learning as “the process-based experience
and experience of one generation with another generation” and emphasized that inter‐
generational learning should not be confined to face-to-face communication and
ignoring the drive of emerging information technologies effect [19].
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2.2 Reverse Socialization

Research on reverse socialization began in the mid-1950s and has been more than half
a century old. The concept of reverse socialization was first proposed in the field of
household consumption. There are two kinds of English expressions of reverse social‐
ization: “reverse socialization” and “retroactive socialization”, but the two expressions
are nearly 20 years before and after the proposal is made. The concept of “retroactive
socialization” was first proposed by Riesman and Roseborough, meaning that children
can learn consumer-related skills from peers and the media and influence his or her
parents with those skills [20]. However, in the nearly 20 years since, very few studies
have adopted this concept. Bell, who first proposed the idea of the two-way influence
of parents and children in socialization, was considered a mountain to the study of
reverse socialization, yet Bell himself did not come up with the concept of reverse
socialization [21]. Ward proposed the concept of reverse socialization as the process by
which children may influence their parents’ knowledge, skills and attitudes about
consumption [22]. Since then, the term “reverse socialization” has been widely adopted
to denote reverse socialization.

The author thinks that reverse socialization includes two kinds of processes: one is
the active learning process of the socialized subject to the object, and the second is the
influence and pressure from the socialized subject that have a direct or indirect influence
on the attitude and behavior of the socialized subject influences. The domestic (Main‐
land) reverse socialization research began in the late 1980s, Zhou put forward the
concept of “cultural feedback” [23]. The concept of “localization of culture” has also
become synonymous with the study of reverse socialization in China. At present, there
are three kinds of perspectives for the definition of reverse socialization in China: From
a sociological point of view, reverse socialization is the socialization of the previous
generation by young people and youth, that is, the socialization of knowledge and skills
that traditional recipients put into practice for educators [24]. From a cultural point of
view, reverse socialization is Margaret Mead called “after metaphorical culture”, “meta‐
phorical culture” is also a youth culture, which means that youth has become the
authority of life groups, the elders to the cultural form of youth learning, also known as
youth model culture. The third uses the concept of cultural nurturing proposed by Zhou,
referring to cultural nurturing, which is a process of extensive cultural assimilation to
the younger generation in the era of rapid cultural change [23].

3 Research Design

We conducted a preliminary experiment to investigate our research questions raised
above. The purpose of this experiment is to let the experimental subject use some func‐
tions of the smartphone independently after learning, specifically for “use camera”, “add
address list”, and “dial” these three basic functions of smartphone. After that, we eval‐
uated the results based on the completion of the tests.

574 W. Xu and X. Liu



3.1 Participants

First of all, this paper selected nine groups of families to participate in this experiment.
Each family is composed of the elderly who has not been exposed to smartphones, and
their children who can use smartphones. Meanwhile, we ensured that the selected elderly
have a certain willingness to learn how to use smartphones before the experiment, and
their cultural level is similar, which reduces interference caused by conflict, stereotype
and learning ability.

3.2 Data Collection

After screening suitable experimental subjects, 15 groups of elderly were randomly
divided into three groups: A, B and C. Each group contained 5 elderly families, including
group A as control group, group B and group C as experimental groups. During the
experiment, elderly of group A learn three functions of the smartphone by themselves
through the manual and independent exploration. Elderly of Group B learn through
reverse socialization intergenerational learning, and their children teach them by the
traditional way of oral teaching and specific operation. Elderly of group C learn through
reverse socialization intergenerational learning with gamification designs. Here,
different from the teaching style of the group B, gamified styles are designed as following
methods: In the intergenerational learning process, children describe to their parents the
situation related to the daily life preferences or habits of the elderly to enable elderly to
integrate into the situation, such as “playing chess”, “watching flowers” and so on, which
can trigger the demand of using “use camera”, “add address list” and “dial”, to make
the teaching more realistic and practical. After elderly are familiar with the operation of
smartphone, they repeated training by setting different situations to enhance proficiency,
and by setting the countdown, operation is completed within the time limit to strengthen
the memory of the operation process of the elderly. At the same time, children need to
offer encourage or rewards constantly during the teaching, in order to improve the elderly
to complete the learning achievements. After the 3 days, 3 h a day of learning and
training, we arranged the same requirements of using smartphone to 15 groups of elderly
people, and let them use the same smartphone in 10 min to finish, and after that we
evaluated the overall completion degree and time of the test results, and then analyze it.

After the end of the experiment, we interviewed the elderly in 30–60 min per person
around the contents of their learning experience, the feeling of using smartphone, and
will to continue using smartphone in the future, and sought their advice on the use of
smartphones and the way to learn, finally we recorded the interview results and carried
on the analysis.

4 Results and Discussion

First of all, we analyzed the results of the experiment. From the view of finish time, the
elderly of group C learning through gamified intergenerational learning finish respec‐
tively in 2′58′′, 3′11′′, 3′26′′, 3′54′′ and 4′04′′, followed by the elderly of group B
learning by traditional intergenerational learning are respectively 3′59′′, 4′19′′, 4′38′′,
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4′56′′ and 5′02′′, and the elderly of group A learning by themselves are respectively
5′18′′, 5′44′′, 6′21′′, 8′06′′ and 10′00′′ (experiment time is 10 min). We can see that
the group C significantly completed the fastest time, group B is the second, while the
elderly of group A are generally slow, and even one of them had not completed at the
end of the experiment. From the view of degree of completion, group C and group B
completed the requirements accurately, while only two of group A completed the
requirements and last one only completed the “use camera” and “dial”, and did not
complete the “add address list” timely. It can be seen that the group A learning by
themselves compared to the group B with children’s participation, group B is signifi‐
cantly faster and finish better than group A, which shows that the effect of reverse
socialized intergenerational learning is better, and proves the importance of children’s
participation in the teaching of using smartphones for the elderly. At the same time, the
comparison between groups B and group C shows that the overall speed and speed of
each item of group C are generally faster than group B, which can be seen that the
gamification designs of learning effect is significant, and there is an obvious improve‐
ment in the proficiency of elderly people using smartphones, and proves that the reverse
social intergenerational integrated into gamification designs has a positive effect on the
elderly using smartphones (Table 1).

Table 1. Testing timetables for the use of smartphones for older people

Group Learning style Num. Finish
time

Use
camera

Add
address
list

Dial Average
time

A Self-taught 1 8′ 06′′ 1′ 46′′ 4′ 53′′ 1′ 27′′ 7′ 06′′
2 5′ 44′′ 1′ 39′′ 3′ 06′′ 0′ 59′′
3 10′ 00′′ 3′ 42′′ —— 2′ 49′′
4 5′ 18′′ 1′ 21′′ 2′ 58′′ 0′ 59′′
5 6′ 21′′ 1′ 38′′ 3′ 42′′ 1′ 01′′

B Traditional
intergenerational learning

6 4′ 19′′ 1′ 14′′ 2′ 50′′ 0′ 15′′ 4′ 35′′
7 5′ 02′′ 1′ 18′′ 3′ 01′′ 0′ 43′′
8 4′ 56′′ 1′ 31′′ 3′ 04′′ 0′ 21′′
9 3′ 59′′ 1′ 06′′ 2′ 35′′ 0′ 18′′

10 4′ 38′′ 1′ 22′′ 2′ 53′′ 0′ 23′′
C Gamified

intergenerational learning
11 3′ 54′′ 1′ 03′′ 2′ 32′′ 0′ 19′′ 3′ 31′′
12 4′ 04′′ 1′ 21′′ 2′ 19′′ 0′ 24′′
13 3′ 26′′ 1′ 15′′ 2′ 04′′ 0′ 07′′
14 2′ 58′′ 0′ 59′′ 1′ 51′′ 0′ 08′′
15 3′ 11′′ 1′ 01′′ 1′ 58′′ 0′ 12′′

Secondly, after finishing interviews, the answers to the three questions about
“learning experience”, “using experience” and “will you continue to use” are summar‐
ized in Table 2.
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Table 2. A summary of interview

Group Learning experience Using experience Continue to use
A The self-learning of

smartphones is difficult.
Without other people’s
help, the function and
operation of mobile
applications can only be
learned through the text on
the instructions, which is
difficult to understand and
remember

There are few function
introduction and operation
guidance in mobile phone
application. It is
troublesome to search
directions again when
using, and many contents
are not introduced in the
instructions. It does not
take care of all the kind of
people who use it

They may not continue to
use. The operation is more
difficult than the
convenience provided by
the smartphone function,
and they don’t know
whether the practicability is
high, so they tend to use the
landline, camera and so on

B In the children’s teaching
can be more intuitive to
understand the function and
operation, but it is a little
boring, and if not repeated
operation they are easy to
forget the details of the
operation

After understanding the
functions and operations,
the mobile phone is easier
to use, but it is limited to the
mobile phone functions
that have been taught

In some ways such as
emergency contact, it will
be useful, and it is very
likely that it will continue to
be used, to be prepared, and
to be used when needed

C The gamified learning
process is more interesting.
Besides the introduction of
function and operation,
learning is more relaxed, it
also provides many kinds
of situations that may be
faced, and has a better
understanding of the
practicability of
smartphones

With situational memory,
smartphones are more
proficient in use and they
will try other functions

They will continue to use,
think that smartphones are
very convenient, in many
situations, they will think of
smartphones at the first
time to solve problems
rather than other
alternatives

As for the use of smartphones and the way to learn using smartphones, the elderly
also give some suggestions in the interview. After combining with the existing theories
of intergenerational learning, gamification and reverse socialization, this paper inno‐
vates and lists the following suggestions:

(1) Participation of children. Children play a vital role in the process of reverse social‐
ized intergenerational learning. With the company of children, elderly people are
more likely to accept new things. Beginners are hard to avoid learning difficulties,
but before their children, there is no emotional distress, such as loss of self-confi‐
dence, etc. Also, their children are more patient and can greatly improve their self-
efficacy of smartphones.

(2) Gamified learning. Through the gamification elements, such as increase the sense
of presence by increasing the situation used in the experiment. It let elderly people
know what is the use of the smartphone’s function and where it is used, and highlight
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its practical significance. It also adds interest to the boring teaching operation
directly, and cater to the interests of the elderly and the needs of their life to make
the utility of smartphone deeply rooted in the hearts of the elderly people to achieve
better teaching effect. Meanwhile it can integrate into the youth culture, to make
the gap between the cultures and habits of the intergenerational closer.

(3) Help and prompt the specific application. Because many manual introduces the
smartphone hardware level operation and some basic operation, and it is considered
that the users have had the relevant empirical basis, but it does not consider the
elderly who had never contact with the smartphone and its application. It is possible
to set up a more obvious help interface for teaching and guidance in the application
to reduce the operation error which lead to elderly people’s using problems.

(4) The audiovisual of guide. For an instruction manual with whole words, the elderly
are difficult to see the instructions on it because of the presbyopia and other vision
problems. Video teaching with specific steps and voice interpretations is more
acceptable to the elderly, which can reduce the error between the understanding
and operation, and can be repeated to watch and reduce the difficulty of learning.

In summary, combined with the reverse socialization and intergenerational learning
theory, in the future, we can try to develop specialized smartphone function teaching
software, and let children participate in the learning process, make elderly learn smart‐
phone effectively by watching the video, and with gamification designs like setting
situation. And then it can improve the use of smartphones in the elderly group, and
achieve the purpose of intelligent old-age care.

5 Conclusion and Implications

From the gamification point of view, our goal was to investigate the impact of the reverse
socialization of intergenerational learning on promoting the use of smartphone for the
elderly. We conducted a quasi-experiment to respond to our research questions. The
research findings show that, first, the 15 elders were divided into three groups, guidance
and gamification design of young people as a control experiment variables, the data
found that the C group was the best effect, B followed by the second, the last group A;
Second, we compare A with B, B with C, found that guidance and gamification of young
people are helpful for the elderly to use their smartphone; Third, it is interesting to note
that, the gamification design should be viewed as a journey rather than an event, our
presume can be combined with other research studies. Since elders may get boring after
a period time of usage, the gamification design should make the whole learning process
more novel and unique. In other words, gamification design is one of the keys to the
success of this experiment. In addition, our study was not without limitations. The theo‐
retical mapping between application of theory and the gamification design in experiment
needs further literature supports and discussion. The stereotypes and lifestyle habits of
some elders may be the problems that affect and limit the experiment. In summary, our
research gives a guidebook that will help young people to teach their elders to use their
smartphone to enhance intergenerational relationships. In future studies, we will use this
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guidebook to dig deeper into the motivations of the reverse socialization of
intergenerational learning to validate our findings.
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Abstract. The purpose of this study was to explore the patterns, benefits and
challenges of intergenerational play between young people and their old family
members (i.e., parents, grandparents, and uncles/aunts). A total of 308 responses
were collected from young people aged 15+ using an online survey. The results
showed that young people generally did not frequently play digital games with
family members; however when they did, they reported that intergenerational
play was a fun way for them to bond with family members. In addition, skill gaps,
different cohort knowledge, and old adults’ physical and cognitive declines were
the main factors that had negative impacts on smooth intergenerational game play.
The biggest challenge that participants faced was explaining game rules and
mechanisms using words understandable to old family members.

Keywords: Intergenerational play · Digital games · Young people
Old family members · Bonding

1 Introduction

The intergenerational gap has become a social issue in Europe and North America due
to the demographic rise in the number of old adults and other family, community and
social changes [1]. There have been increasing research interest in recent years in
exploring how digital games can be used to promote understanding, build relationships,
and facilitate interaction between old adults and young people [2]. Previous studies have
explored the nature of kin and non-kin intergenerational digital gameplay, the roles each
age cohort plays, and the physical, cognitive and social impacts of intergenerational play
on different age groups. Design ideas and processes have been discussed for designing
digital games for intergenerational learning and interaction with a primary focus on how
the age differences (e.g., old adults’ physical and cognitive declines), expertise of each
group (e.g., young people as technology experts) and any motivational factors (e.g., the
value of social interaction with family members for old adults) could be used to engage
the two age groups and maintain their interests [3–6]. In addition, new digital games
have been developed for strengthening intergenerational relationships and learning
between old adults and their younger family members, such as Collage [7], TranseCare
[8], Age Invaders [9], e-Treasure [10], and Curball [11]. These studies were designed
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and conducted based on the great potential of intergenerational gameplay for knowledge
sharing and social-emotional exchanges. However, fewer studies have examined the
features of intergenerational play in the family contexts from the perspectives of young
people, such as the games they play most often with family members, factors motivating
them to play digital games with old family members, and benefits and challenges they
encounter. Kaplan et al. [2, p. 9] highlighted that “in considering the contributions that
technology can make to intergenerational relationships… it is useful to first step back
and consider more broadly the role that technology plays in the social lives of young
people as well as old adults”. Thus, the purpose of the current study was to understand
the features, benefits and challenges of intergenerational play within family contexts
from the perspectives of young people.

1.1 Importance of Family Life

The majority of people live their entire lives in the context of families. Family structure
has significantly changed in the last century [12]. In the 1900s, the family structures
looked like a pyramid-a large number of children and parents but very few grandparents.
However, the family model looks more like a lopsided rectangle in the 2000s due to the
increased life expectance. Families have fewer children and more generations are alive
at the same time point.

The World Health Organization defines health as “a state of complete physical,
mental and social wellbeing and not merely the absence of disease or infirmity” [13].
Families provide important resources for learning independence and exchange help and
support. As people get old, families become more and more important due to the
increased need for support [12]. Research and policy is likely to be more focused on
quality of life than quantity of life for old adults [14]. Previous research has reported
positive impacts of intergenerational participation in leisure activities on relationship
satisfaction and bonding experience [15].

1.2 Social Values of Gameplay for Old Adults

With the evolution of digital games, gameplay has become a popular activity among
technology-savvy young people and old adults [16]. Approximately 13% of U.S. gamers
are aged 50 and over [17]. In Nimrod’s study [18] fun, joking, silliness, and general
playfulness are the values of playing digital games reported by aging populations.
Kaufman and his colleagues [19] identified a list of benefits of old adults’ gameplay
including mental exercise, enjoyment and fun, social interaction, escape from daily life,
developing self-confidence, dealing with loneliness, and connecting with family
members. Zhang and Kaufman [20] investigated old adults’ social interactions in
massively multiplayer online role-playing games (MMORPGs). Approximately 16% of
participants played MMORPGs with family members sometimes, while 13.2% played
with family frequently and 9.7% all the time. Slightly more than half of participants
(51.7%) discussed gameplay with their families. More than 45% of participants agreed
or strongly agreed that playing with family members made them feel closer to them.
Zhang and Kaufman concluded that playing MMORPGs with family could be an
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effective way to maintain and enhance current off-line relationships. De Schutter and
Brown [16] explored game enjoyment in late life. They found that old adults prefer
playing with people important to them compared to strangers. This study identified cases
in which the younger female participants played digital games with their children when
their children were young. For some participants this mode of socialization with chil‐
dren, and now as adults, has continued to today. De Schutter and Brown stated that
gaming could be a means for old adults to nurture meaningful relationships with grand‐
children who live apart.

1.3 Importance of Intergenerational Interaction

Strong and meaningful intergenerational relationships are a crucial means of exchanging
knowledge, human capital, values, social norms, and cultural and historical identity [21].
They provide opportunities to express feelings, exchange care and support, exercise
flexibility in thinking, and build self-esteem [22]. Although the two age groups have
years of experience separating them, they can benefit from their companionship in many
ways, particularly older adults at high risk of social isolation. Children usually bring
positive energy to any room they enter, which can stimulate old adults physically and
mentally [23]. Some research has shown that old adults who work and interact with
young people live longer and have better physical and mental health than their coun‐
terparts [24]. They have a lot to teach children and youth, and also to learn about tech‐
nology and other innovations from young people. Within family contexts, interacting
with grandchildren can foster positive emotions and coping, strengthen social bonds,
and provide opportunities to nurture younger generations, which improves overall
quality of life and life satisfaction [6]. For young people, interacting regularly with old
adults can affect their negative perceptions towards aging [22], and develop a sense of
pride and leadership as they receive acceptance from old adults [24]. They can learn to
be patient, tolerant and empathetic, increase self-esteem and confidence, and improve
communication and social skills [23].

1.4 Research About Intergenerational Digital Gameplay

With the advent of technology, there has been growing attention on ways in which
technology, such as digital games, can be used to connect people from different age
groups [2]. According to the 2017 report of Entertainment Software Association [17],
67% of parents in U.S. play digital games with their child at least once weekly. The best-
selling digital game types in 2016 are shooter (27.5%), action (20.5%), role-playing
(12.9%), sports (11.7%), adventure (7.8%), fighting (5.8%), strategy (4.3%), and racing
(3.3%). The reasons why parents play digital games with their children include: (1) fun,
(2) a good opportunity to socialize with their children, (3) monitoring what their children
are playing, and (4) enjoying playing digital games as much as their children. Zhang
and Kaufman [6] identified five features of intergenerational play: (1) it is the enjoyment
of interaction with family members that motivates old adults to play digital games; (2)
the interaction among grandparents and grandchildren during intergenerational play is
not symmetric and reciprocated; (3) young people usually take on the role of technology
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tutors or teachers during intergenerational play; (4) the modes of communication may
change as the two generations spend more time together; and (5) parents and older
children could play an important role in facilitating intergenerational play. De la Hera
et al. [4] reviewed 16 empirical studies on intergenerational relationships and identified
four categories of benefits of intergenerational play, including (1) reinforcing family
bond, (2) enhancing reciprocal learning, (3) increasing understanding of the other gener‐
ation, and (4) reducing social anxiety.

Zhang et al. [25] used conversational analysis to examine how the structures of talk-
in-interaction during intergenerational gameplay provide opportunities for situated
learning between old adults and undergraduate students. It was found that old adults
adapted to and made sense of collaborative gaming activities through guided participa‐
tion. They learned game mechanisms by asking questions and getting feedback from
their younger partners who addressed their situated questions, highlighted and corrected
their mistakes, oriented their attention to key concepts, and explained gaming rules and
strategies. The younger players always offered immediate feedback to guide their old
partners to participate in the collaborative play, and sometimes they had to revise or
reformulate their explanation to clarify misunderstandings. As old adults became more
experienced users, they were able to coordinate with their younger partners to overcome
setbacks, and engaged in mutual encouragement to reach a common goal. However, old
adults could not play independently by the end of the six-week study and still needed to
ask their younger partners to confirm their actions. Chua and colleagues [15] investigated
the impacts of a two-month intergenerational digital gameplay program on perceptions
amongst old adults and young people when they were paired to play digital games
together. The results indicated that the participants of the two age groups developed not
only positive perceptions (e.g., attitudes and intergroup anxiety) towards their partners,
but also positive general perceptions towards the members of the other age group. The
young participants reported a significantly greater degree of perceptional changes in
attitudes towards old adults, as compared to the old participants. In addition, game
enjoyment played an important role in developing positive perceptions for old adults.
Chua and colleagues stated that one plausible explanation for the stronger effects of
intergenerational play on younger people’s perceptions on old adults is its novelty.
Intergenerational play might break down the perception that old adults do not accept
new technologies. On the other hand, the old participants probably received much help
from their younger partners. They might be likely to develop attraction towards their
partners and the general young people when they started to enjoy intergenerational play.
However, this study did not explore the issue qualitatively. Although the results of these
few studies are promising, more in-depth investigation is needed.

2 Research Questions

Intergenerational play may change the modes of communication and the traditional roles
played by old adults and young people, but more studies are needed before we can
understand how digital games can be designed and used to facilitate stronger intergen‐
erational bonds. The research questions of the current study were:
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• What are the features of intergenerational play between young people (aged 15+)
and their old family members?

• Why do young people (aged 15+) play digital games with their old family members?
• Which challenges do young people (aged 15+) face while playing digital games with

their old family members?

3 Methodology

Data were collected through an online survey, as it is an effective method to collect
appropriately large amount of responses from different places and cultures. Invitation
messages providing the URL to the survey were posted on ten game forums. Participants
were young people aged 15 and over, and had played digital games with their old family
members. In this study, “young” and “old” were used to differ different generations. Old
family members referred to parents, grandparents, and uncles or aunts. Due to ethical
issues, this study focused on young people aged 15 and older.

The online survey consisted of three sections. The first section asked questions
related to intergenerational play experience, including: (1) frequency of playing digital
games with parents, grandparents, and uncles or aunts respectively; (2) topics discussed
with old family members during intergenerational play; (3) frequency of engaging in a
list of social activities during intergenerational play, such as teaching or guiding old
family members how to play digital games, making decisions about which games they
should play, and explaining game elements and game mechanisms to old family
members; (4) benefits of playing digital games with old family members. The second
section asked three open-ended questions: (1) names of the games played most
frequently with old family members; (2) motivations for playing with old family
members; and (3) challenges encountered when playing with old family members. The
third section asked for demographic information.

4 Results

A total of 308 responses were received from people aged between 15 and 35. With
regards to gender, 45% of the participants were female and 55% were male. Approxi‐
mately 40% of the participants were aged between 15 and 19, and 35% were between
20 and 24, while 12.8% were between 25 and 29, and 12.8% were in the age range of 30
and 35. A significant majority of participants had a high school degree (25.0%), some
college (28.3%) or a four-year degree (26.3%), while 4.6% had a Master’s degree, and
1.3% had a doctoral degree. In terms of frequency of gameplay, the majority of partic‐
ipants could be described as heavy gamers who played a few times a week (28.9%) or
once a day (50.7%). Although all participants played digital games with their old family
members, this did not happen frequently. Approximately 49% of participants rarely
(39.9%) or never (8.8%) played digital games with their parents, while 36.4% played
sometimes, 13.0% played frequently, and only 1.9% played all the time. In addition,
about 96% of participants rarely (78.4%) or never (18.0%) played digital games with
their grandparents, while only 2.6% played sometimes and 1.0% played frequently. None
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of participants played digital games with their grandparents all the time. Similarly, the
majority of participants had never played digital games with their uncle or aunts
(Table 1).

Table 1. Frequency of playing with old family members (n = 308)

Old family members Never Rarely Sometimes Frequently All the time
Parents 8.8% 39.9% 36.4% 13.0% 1.9%
Grandparents 78.4% 18.0% 2.6% 1.0% 0%
Uncle or aunts 70.2% 18.7% 8.9% 2.0% 3%

We asked participants to name up to three games they have played most often with
old family members, which resulted in 139 games. The most frequently played eight
games were Mario Kart (21.4%), Wii Sports including Wii Party, Wii Sports Resort and
Wii Fit (13%), Jackbox Party Pack (9.7%), Call of Duty (8.4%), World of Warcraft
(7.8%), Words with Friends (5.8%), Minecraft (5.2%), and Civilization (4.5%). It seems
young people have played all genres of games with their old family members, including
first person shooter, racing, board, sports, and role-playing (Table 2).

Table 2. Games played most often with old family members

Mario
Kart

Wii
Sports

Jackbox
Party Pack

Call of
Duty

World of
Warcraft

Words w.
Friends

Minecraft Civilization

21.4% 13% 9.7% 8.4% 7.8% 5.8% 5.2% 4.5%

Table 3 describes participants’ motivation for playing digital games with old family
members. Slightly more than half of participants (50.6%) felt that it is fun to play digital
games with old family members. They have many good times when playing together.
It is easier to decide on which game to play than picking a movie to watch. One partic‐
ipant said his mom is mostly bored at home and playing together can ‘make her enjoy
her time’. Approximately 36% of participants said they play digital games with their old
family members due to the bonding experience. They enjoy the company of family
members. Digital games provide another opportunity to spend time with one another,
get competitive, and laugh together. Roughly 14% of participants indicated that playing
digital games is a common hobby among their family members. For these participants,
digital games are something that they share and love doing in their free time. In some
cases, the young participants grew up playing digital games with their dad. In other
cases, the young participants were introduced to digital games by their old family
members who started gaming from the 1980s and early 1990s. Approximately 9% of
participants mentioned that playing digital games together is something they all enjoy
and continue doing as a family activity. Playing digital games is a fun way to get the
whole family involved. During family gatherings (e.g., holidays) it is nice to have an
activity that everyone can participate in. One participant said his dad is more into fighting
and racing games, while his mom will join them when they play puzzle or interactive
games on the Wii. A same percentage of participants (9.1%) wanted to get their old
family members to understand why they love playing games. It is fun showing off what
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a modern digital game (e.g., VR) is capable of and seeing their family members get
excited. Three participants also mentioned that the motivation is to share something they
enjoy doing rather than just sitting with family members in the living room and watching
TV for hours. In addition, about 7% of participants reported playing digital game is a
good way of spending time with family members despite distance. They enjoy inter‐
acting with their parents through digital games even though they are hundreds miles
apart. Other motivations for playing with old family members include introducing family
members to the digital world (3.9%) and the convenience of playing digital board games
(4.5%).

Table 3. Motivation for playing digital games with old family members

Motivation Percentage
Fun 50.6%
Bonding with family members 36.4%
Common hobby 13.6%
Family activity 9.1%
Get family members to understand why I love playing games 9.1%
A good way of spending time with one another despite distance 6.5%
Convenient to play digital board game 4.5%
Introducing family members to the digital world 3.9%
Other 1.3%

Table 4 describes topics discussed with old family members during intergenerational
play. Approximately 47% of participants selected discussing game related issues such
as gaming skills; 24.0% said they shared life experience such as cooking recipes and
school days; 18.5% selected latest social news and events. However, only 9.1% of
participants indicated they had discussed important issues, such as quitting a job, with
their old family members.

Table 4. Topics discussed with old family members during intergenerational play

Topics Percentage of topics talked during
intergenerational gameplay

• Discussing game related issues (e.g., game skills) 46.8%
• Sharing life experience (e.g., cooking recipes) 24.0%
• Talking about latest social news and events 18.5%
• Discussing important issues (e.g., quitting a job) 9.1%

We also asked participants to indicate the degree to which they had engaged in some
social activities during intergenerational play (see Table 5). The majority of participants
said they teach or guide their old family members how to play digital games sometimes
(34.3%), frequently (21.3), or all the time (13.6%). Similarly, the majority of participants
(70.4%) said they make decisions about which games they should play sometimes
(35.5%), frequently (22.5%), or all the time (12.4%). In terms of the statement “I explain
game elements and game mechanisms to my old family members, the majority of
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participant mentioned they had done this sometimes (23.5%), frequently (31.2%), or all
the time (21.2%). For the statement “I make decisions about the game strategies and
how we should play”, only less than one quarter (20.4%) of participants mentioned they
had done this frequently (14.8%) or all the time (5.9%). In an indication of the frequency
of offering feedback to old family members about their game performance, 33.5% of the
participants had done this frequently (23.7%) or all the time (9.5%). As shown in
Table 5, the most frequent activity the participants had done all the time was explaining
game elements and game mechanisms to old family members.

Table 5. Frequency of engaging in social activities during intergenerational play

Attribute Percentage of participants selecting rating
Never Rarely Sometimes Frequently All the time

• I teach or guide my old family
members how to play digital
games

11.8% 18.9% 34.3% 21.3% 13.6%

• I make decisions about which
games we should play

14.2% 15.4% 35.5% 22.5% 12.4%

• I explain game elements and
game mechanisms to my old
family members

11.2% 12.9% 23.5% 31.2% 21.2%

• I make decisions about the
game strategies and how we
should play

14.8% 26.0% 38.5% 14.8% 5.9%

• I offer feedback to my old
family members about their
game performance

14.8% 23.7% 28.4% 23.7% 9.5%

Table 6 summarizes the benefits of playing digital games with old family members.
The most frequently mentioned benefit was maintaining closeness and connectedness
with family members (42.9%), and the second most was relieving stress (34.7%). Other
reported benefits included receiving support and encouragement from family members

Table 6. Benefits of playing digital games with old family members

Benefits Percentage of benefits of playing digital games
with old family members

• Improve my brain function 15.6%
• Relieve stress 34.7%
• Receive support and encouragement from
family members

20.8%

• Learn the digital technology 11.0%
• Know more about family members 17.9%
• Maintain closeness and connectedness with
family members

42.9%

• Learn cooperation with others 19.5%
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(20.8%), learning cooperation with others (19.5%), knowing more about family
members (17.9%), improving brain function (15.6%), and learning the digital technology
(11.0%).

When asked which challenges they had encountered when playing digital games
with old family members, only seven participants mentioned they had never met any
challenges. Roughly 23% of participants indicated that teaching their old family member
mechanics of how to play really frustrates them. The young sometimes get annoyed by
having to explain why or how something happen in a game all the time. Their old family
members still may not understand the game even though they have explained it in details
like ten times. It is difficult for them to explain a concept or instructions in words their
old family member can understand. Approximately 16% of participants said it is hard
for their old family members to understand controls, use controllers or dual thumb sticks,
and perform multi-button tasks. This means they cannot play modern games or the
young’s favorite games. About 11% of participants said their old family members get
frustrated by using modern technology and lose confidence and interest in playing digital
games. Some participants (8.9%) mentioned their old family members are pretty bad at
digital games, but they are competitive. There is quite a skill gap especially in games
based on speed or reaction times. In addition, the old’s mistakes dramatically impact
team performance. Interestingly, about 4% of young participants said they are upset
because their old family members are better than them at gameplay. Approximately 11%
of participants indicated their old family members are not fast with typing and thinking.
The young have to point out stuff on the screen to the old once in a while if they are not
able to see it clearly. The old also have poor coordination when trying to use both a
keyboard and a mouse simultaneously, which makes playing some modern games
impossible. Another 5.4% of participants indicated disagreement or argument among
family members. For example, the old and the young have different ways of interacting
with friends in the group. It is fun for the young to annoy another person, but not fun
for the old. The old also have a problem with their young family members’ misbehaving,
which gets them into arguments. It is also difficult for different generations to understand
each other’s jokes. One participant mentioned his family members have differing views
on things such as politics, religion, and social issues. If a game has any topical reference,
it can spark topics that might start arguments. Other challenges include the old’s hesi‐
tance to try new games (2.7%), different game preference (6.3%), hard to play together
either face-to-face or online due to different schedules (5.4%), and the old’s lack of good
internet connection and PCs for gaming (3.6%) (Table 7).
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Table 7. Challenges of playing digital games with old family members

Challenges Percentage
Teaching old people mechanics of how to play 23.2%
Unable to use controllers 16.1%
Technology frustrates the old 10.7%
The old’s physical and cognitive declines 10.7%
Gaming skill gaps 8.9%
Different game preference 6.3%
Hard to play together either face-to-face or online 5.4%
Disagreement/arguments 5.4%
The old are better than the young at gameplay 3.6%
The old don’t have the best internet connection and pc for gaming 3.6%
The old’s hesitance to try new games 2.7%
The old might be offended if the young correct them 1.8%

5 Discussion

The results showed that intergenerational play between young people aged 15+ and their
old family members might not be as frequent as we had expected. Approximately 24%
of participants had played with parents frequently or all the time, but only 1% played
with grandparents frequently. However, intergenerational play could still contribute to
our understanding of the question, “How can we effectively transform media consump‐
tion into quality family time?” To young people, the biggest benefits of intergenerational
play are maintaining closeness and connection with family members and relieving stress.
Playing digital games together is a fun way to bond with family members. There are
very different portrayals of the value of intergenerational play within family contexts.
For some families, gameplay is a common hobby among family members, especially a
special connection between son and dad. During big festivals or family gatherings digital
game plays an important role in getting every member involved. For young people living
in countries or cities different from family members, playing digital game gives them
something to talk about and a way to maintain contact across geographical distance.
Intergenerational play has also helped family members to better understand each other.
Therefore, it could be concluded that within the family contexts what matters to inter‐
generational play is the quality of gameplay rather than quantity.

Playing digital games is not commonly seen as a regular activity for old adults. Many
technology-oriented intergenerational programs are based on the presupposition that
technology-savvy young people mentor old adults in technology skills [2, 6]. Differences
in technology experience and related skills sets could result in an imbalance in interac‐
tion and more simplified forms of interaction [10, 22]. Consistent with the findings of
previous studies, this study found the majority of young people have played the role of
teachers. They have explained game elements and mechanisms and offered feedback to
old family members about their game performance frequently or all the time. They have
also made decisions about which games and how they should play sometimes. Skill gaps,
different cohort knowledge, and old adult’s physical and cognitive declines are main
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factors that have negative impacts on the quality of intergenerational play. The biggest
challenge young people face is to explain game mechanisms using words understandable
to old adults. This makes them feel frustrated, as their old family members may be still
unable to understand how and why something happens in the game even though it has
been explained many times. What seems intuitive and obvious to the young can some‐
times be hidden to the old. One participant mentioned this makes him feel his grand‐
parents purposefully resist learning. In addition, old adults are not good at games that
require multitasking, hand-eye coordination and quick response. This means they cannot
play the young’s favourite games, and they have to change to other easier games to
accommodate the generational differences. So, sometimes playing does not go as smooth
as the young want it to be.

6 Conclusion and Limitations

There is increasing attention on the potential of intergenerational play to bridge inter‐
generational gap. The results of this online survey research showed young people aged
15+ do not play digital games with their old family members frequently. However,
intergenerational play is a fun way to stay in touch with family members. It is more
about the quality of gameplay and related interaction than quantity. The perceived chal‐
lenges young people encounter when playing with family members are a concern. Skill
gaps, different cohort knowledge and age-related declines negatively affect the quality
of intergenerational play. More research on the dynamics and impacts of intergenera‐
tional as well as design ideas of innovative technologies would be useful to realize the
expectations of intergenerational play for quality family time.

This study was limited in several ways. First, the participants were aged between 15
and 35 so that the findings could not be generalized to people younger than 15. Second,
all the data collected were self-reports. As such, the issue of social desirability and
accuracy of response need to be taken into account. Finally, the majority of participants
were heavy gamers. This might result in overestimating the population.
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