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Foreword

The 17th International Conference on Human-Computer Interaction, HCI International
2015, was held in Los Angeles, CA, USA, during 2–7 August 2015. The event
incorporated the 15 conferences/thematic areas listed on the following page.

A total of 4843 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 73 countries submitted contributions, and 1462 papers and
246 posters have been included in the proceedings. These papers address the latest
research and development efforts and highlight the human aspects of design and use of
computing systems. The papers 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 28-volume set of the
conference proceedings are listed on pages VII and VIII.

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 2015
conference.

This conference could 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 their outstanding efforts,
I would like to express my appreciation to the Communications Chair and Editor of
HCI International News, Dr. Abbas Moallem, and the Student Volunteer Chair, Prof.
Kim-Phuong L. Vu. Finally, for their dedicated contribution towards the smooth
organization of HCI International 2015, I would like to express my gratitude to Maria
Pitsoulaki and George Paparoulis, General Chair Assistants.

May 2015 Constantine Stephanidis
General Chair, HCI International 2015
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Human Aspects of IT for the Aged Population

Program Board Chairs: Gavriel Salvendy, USA & P.R. China,
and Jia Zhou, P.R. China

The full list with the Program Board Chairs and the members of the Program Boards of
all thematic areas and affiliated conferences is available online at:

http://www.hci.international/2015/ 

• Jenay Beer, USA
• Marc-Eric Bobillier Chaumon, France
• Alan H.S. Chan, Hong Kong
• Veena Chattaraman, USA
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HCI International 2016

The 18th International Conference on Human-Computer Interaction, HCI International
2016, will be held jointly with the affiliated conferences in Toronto, Canada, at the
Westin Harbour Castle Hotel, 17–22 July 2016. It will cover a broad spectrum
of themes related to Human-Computer Interaction, including theoretical issues,
methods, tools, processes, and case studies in HCI design, as well as novel interaction
techniques, interfaces, and applications. The proceedings will be published by
Springer. More information will be available on the conference website:
http://2016.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: general_chair@hcii2016.org

http://2016.hci.international/ 

http://2016.hci.international/
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Abstract. Objectives: To investigate the relationship between an older indi-
vidual’s self-reported health and the perceived usefulness of computers in
assisting with health-related tasks. Methods: A total of 210 older adults
(age ≥ 60) completed questionnaire items pertaining to demographics, general
health, perception of importance of daily activities, technology experience and
use, and perceived usefulness of computers and the Internet. Results were
obtained using a factor analysis and multiple regression. Results: Self-reported
health was found to have a significant negative relationship with the importance
of health-related activities to daily living (Beta = -0.210) but a significant
positive relationship with the perceived usefulness of computers in assisting
with the same health-related activities (Beta = 0.151). Discussion: Results
indicate that adoption of health-supporting technologies could be facilitated by
user-centered designs that better accommodate older adults in poor health.
Alternatively, adoption may be facilitated by making the potential usefulness of
computers more salient to older adults.

Keywords: Self-reported health � eHealth technology � Technology adoption

1 Introduction

eHealth technologies are a potentially valuable tool for addressing the rising health care
needs of the aging American population [1]. These technologies have the potential to
facilitate health interventions by both increasing the availability and efficiency of
existing health care activities as well as providing additional services. For example,
computers and the Internet can be useful in assisting patients with contacting physi-
cians, scheduling appointments, tracking health metrics, maintaining schedules (e.g.,
for medications or appointments), and searching for health-related information. eHealth
alternatives to traditional physician visits have the potential to reduce associated costs
of health care by increasing efficiency of patient interaction without sacrificing quality
of care [2].

However, subjective attitudes toward the use of eHealth technologies are a potential
barrier to adoption. In general, older adults are less likely to use technology than their
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younger counterparts [3, 4]. However, the relationship between attitudes toward the
usefulness of eHealth technology and health status is not well-specified. In this study
we assess whether those in poorer health, who potentially stand to benefit the most
from eHealth interventions, perceive technology as less useful in the health domain.

1.1 Aging and Self-reported Health Status

Health status is often measured by self-report. As a measure, self-rated health is meant
to convey an individual’s overall sense of physical well-being [5]. Self-rated health has
been found to be associated with functional status and objective measures of health
[6, 7], mortality [8], and the use of health care services [9]. With regard to functional
health, Pinquart [10] found stronger associations between perceived health and basic
competence (activities of daily living) than with expanded competence (instrumental
activities of daily living and leisure activities). That is, people’s perceptions about their
health and their competence in basic daily living skills (e.g., bathing, dressing) was
more related to their functional health than their competence in activities such as
cooking, cleaning, financial management, and medication adherence. Specifically
related to technology, self-rated health has been found to display a significant positive
relationship with general computer use [11].

Compared to young and middle age adults, older adults are more likely to
self-report their health as being fair or poor (23.3 % of 65 + year old adults) and make
more visits to the offices of doctors or other health care professionals. Nearly 60 % of
65 + year old adults make more than four office visits per year [12] and perceived
health status likely underlies the decision to seek health care.

Critical to interpreting self-reported health ratings, how individuals gauge their
subjective health may change over the life span. Older adults may be more likely than
younger adults to attribute lower levels of function to the aging process, rather than to
poor or deteriorating health [13–15]. Pinquart [10] observed an age-associated decrease
in the relationship between perceived health and actual physical and functional health,
and concluded that older adults mitigated the aging process’s (presumed) negative
effect on their global health perception by adapting the objective criteria that they used
to judge their perceived health to account for the growing number of age-associated
objective health problems. This flexibility in older individuals’ definition of perceived
health deteriorates in the old-old though, shown by stronger ratings of decline in
absolute health in this group. For a more in-depth review of the correlates of subjective
health ratings in older adults, and what factors older adults consider when making these
ratings, see [9, 16]. Thus, although health status declines with age, perceived health
ratings may provide a conservative view of actual health status and potentially mask
relationships between health status and other variables.

1.2 Aging and Technology

Older adults may particularly benefit from eHealth technologies due to their dispro-
portionately greater health care needs compared to younger cohorts. An important
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prerequisite for the adoption of eHealth technologies is that the intended user must be
comfortable using computers, the Internet, and other related communications tech-
nologies [17]. Unfortunately, age is negatively related to perceived ease of use and
perceived usefulness of the Internet [18], two significant predictors of technology
acceptance [19], which could represent a barrier for eHealth adoption. Although an age
bias against older adults using computer technology has been documented [20], recent
Pew reports show that the number of older adults using the Internet grew from 40 % of
those polled in 2010 [21] to 57 % in 2014 [4]. Additionally, when provided with
training and an opportunity to use the Internet, older adults seem willing to adopt
Internet use into their repertoire. In a randomized controlled trial, White et al. [22]
taught a group of older adults how to use the Internet in a total of nine hours of small
group training over two weeks and found that five months after the end of the trial,
60 % of those in the trained group still used the Internet on a weekly basis. Moreover,
older adult Internet users are reportedly comfortable with using the Internet for
health-related tasks [23]. Therefore, there is reason to believe that eHealth adoption by
older adults has the potential to increase in the future.

1.3 Self-reported Health and eHealth Adoption

Like age, health status could serve as a barrier for eHealth adoption, but the evidence of
a relationship between the two variables is mixed. White et al. [22] reported no sig-
nificant effect of self-reported health status on general Internet use in a convenience
sample of 48 older adults in their intervention group (being trained to use a computer
system), finding that 65 % of those reporting good to excellent health used the Internet
compared to 53 % of those who reported fair to poor health. But, lower self-reported
health may be negatively related to using the Internet specifically for health-related
activities. In fact, a cross-sectional survey of a representative Parisian sample
(n = 3023) investigating the use of the Internet for seeking health information found
that after adjusting for socioeconomic characteristics, all ages of individuals reporting
lower levels of health used the Internet less for health-related purposes than healthy
individuals [24]. Similarly, a study of seven European countries’ use of eHealth ser-
vices found that those individuals who described their health status as poor were less
likely to use the Internet for health information, but being diagnosed with a long-term
illness or disability and a high number of visits to a general practitioner were related to
more use of the Internet to access health information [25]. It seems, from the evidence
provided in this 2007 study, that those who suffer from illness but who nevertheless
feel healthy use the Internet the most for health purposes.

Although previous studies have reported on the relationship between self-reported
health and Internet use for health-related purposes, the factors driving those relation-
ships are unclear. Additionally, many of the aforementioned studies investigated a
general population, with potential confounds between age and technology use. Among
older adult populations, we propose that perceptions about the usefulness of computers
for health-related activities may be a contributing factor in the relationship between
self-reported health and use of computers and the Internet for health-related purposes.
In a focus group study with older adults [26], the perceived benefit of technology was
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more indicative of technology acceptance than perceived cost. For the individuals who
have less computer and Internet experience [20], the perception of usefulness of
computers for health-related tasks may be a more appropriate dependent variable than
current use of the Internet for health-related tasks. The current study specifically
investigated the relationship between older adults’ self-reported health status, the
importance of health-related activities, and perceived usefulness of computers for
health-related activities while controlling for age, income, education, computer use, and
frequency of computer use. The control variables were included to account for variance
not described by the primary variables.

2 Methods

2.1 Participants

Three hundred and twenty-one older adults (57 % female) between the ages of 60 and
93 (M = 74.62; SD = 5.98) completed and returned the Computer Preferences and
Usage questionnaire. Questionnaires were distributed by mail to individuals drawn
from databases of older adults in the Tallahassee, FL and Atlanta, GA metro areas.
Participants were not compensated for their participation. Further information about the
total sample is available in [27].

Only individuals who completed all of the target items (described below under the
heading “measures & descriptive statistics”) were included in the final analysis,
resulting in total sample of 210 older adults (53.5 % female) between the ages of 60
and 89 (M = 74.1; SD = 5.75). An additional 16 respondents completed the questions
necessary for computation of the dependent variable but did not provide their age,
resulting in a final sample size of 194 older adults for the analysis including age as a
variable.

2.2 Materials

The 381-item Computer Preferences and Usage questionnaire comprised five sections.
The first two sections of the questionnaire collected information on demographics and
technology experience, respectively. The third addressed the individual’s perceptions
of the importance of various tasks in their daily life. The fourth section addressed the
perceived usefulness of computers in assisting with the tasks described in the third
section. The fifth section of the questionnaire, which was not used in the current
analysis, collected data on preferences for design and features for a hypothetical
computer system. Preference and importance-related items were answered on a 5 point
Likert scale with “1” indicating strong disagreement, “3” indicating a neutral response,
and “5” indicating strong agreement. More information on the measure can be found
in [27].
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2.3 Measures

The current analysis focuses on only a subset of the overall questionnaire data. The
goal was to assess the degree to which self-reported general health was predictive of the
perceived importance of health care/maintenance tasks to daily life and the perceived
usefulness of computers in assisting with these tasks.

Demographics. In addition to self-reported general health rating, data pertaining to
potentially confounding variables (education, income, computer use, and frequency of
computer use) were included.

Table 1. Demographics of Participants (total n = 210)

Sample n %

General Health
Poor 2 1
Fair 26 12.3
Good 76 36.2
Very good 79 37.6
Excellent 27 12.9
Education
Less than high school graduate 1 0.5
High school graduate/GED 25 11.9
Vocational training 3 1.4
Some college/Associate’s degree 55 26.2
Bachelor’s degree 65 31.0
Master’s degree (or other post-graduate training) 50 23.8
Doctoral degree (PhD, MD, EdD, DDS, JD, etc.) 11 5.2
Income
Less than $10,000 3 1.4
$10,000-$19,999 16 7.6
$20,000-$39,999 42 20.0
$40,000-$59,999 52 24.8
$60,000-$79,999 22 10.5
$80,000 or more 44 21.0
Do not know /Do not wish to answer 31 14.8
Computer Use
Yes 208 99.0
No 2 1.0
Frequency of Computer/Internet Use
Less than 1 h per week 13 6.2
Between 1-5 h per week 44 20.9
More than 5, but less than 10 h per week 65 31.0
10 or more hours per week 88 41.9

The Role of Health Status in Older Adults’ Perceptions 7



Importance of Health-Related Tasks. A subset of questions asked participants to rate
the importance of 9 different health-related tasks in their daily life. The tasks included
communicating with doctors and health professionals, creating appointment reminders,
creating medication reminders, managing illnesses, researching health-related issues,
researching symptoms, researching health insurance, researching medications, and
scheduling appointments.

Usefulness of Computers in Health-Related Tasks. A separate subset of questions
asked participants to rate the perceived usefulness of computers in assisting with the
same 9 tasks described above.

3 Results

3.1 Demographic Data

The demographic data is presented in Table 1. Out of the 210 participants included in
the current analysis, response rate for the demographics questions was 100 % with the
exception of the questions pertaining to yearly household income to which 31 indi-
viduals indicated either that they did “not know for certain” or did “not wish to answer”
and age to which 16 individuals did not respond.

Overall, respondents rated their health positively with a median of “very good”.
Median values for education (Bachelor’s degree; national average: Completed high
school), income ($40,000-$59,999; national average: $25,704 for males and $15,072
for females), computer/Internet use (99 %, national average: 53 %), and frequency of
computer use (> 5 but < 10 h per week) indicated a rather well educated [28] and
technology experienced [21] sample when compared to the national average.

3.2 Factor Analysis

The questionnaire items of interest to the present analysis (importance of health-related
tasks and usefulness of computers in health-related tasks) were presented in separate
sections of the questionnaire. Even though the two groups of questions were concep-
tually separated during the questionnaire design, the lack of a priori hypotheses con-
cerning the relationship between self-reported health and the dependent variables led us
to conduct an exploratory factor analysis as a method of reducing the health-related
task questionnaire items to a set of factor scores. The exploratory factor analysis was
conducted on the 18 items covering perceptions of importance to daily life and use-
fulness of computers for the 9 health-related tasks using principal components
extraction and varimax rotation. The initial factor analysis discovered multicollinearity.
An investigation of the individual item correlations uncovered that the item
“researching symptoms” in both the importance and usefulness subsets was highly
correlated (> 0.8) with the other “researching” related items. This item was removed in
both subsets, resulting in a final group of 16 items.

The factor analysis on the remaining 16 items used principal components extraction
with varimax rotation. Three factors emerged explaining 68.09 % of the variance and
were labeled: “usefulness of technology for functional support of health”, “importance
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of functional support of health”, and “health-related information gathering”. Items and
factor loadings are presented in Table 2.

3.3 General Health X Health-Related Factors

We examined the unique contribution of health to attitudes by conducting regression
analyses predicting each of the three factor scores from general health rating (n = 210).
As seen in Table 1, only 2 participants (< 1 % of the total sample) reported their general
health as “poor”. For purposes of the regression analyses, general health was recoded to
combine individuals who reported either “poor” or “fair” health into one group,
resulting in four distinct health classifications. A significant positive relationship was
found between general health rating and Factor 1 (Usefulness of technology for

Table 2. Factor loading by questionnaire item. Responses on a scale of 1 to 5, where 1 indicates
strong disagreement, 3 indicates a neutral position, and 5 indicates strong agreement

Factor /Items Factor

(sorted from highest to lowest mean) Loading Mean (SD)
1. Usefulness of Technology for Functional Support of Health
Computers/Internet are useful…
Communicating with doctors or other
health care professionals

.71 2.75 (1.40)

Creating appointment reminders .87 2.63 (1.46)
Managing Illnesses .74 2.63 (1.38)
Scheduling appointments .86 2.49 (1.50)
Creating medication reminders .88 2.37 (1.35)
2. Importance of Functional support of health
Health activity important to my daily life…
Communication with doctors and health professionals .74 4.55 (.80)
Managing Illnesses .77 4.37 (.97)
Scheduling appointments .80 4.30 (.95)
Creating appointment reminders .75 4.25 (.90)
Creating medication reminders .76 3.76 (1.19)
3. Health-Related Information Gathering
Health activity important to my daily life…
Researching general health issues .72 3.79 (1.04)
Researching medications .76 3.72 (1.10)
Computers/Internet are useful…
Researching general health issues .74 3.58 (1.36)
Health activity important to my daily life…
Researching health insurance .73 3.46 (1.16)
Computers/Internet are useful…
Researching health insurance .63 2.80 (1.45)
Researching medications .77 3.33 (1.44)
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functional support of health) (Beta = 0.146, p = .044), whereas a significant negative
relationship was found between general health rating and Factor 2 (Importance of
functional support of health) (Beta = -0.197, p = .006). No significant relationship
between general health rating and Factor 3 (Health-related information gathering) was
found (Beta = 0.092, p = .202).

To control for the effects of potentially confounding variables, a second regression
analysis was conducted with the inclusion of age, education, income, gender, and
frequency of computer use (n = 194). The control variables were added in an attempt to
isolate the relationship between general health and the health-related factor scores.
Overall, in this second model the relationships between general health rating and
health-related factor scores were unchanged. A significant positive relationship was
found between general health rating and Factor 1 (Usefulness of technology for
functional support of health; Beta = 0.151, p = .040), whereas a significant negative
relationship was found between general health rating and Factor 2 (Importance of
functional support of health; Beta = -0.210, p = .003). No significant relationship
between general health rating and Factor 3 (Health-related information gathering) was
found (Beta = 0.084, p = .243). Along with the effect of general health rating in these
expanded models, age was found to have a positive relationship with Factor 2
(Beta = 0.225, p = .002) and frequency of computer use (Beta = 0.191, p = .008) and
being female (Beta = 0.222, p = .005) were found to have a positive relationship with
Factor 3.

4 Discussion

In the current study, we investigated the relationship between self-reported health and
perceptions of the importance of health-related activities and the usefulness of com-
puters in supporting health-related activities. As a method of reducing the questionnaire
data into factor scores, an exploratory factor analysis uncovered three factors among
the health-related questionnaire items. The factors were characterized by items per-
taining to the functional support of health (Factor 2: Importance of functional support
of health), the usefulness of computers in assisting with the same aforementioned
support-related activities items (Factor 1: Usefulness of technology for functional
support of health), and items related to both the importance of- and usefulness of
computers in searching for health-related information (Factor 3: Health-related infor-
mation gathering).

Self-reported health significantly predicted factor scores for the first two factors;
those containing items pertaining to the importance of health-supporting activities and
the usefulness of computers in assisting with the same activities. As might be expected,
self-reported health had a negative relationship with the importance of health-related
activities to daily living (i.e., increasing self-reported health was related to decreasing
ratings of importance for health-related activities). On the other hand, self-reported
health had a positive relationship with the perceived usefulness of computers in
assisting with health-related activities (i.e., increasing self-reported health is related to
increasing ratings of perceived usefulness of computers for health-related activities).
Even though health management activities were reported to be increasingly important
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as self-reported health decreased, computers were perceived as being decreasingly
useful in assisting with these tasks along the same self-reported health trend.

Unfortunately, the design of the study did not allow us to investigate why indi-
viduals reporting lower levels of health perceive computers as being less useful in
assisting with health-related tasks that they find important to their daily lives. Two
potential reasons can be postulated. First, these individuals may have attempted to use
computers to assist with their health management activities but found that computers
were too difficult to use or provided no benefit over other methods. Second, these
individuals may not have experience with computers being used in the capacities
identified in the questionnaire items. Perceptions of computers being less useful for
assisting in these activities may be driven by preconceived notions of a computer’s
ability to assist with a health management activity or a general technology aversion. To
better understand these findings, future studies should separate preconceived percep-
tions and those resulting from experience.

Individuals who have experience with computers in assisting with health-related
activities may find them less useful when compared to low-tech aids with which they
are familiar. For example, one of the items that loaded onto the “Usefulness of tech-
nology for functional support of health” factor asked individuals about their percep-
tions of the usefulness of computers in assisting with creating medication reminders.
Park et al. [29] found that older adults (who were allowed to use external aids to
promote medication adherence) were actually more likely than younger adults to
adhere to a medication schedule. Participants were able to adhere to the medication
schedule at a high level without the use of computer-based reminders. Another item
queried perceptions of the usefulness of computers in creating appointments and
communicating with doctors. Leong et al. [30] found that patients were satisfied with
email communication with physicians, finding it convenient. But, response time for
email correspondence was slower compared to traditional telephone contact (i.e.,
83.5 % of phone messages were addressed the same day compared to only 38 % of
emails being answered the same day). Individuals in poorer health might prefer the
low-tech option because they may have more time sensitive health-related issues for
which they need to promptly reach their physician. Computers would be less useful in
this instance compared to telephone communication.

Our results indicate that self-reported health status was not related to items per-
taining to searching for health-related information. Searching for health-related infor-
mation is the third most frequently reported activity of individuals using the Internet,
with 80 % of all Internet users reporting looking for health information online [20]. Of
the 40 % of 65 + aged adults who reported using the Internet in 2010, nearly three
quarters have looked online for health information. More recent data report 53 % of
65 + aged adults now go online [21], likely resulting in an increase in the population of
seniors searching for health information online. But, personal health status may not
always act as the catalyst for health information searching online. Seniors reported that
their last search for health information was on their own behalf only 48 % of the time
[31]. An individual’s health status as well as the health status of friends and family
could result in an individual searching for health information online.

When dealing with older adults’ subjective health measures it is important to note
that the number of health problems and general frailty increase in old age. More
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critically, this one-item rating scale may not provide factorial invariance with age, that
is, it may measure different health constructs at different ages. Thus, the relationships
observed between this one-item measure of health status and perceptions of the
importance of health to everyday activities and the usefulness of computers for sup-
porting health care activities needs further replication. Nonetheless, health status held
different relationships with other variables (positive, negative, zero) suggesting that it is
a promising predictor.

5 Conclusion

eHealth technologies have the potential as health care aids to increase the availability,
efficiency, and effectiveness of health care interventions. In order to facilitate the
adoption of these technologies, it is necessary to identify and address potential barriers
within the target user base. The current study highlights the importance of educating
potential older users about such technologies given current negative perceptions about
their utility in supporting health care activities. Individuals reporting lower levels of
health, who may receive the most potential benefit from health-related technologies,
may be resistant to technology adoption due to a lower perception of usefulness of
computers in assisting with health-related activities. Models of technology adoption,
such as UTAUT2 [32], indicate that perceived usefulness and perceived ease of use are
robust predictors of acceptance and adoption. Melenhorst et al. [26] found that per-
ceived benefit was more related to technology acceptance than perceived cost. The
potential benefits provided by the integration of technology in health care interventions
should be clearly communicated to potential users to increase the likelihood of
adoption. Alternatively, low-health seniors who have found computers less useful than
low-tech solutions for supporting health can be specifically included in participatory
design. The addition of these individuals in the design process could provide designers
with information needed to improve usability and functionality of health technology as
well as lower the costs associated with learning to use eHealth technology in the target
population.
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Abstract. A large number of dementia patients receive home-based
care, in order to maintain their independence and improve quality of life
and health status. The current formal home-based care model presents
certain limitations related to the monitoring of the patients and the
reporting of the progression of physical and cognitive decline. In recent
years, novel care models and assistive technologies have been proposed in
order to improve the quality of care and assistance services. In this paper,
we test the assumption that the use of smartwatches for monitoring phys-
ical health aspects of dementia patients can benefit formal home-based
care, by providing formal caregivers with additional, important infor-
mation about significant, health-related events that may have happened
during the non-visit home care hours. We perform a qualitative feasibil-
ity study - consisted of a small-scale usability study with one dementia
patient, and an expert (physician) review - in order to test and evaluate
the efficacy of a smartwatch intervention in home-based dementia care,
as well as to examine its potential for a subsequent, larger-scale study.
The smartwatch documented participant’s health-related issues regard-
ing night sleep disturbances, potentially frequent toilet visits, daytime
snoozing, low sleep quality and early waking up times. Those issues were
verified by the project’s physician and, subsequently, measures can be
taken to ensure the patient’s good health, safety, and quality of life.

Keywords: Cognitive impairment · Dementia · Home-Based care ·
Smartwatch · Wearable computing

1 Introduction

Dementia is one of the most significant problems facing social welfare systems
[10,11]. There are an estimated 35.6 million people with dementia worldwide.
This number will nearly double every 20 years, to an estimated 65.7 million in
2030, and 115.4 million in 2050 [1].

People with dementia experience progressive cognitive impairments that typ-
ically commence with short term memory problems, but can encompass lan-
guage deficits, difficulties initiating tasks, planning, monitoring and regulating
c© Springer International Publishing Switzerland 2015
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behaviour, visuospatial difficulties, agnosia and apraxia [5,11]. Dementia, being
a syndrome of a chronic or progressive nature, presents its symptoms in diverse
forms and time ranges, gradually leading to serious memory loss. (Fig. 1) [17,23].

Fig. 1. The continuum of normal ageing and Alzheimer’s cognitive decline [19].

A large number of dementia patients receive home-based care, in order to
maintain their independence and improve quality of life and health status. The
home-based care models place point-of-care at patients home and need an orga-
nized care system (“care network”), based on the active role and cooperation of
the several heterogeneous actors such as: patients, family members, clinicians,
general practitioners and social community members [12].

The current formal home-based care model, i.e. the monitoring of the patients
and the reporting of the progression of physical and cognitive decline, depends on
health operators (clinicians, general practitioners, nurses) visits. This presents
certain limitations.

Firstly, the home visits are scheduled based on the passage of time, rather than
the physical and cognitive function of the patients over time [4]. The progressing
and chronic nature of dementia creates different screening needs for the patients,
thus some patients may require more frequent visits than others, depending on
their physical and cognitive function.

Moreover, the health operators of home-based care rely on self reporting and
changing symptoms to reconstruct health events and changes, that took place
during their absence, therefore the patients’ physical and cognitive status during
the home visits is merely a sample of ongoing behaviour. As a result of this,
the physical/cognitive home-based screening of dementia patients often follows a
holistic and untargeted approach, which takes time out of the visits social aspect
(leading to limited quality time with the patients) [5], it may not produce reliable
or valid results (since the self-report method is utilised in patients with impaired
memory) [18] and increases formal healthcare costs [6,8,21].

In recent years, novel care models have been proposed in order to improve
the quality of care and assistance services [5,12]. Assistive technologies offer
much potential and can make a very significant difference to the lives of people
with dementia and to their formal caregivers [5]. Indeed, it has been noted that
technologies should be part of a formal home-based care package and should be
provided in a thoughtful, sensitive, and ethical way [5,22]. The physical health
monitoring of dementia patients while performing daily activities, using portable
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and wearable devices could be a promising option to support formal caregivers
in their work, by improving the access to patient information, as well as to
support independent well-being of the person with dementia (at home). Various
sensor technologies are currently used to monitor emergency situations (e.g. fall
detection [3,15,16], wandering [3,15,17]), however the monitoring of physical
health during daily activities requires a constant, non-intrusive, comfortable,
and reliable mechanism [5,17].

1.1 Contribution and Paper Organisation

In this paper, we test the assumption that the use of smartwatches (i.e. comput-
erised wristwatches) for monitoring physical health aspects of dementia patients
can benefit formal home-based care, by providing the physician with additional,
important information about significant events that may have happened dur-
ing the day, and which may not be recollected by the dementia patient in a
later session, or witnessed by the visiting nurse. The contribution of this work
is summarised as follows:

– perform a small-scale usability study in a real-life scenario, to examine the
smartwatch’s feasibility for providing additional physical health information
of the dementia patient,

– perform an expert review, where the project’s physician analyses and inter-
prets the smartwatch’s measurements, in order to evaluate their value in sup-
plementing the patient health profile and home-based care, and

– present and suggest the methodology of a qualitative study for examining
the effect of a smartwatch health monitoring device on home-based dementia
care, potentially utilised for future larger-scale studies of the same - or similar -
scope.

The rest of the paper is organised as follows. Section 2 describes background
and related work and Sect. 3 presents the study and its details. Next, Sect. 4
discusses the experimentation and results obtained, while the paper is concluded
in Sect. 5.

2 Related Work

Cahill et al. [5] provide an overview of the dementia care and the effect of tech-
nology on the dementia treatment. This study provides a detailed report of
the dementia’s clinical aspects and stresses the need for further technological
advances. It also documents the user requirements and user needs that the new
technological systems and devices should fulfil, in order to support formal care-
givers, promote patients’ independence and maximise quality of life.

In the same context, Topo [20] maps out the academic space to document
the relationship between technology and dementia, by performing a literature
review of studies which focus on technology supporting people with dementia and
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their caregivers. The review analyses 46 studies with original data, as to their
goals, the technology used, the treatment environment and the experimental
designs. The review of Topo documents the academic work in the researched field
and, at the same time, acts as a source of valuable methodological information
and issues, which can be of great significance for future related projects.

Through the studies of Cahill et al. [5] and Topo [20], valuable information
about the technical, financial, social, and design features of a future dementia-
related technological system can be obtained. The basic user requirements, user
needs, as well as experimental and formal health-care logistics are satisfied
by the technology of the smartwatch, as supported in the studies of Raghu-
nath & Narayanaswami [14] and Shin et al. [17]. The study of Raghunath &
Narayanaswami [14] is an early exploration of the smartwatch’s technical fea-
tures, revealing its potential as a promising interface paradigm. Shin et al. [17]
put the previous knowledge into practice, by utilising a smartwatch device for
monitoring the location of dementia patients (in case of wandering) and for
detecting the user’ steps, in order to further analyse the patients’ activities. The
step detection algorithm of the smartwatch showed a promising 94 % accuracy,
highlighting the need for the extraction of more physical data from the smart-
watch use and for “a more comprehensive analysis of a patient’s activities...”
[17]. Basis B1 (developed by Basis Science Inc.) is a smartwatch that can track
accurately several activity states (i.e. sleeping, walking, being active). The Basis
B1 smartwatch was used in a sleep-related study of Patel et al. [13], where it
was shown that the sleep analysis algorithm of the smartwatch demonstrated
excellent agreement with polysomnography data for sleep duration and sleep
staging.

3 The Smartwatch Study

3.1 Motivation and Goal

The motivation for this study comes from the need for better formal home-
based health care. The current formal home-based care model presents certain
limitations (as described in Sect. 1), which do not allow formal caregivers to have
a representative image of the dementia patients’ physical health status, during
the non-visit hours.

The ultimate goal of this study is: by optimising the current care model and
by improving the access to significant patient health information, to support
formal caregivers in their work, thus further supporting independent living and
well-being of the person with dementia (at home) [20]. The current study can
be seen as a first step towards the acceptance of a future, medical smartwatch
device, both from the patient’s and the doctor’s perspectives.

3.2 Technology and User Requirements

The overall opportunities technology can create for people with dementia have to
date not been fully utilised, since choosing the appropriate assistive technology is
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not always easy [5,9]. Today, there is a wide range of different technologies that
can be adapted and used for people with dementia, to help them maintain their
independence and improve their health status and quality of life. People react
differently to different assistive technologies and there are no quick fix solutions
in dementia care, nor do solutions necessarily have to be highly technical [5].

The nature of dementia may make people cautious and suspicious of try-
ing new devices [5]. Therefore certain user requirements should be taken into
consideration, according to Cahill et al. [5]:

– the new device/product should fulfil the individual and formal caregiver needs,
– the design of the product is important, focusing on its familiarity and the

fact that no new learning should be required on the part of the person with a
dementia,

– a comprehensive assessment of needs should take place ideally at home with
a health service professional fully trained in dementia care,

– pre-testing is critical to ensure that the chosen device/product is reliable and
effective, and

– it is important to find a product that suits the individual and is not complex
or stigmatising.

In this study, we propose the use of smartwaches for monitoring the physical
functions of dementia patients. A smartwatch has many attractive features as a
form factor for a wearable computer. It has the advantage of always being with
the user, having a ubiquitous and non-intrusive presence, its design - being a
wristwatch - is quite familiar, and its use is not complex or stigmatising [14].

3.3 The Device: Basis B1 Smartwatch

The smartwatch chosen for this study is the Basis B1 band (Fig. 2), based on the
the fullfilment of the requirements described in Sect. 3.2. Its choice over several
competitors was based on the several metrics captured by the sensors, as well as
the simple user interaction required.

The charging and uploading-data process of the Basis B1 is straight-forward
(by just connecting it to an external device, e.g. laptop or mobile), while it is
able to automatically recognise the user’s activity state (e.g. sleeping) without
the user pressing any button to mark the start or end time of the activity (which
is the case with many similar smartwatches). Therefore, the Basis B1 is a simple,
plug-n-play device, which does not require new learning from the user’s side and
whose full functionality does not require any interaction, apart from charging it,
once every 3 days.

The Basis B1 band is a new class of health and wellness device that is a sophis-
ticated convergence of five sensor technologies and advanced data aggregation
and analysis. Through sophisticated algorithms, the Basis B1 band translates the
user’s biosignals into metrics on how everyday activities affect the body. These
daily activities (sleeping, walking, and being active) offer information that can
help provide an objective overview of daily behaviour [2].
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Fig. 2. The back side (left) and the front side (right) of Basis B1.

The Basis B1 band is built around five sensors that act in concert and simul-
taneously in real time to provide a view of a persons health immediately and over
extended periods of time: optical blood flow sensor, 3D accelerometer, body tem-
perature, ambient temperature reading, and galvanic skin response [2]. Rather
than make assumptions from limited metrics, Basis uses all five of its sensors
and its analysis to estimate the current state of the user [2].

Since the Basis is not a medical device, there is the issue of the validity and
accuracy of the physical health data. In this study, we do not deal with the
correlation between the “gold standard” medical devices and the Basis B1; we
examine the smartwatch’s feasibility for providing additional, potentially useful
physical information about the dementia patient.

3.4 Design Study

Feasibility studies of potential therapies are useful and important, not only to
test and evaluate the potential effectiveness of an intervention, but also to refine
and improve it prior to a subsequent study [7]. Although data from qualita-
tive evaluation are less often considered as a means to assist investigators to
develop and refine research interventions, it has been shown that such data pro-
vide useful information to capture and describe processes, explore individual
differences between experiences and outcomes, evaluate an evolving interven-
tion, and understand the meaning of an intervention for its participants [7]. As
stated before, dementia presents its symptoms in diverse forms and time ranges,
making the qualitative evaluation of a health intervention on dementia patients
a difficult task. In this feasibility study, we are using a qualitative approach to
test and evaluate the efficacy of a complementary technological (smartwatch)
intervention in home-based dementia care, as well as to examine its potential for
a subsequent, larger-scale study.

The study follows a two-conditioned (C1: patient receiving home-based care
and not wearing the smartwatch, C2: patient receiving home-based care and wear-
ing the smartwatch), within-subject design with one late-stage dementia patient
in home based-care as participant. The within-subjects study design is chosen for
addressing the problemof individual variability, since itwould be nearly impossible
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to maintain sample homogeneity across several dementia patients. The sample
size, even though cannot produce statistically significant results, can lead to clear
and safe indications. The choice of only one participant is based, firstly, on practi-
cality reasons, since “building” and maintaining a long, medical relationship with
a patient is a resource-demanding and time-consuming process. The second reason
is that we want to avoid the generalisation of the study’s results. Even if we have
tried to select subjects of the same age, gender, background, and cognitive sta-
tus, we could not then extrapolate the results to encompass wider groups, because
of dementia’s various manifestations. The cost-benefit analysis of the feasibility
study’s elements led us to the chosen sample size.

The utilised feasibility study can be divided in two stages. At first, we conduct
a small-scale usability study of the Basis B1 smartwatch use with a dementia
patient in home-based care. At this stage, we focus on the smartwatch as an
artifact, evaluating its functionality and its usefulness. The evaluation process is
based on observational reports and informal open interviews conducted by the
assigned physician Dr. Brynjar Landmark. The usability part of the study took
place from mid-October to early November 2014 with one advanced dementia
patient in home-based care using the Basis device. The participant has mobil-
ity aids (walking frame, stair elevator), gets four home nurse visits/day, needs
assistance for nearly all daily chores and has no ability to communicate about
recent events since all short term memory is lost (MMSE score<10). During the
usability stage of the study, the quality/social time with the participant was
increased, in order for the project’s physician to be able to document all the
necessary elements for the usability study and the following expert review.

An expert review takes place at the next stage, where the project’s physi-
cian evaluates the usability results of the first stage and interprets the smart-
watch’s measurements. The interpretation of the measurements are validated
by observational means, repetitive behavioural patterns over the study dura-
tion and reporting sessions with the participant and the visiting nurse. The
expert/project’s physician has accumulated a vast expertise in treating demen-
tia and cognitive impaired patients and has spent a considerable amount of time
with the participant prior to the study, getting accustomed to the sleeping, eat-
ing and, generally, daily habits.

3.5 Results

The usability study gave us valuable insight on the smartwatch’s use by frail
elderly.

– The smartwatch did not cause any discomfort or anxiety to the participant, as
it acquired the role of a regular watch. Consequently, the smartwatch was used
only as a time indicator and the participant was able to read the numericals
on the display. The charging of the device was taking place during the doctor’s
or nurse’s visit and the smartwatch was removed during the process.

– A discovered issue was that almost no walking steps and activity were recorded,
due to the use of the walking frame by the participant. Furthermore, for
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short periods of time there were disruptions in the smartwatch’s functionality
(Figs. 3 and 5). Apart from those minor issues - which did not affect the final
measurements - the sensors were functioning properly, getting the additional
measurements, i.e. heart rate, skin temperature, and perspiration.

The project’s physician was able to extract useful information regarding the
participant’s daily activities and physical state from the devices measurements.
The analysis of the measurements is patient-specific and the patient’s medical
background plays an important part in the process. However, the range of infor-
mation (direct or indirect) that can be obtained from the smartwatch are indica-
tive of its potential for use with dementia patients. The main observations from
the Basis’ use are presented hereafter.

– The patient was up many times in the night, which the advanced dementia
patient cannot recall the next morning. Night disturbances are part of the
behavioural disturbances of dementia and are difficult to quantify (Fig. 3).

– Steps are not registered when using a walking frame, however the patients
heart rate increased at any effort, revealing patterns of activities, such as
toilet visits (Fig. 3). This is a common problem in patients with this degree
of disability, who are not able to notify their surroundings; it is all up to the
caretakers to recognise the change in behaviour or frequency. Changes in this
pattern, together with temperature/perspiration, may alert caretakers to e.g.
recognise a urine infection and take a urine sample to the physician.

– The total registered sleeping time for the participant was 12-16 hours (Fig. 4);
the registered data sums up naps and total daytime snoozing in a manner
the caretakers are not able to evaluate accurately. The majority of the smart-
watch’s sleeping-related measurements revealed that there is not much differ-
ence between day and night sleep, registering almost the same sleeping pattern
in the afternoon as in the night. This situation could be addressed by adding
activities or daytime stimulation.

– When the home care nurse arrives for morning assistance (around 10:00-11:00
am), the Basis monitor can indicate when the patient woke up. In many
instances, the patient had been awake for three hours before assistance arrived
(Fig. 5). The arrival hours may be adjusted to the patients need.

4 Discussion

It is true that home-based care cannot be provided to the patient on a 24/7 basis.
However, a smartwatch monitoring device, like the Basis B1, can provide formal
care with user’s health information, for those hours that are not covered by the
caretakers’ visit. Especially for cognitive impaired, elderly patients - where the
self-reporting method can be unreliable or even impossible - such devices can
provide an estimation of the patient’s daily activities. Naturally, the measure-
ments of the device can lead to several interpretations, depending on the user’s
health profile/background and daily habits.
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Fig. 3. An indicative day’s measurements, showing the disrupted sleep pattern and the
heart rate increases of the participant.

Fig. 4. A day’s measurements, presenting the total sleeping time in a 24-hour period.

Fig. 5. An instance of the participant waking up at 7:00 am, but getting out of bed at
11:00 am (perspiration drops), when the home care nurse arrives.
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In our case, even though the Basis B1 smartwatch provided new insight in
the patient’s daily patterns, the collected data cannot be interpreted as accu-
rate, validated medical data, but their readings may provide triggers for care-
takers to address specific health aspects, improve care and safety of the patients.
Well-being (non-medical) devices like the Basis B1, by no means, should replace
important aspects of home-based care like screening processes, physical moni-
toring, as well as the social time with the patient. The acquired measurements
can provide valuable information/indications and cover an “empty space” inside
the context of the regular care model, where there is a lack of health data.

The study presented herein is of qualitative nature, focusing on a real-life
scenario. The fact that we deal with a progressive disease with various mani-
festations and patients of various health backgrounds, makes it very difficult to
study the effectiveness of a smartwatch monitoring device in a quantitative way,
on a large sample and under realistic conditions, without facing generalisation
and assignment bias issues. The focus on one participant allows us to detect
the changes that the Basis B1 smartwatch brings into the regular patient care,
since, in fact, we utilise a two-conditioned, within-subject study. Prior to the
Basis B1 experimental process, there is an extensive treatment period of the
dementia patient and a deep knowledge of the patient’s medical background and
daily habits. As a result of this, we are able to interpret the following Basis
measurements more accurately (for the specific patient), as well as recognise
the new health-related information that the smartwatch can introduce to the
current treatment model. A larger qualitative study - following the same two-
conditioned, within-subjects design - could be feasible, as a longitudinal and
resource-demanding project, since establishing a medical and social relationship
with each patient is a challenging, time-consuming, yet necessary task. The small
sample size of the study ensured that the observational evaluation method, the
extra social time, and all the safety/ethical cautions would take place in an
unobtrusive, focused manner, setting the groundwork for a robust, qualitative
methodology which could serve a large-scale project of the same or similar scope.
Even though, it is clear that such a sample size cannot produce statistically sig-
nificant results, we consider it adequate enough for providing clear and significant
indications about the smartwatch’s use by advanced dementia patients, as well
as for testing and evaluating the feasibility and potential effectiveness of the
intervention, in order to refine and improve it prior to a subsequent study.

The results of the feasibility study showed that the Basis B1 can be used by
a late stage dementia patient, in the same way as a regular wristwatch, without
causing any issues. There were a few technical problems that did not affect the
overall measurements. The optical blood flow sensor, body temperature, ambient
temperature reading, and galvanic skin response produced valuable information
about the patient’s health state. Especially, the measurements collected during
the non-visit hours, when the patient was not physically monitored, managed
to provide a representative image of the patient’s health-related actions during
those hours. As presented in Sect. 3.5, the Basis B1 documented health-related
issues regarding night sleep disturbances, potentially frequent toilet visits, day-
time snoozing, low sleep quality and early waking up times. Those issues were
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verified by the project’s physician and, subsequently, measures can be taken to
ensure the patient’s good health, safety, and quality of life.

5 Conclusion

The study - even though constrained by certain limitations - assisted in acquiring
meaningful data that would be difficult or even impossible to otherwise acquire.
The ultimate outcome of the study is the promising potential that a smart-
watch device can have for dementia patients in home-based care. Additional
features like an alert notification system (setting patient-personalised measure-
ments’ “thresholds”), GPS functionality (addressing the wandering problem),
and a local database with limited access (for secure access and storing of sen-
sitive health information) could be implemented as part of a future certified,
medical, smartwatch device.
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Abstract. New media play an increasing role in the everyday life of older
individuals. They extensively use the Internet to search for health-related
information. In our systematic review we found that online health information
tools have been proven to be effective in improving self-efficacy and several
clinical outcomes in older (≥ 65 years) patients. The aim of this study was to
evaluate the development and usability of the effective online health information
tools. The reporting of the development of the online health information tools
turned out to be too succinct. Moreover, we were unable to evaluate the usability
of online health information tools as none of them were publicly available. We
argue the need to report more detailed information about the development and
usability of online health information tools in evaluation studies in order to
replicate findings and to develop new evidence-based online health information
tools for older patients.

Keywords: Older adults � eHealth � Website usability � Online health
information tools

1 Introduction

To provide patients with information, a wide variety of online health information tools,
such as websites, patient portals, and mobile phone applications have been developed.
As common diseases such as cancer, diabetes and hypertension are often diseases of
older people [1], they are also increasingly confronted with online health information
tools. These tools therefore play an increasing role in the everyday life of older patients.
To illustrate, research dating back to 2002 showed that only 22 % of Europeans that
were over 50 years of age had access to the Internet and only 38 % had interest in
retrieving health information online [2]. More than a decade later, 85 % of the Dutch
population between 65 and 75 years of age has access to the Internet in 2013. Of this
group, 57 % uses the Internet to search for health information [3]. These numbers
indicate that the medical digital divide is narrowing down.
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In a recent systematic review we found evidence for the effectiveness of online
health information tools for older patients (≥ 65 years) on self-efficacy as well as
clinical outcomes (i.e., blood pressure, hemoglobin levels, and cholesterol levels) in
four online health information tools [4]. These four online health information tools
have in common that they consist out of multiple functions. Online health information
tools for patients can have several functions, such as information provision, enhancing
information exchange, and promoting self-management [5]. Online health information
tools that were able to improve self-efficacy, clinical outcomes, or both, had in common
that they had a ‘promoting self-management’ function, and additionally had a ‘pro-
viding information’ and/or an ‘enhancing information exchange’ function.

Now that we know that these tools can lead to positive outcomes in older patients, it
is important to investigate how we can develop evidence-based online health infor-
mation tools for this age group. Although we found that four online health information
tools were effective, it is still unclear how the interventions were developed and how
they were used by the participants. By distinguishing the useful, useable and used
components of the interventions we can build a base for the systematical development
of evidence-based online health information tools for older patients.

The first step in this process is to take a closer look at the development of the online
health information tools that have been proven to be effective. More specifically, an
important step that needs to be considered in the development of online health infor-
mation tools is its usability as its benefits can only be realized if older adults can use
them. Usability is an important issue to consider for this age group in particular, as
older individuals have more problems using computer technologies [6]. The aim of this
paper is therefore to give a more qualitative and in-depth overview of the effective
online health information tools by evaluating the development process and the usability
of these tools.

1.1 The Development of Online Health Information Tools

We evaluated the development of the online health information tools using the Medical
Research Council’s (MRC) framework and the Spiral Technology Action Research
(STAR). The Medical Research Council’s framework is a framework for the devel-
opment of health-related interventions in general [7]. This framework distinguishes
four key elements of intervention development.

• The first element considers the development of the intervention by identifying
existing evidence, identifying and developing theory, and modelling the process and
outcomes;

• The second element relates to the assessment of the feasibility of the intervention by
examining the key uncertainties that have been identified during the development;

• The third element exists of the implementation of the intervention;
• The fourth element considers the evaluation of the effectiveness of the intervention.

Additionally, there are frameworks specifically designed for the development of
web-based interventions. One example is the Spiral Technology Action Research
(STAR) model [8]. This model describes the steps that need to be taken during the
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development of web-based health education and behavior change promotion. The
model consists of five cycles.

• The first cycle considers listening to the intended users of the intervention. For
example, by understanding how users interact with existing systems;

• The second cycle concerns the development of a plan for addressing the users’
needs and to identify the technical and organizational requirements of the
intervention;

• During the third cycle, the online health information tool will be developed. These
three cycles relate to the first element of the MRC framework. At the end of this
cycle, the first prototype will be developed;

• During the fourth cycle, the prototype will be evaluated. This cycle can be com-
pared with the second element of the MRC framework, in which the feasibility of
the intervention is tested;

• In the fifth and last cycle, the online health information tool will be launched and
implemented. This cycle relates to the third element of the MRC framework.

These frameworks have in common that developing interventions is a holistic
cyclical process. Van Gemert-Pijnen et al. [9] also argue for a holistic framework
which takes the complexity of healthcare and the involvement of a wide variety of
stakeholders into account. Also, both models have in common that interventions need
to be theory-based. Using these frameworks, we will evaluate the development of the
online health information tools that have proven to be effective in our systematic
review.

In this study we will describe the development, the evaluation of the feasibility,
and the implementation of the online health information tools, which corresponds to
the first three elements of the MRC framework and the first four cycles of
the STAR model. The last element of the MRC framework (the evaluation of the
effectiveness of the online health information tools) is reported in our systematic
review [4].

1.2 The Usability of Online Health Information Tools

As is mentioned before, in the development of online health information tools, their
usability is an important issue to consider. Online health information tools that are easy
to use for younger individuals might not be easy to use for older individuals, for
instance because older individuals are less experienced with new media. To evaluate
the usability of the online health information tools for older individuals we will use the
guidelines that Pernice and Nielsen [10] have proposed to develop easy to use websites
for this age group. They identify seven usability categories, of which four are spe-
cifically relevant for the development of online health information tools: (1) presenting
information and text, (2) presenting navigational elements and links, (3) search, (4) and
web address and home page. The other three categories are not relevant for the eval-
uation of the usability of online health information tools as they relate to webshops and
the operating system or browser of the user.
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2 Method

In our systematic review [4], we assessed the methodological quality of studies eval-
uating the effectiveness of online health information tools. We rated the studies that
used a Randomized Controlled Clinical Trial (RCT) design as high or low quality. Next
we performed a ‘Best Evidence Synthesis’ by attributing levels of evidence to the
outcomes of the online health information tools (i.e., evidence, limited evidence,
indicative findings, no/insufficient evidence). The level of evidence was attributed to
outcomes of online health information tools for which significant improvements were
found in two or more high quality RCTs. For four online health information tools we
found evidence for the outcomes self-efficacy, blood pressure, hemoglobin levels,
and/or cholesterol levels. To describe the development of the online health information
tools we used articles that reported on the effectiveness of the four online health
information tools from our systematic review. From the articles, we extracted the
information about the content and development of the online health information tool.
Next, we searched the literature for articles in which the development of the online
health information tools was reported. To evaluate the usability of the online health
information tools, we tried to obtain the online health information tools online. We
created a codebook using the above mentioned four website design guidelines that were
proposed by Pernice and Nielsen [10], see Table 1. However, the online health
information tools were not publicly available (anymore) and no screenshots were
reported that allowed us to evaluate the usability. We sent emails to the corresponding
authors of the articles of the evaluation studies. Only one author responded and pointed
out that their online health information tool no longer existed and had closed at the end

Table 1. Codebook te evaluate usability of online health information tools for older patients

Category Number
of items

Example items

Presenting information
and text

9 • The text size is at least 12 point by default

Presenting navigational
elements and links

10 • The website contains static navigational elements
(e.g., no moving menus)

• A link’s color changes after a user visits it
Search 7 • The user’s query is repeated in the search results

• The search field is precisely labeled. The word
search is revered for open fields where users
can type in actual search queries

Web address and home
page

5 • A homepage link is added to all website pages,
except the homepage. The homepage link only
links to the homepage and not to secondary
homepages

• If an unregistered user tries to log-in erroneously, a
message will be given telling what parts of the
website can be used without logging in, and
how to use them. Also the benefits of logging
in are briefly outlined
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of the evaluation study. Hence, we were not able to evaluate the usability of the online
health information tools. Therefore, we will only report the evaluation results of the
development of the four online health information tools for older patients which we
found to be effective in our review.

3 Results

3.1 Description of the Online Health Information Tools

Of the four online health information tools, two were developed for patients with
diabetes and two for patients with hypertension. One of the online health information
tools for diabetes patients concerned a website where patients could enter their blood
glucose readings, exercise programs, weight changes, blood pressure, and medication
data [11, 12]. In case of changes, nurses could contact their patients via e-mail or
instant-messaging/chat. The website also offered weekly online educational group
discussion via MSN Messenger software. This online health information tool signifi-
cantly improved self-efficacy, blood pressure, hemoglobin levels and cholesterol levels.
The second intervention for diabetes patients concerned an online health information
tool consisting of four functions: (1) videoconferencing with nurse case managers,
(2) remote monitoring of glucose and blood pressure, (3) a web-portal providing access
to patients’ own clinical data and secure web-based messaging with nurse case man-
agers, and (4) access to an educational web site [13–17]. The use of this online health
information tool also significantly improved self-efficacy, blood pressure, hemoglobin
levels and cholesterol levels. One of the online health information tools for patients
with hypertension concerned a home monitoring system where patients could send their
self-measured blood pressure readings for review by their attending nurse or doctor,
who in turn had the possibility to give automated patient decision support by text or
email. Patients had the possibility to view their blood pressure readings on a website
[18]. Patients that used this online health information tool had significantly improved
blood pressure. The other online health information tool for patients with hypertension
concerned a personal education program on a wireless tablet computer [19]. Patients
received immediate individually tailored feedback on their medication use. Also,
corrective strategies were printed and sent to nurses prior to the patient’s primary care
visit. The use of this online health information tool significantly improved self-efficacy.

The development of these online health information tools will be described in the
following paragraphs following the first three elements of the MRC framework and the
first three development cycles of the STAR model.

3.2 Phase 1: Identifying Existing Evidence

All authors report that the online health information tools had been developed using
existing empirical findings on how online health information tools can improve health-
related outcomes. However, as there is little evidence, the empirical evidence that is
used is very general or of low quality [18], making it difficult to predict whether the
results will maintain for the specific older patient groups.
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Moreover, a strong theoretical basis of the online health information tool has not
been reported, with the exception of Neafsey et al. [19]. Based on the Social Cognitive
Theory, they expected that their online health information tool could ‘enhance
self-efficacy in patients to motivate them to adopt safe self-medication practices and
modify adverse self-medication behaviors’ [19, p. 161]. The authors argue that ani-
mations form mental pictures in the patients mind and give meaning to their own
self-medication experiences and will therefore guide their future self-medication
behavior. In addition, the animations in the intervention have related multiple choice
questions, which allow observational learning. Tailored interactive questions with
feedback about self-efficacy will help patients gain confidence in self-medication. In
line with the principle of ‘reciprocal determinism’, the learning is expected to continue
during the visit with the nurse.

3.3 Phase 2: Assessing the Feasibility of the Online Health Information
Tools

To the best of our knowledge, the feasibility of three of the four online health infor-
mation tools has been reported. Bond [20] discusses the lessons learned from the
development and the implementation of the online health information tool. During its
development, the online health information tool was tested on its usability by focus
groups, heuristic evaluations and think aloud sessions. First, a focus group session with
22 older patients with diabetes was held. They gave suggestions about the lay-out, the
content and the design of the website. The prototype of the website was adapted
according to participants’ suggestions. However, the author did not report which
suggestions from the participants were retrieved and which elements of the prototype
were adapted. Next, during the heuristic evaluation, experts identified usability prob-
lems using criteria and guidelines based on the W3C’s Web Accessibility guidelines
[see 21]. Bond reports some examples of the feedback from the experts, such as the
provision of a ‘contact us’ link and/or FAQ, prominent ‘how to use the site’ infor-
mation, a ‘site tour’, a ‘forgot your password mechanism’, and a second navigation bar
at the bottom of each page. Finally, the usability of the online health information tool
was tested using think aloud sessions with five older participants that were recruited
from assisted living facilities. Although the author reports that several problems were
indicated by the participants, she does not mention which specific problems were
mentioned and targeted. Moreover, the author does not mention the age of the par-
ticipants or whether the five participants that participated in the think aloud session
were patients with diabetes.

Starren et al. [22] describe the development objectives of one online health
information tool. The first design objective relates to the usability of the technology.
However, we found no literature concerning any usability tests with (potential) users of
the system. The authors only mentioned one measure that was taken to make the
system easy to use, namely a customized mousepad with four buttons that allows
patient to answer video calls, to access the Internet, and to submit glucose and blood
pressure.
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Lin, Neafsey, and Strickler [23] reported on the usability testing of the PEP-NG
eHealth intervention among older (≥ 60 years) patients with hypertension. The
PEP-NG intervention was developed in four stages. In the first stage, the usability of
the first pilot version of the prototype was assessed by five focus group participants.
The second version of the prototype was adapted according to the results of the focus
group. The results of the focus group interviews were, however, not reported. During
the second stage, the second pilot version of the prototype was again tested using a
focus group with new participants. Also, two participants were involved in a think
aloud session. Using the results of the focus group and the think aloud observations, the
first version of the prototype was developed for the formal usability testing. In stage
three, this version was tested using a think aloud protocol and two focus groups. The
second version of the prototype was adapted on the basis of the first formal usability
tests. During the fourth stage, the second version of the prototype with a new sample of
ten participants in a think aloud session. On the basis of these results, the beta-version
of the PEP-NG was built. However, the authors have not reported the outcomes of the
usability tests that they have performed.

3.4 Phase 3: The Implementation and Usage of the Online Health
Information Tools

To our knowledge, the implementation of two of the four online health information
tools was reported. For the implementation of one online health information tool [20],
computers were installed in the homes of the study participants. The researchers faced
some problems with the installation of the computers, such as viruses, a failing modem,
memory board or printer, which was caused by a lack of software testing and damages
to the computer during transportation. Next, the study participants received a training
manual and one-on-one training to learn how to use the online health information tool.
The training was based on computer classes for older adults. After the online health
information tool was implemented, its performance was tested during the evaluation
study. At that time some problems occurred. First, the website of the online health
information tool had been hacked. However, the author did not report how this problem
was solved. Second, there were problems with the hosting service. Participants received
error messages and were not always able to submit their data. To resolve this issue,
participants could sent the error messages to technical support personnel that resolved
the problems and improved the online health information tool. The study lost one
subject that was not able to enter data. For another online health information tool, the
technical implementation has been described in detail [see 22]. The authors make
the recommendation that the human component must not be eliminated during the
implementation of the online health information tool. Adequate interaction between
evaluation staff, implementation staff, and the telecommunication vendor is very
important.

Some data on the usage have been reported, to our knowledge, for three out of the
four online health information tools. For one online health information tool it was
reported that the use varied widely under study participants [12]. However, the authors
did not report if this influenced the outcomes of the study. With regard to the use of
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another online health information tool, the authors report a high compliance with the
blood monitoring system, where participants submitted their blood pressure readings.
However, the authors did not report whether the participants used the decision support
information they received or whether they looked up their blood pressure readings on
the website [18]. One online health information tool was used at the office of the
healthcare provider. Participants were assisted in using the online health information
tools where needed. The online health information tool was used before every visit to
the nurse [19]. It is, however, not clear whether patients could use the online health
information tool at home.

4 Conclusion and Discussion

The aim of this study was to evaluate the development and the usability of online health
information tools for older patients, that have been proven to be effective. Following
the MRC framework and the STAR model, the first step in intervention development is
to identify existing evidence to create a theoretical and empirical basis. Most online
health information tools were based on a scarce amount of literature and only for one
online health information tool [19] the theoretical basis was reported. The next step in
the development of online health information tools is testing its feasibility and more
specifically its usability. Only usability tests of two online health information tools
were reported. However, only the methods and not the results of these tests were
reported. Hence, we were not able to identify the specific usability issues of the online
health information tools. This information would be very useful in the development of
new online health information tools for older patients. For two online health infor-
mation tools, the implementation was described. Lessons learned from the imple-
mentation of existing online health information tools provide us with useful
information for the implementation of new online health information tools for older
patients. With regard to the usage of the online health information tools, the authors did
not report any information about the use of the separate components. As a result we
cannot be sure what the active ingredients of the interventions were.

It is important to consider that the evaluation of online health information tools is
part of the development cycle and reporting about the evaluation is as important as the
other parts of the development cycle. Therefore, we stress that authors adhere to existing
guidelines to report on the development and usability of online health information tools
in detail. Specifically, we recommend using the CONSORT EHEALTH guidlines [24].
According to these guidelines, eleven points are highly recommended or are essential to
report on the development and content of the online health information tools. Authors
should report (1) the names, credentials, and affiliations of the developers, sponsors and
owners, (2) the development process (i.e., usability testing), (3) revisions and updating,
(4) the source code and/or screenshots/screen-capture video, and/or flowcharts of the
algorithms used to ensure replicability, (5) the URL of the application and/or details of
where the intervention is archived, (6) how participants accessed the online health
information tool, (7) the mode of delivery, features/functionalities/components of the
intervention and comparator, and the theoretical framework, (8) use parameters, (9) the
level of human involvement, (10) any prompts/reminders (e.g., letters, emails, phone
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calls, SMS) to use the online health information tool, (11) any co-interventions.
According to these guidelines, the four interventions were described too succinct.

Regarding the usability, we were not able to evaluate the online health information
tools, as they were not publicly available. Not reporting the online health information
tool itself by reporting the URL, the place where the intervention is archived, or
screenshots of the interventions, poses a threat for the replicability, which is essential in
scientific reporting. Moreover, replication and synthesizesation of the results is
important as this can help in the development of new evidence-based interventions.
Because the development of online health information tools can be a complex process
and a lot of different choices have to be made, we emphasize the importance of
reporting the content of the online health information tool as detailed as possible.

The fact that we found that online health information tools were not available
anymore also has an important implication for practice. Online health information tools
are often developed with the help of (large) grants. When these tools have been proven
to be effective in improving health-related outcomes, it is important that more patients
can benefit from these tools. We therefore suggest that researchers put more effort in
the dissemination and long term implementation of effective online health information
tools for older patients.

To conclude, evidence exists that online health information tools can be effective in
improving self-efficacy and clinical outcomes in older patients. Researchers are
increasingly evaluating the outcomes of online health information tools [25], even for
older patients [4]. However, it is still difficult to replicate the studies and synthesize
results, as the online health information tools are not reported in detail. We therefore
recommend to systematically develop online health information tools, which have a
strong theoretical basis and which have been extensively tested on usability. Also, we
argue that it is essential to report the content of the online health information tool in
detail in a way that other researchers should be able to replicate the study. The
CONSORT-EHEALTH is a useful tool to follow when reporting studies on online
health information tools. Following these guidelines allows for the replicability of
studies and the synthesizing of research results, and consequently a strong evidence
base for the development of online health information tools for older patients.
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Abstract. Mobile health apps make up an enormous market in mobile
phone app stores. These apps allow automatic measurement of vital para-
meters and transmission of data to the doctor. Older users often reject
mobile health apps for various reasons. We investigate the influence of
several user factors on the willingness to use a health app integrated in
a mobile phone vs. a stand-alone device. Furthermore we look into the
modality for data transmission and its influence on the overall accep-
tance. In a questionnaire study (n=245) we ask both healthy and chron-
ically ill (heart disease and diabetes) for their preferences. Using multiple
linear regression analysis we found that the motives to use such a device
influence the preference for an integrated device four times more strongly
than the participants age. Still, the older the users are the more they pre-
fer a stand-alone device.

Keywords: Diabetes · Heart disease · User diversity · Mobile phones ·
Aging · Technology acceptance

1 Introduction

The size and structure of the global demography has changed drastically. Life
expectancy has increased over 30 years and projections claim that within the
next 40 years another two billion people will be added to the world population
of already seven billion. This increase comes mostly from people over 50 years
of age. And as a complication the amount of people with an age of 60 and older
will quadruple by the year 2050 [1]. According to the Statisches Bundesamt [2],
Germany will have at least 22 million seniors older than 65 years in 2060.

The increase of life expectancy comes with a price tag. In regard to chronic
diseases, a larger proportion of older citizens means a higher prevalence. Cur-
rently there are 285 million people diagnosed with diabetes worldwide [3].
A conservative projection goes as far as to assume 438 million diabetes patients
in 2030, which would mean a doubling of total prevalence in comparison to 2000
[4]. Similar projections can be made for heart disease [5]. In an effort to treat the
chronically ill and prevent further surge in prevalence, mobile health applications
are often used [6] in treatment and prevention [7]. Whether these approaches are
c© Springer International Publishing Switzerland 2015
J. Zhou and G. Salvendy (Eds.): ITAP 2015, Part II, LNCS 9194, pp. 38–49, 2015.
DOI: 10.1007/978-3-319-20913-5 4
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feasible is still largely a question [8]. Very few studies go further than pilot studies
when using mobile phones for health applications. Yet, we don’t know whether
using the mobile phone at all is the best approach for all users.

2 Related Work

Technical requirements for a mobile health device may be derived from literature
[9] and interviews with medical experts, but when personal data is stored on the
Web further considerations must be made.

Kollmann et al. [10] successfully tested a mobile application for type 1 Dia-
betes patients with ten patients of a mean age of 36 years. Data transmission
of recorded data was still done manually in their study. Similar to an approach
suggested by Tani et al. [11] who evaluated their solution positively with twenty
patients. Their approach also needed manual transmission of data. With the
discontinuation of Google Health in 2012, online patient records must be inves-
tigated again to find out whether application acceptance or privacy requirements
triumph when storing vital parameters of patients in the cloud.

Using mobile phones or mobile applications for health applications has been
tried several times, yet acceptance of these devices, critical to their success,
is not fully understood. Lv et al. [12] investigated the application of a mobile
phone health application with 492 participants. Yielding only self-efficacy as
the major factor in acceptance for the elderly. Hung et al. [13] using the TAM
model investigated acceptance of a mobile health application and confirmed the
model, adding the notion that younger users are more likely to use mobile health
applications. The TAM model based on the factors ease of use and useful-
ness also shifts the acceptance to more general questions: Why do I need it?
Can I use it?

Self-efficacy in using a device stems from performance in using a device [14].
Performance itself requires domain knowledge [15] and an expertise with the
technological framework (i.e. mobile phones). Suitable user interfaces may guide
in constructing adequate mental models [16], but inexperienced users will revert
to other models, insufficient to explain the behavior of the application, thus lead-
ing to poor performance. This is particularly true for elderly users. A device with
no prior mental model, and thus not dependent on mobile phone UI frameworks,
could theoretically appeal to these mobile phone “refuseniks”.

The overall acceptance though may depend on further aspects than self-
efficacy and mobile phone integration. The cultural context [17], the hedonic
aspects of the design [18], the adequacy of the technological framework [19] and
infrastructure [6] all influence acceptance of health technology. In some cases
going “mobile” is not always the best option [20]. Maybe using a dedicated
device harmonized with users privacy needs could bridge the gap of mobile health
application acceptance.
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3 Method

In this article we investigate the influence of user diversity on the preference
to have a health application integrated into a mobile phone vs. a stand-alone
device. We did this using two independent questionnaires, one for patients with
diabetes and one for heart disease patients.

Here the applied methodology of the study is presented. This includes used
scales as well as independent and dependent variables. The questionnaires were
designed with SurveyMonkey.com1 as an online survey. Half of the answers were
assessed paper-based to reach a non-online audience as well. The target-audience
for the diabetes survey was diabetics or people with a diabetes-precursor who
might need to use a diabetes management assistant. A similar target group was
selected for the heart patient survey.

3.1 Variables

As independent variables we assessed a persons age, gender, and health status. As
dependent variables we assessed the following concepts using six- and four-point
Likert scales. We assessed the decrease in vision using three items (PVD, see
Table 1) under the assumption that small screens pose a barrier to people with
hampered vision. We also assessed the perceived ease of use of mobile phones, by
measuring the perceived ease of use of eight features of mobile phones (MPEoU,
see Table 2). As the target variable we measured the desire for an integrated
device using three items (MPI, see Table 3).

Table 1. Perceived Vision Disability scale (PVD). Scale Reliability: α1 = .777,
α2 = .728, α = .738. Explained variance: 67 %

I am able to read letters on a mobile phone without my glasses.

I am able to read books easily without my glasses.

I am able to read writing on bill-boards without my glasses.

In order to get common scales, all items were z-transformed before generating
additive scales. Subscripts indicate the sample (1=Diabetes, 2=Heart Disease).
Using no subscript indicates the joint sample. In addition we measured items on
how an integration might look like in a mobile phone in regard to automatic data
transfer (see Fig. 2). These items measure the modality of how automatic data
transfer should be conducted. Should the user be notified, asked for permission
or be responsible for data transmission?

We also measured five additional motives and four possible barriers for a
mobile phone integration to get further information for the reasons of user pref-
erences (see Table 5 at the end of the article). These were derived from previ-
ous qualitative research (i.e. interview studies) are now being tested for their
influence.
1 http://www.surveymonkey.com.

http://www.surveymonkey.com


Older Users’ Rejection of Mobile Health Apps 41

Table 2. Mobile Phone Ease of Use scale (MPEoU). Scale Reliability: α1 = .850,
α2 = .889, α = .874. Explained variance: 70 %

On my mobile phone I find the following feature easy to use . . .

. . . making a call. . . . sending/reading a text message.

. . . using the address book. . . . using the calendar.

. . . using the integrated camera. . . . using the GPS.

. . . surfing the Internet . . . setting an alarm

Table 3. Mobile Phone Integration scale (MPI). Scale Reliability: α1 = .806, α2 = .709,
α = .729. Explained variance: 65 %. *=inverted item

The device should . . .

. . . be a separate device (in contrast to integrated into a mobile phone)*

. . . integrate various features (e.g. health and calendar).

. . . be integrated into a mobile phone.

3.2 Hypotheses

Because of the results from previous studies and from related work we derive the
following hypotheses (see also Fig.1). Older participants should have a stronger
perceived disability in vision (H1). They should also perceive mobile phones to
be less easy to use (H2) in accordance with previous results. Gender does often
show a strong influence on technical self-efficacy and thus on perceived ease of
use (H3). The health status should influence the preference for data transfer
modality (H8) as diabetics have drastically more experience in dealing with
data (i.e. diary keeping). This should also influence the motives and barriers for
a possible mobile phone integration (H4).

Furthermore we expect the users expertise with a mobile phone to influence
the willingness to have a health app integrated into their mobile phone. Thus
PVD (H5) and MPEoU (H6) should influence the MPI. Also the motives and
barriers should influence the MPI (H7).

4 Results

Both surveys are evaluated descriptively on their own while common results are
derived after z-transformation of the same variables. We report the descriptive
statistics for both surveys separately and jointly, when applicable. Here, central
tendency (means and standard errors) are reported in figures (error bars denote
the standard error). We then report bi-variate correlations for the hypotheses
that we investigate. For normally distributed data we use Pearson’s r in all other
cases we use Spearman’s rank coefficient ρ. We assume a level of significance of
.95 and .99 for the α-error probability. This means that there is a 1/20 chance
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Fig. 1. Hypotheses between independent, intermediate and dependent variables.

of significant findings being caused by chance and a 1/100 chance for highly
significant findings.

In order to understand the strength of prediction, multiple linear regres-
sion analyses for MPI is used. The Remove-Method was chosen. Reported are
the model and its predictors. The increase of explained variance over the scale
mean is reported for the assumed underlying population (adj. R2). Furthermore
the F-Value with its degrees of freedoms for the model are reported along with
its significance (F (df1, df2), p). Additionally the parameter estimates and their
standard errors (B, SEB) are reported, as well as non-standardized and stan-
dardized slope (β). When a single predictor does not increase the explained
variance significantly, it is excluded from the model.

For effect sizes the r (correlation, student’s t-test) or adjusted R2 (MLR)
values are reported.

4.1 Description of the Sample

A total of N = 310 participants took part in our study (n1 = 120,n2 = 190) from
which N = 245 completed the questionnaire fully (n1 = 59,n2 = 186). Out of the
participants completing the survey 134 were men (54%) and 111 were women.
We had 56 diabetics, 80 heart disease patients and 109 healthy participants. The
latter were all showing precursors for either disease nonetheless. The age of the
sample ranged from 16 − 87 (r1 = 16 − 87,r2 = 19 − 85), with a mean age of
M = 51.2 years (SD = 16). Both samples showed a similar age distribution
(M1 = 43.4, M2 = 53.6, SD1 = 16, SD2 = 15.7).
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4.2 Descriptive Results

In general when looking at the modality preferences for automatic data transfer,
healthy and heart disease patients show a similar picture (see Fig. 2). Both groups
agree with data transmission in general, although they prefer to be informed,
asked for permission or want to trigger the transfer themselves. Diabetes patients
on the other hand show a stronger preference for not transmitting data auto-
matically. Their preferences can be seen to be inverse to both healthy and heart
disease patients. Diabetics mostly prefer to trigger the data transfer themselves
(see Fig. 2).

Fig. 2. Comparison of means for data transfer modality. Data transfer means transfer
to the personal doctor in this case. Scaled to relative agreement (range: -50 % to 50 %)

When looking at what would get a participant to argue in favor of mobile
phone integration the five investigated motives show very similar behavior as the
data transfer modality. Healthy and heart disease patients show similarly high
agreement with the motives practicality and familiarity, indicating that they
assume the integration would benefit from their prior mobile phone experience.
Diabetics on the other hand are not so convinced about practicality but almost
agree on familiarity (see Fig. 3). The motive usage frequency seems irrelevant for
diabetics (they have to use their glucose meter anyways) while healthy and heart
disease participants do see a benefit. A very similar pattern can be seen for the
motive enjoyment. The highest agreement between the three groups can be seen
in the inconspicuousness motive. All agree that having a health app integrated
into a phone is a benefit because it is inconspicuous (see Fig. 3).

The barriers to use a mobile health app when integrated into a mobile phone
are perceived less strongly than the motives. Here, the three groups show rela-
tively similar behavior. Data loss and device failure are seen as the most impor-
tant barriers for a mobile health application. The general tendency to reject
mobile phones is not pronounced and the ease of use is also not seen as a bar-
rier. Diabetics in particular disagree that a lack of ease of use would pose a
barrier for mobile health applications (see Fig. 4).
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Fig. 3. Comparison of means for mobile phone integration motives. Scaled to relative
agreement (range: -50 % to 50 %). See Table 5 at the end of the article for items.

Fig. 4. Comparison of means for mobile phone integration barriers. Scaled to relative
agreement (range: -50 % to 50 %). See Table 5 at the end of the article for items.

Both motives and barriers can be used as a additive scale and will be used
in correlation analyses. Here motives showed a good reliability (Cronbach’s
α = .818) where the barriers only showed a questionable to acceptable relia-
bility (Cronbach’s α = .699).

4.3 Interaction Analysis

In order to verify our hypotheses we look at various correlations between indepen-
dent, intermediate and dependent variables (see Fig. 5). We were able to verify a
correlation between age and all intermediate variables, the strongest for the per-
ceived ease of use of mobile phones (r = .464, p < .01). The older a participant
was, the less they perceived a mobile phone to be easy to use (H2 ). Even an
association with both barriers and motives were found (r = −.210, p < .05),
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albeit a small one. Older participants show stronger agreement with barriers and
less agreement with motives. Also as expected (H1 ), older users were more dis-
abled in regard to their vision capabilities (r = .291, p < .01).

Fig. 5. Bi-variate correlations between variables. Numbers denote Pearson’s r or Spear-
man ρ depending on scale level. Dashed lines indicate correlations that were not hypoth-
esized.

Gender did influence MPEoU as expected (H3 ). The difference between
means was ΔM = −.199 (t(235) = −2.134, p < .05, r = .14) and variances were
equal (Levene’s F = .141, p > 0.5).

Health did influence automatic data transmission (H8 ) but only for diabet-
ics (see also Figs. 3 and 4). Diabetics agreed less to having uninformed automatic
data transmission (t(160) = −5.052, < .01, r = .37), uniformed data transmission
(t(159) = −6.016, p < .01, r = .43) and agreed more with self triggered trans-
mission (t(163) = 5.884, p < 0.1, r = .42) and in their rejection of transmission
overall (t(157) = 7.212, p < .01, r = .5). Furthermore being a diabetic influences
the motive of usage frequency (t(163) = −3.44, p < .01, r = .26), making the
motive highly significantly less important to diabetics (H4 ).

When looking at the interactions of intermediate and dependent variables,
no interaction of PVD and MPI was found (H5✗, p > 0.5) and only a small
correlation was found for MPEoU (H6 , r = .226, p < .01). Motives (r = .499,
p < .01) and barriers (r = . − 295, p < .01) both correlated with MPI (H7 ).
In order to clarify the determination of MPI multiple linear regression analysis
will be performed.

4.4 Linear Regression Analysis

Using all factors that correlate with MPI and removing predictors that fail to
reach significance, we derive a model of MPI consisting of only three predictors
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(F (3, 238) = 35.878, p < .01, see Fig. 6). This model was able to explain 30 %
more variance than the scales mean alone (adj. R2 = .303).

Interestingly, the general agreement with motives for the integration was
about two times more influential in predicting MPI than both age and barriers
combined. One must note here that MPI is z-transformed where negative values
indicate a higher willingness for integrated devices. This means the older a person
is the less he wants to use an integrated device (see Table 4).

Table 4. Linear regression table for MPI. All predictors increased the explained vari-
ance significantly.

Predictor Non-standarized coefficients Standardized slope t VIF

B SEB β

(Constant) -0.329 0.149 -2.213

Age 0.006 0.003 .126 2.291 1.042

Motives 0.496 0.059 .458 8.377 1.035

Barriers -0.211 0.062 -.189 -3.403 1.069

Astonishingly, neither gender nor ease of use of mobile phones remained in the
model. This indicates that not the expertise with mobile phones was determining
the readiness to integrate into a mobile phone, but truly the factor age itself.
Health status was removed as the last predictor, failing to reach significance ever
so slightly (but nonetheless so).

Fig. 6. Visual linear regression results. Numbers denote standardized beta values from
the final model.

5 Discussion

Overall when looking at our results, we can see that the willingness to have a
health application integrated into a mobile phone is dependent on the users age.
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Furthermore whether the user sees motives to use a device (often based in previ-
ous experience) is important, as are perceived barriers (often fear of data loss).

Whether these factors are optimized in a stand-alone device must be inves-
tigated in the individual case. A case can be made for a standalone devices that
do not require a mobile phone, particularly for the oldest user group.

The question of data privacy can not be fully answered in this article. Yet, a
striking difference between diabetics and healthy/heart disease patients becomes
clear. This might be due to the diabetes stricken patients’ experience with con-
stant diary keeping, device failures, stronger experience in diabetes applications,
and higher domain knowledge in both theoretical (information about the disease
as such) and also the practical experience.

The vital data recorded for heart disease patients and diabetics is also dif-
ferent in nature. Heart disease patients often only report few numeric para-
meters (e.g. weight, blood pressure, blood coagulation), while diabetics report
more lifestyle related parameters (e.g. food intake, physical activity). A mobile
application would get a deeper insight into the private life of a diabetic when
automatically recording data. This might explain the reluctance of diabetics to
uninformed or even non permitted data transfer. Diabetes also degenerates over
a far longer period of time than heart disease, which can immediately become
life-threatening in a cardiac arrest situation. The heart disease patients on the
other hand might perceive the vital parameters by far more life-saving in the
hands of a doctor than in their own hands.

In regard to motives in the discrepancy in ease of use perception can be
explained by the sheer amount of data input by diabetics. Diabetics record data
multiple times daily, while heart disease patients often only do so once per day.

Table 5. Items for motives and barriers for mobile phone integration and the measured
concepts.

Motive or Barrier Item

Practicality I find it more practical to use only one device.

Familiarity I am already comfortable using my phone.

Usage Frequency I would use the device more often.

Enjoyment I would have more fun using the device.

Inconspicuousness The device would be less conspicuous.

Data loss I fear that my data could get lost.

Device Failure I fear that the device would not work properly.

Rejection I don’t want to use a mobile phone.

Ease of Use I find mobile phones hard to use

6 Outlook and Future Work

In this research we looked at age as a numerical value. The model is able to pre-
dict only a small portion of the variance in mobile phone integration acceptance.
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Research on aging shows that age is not a mere numerical number, as people age
differently. Age solely intensifies the strength of diversity in different capabilities.
When the numerical age still is a dominant factor in acceptance prediction, the
question on generational differences arises. This must be investigated.

A general case for a stand-alone device could be derived from this research.
Yet, when designing a product series it is helpful to keep the user diversity
in mind. Market segmentation will lead to both stand-alone and mobile phone
integrated solutions — in best case scenarios integrating seamlessly.

Limitations. The healthy subgroup of this research was mostly addressed in
the heart disease questionnaire. Although both surveys used the same wording,
by sending the survey to a heart disease aware healthy person, similar responses
as to a heart disease patient are to be expected.
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Abstract. Although telemonitoring has promise in improving care delivery and
reducing unnecessary health care costs, the recent years have witnessed growing
interest in identifying and resolving barriers to engagement, participation, and
spreading of telemonitoring service programs among digitally disadvantaged
populations. Based on a review of three key conceptual perspectives relevant to
the problem of the digital divide, specific issues concerning technological
acceptance, human resources development, and collaboration with service sys-
tems are described. Major strategies and policy implications are discussed with
regard to HCI design considerations for telemonitoring of medical and aging
conditions of the target population, integration of the telemonitoring service into
the existing clinical and social context, and development of reimbursement
policy that supports not only service use but also access to technology services
and additional training for effective use of the technology.

Keywords: Digital divide � Telemonitoring � Older adults � Policy

1 Introduction

Telemonitoring or remote monitoring between a health care provider and a patient in a
home setting is a promising technological innovation to enable older persons with
disabling disease such as chronic heart failure to remain at home while receiving
improved care and reducing health care costs1. During the past decade, numerous
randomized trials have demonstrated the efficacy of telemonitoring interventions in
reducing hospital readmission rates and emergency department visits, and therefore
health care costs, along with lower numbers of deaths and increased quality of life
[1–6]. Telemonitoring care also comes with other benefits valued by patients.
Telemonitoring has the ability to minimize the barriers to care among individuals with
common co-morbid conditions—like arthritis, vision impairment, and cognitive decline
—that makes transportation to doctor’s appointments difficult without extensive sup-
port from formal or informal caregivers. Telemonitoring also offers the opportunity to
provide patients with frequent and timely advice and instructions without the need for
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face-to-face, in-person interaction, thus supporting patients’ capacity of self care and
needs for autonomy in their home environments [7]. Telemonitoring may even be
preferable for some older adults, who would choose the familiar, low pressure home
setting to direct communication with healthcare providers in their busy offices [8].
Telemonitoring, in theory, encourages more widespread, equalized access to more frail
and less mobile individuals, as well as those living in rural areas, by allowing them the
same access to providers as their urban counterparts.

The problem of concern here is about the other side of the coin – those elderly
persons who cannot benefit from telemonitoring opportunities. Evidence has begun to
emerge, indicating an alarming phenomenon of digital divide—i.e., the inequality of
access to, participation in, and benefit from the telemonitoring care programs for older
adults, as shown below:

Older adults with high income levels are more likely to have access to equipment,
such as computers and internet access that can be used for telemonitoring and tele-
communication [9].

Older adults with higher levels of education are more likely to accept telemoni-
toring, adhere to medication regimes and taking responsibility for healthcare, due to
generally increased levels of health literacy and better access to care [10].

When access to telecommunication equipment is not an issue, refusal to partici-
pating in a telemonitoring intervention program can be based on a combination of any
of the following reasons, including: (a) feeling overly burdened to acquire the skills to
engage in new tasks such as registration and routine data entry (low digital literacy);
(b) feeling uncomfortable to take on responsibility for one’s own health, given they
have grown up being a part of a cohort that was brought up to believe that health
problems should be taken care by health care professionals (lower self-efficacy in self
care); and/or (c) fear that telemonitoring will leave their medical data unsecure
(technological phobia and distrust) [11–13].

Some refuse to adopt or terminate the telemonitoring service not because of the
complexity of the medical condition itself, but because of co-morbidities—such as
cognitive or sensory impairments—that could inhibit the use of telemonitoring tech-
nologies [14].

Those rural elders and their caregivers who originally accepted and participated in a
telemonitoring program for heart failure terminated prematurely, often because the
burden experienced by caregivers, heightened by the worsening or complications of the
health problem of the elder patient, led caregivers to stop collecting and entering and
monitoring the data [15].

The above problems are by no means easy to solve. As a result, a large number of
older adults may not be able to participate in telemonitoring care. The exiting literature
seems to point us to at least three different conceptual frameworks or perspectives about
key factors contributing to the phenomena of digital divide. Below we briefly sum-
marize these perspectives in order to provide a basic analysis of the problem of unequal
access to, use of, and benefit from the telemonitoring care for elders.
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2 Understanding Psychological Factors in Technological
Acceptance

One of the most influential lines of research seeking to elucidate specific barriers to the
acceptance and use of technology has to do with the Technology Acceptance Model
(TAM) and its use in health care. TAM was originally developed in 1980’s and gained
increasing recognition in the health care field during the last decade [16, 17]. By
emphasizing the key constructs such as perceived usefulness and perceived ease of use,
subjective social norm, and behavioral intention, TAM reveals the cognitive processes
through which the psychological, social, and behavioral factors contribute to the
decision or choice of acceptance or adaption of new technology.

The key limitations of the TAM approach are two fold: one is its overall trend of
expansion of the model by adding more variables into the original TAM in order to
accommodate the complexity of issues facing the constantly changing IT world.
Various independent attempts to expand TAM have been made [18–20], with repeat-
edly adding new variables that some critiques regard as causing “a state of theoretical
chaos and confusion” [21]. The other limitation is the TAM’s focus on the inner
psychological process while relatively neglecting external contextual factors. Although
newer versions of TAM-like modeling are able to incorporate contextual or moderating
variables as shown in the Unified Theory of Acceptance and Use of Technology
(UTAUT) that includes “facilitating conditions” [22] as a determinant of behavioral
intention to accept technology, the critiques of TAM believe that this approach ignores
the critical processes or stages of health information technology (HIT) development
and implementation, and is not able to advise which technology is better for a particular
social group and clinical setting, and what kind of social and financial consequences of
HIT use might be [23].

According to the TAM perspective, the success of a telecommunication program,
particularly in terms of reaching and engaging digitally disadvantaged groups, will very
much depend on the thoughtful design of the telemonitoring device that should be not
only affordable to the target population but also able to take into account the possible
differences in their ways of perceiving whether the equipment is useful and easy to
operate. An elderly patient with a higher level of health literacy, for instance, may agree
to enroll in a telemonitoring program primarily based on her own perception of use-
fulness when she sees a diagram showing how the relevant symptoms can be recorded
by the equipment and transmitted to her doctor for central monitoring, whereas her
counterpart with a lower level of health literacy, at least some of them, may be more
likely to be persuaded by the endorsement of her familiar doctor than the explanation of
how the equipment is able to pick up a list of clinical indicators.

Also, we can expect those with higher digital literacy to take a more active part in
the telemonitoring process (e.g., manually entering some of the monitoring data, in
addition to those that can be automatically collected via blue-tooth technology) as they
may not view a task like data entry as difficult, but for those who are less familiar with
digital devices, an automated data recording scheme may become a necessity for a
successful telemonitoring program. In general, the TAM perspective, with its focus on
user perception and acceptance of technological design’s functional characteristics,
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tends to guide us towards a more client-centered or user-sensitive design, which is
critical for a successful telemonitoring program.

3 Understanding Sociological Determinants of Digital Divide

In contrast to the TAM model that focuses on the inner psychological processes of
technology adoption, another emerging approach is primarily derived from the digital
divide phenomena and related literature that points towards the importance of the broad
contextual perspective.

The digital divide literature emerged from the observation of a broad variation or
gap among large groups, populations, or geographical regions. The gap reveals the
inequality of substantial social consequences in terms of access to, knowledge about,
and use of the information and communication technology [24, 25]. If HIT is believed
to be a promising solution to modern health care delivery to general population, the
digital divide phenomenon suggests a profound challenge to the above belief, that is,
the population-based heterogeneity as revealed in digital divide indicates the possibility
that a large group of digitally disadvantaged people may not be able to access, use, and
benefit from the HIT-based heath care, while the digitally advantaged group can. If the
digital divide is a proxy reflection of the social-economic status, education level, age,
and/or geographic region such as rurality, as many digital divide researchers are
concerned, then advance of HIT may expand the persisting health disparities in our
society rather than reducing them.

The notion of digital divide has evolved and broadened, mainly in the past decade,
to become a multi-layered concept that includes at least three waves of conceptuali-
zation. Prior to the term of digital divide was ever coined, there was discussion in
1980 s about differences between those who had computers and those who did not [26].
In the late 1990 s, the initial concept of “digital divide” first merged and was primarily
centered on the inequality in access to digital hardware of equipment and infrastructure,
such as computer, internet, and mobile technology, that are necessary for enabling
information and communication technology. Despite the increased availability of ICT
products, which seems to reduce the general technological divide across age, gender,
and income levels, [25] inequality persists particularly in terms of access to latest or
most advanced technological products.

The second wave of the digital divide concept had more to do with human resource
development than technological access. What Hargittai [27] called “Second-Level
Digital Divide” focused on skills or what was later referred to as digital literacy (i.e.,
knowledge and familiarity with ICT), and further e-health literacy (e.g., able to use HIT
to address health needs), as barriers to the use of digital technologies. The digital divide
discourse at this second level turned the access concern about “Haves and Have-Nots”
to a deeper inquiry of those “don’t-want-tos” (i.e., when the computing device is a
convenient social setting, at no cost, some people would still choose not to use) [28].
Furthermore, the digital divide at the literacy level also entails how leaders or “early
adopters” play a role in facilitating training and other community activities that
improve related literacy and skills of community members to use and engage with HIT.
For the older population, such enabling efforts may also need to take into account the
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disability conditions or physical limitations such as visual deficits, arthritis and joint
pain that often reduce one’s confidence in learning new ways of managing one’s health,
thus limiting the adoption of technology for healthcare purposes [29, 30]. In addition to
physical impairments like decreased dexterity and vision loss, older adults’ restrictions
also include cognitive decline such as decreased concentration, which, even as a result
of normal aging rather than disease, may contribute to perceived difficulty in use of
technology [31].

The third wave of the digital divide conceptualization further extended the notion of
the human resource development to its context, with a focus particularly on building
an organizational or community culture that is committed to promoting the pro-
technology, pro-health, and pro-responsibility values, and to integrating these values
with institutional and policy support for use of digital technology. Those who live in a
community without such a culture may witness and experience technology phobia or
distrust, concerns about cost or low return of investment of money and effort,
and over-dependence on external authority such as doctors to make decision on care
management, thus prohibiting behavioral digital engagement, including initial use,
subsequent use, and/or sustained use of health information technology [7].

Different from TAM, which takes a micro-analytic approach to the problem of
variation in adopting or using digital technologies and tends to psychologize all relevant
determinants of technology acceptance, the trajectory of the conceptual evolution of the
digital divide is heading towards an increasingly macro-contextual approach, repre-
senting a rather intuitive realism and providing a broad framework to allow actual
technological entities such as equipment and software as well as social processes
including training on digital literacy and community activities to promote pro-health and
pro-technology values and culture. Such a framework makes it easier to link an inter-
vention design to its implementation setting. Based on this broadened digital divide
perspective, efforts aiming to improve a digitally disadvantaged group’s access to and
engagement with telemonitoring programs should include not only educational inter-
ventions to improve digital and ehealth literacy, but also social and community inter-
ventions for promoting values of self care and active participation in technology-based
care improvement schemes.

4 Finding Technology Accelerators for Older Adults

Consistent with, but independent of the above digital divide literature and TAM dis-
cussions, researchers from the Center for Technology and Aging proposed a model for
Accelerating Diffusion of Proven Technologies (ADOPT) [32]. Their ADOPT model
suggests that in addition to technology developers, external collaborators (organiza-
tions and individuals who work directly with older adults) could play an important role
in facilitating technology diffusion. These collaborators include but are not limited to
aging service organizations, formal/informal caregivers, family members, medical
providers, and health plans. The presence of collaborators is especially important for
older adults, as this population often has a lower level of familiarity/awareness of
technology, cognitive or physical limitations that make it difficult to use technology,
and limited resource to access technology. Without collaborators, technology access
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and user education can be difficult, if not impossible. Besides collaborators, Wang et al.
also pointed out that the wider context in which older adults live could also impact their
intention and ability to use technology. Two key context factors that they indentified
are policy (including reimbursement, privacy considerations, and interoperability) and
resources/access relating to technology. For example, reimbursement and policies that
either reimburse technologies directly or incentivize health outcomes could likely
increase diffusion of beneficial technologies.

According to the ADOPT model, in order to successfully promote a telemonitoring
program among digitally disadvantaged people, it would be critical to form partner-
ships with “collaborators” including not only caregivers and family members but also
those associated with a service organization such as aging service agency, medical
center, and health insurance company, instead of promoting it alone by e-health
developers or health care innovators. These collaborators can help accelerate the dif-
fusion of technologies through adjusting incentivizing mechanisms and service
arrangements to encourage and enable at-risk older adults to enroll in, engage with, and
continually use and benefit from the telemonitoring care services as well as incentiv-
izing their providers for participation in the service program. The notion of using a
group of members of a community to help another group of people to accelerate
diffusion or adoption of technology can be traced back to original writing of Everett
Rogers [33] who explained the importance of innovation champions and opinion
leaders in the technology diffusion process.

5 HCI Design Recommendations

These three conceptual frameworks lead to different emphases and directions—i.e.,
centering on technological design, human resource development, and service system
collaboration, respectively—in finding possible solutions to the problem of designing
telemonitoring care services for technologically, socially, and clinically disadvantaged
groups.

As summarized in Table 1, from the TAM perspective, the key strategy to
improve patient engagement and adherence is through careful product design that
aims to enhance usability (e.g., “perceived usefulness”) and lower usage barriers (i.e.,
“perceived ease of use”), so that those who already have access to the monitoring
device will feel motivated to use the telemonitoring services. From the broadened
digital divide perspective, effective designs of telemonitoring intervention for digi-
tally disadvantaged users, who typically are low-income, low-literacy, home-bound
older adults, should focus on supporting, strengthening, and enabling digitally dis-
advantaged individuals and communities at various levels. From the technology
accelerator perspective, the technology-based intervention design efforts should focus
on integration of telemonitoring programs with the social, clinical, and financial
environments.

Delivering Telemonitoring Care to Digitally Disadvantaged Older Adults 55



Table 1. HCI design recommendations for effective delivery of telemmonitoring care to
digitally disadvantaged users: based on three conceptual perspectives

Perspective Key emphasis HCI design recommendations

1. Technology
acceptance
model

Enhance “perceived usefulness” (1) Individual tailoring to a user’s
needs (e.g., adjusting brightness
levels for those with light
sensitivity, personalized feedback,
to culturally sensitive content and
user interface designs);

(2) Increasing functionality and
flexibility to accommodate
changing health conditions over
time;

(3) Including the add-on functionality
for common co-morbidities like
heart failure, chronic obstructive
pulmonary disease, and diabetes.

Increase “ease of use” (1) Making product compatible with
existing hardware, thus reducing
the burden of learning new
behaviors;

(2) Simplifying the design of the
technology and user interface to
accommodate physical and
cognitive disabilities that often
impede older adults from
performing technology-related
tasks;

(3) Increasing automation in data
collection and transmission thus
lowering data entry burden as much
as possible;

(4) Using audio, video or graphical
displays along with the text to
minimize the literacy level required
of users;

(5) Using customized alerts to remind
elderly patients;

(6) providing clear instructions.
2. Digital
divide

Support digitally disadvantaged
individuals and communities

(1) Designing the product either based
on existing device commonly
available to the users, or using a
new device but making sure that the
additional financial and training
costs are not burdensome to the
user;

(Continued)
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6 Limitations and Under-Addressed Issues

These theory-based recommendations are consistent with the emerging literature on
factors contributing to differential technology and information use in general and
adoption of telemonitoring technology among older adults in particular [8, 34–40].

Table 1. (Continued)

Perspective Key emphasis HCI design recommendations

(2) Addressing digital literacy and
specific health literacy by
increasing exposure to ehealth
services, reducing technology
phobia and distrust, and increasing
overall recognition of the value of
the HIT as a general health care
solution;

(3) Training elders and their
caregivers to improve not only
general digital literacy but also
familiarity and fluency in using
telemonitoring devices and
procedures;

(4) Coordinating professional and
peer support through online and
off-line mechanisms;

(5) Promoting a culture and value of
self care particularly through
enhancing self-efficacy in taking
responsibility for one’s own health
care, obtaining knowledge and
skills for managing illness, and
actively using digital
technology-based services.

3. Technology
accelerator

Integrate telemonitoring
programs with social, clinical,
and financial environments

(1) Designing telemonitoring care
interventions that are not only
patient-centered, but also
caregiver-centered, to fully
mobilize the collaborative care
resources;

(2) Integrating telemonotoring care
with clinical workflow of disease
management and care coordination;

(3) developing policy for reimbursing
not only use of telemonitoring
services but also the training
needed for operating telemonitoring
device.
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Nevertheless, several issues, which may be regarded as beyond the scope of the
aforementioned conceptual frameworks, remain under-addressed by the research
community interested in delivering telemonitoring care to digitally disadvantaged older
adults. One, most of the measures used for analyzing the digital divide assume a
quantitative difference (e.g., ehealth literacy) between digitally high-access and
low-access groups, while less attention is paid to possible qualitative differences
between these two groups. For instance, if values, priority of goals, meanings of
usefulness, exposure to health care systems and HIT services, types of digital literacy,
and disability conditions of the target users are all different from general population, it
would argue for the need of more qualitative inquiry, such as ethnographic research to
deepen our understanding of the profile of various digitally disadvantaged groups,
before quantitative research is planned. Two, most of the discussion focuses on initial
behavioral acceptance, use, engagement, or adoption of telemonitoring technology,
with much less attention paid to retention, or temporal variation in user intention and
usage behavior. While recognizing that the barriers to sustained usage or adherence are
of critical clinical significance, we know very little about how to model or analyze the
temporal variation of these barriers and their complex inter-relations, while taking into
account normal age-related physical and cognitive changes in late life, as well as
disease related decline, fatigue of engagement over time, and psychological adaptation
to and habituation of routine activities. Three, although for many older, frail adults, the
decision of using or continuing to use a telemonitoring care service is made by, or in
collaboration with, informal and formal caregivers, very limited research effort and
intervention designs are centered on caregivers to elders in need of telemonitoring
services.

The future success of telemonitoring care will depend on whether we can effec-
tively spread the technology-based service across the digital divide that has prevented a
large population from access to, adoption of, and benefit from telemonitoring care
programs. Much work, including perhaps both qualitative policy research and quan-
titative intervention research, is still ahead of us to develop better and more aging
friendly devices and programs, to strengthen and build the user community, and to
integrate the telemonitoring program within existing clinical, financial, and social
contexts.

Acknowledgement. Preparation of this manuscript was supported by National Institute on
Aging of the National Institutes of Health under award number R43AG038210, and
R43MD008661.

References

1. Klersy, C., De Silvestri, A., Gabutti, G., Regoli, F., Auricchio, A.: A meta-analysis of
remote monitoring of heart failure patients. J. Am. Coll. Cardiol. 54(18), 1683–1694 (2009)

2. Goldberg, L.R., Piette, J.D., Walsh, M.N., et al.: Randomized trial of a daily electronic home
monitoring system in patients with advanced heart failure: the weight monitoring in heart
failure (WHARF) trial. Am. Heart J. 146(4), 705–712 (2003)

58 H. Chen and S.E. Levkoff



3. Cleland, J.G., Louis, A.A., Rigby, A.S., Janssens, U., Balk, A.H.: TEN-HMS investigators.
noninvasive home telemonitoring for patients with heart failure at high risk of recurrent
admission and death: the trans-european network-home-care management system
(TEN-HMS) study. J. Am. Coll. Cardiol. 45(10), 1654–1664 (2005)

4. Myers, S., Grant, R., Lugn, N., Holbert, B., Kvedar, J.: Impact of home-based monitoring on
the care of patients with congestive heart failure. Home Health Care Manage. Pract. 18(6),
444–451 (2006)

5. Chaudhry, S.I., Mattera, J.A., Curtis, J.P., et al.: Telemonitoring in patients with heart
failure. N. Engl. J. Med. 363(24), 2301–2309 (2010)

6. Inglis, S.C., Clark, R.A., McAlister, F.A., et al.: Structured telephone support or
telemonitoring programmes for patients with chronic heart failure. Cochrane Database
Syst. Rev., CD007228 (2010)

7. Boyne, J.J., Vrijhoef, H.J.: Implementing telemonitoring in heart failure care: barriers from
the perspectives of patients, healthcare professionals and healthcare organizations. Curr.
Heart Fail Rep. 10(3), 254–261 (2013)

8. Bickmore, T.W., Paasche-Orlow, M.K.: The role of information technology in health
literacy research. J. Health Commun. 17(Suppl. 3), 23–29 (2012)

9. Peacock, S.E., Kunemund, H.: Senior citizens and internet technology: reasons and
correlates of access versus non-access in a european comparative perspective. Eur. J. Ageing
4(4), 191–200 (2007)

10. Or, C.K., Karsh, B.T.: A systematic review of patient acceptance of consumer health
information technology. J. Am. Med. Inform. Assoc. 16(4), 550–560 (2009)

11. Gruber, H.-G., Wolf, B., Reiher, M.: Innovation barriers for telemonitoring. In: IFMBE
Proceedings, vol. 25, pp. 48–50 (2009)

12. Jimison, H., Gorman, P., Woods, S., et al.: Barriers and drivers of health information
technology use for the elderly, chronically ill, and underserved. Evidence
Report/Technology Assessment No. 175 (Prepared by the Oregon Evidence-based
Practice Center under Contract No. 290-02-0024). AHRQ Publication No. 09-E004.
Agency for Healthcare Research and Quality, Rockville, MD, November 2008

13. Ellis, R.D., Allaire, J.C.: Modeling computer interest in older adults: the role of age,
education, Computer knowledge, and computer anxiety. Hum. Factors 41, 345–355 (1999)

14. Clarke, M., Shah, A., Sharma, U.: Systematic review of studies on telemonitoring of patients
with congestive heart failure: a meta-analysis. J. Telemed. Telecare 17(1), 7–14 (2011)

15. Azhar, G., Chen, H., Lu, X., Levkoff, S.: Access to telecommunication technologies among
rural elders. Paper presented at GSA Annual Conference (2012)

16. Holden, R.J., Karsh, B.T.: The technology acceptance model: its past and its future in health
care. J. Biomed. Inform. 43(1), 159–172 (2010)

17. Yarbrough, A.K., Smith, T.B.: Technology acceptance among physicians: a new take on
TAM. Med. Care Res. Rev. 64(6), 650–672 (2007)

18. Venkatesh, V., Davis, F.D.: A theoretical extension of the technology acceptance model:
Four longitudinal field studies. Manage. Sci. 46(2), 186–204 (2000)

19. Venkatesh, V., Bala, H.: Technology acceptance model 3 and a research agenda on
interventions. Decis. Sci. 39(2), 273–315 (2008)

20. Kim, J., Park, H.A.: Development of a health information technology acceptance model
using consumers’ health behavior intention. J. Med. Internet Res. 14(5), e133 (2012)

21. Izak, B., Barki, H.: Quo vadis TAM? J. AIS 8(3), 211–218 (2007)
22. Venkatesh, V., Morris, M.G., Davis, G.B., Davis, F.D.: User acceptance of information

technology: toward a unified view. MIS Quart. 27(3), 425–478 (2003)
23. Bagozzi, R.P.: The legacy of the technology acceptance model and a proposal for a

paradigm shift. J. Assoc. Inf. Syst. 8(4), 243–255 (2007)

Delivering Telemonitoring Care to Digitally Disadvantaged Older Adults 59



24. Pippa Norris’s superb Digital Divide: Civic Engagement, Information Poverty & the Internet
Worldwide. Cambridge Uni. Press, Cambridge (2001)

25. Zickuhr, K., Smith, A.: Digital Differences. Pew Research Center, Washington, DC (2012)
26. Compaine, B.M.: The Digital Divide: Facing a Crisis or Creating a Myth?. MIT Press,

Cambridge (2001)
27. Hargittai, E.: Second-level digital divide: differences in people’s online skills. First Monday

7(4) (2002)
28. Crump, B., McIlroy, A.: The digital divide: why the “don’t-wants-tos” won’t compute:

lessons from a New Zealand ICT project. First Monday 8(12) (2003)
29. Gatto, S.L., Tak, S.H.: Computer, internet, and e-mail use among older adults: benefits and

barriers. Educ. Gerontol. 34(9), 800–811 (2008)
30. Pedone, C., Incalzi, R.: Telemonitoring in older adults: does one size fit all? Arch. Intern.

Med. 172(20), 1611 (2012)
31. Czaja, S.J., Lee, C.C.: The impact of aging on access to technology. Univ. Access. Inf. Soc.

5(4), 341–349 (2006)
32. Wang, A., Redington, L., Steinmetz, V., Lindeman, D.: The ADOPT model: accelerating

diffusion of proven technologies for older adults. Ageing Int. 36(1), 29–45 (2011)
33. Rogers, E.M.: Diffusion of Innovations. Free Press, New York (1962)
34. Eichner, J., Dullabh, P.: Accessible health information technology (Health IT) for

populations with limited literacy: a guide for developers and purchasers of health IT.
(Prepared by the National Opinion Research Center for the National Resources Center for
Health IT). AHRQ Publication No. 08-0010-EF. Agency for Healthcare Research and
Quality, Rockville, MD (2007)

35. Workman, M.: Advancements in technology: new opportunities to investigate factors
contributing to differential technology and information use. Int. J. Manage. Decis. Making 8
(2), 318–342 (2007)

36. Hardiker, N.R., Grant, M.J.: Barriers and facilitators that affect public engagement with
eHealth services. Stud. Health Technol. Inform. 160(Pt. 1), 13–17 (2010)

37. Mahoney, D.F.: An evidence-based adoption of technology model for remote monitoring of
elders’ daily activities. Ageing Int. 36(1), 66–81 (2010)

38. Xie, B.: Effects of an eHealth literacy intervention for older adults. J. Med. Internet Res. 13
(4), e90 (2011)

39. Desai, A.S.: Does home monitoring heart failure care improve patient outcomes? Home
monitoring heart failure care does not improve patient outcomes: looking beyond
telephone-based disease management. Circulation 125, 828–836 (2012)

40. Choi, N.G., DiNitto, D.M.: The digital divide among low-income homebound older adults:
internet use patterns, ehealth literacy, and attitudes toward computer/internet use. J. Med.
Internet Res. 15(5), e93 (2013)

60 H. Chen and S.E. Levkoff



Accessibility in Serious Games for Adults
Aging with Disability

Keiko Gomez-Gurley1, Anne Collins McLaughlin1(&),
Maribeth Gandy Coleman2, and Jason C. Allaire1

1 Department of Psychology, North Carolina State University,
Raleigh, NC, USA

{kegomezg,anne_mcLaughlin,jason_allaire}@ncsu.edu
2 Georgia Institute of Technology, Interactive Media and Technology Center,

Atlanta, GA, USA
maribeth.gandy@imtc.gatech.edu

Abstract. As serious games rise in number and popularity, particularly for
therapeutic purposes, so rises the importance of making these games accessible
to those with disabilities. We discuss the state of accessibility for commercial
and research-based serious games, common age-related considerations for
accessible designs, and recommendations for usability testing protocols. We
close with a case study of a visual accessibility investigation of a research-based
cognitive training game, Food for Thought.
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1 Introduction

Zyda (2005) defined a serious game as “a mental contest, played with a computer in
accordance with specific rules, that uses entertainment to further government or cor-
porate training, education, health, public policy, and strategic communication objec-
tives.” We extend that definition to include any game with a purpose other than
entertainment, not necessarily involving a computer, and that purpose may be educa-
tional, for skill development, job training, rehabilitation, or improvements in health and
well-being. What constitutes a game can also be defined as any task with a goal, rules
for achieving that goal, feedback, and voluntary participation (McGonigal, 2011). In
this paper, we first review a handful of examples of serious games and their applica-
tions. We take a look at the portion of the population who might benefit from accessible
games, then discuss age related changes that should be taken into consideration when
designing for older adults. We explore accessibility concerns using a case study of a
current serious game project. We close with final thoughts and suggestions for
developing accessible serious games in the future.

Some serious games are intended for older adults, and their benefits have been
studied in experimental settings. For example, persons recovering from a stroke often
have the most difficulty fully extending their arm. Physical therapy encourages such
movement, but it has been found that a serious game can provide a level of motivation,
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feedback, and reward difficult to achieve in traditional physical therapy (Harley et al.
2011). In this pinball-type game, the more the patient extended their arm, the more
“power” behind the ball and the further it bounced through the obstacles. Game sounds
and visuals gave feedback and a feeling of accomplishment for this difficult task. In
another therapeutic application Imbeault et al. (2011) created a game to improve
memory, planning skills, initiative and perseverance in older persons with progressing
dementia. Players performed cooking tasks in multi-step sequences (e.g., toast a piece
of bread and then butter it) and were shown their progress throughout the task via a
percentage value. Multi-tasking was encouraged by the game (e.g., toast your bread
while making coffee), and a timer provided the rules and feedback motivating play.
Even commercial games can be “serious”: Rise of Nations, a real time strategy game,
was successfully used as a cognitive training intervention for older adults. The game
required complex planning and task execution, with the motivating rewards, visuals,
and audio typical of a high-budget commercial game. Participants in the study showed
improvements in executive control functions after play (Basak et al. 2008). Unfortu-
nately, there is a growing audience of potential players for whom these games are
difficult or impossible to use: those with a disability. Persons at older ages reported
higher levels of disability, (Ferrucci et al. 1996), however there are a large number of
persons at younger ages aging with a disability (USCB, 2012).

Perhaps due to their focused goals and populations, both commercial and
research-based serious games have not made accessibility a priority. However, with the
aging of the baby boomer generation, more adults with disability than ever before will
be aging with their disability. The combination of disability and age-related changes in
perception, cognition, and movement control is challenging, and we discuss the
importance of considering potential disability and age-related interactions in serious
game design, iteration, and testing. As the goal of many serious games is to support
older persons in recovery or in living independently, those in most need of the games
are likely those with a disability.

A small number of commercially available games for entertainment consider
accessibility issues and there are resources available to designers interested in acces-
sibility (e.g., Atkinson et al. 2006). Some have made progress such as in the game
Final Fantasy XIV: A Realm Reborn, which was selected by the AbleGamer Foun-
dation as the most accessible mainstream game of 2013 (Ablegamers, 2013). Much of
the accessibility was due to the allowed choice and customization of interface and
controls and the time allowed to use the controls during gameplay. The creators of
Final Fantasy admitted this was no easy task, and they incorporated feedback into
iterations of the design to achieve high accessibility (Ablegamers, 2013). In recent
news, the company who produces the game World of Warcraft has introduced settings
that will aid color-blind users, allowing them to customize filters (BBC News). This
will help distinguish between characters, a good step toward leveling the playing field
between normal-sighted and color-blind users. However, success stories such as Final
Fantasy and World of Warcraft demonstrate that accessibility in mainstream games is
possible, not that it is common (Bierre et al. 2005; Yuan et al. 2010).
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Creating accessible serious games is unlike creating other accessible interfaces, or
even other games. Serious games have a purpose, and often that purpose is tied directly
to the gameplay, interface, goals, rules, and feedback of the game. As a simple
example, imagine the game Rise of Nations made more accessible by removing time
constraints and the need to juggle multiple demands. Though these changes would
make it playable by a variety of older persons, particularly those who need cognitive
accessibility changes, it would likely no longer have a therapeutic effect. These chal-
lenges are over and above “pure” accessibility. However, we believe there are heu-
ristics and processes that can make games more accessible without changing the nature
of the therapeutic gameplay.

As a last challenge, many serious games are research projects, with the under-
standably narrow initial focus on a particular sub-population expected to benefit from
the game. For example, we created the game Food for Thought to teach multi-tasking
skill for older adults as a cognitive training game. In recruiting participants for testing
the efficacy of the game, older adults with dementia or other cognitive disabilities were
excluded to reduce uncontrolled variability. However, those older adults would be key
toward understanding how to make the game more accessible. In sum, serious games
have emerged as an important focus for society and it is time to design and test them for
accessibility, particularly those targeting older players (Gamberini et al. 2006).

2 Age-Related Change

When discussing the needs of older persons aging with a disability, it is useful to
understand what age-related changes in ability tend to occur in all persons and how
those may interact with an existing disability. First, the signifier “age-related” is
important: persons differ greatly in their abilities across the lifespan. Second, it is
important to remember that older age is not only a time of decline - forms of cognition
and ability are maintained or even increase until late in the lifespan. If designers only
consider declines, they miss taking advantage of the knowledge and skills possessed by
many older persons and how those attributes may compensate.

In many areas, older persons perform more highly than younger. These include
tests of crystallized knowledge (called declarative knowledge), in emotional regulation,
in social tasks, and in domains where they achieved high skill over time. Examples of
declarative knowledge include vocabulary, factual knowledge, and political knowl-
edge. Examples of emotional regulation would be that older persons report more
positive emotions in general and focus on positive emotional stimuli, going against the
stereotype of the depressed older adult (Carstensen and Mikels, 2005). Examples of
social expertise include a more nuanced judgment of the disposition and actions of
other people when given information about a person’s behavior (Blanchard-Fields et al.
2007). Last, skills built over a lifetime, such as the skills of a pilot or architect, are
well-maintained into older age (Hardy and Parasuraman, 1997). These capabilities can
be leveraged in design and in accessibility accommodations. For example, logins or
identifiers can be made memorable by connecting them to a piece of declarative
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knowledge and feedback can focus on accomplishments that resonate with the selection
of positive emotional states.

The abilities that do tend to decline with age generally fall under the category of
fluid abilities, such as spatial ability, response time, and executive function. However,
even as age-related declines are discussed, many of the skills that are composed of
these fluid abilities are maintained, provided they were well learned and practiced (to
the point of automatization) across the lifespan. Age-related change is typically divided
into the categories of perceptual change, cognitive change, and motor change.

Physical changes drive the changes in perception. For example, the aging of the
lens in the eye tends to result in yellowing of the lens and general muscle weakening
extends to the ciliary muscles that flex the lens in the eye. Most recommendations for
aiding older vision include increasing the visual angle of text or icons, but colors and
the time needed to focus must also be considered. In hearing, older ears tend to lose the
highest and lowest frequencies. Fortunately, most human speech occurs in the middle
frequencies, but the feedback or auditory rewards in a game may not. Pathological
hearing loss at older ages tends to be due to lifetime exposure to extreme or long-term
sound, and thus is age-related but only because an older person has had more time for
exposure. Skin on the fingers tends to thicken with age, with the result of less tactile
acuity. The fingers also tend to sweat less and be less conductive, meaning that some
touch technologies that depend on capacitance work poorly or not at all for older
persons.

Age-related changes in cognition relevant to serious games include changes in
attention, visual search, and working memory capacity. For attention, it can be difficult
to selectively attend to game elements while ignoring irrelevant elements. In our work,
we found that entertaining background characters and movement, while stimulating to
younger participants, were distracting to our older participants, who were not always
able to separate the interaction elements from the decorative ones. Although
pre-attentive search ability is preserved with age, visual search that requires the
combination of attributes can become more difficult due to the need for working
memory. For example, finding the red dot among blue is not slowed or more difficult,
but there can be increased difficulty for finding the red, left-facing icon in a field of red
and blue right and left facing icons. This is an effortful search at all ages, but the
combination of attributes can make a task impossible for an older player.

Age-related changes in motor skills include changes in response time, reaction
time, precision, and skill acquisition time. Response time can be thought of as having
two parts: the time it takes to perceive a stimulus plus the time to initiate a response. In
general, response time increases with age, but this increase is attributed to a delayed
physical response rather than a slowed RT. Precision also can become more difficult,
but older persons can activate small targets quickly when they are physically separated
from other targets (Rogers et al. 2005).

Last there are other age-related individual differences that can affect an older
person’s experience in a serious game. For example, game-specific displays and input
devices may be unfamiliar, although many older adults have computer experience. It is
common to claim that the current cohort of older adults will be the last that is
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unfamiliar with computers, but we believe that there will always be novel technologies
unfamiliar to older persons, even those who are currently young and consider them-
selves technologically savvy.

3 Case Study: Food for Thought

We use a serious game, Food for Thought (FFT), as an example of how visual
accessibility concerns may be measured and addressed, particularly for the sub pop-
ulation of older adults aging with a disability. The purpose of FFT is cognitive training,
particularly for multi-tasking skill. Thus, the game requires the player to shift priority
for different tasks co-occurring in time. Any accessibility integration must preserve the
core mechanic of multi-tasking with varying priorities for the tasks, but we have
discovered numerous ways of maintaining the multi-tasking core while taking into
account varying perceptual, cognitive, and movement needs.

The game itself was based around multi-tasking during cooking. The display for the
game was designed with older players in mind - all clickable targets were large (at least
1” × 1”) and drawn in a high-contrast style with bright colors (Fig. 1). The left side of
the screen was divided into four “stations,” a cooking station, a chopping station, a
mixing station, and a spicing station. Each of these stations could have 1–4 sub-stations
that would hold and process ingredients. The right side of the screen contained the
“counter” where ingredients were stored and the processing steps required for each
ingredient were displayed. Multi-tasking was induced by time limits that required
ingredients to be processed at the same time, moving back and forth between counter
and processing station while avoiding being left on a station until they were over
processed (burned, over spiced, over chopped, or over mixed).

Fig. 1. The Food for Thought interface, displaying a simple version of the game used in a early
tutorial. The ingredients and steps are on the right side of the screen and the food preparation
occurs on the left.
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Additionally, the game contained “minigames” within the main game to add
multitasking and difficulty (Fig. 2). These mini games included such tasks as cutting a
loaf of bread into even slices, stirring vegetables in a pan to keep them from burning,
and sorting colored apples into groups of the same color. These mini games had
varying levels of difficulty, with the most difficult requiring multiple steps and coor-
dinated movements (e.g., click and drag). They were introduced one by one, beginning
with the simplest, as the player progressed through the game. Players played the
minigame while simultaneously monitoring the ingredients occupying their stations.
All of the minigames required higher levels of vision, cognition, and motor control than
the main game, however they were optional and could be excluded during level design.

In testing the game we discovered several areas in which the gameplay was not
accessible to those with a visual disability or those experiencing age-related changes in
visual ability. These discoveries were made via multiple stages of user testing,
including a formal human factors analysis for users with visual impairments utilizing
“aging suit” methodologies (McClellan and Williams, 2014).

3.1 Visual Impairment

Like most serious games, Food For Thought required players to process complex
visual information such as symbols, indicators, animated graphics, and color coding.
For individuals with certain visual impairments, understanding what to do in the game
could be compromised by not being able to perceive all the information of the screen.

Jim began playing the tutorial for Food for Thought but is having difficulty
understanding what to do. The instructions indicate that he should take the ingredient
out of its cooking station when its timer reaches the green zone, but due to his color
blindness, he cannot distinguish the green zone from the red zone. To him, the
ingredient appears to be “ready” when the timer reaches the very end of the indicator
bar, but when he receives feedback at the end of the level, he finds out that all of his
ingredients were over processed.

In this example, we highlight the limitation that occurred when the game interface
required players to interpret meanings based on one sensory modality (Figs. 3 and 4).
Jim could not perceive the colors of the indicator bars, therefore he failed the task.

Fig. 2. A minigame in Food for Thought that requires the player to “cut” even slices in a loaf of
bread (by clicking) with a specific number of cuts. This task requires ability to spatially judge
how wide each slice should be.
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Jimmight not be able to distinguish the colors of the indicator bars, but he could detect
motion. One solution to this problem might involve adding a blinking element to the
interface to signal that an ingredient is “ready.” Color blind users would also benefit
from auditory information, such as a rising tone that changed as the indicator moves
between color-coded zones. Although not technically color blindness, age-related
changes in color perception also created problems in differentiation, typically issues
with blue hues, which could be addressed using the same solutions as for color
blindness.

Individuals with visual impairments such as glaucoma and macular degeneration
experience occlusion in their field of view (Figs. 7 and 8). Macular degeneration
typically begins in the fovea. Frustratingly, if the user moves his or her eyes toward an
attention grabbing stimulus in the periphery, that area becomes foveal and therefore
occluded. However, visual focus and attentional focus can be dissociated, meaning that
a user may focus on the center of the screen, but direct attention to different parts of
their periphery. In some games it is possible to move important elements to the
periphery and changing their size according to established peripheral acuity guidelines
(Anstis, 1974). When this is possible, games may retain their challenge and therapeutic
value.

Popular game mechanisms can be included in the design of the game to retain
playability for those with glaucoma as well. One standard mechanism is the “spotlight,”
usually visualized as a flashlight controlled by an input device that reveals only por-
tions of a screen at a time. This is opposite to the symptoms of macular degeneration,
where the fovea is lost - with issues such as glaucoma the fovea is retained as the
periphery becomes more difficult. The flashlight mechanism operates at two levels: it
can make competitive or cooperative play more possible by limiting the field of view of
the fully sighted player and it can also be a way to ensure the game is designed so that a
spot-lit display, whether via the game or due to the player’s vision, is playable and
enjoyable.

McClellan and Williams (2014) initiated an analysis plan (Fig. 5) centered on
visual accessibility for older players. Through heuristic analyses and initial testing with

Fig. 3. Food For Thought interface as seen by a
person with normal color vision. There are
indicator bars for how “done” the ingredient is
that use the colors yellow, green, and red to
represent underdone, done and overdone.

Fig. 4. Food for Thought interface as seen by
a person with deuteranopia, which causes
lowered sensitivity to green and red. Indicator
bars cannot be interpreted correctly.
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glasses to simulate visual impairment, they found that several game elements were
imperceptible: small moving objects such as the white triangle to indicate “doneness”
and the cursor. An iterative re-design with larger fonts, indicators and greater contrast
between figure and ground was tested on older users. Results found that the indicators
were more easily followed and that the new designs were preferred.

3.2 User Testing

One of the biggest challenges in the design and development of therapeutic games is
access to a population for usability testing throughout the process. Ideally, represen-
tative users are included in formative as well as evaluative assessments, engaging in
some portion of participatory design throughout the development cycle. Large com-
panies with resources dedicated to human factors may be able to achieve such par-
ticipation and iterative design (although many choose not to), but smaller operations
and research labs will need to creatively approximate the ideal methods.

To quickly test iterative designs, a “suit” may be employed that mimics the
accessibility needs of the target users. Such suits can be, literally, suits: for example,
automotive designers have successfully used suits that mimic age-related perceptual,
movement, and flexibility issues. Glasses with different lenses can be used to mimic the
symptoms of myopia/presbyopia, macular degeneration, glaucoma, and other visual
disabilities (Figs. 6 and 7). Although true performance data are difficult to gather from
younger or abled users wearing these suits, their subjective experience with the ther-
apeutic game in the suit is of value. Such suits have been widely used on the designers
themselves, allowing more insight into the issues their users will face and influencing
their designs. Thus far, these suits have mimicked perceptual and physical disabilities.
However, the concept of the suit can be extended into the cognitive realm. For
example, as mentioned earlier, older users tend to have more difficulty inhibiting
irrelevant stimuli. With the large visual field in most games and the tendency to
use attention grabbing visuals and sound, the first step would be to pare down the

Fig. 5. Human factors methods for testing visual accessibility in a cognitive training game for
older adults chosen by McClellan & Williams (2014).
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experience so that users can dedicate their resources to the portions of the game with
therapeutic value. A cognitive suit might simply be a dual-task that requires the same
sensory modalities as the primary task, with instruction to play the game while
maintaining high performance on the secondary task. Specific to inhibition, an auditory
or visual stimulus with much higher salience than the game could be displayed, with
instruction to ignore its presence. We have found that young designers still tend to err
on the side of more stimulation and demands rather than less. A cognitive aging suit
could be a way to produce empathy and understanding.

Despite the benefits for early testing and promoting understanding and empathy in
designers, accessibility “suits” are not sufficient for all user testing. Designs should still
be tested with the target population, in representative tasks, and across a variety of
accessibility needs. When such testing is done early it can often promote flexibility in
the game design before the game mechanisms, inputs, and displays are too far
advanced for changes. Advice specific to running usability analyses with older adults
can be found in Pak and McLaughlin (2010).

4 Conclusion and Future Directions

It is clear that one of the biggest challenges in accessibility is to influence early game
design, inputs, and mechanisms. Designers have an idea for a game mechanism, with
its goals, rules, and feedback, and this tends to lock in certain interface elements.
A sheet of heuristics should be developed to support a formative planning system for
designers to consider at the earliest discussion of the game. Questions should include:
“What are alternate ways to display the information gamers need for this part of the
gameplay? Can visual be made auditory or tactile (or any reversal of these senses)?
Would that affect the gameplay? How can it be revised to support the goal of the game
through alternate means? Plan ahead for the interface to allow both.” As concepts and
prototypes develop, we recommend testing with representative users when possible but
to also take advantage of simulations, including physical suits such as glasses that

Fig. 7. Food for Thought interface as seen by
a person with advanced vision loss from
glaucoma. Increased pressure in the eye causes
damage to the optic nerve, and peripheral
vision decreases.

Fig. 6. Food for Thought interface as seen by a
person with macular degeneration. This disorder
is caused by the deterioration the center of the
retina, which causes the center of the field of
view to be obscured.
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mimic vision problems, both for testing and to allow the designers themselves to
experience the game as their players might.

Second, there is a need for the development of a taxonomy of symptoms and
possibly their interactions paired with evidence-based ways of making serious games
more accessible. The taxonomy does not need to address specific diseases or condi-
tions, only their symptoms. In formulating the taxonomy, it will be important to include
frequently comorbid symptoms (i.e., expect all age-related changes to be in combi-
nation with some other symptom of disability). Though a preliminary list, we have
made several suggestions to address certain accessibility issues in serious games. More
research is needed to expand and test these suggestions. These changes should only be
considered if they do not interfere with the therapeutic nature of the game. For serious
games in particular, we must promote performance that makes the serious game
effective. This is an accessibility challenge beyond that faced by commercial games
designed for entertainment. Serious games may be less flexible in their accessibility
options to maintain the challenges required for effectiveness, but changes can still be
made. For example, a game that trains multi-tasking requires multi-tasking, but it could
have more easy levels early in training.

Last, though we recommend initial and rapid prototypes be tested with abled-users
using techniques such as simulation suits and glasses, there must be testing with older
adults and older adults aging with disability. It is time we codified and standardized
user testing and accessibility testing for serious games, as they leave the world of
research and become established therapies for older adults.
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Abstract. One of the common causes of falls is gait deficiency, and the first
aim of the study was to ascertain how specific gait parameters of elderly people
with gait and balance issues compare to those of the healthy elderly population.
Eleven ‘at risk’ elderly people were compared with eighteen healthy people.
The second aim was to explore the potential of using objective data to support

personalised exercise over a two year period to help prevent falls. The ‘at risk’
group attended a weekly balance class and were monitored regularly.
The results indicate that gait can be adapted by instruction and exercises.

Regular monitoring provided the participants with the incentive to continue with
the exercises. No participant fell during the monitoring period and all remained
active. These results indicate that it is possible to personalise exercises and provide
motivation using gait data and this could potentially reduce falls in the elderly.

Keywords: Mobility � Gait � Monitoring � Sensors � Elderly � Falls

1 Statement of the Objective and Significance of the Work

Mobility of the elderly relates directly to the number of falls, with one of the common
causes of falls in the elderly related to gait deficiencies [1]. Currently, gait is monitored
visually and hence provides no objective data which can be shared between groups,
either locally, nationally or internationally. Classic assessments of gait such as the Berg
Balance test [2], the Timed up and Go test [3] assess balance rather than gait and
provide scores for the different activities which are themselves subjective. Simple speed
tests, using distance and time measurements provide objective data for speed but do not
ascertain the corresponding gait parameters. Without gait data it is impossible to
identify the cause of the gait deficiency and hence objective advice on how to improve
cannot be provided. For example one person with a slow gait may have a knee
problem, another a problem with medial-lateral movement of the thigh and another an
ankle problem. Early stage Parkinson’s Disease, dementia and a stroke also affect a
person’s gait pattern. All of these conditions would reduce speed, yet their management
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would be entirely different. Hence it is essential to understand the underlying gait
parameters for each individual. To date studies have not specifically focused on gait
parameters or investigated any correlation between gait parameters that define angular
movement of the limbs and falls in the elderly.

The risk of falling increases with age and one in three adults over 65 falls each year
[4]. It is recognised that many of these falls relate to the individual’s health and are
preventable. However, falls can cause distress, pain, injury and most importantly loss in
confidence and after a fall nearly 50% have a fear of falling again. There are numerous
references that show correlation of falling with speed, including one where speed was
correlated with survival rate [5]. However, there are others that state speed is not age
dependent but medial-lateral movement is and it is this that affects the likeliness of
falling [6]. Unfortunately the cohort of subjects is not consistent between studies and
some studies are done overland and others on a treadmill, which introduces additional
variables. Another study found a correlation between quadriceps strength and gait
speed in older people [7]. All of these studies provide further support that there are a
wide variety of reasons why older people have problems with walking.

Gait parameters for healthy people of all ages have already been published [8] and
it was found that there was little change in gait with age up to 80 years old.

The aims of the study were twofold; (i) to ascertain how specific gait parameters of
elderly people with gait and balance issues compare to those of the healthy elderly
population, (ii) to explore the potential of using objective gait data to support per-
sonalised exercise over a two year period to help prevent falls. This was to be achieved
using a sensor based gait analysis system (GaitSmart, ETB, UK).

GaitSmart provides information on the orientation of each segment in the sagittal
and coronal plane and also the joint angle between two segments. Up to six sensors can
be used, mounted on the pelvis, thigh and tibia, often referred to as the calf. The system
has been used to monitor the rehabilitation phase of people recovering from hip and
knee replacement [9, 10] and to identify gait changes due to early stage knee osteo-
arthritis [11].

It was decided that for the purpose of this study, the range of motion (ROM) of the
knee and the symmetry between the left and right knee ROM would be analysed,
requiring just four sensors. This provides a good indication of stride length plus how
well the individual picks their feet up, reducing the risk of tripping. Older people may
reduce their thigh range of motion and this reduces their knee angle and stride length
[8, 12]. The symmetry indicates whether the individual is balanced. This minimises the
amount of data that the individual needs to understand so that they can act upon the
information.

2 Methods

Two groups were monitored using the sensor-based gait analysis system, and for both
groups the process of measuring gait was the same. Four elastic straps with pockets
were applied to each thigh and shank. Thigh straps were attached to a belt fitted around
the waist with a further Velcro strap. They were attached so as to lie approximately
10 cm above the knee joint/ lateral condyle of the femur. The shanks straps were
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applied around the widest part of the calf, rather than a set distance from the knee joint
as this varied with people of different heights with regards to calf musculature. Four
IMUs, which each contain three orthogonal gyroscopes and three orthogonal acceler-
ometers were inserted into the pockets in the elastic straps. The thigh IMUs were
orientated along an imaginary line from the greater trochanter to the lateral condyle of
the femur; tibia IMUs were orientated along an imaginary line drawn between the head
of the fibula and the lateral malleolus. All straps were applied over the participants’
clothing, as shown in Fig. 1.

Participants were asked to walk at their self-selected speed for 10 m along a
corridor unaided. Each person took no more than 5 min to test. At the end of the test the
sensors were removed and attached to the laptop to download and analyse the data.

The first group comprised eighteen healthy elderly people, mean age 70, range 62
to 83, were used to obtain reference gait parameters for healthy people of the older age
group. Participants were excluded if they had had previous surgery on their lower
limbs, had a neuromuscular condition that might affect gait (e.g. stroke, Parkinson’s
disease), had current back pain, were not able to walk 10 m without a walking aid, or if
they could not give informed consent. Ethical approval for the study was given by UCL
Research Ethics Committee, and all participants gave informed consent. These indi-
viduals were monitored once [8].

Fig. 1. Healthy older person with the straps and sensors attached
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The second group comprised eleven older people with walking and balance
problems who were monitored in the longitudinal study. These individuals attended a
balance class open to the public at a council run day centre. At the chosen centre the
class runs for 45 min and includes a range of gentle exercises done whilst sitting down.
All the attendees were provided with information of the study and all participants gave
informed consent. As the individuals joined at various times during the study, the
monitoring period varied between 8 to 130 weeks, with seven over 50 weeks.

The group included:

• Person who had suffered a stroke
• Person who had had a brain tumour
• Person with lower limb prosthesis
• Person with emphysema

The age ranged from 68 to 91 with the mean age of 78. The individuals were
monitored approximately every 10 weeks during this period.

For each individual their gait pattern was measured and a report produced at each
session and their medical data noted. From this a summary report was provided for
each individual, which identified how their knee angle and symmetry between left and
right differed from the healthy reference and from their previous tests. At the end of the
class anyone that was noticeably away from their previous values had further discus-
sions with the balance class teacher who then suggested specific exercises to address
the specific problem area. The aim was to help the individual maintain or even improve
their knee ROM and reduce their asymmetry by developing a personalised treatment
plan for the individuals. This was done with the balance class teacher and the indi-
vidual, referring to the knee angle gait data. Each individual was left for approximately
10 weeks to follow their personalised plan with weekly input from the balance class
teacher. At the next session their results were compared to their previous history and
their results added to their personal report.

Knee range of motion (ROM) provides a good indication as to how well the person
lifts their feet during walking. Asymmetry in the knee ROM indicates how stable they
are when walking.

3 Results

Knee ROM and knee asymmetry are plotted against age in Figs. 2a and b for the
healthy reference group.

Average knee ROM was 61° with a spread of 22°. Average asymmetry was 0.9%
with a spread of from -14% to 22%. Neither parameter was age dependent.

The balance class group were then compared to the healthy reference group and the
results summarised in Table 1. For the healthy group this is the average for the 18
subjects. For the balance class group it is the overall average of the eleven subjects,
where for each subject it is their average over time. The results show that the stride
duration is longer for the balance class group, the average knee ROM is lower and the
asymmetry greater.
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For the balance class group an example of the report that was provided to the
individuals is provided in Table 2. A hard copy was also provided, which many took
home to discuss with their family.

The lower limit data was 1 SD from the healthy elderly data, and the numbers were
highlighted in red if outside the lower limits.

The changes in knee flexion and asymmetry over time for the 11 participants are
shown in Fig. 3. Three of the individuals were consistently below the –2 SD level for
knee flexion, and could be considered as in a danger region, in that the low knee flexion
means that the foot is at risk of catching objects on the ground. Four people were
consistently above the –1 SD and the other four varied between normal and –2 SD.

One person that was below –2 SD for knee ROM had reduced muscle strength at
91 years old. He did however have a symmetric gait and maintained his walking for
nearly a year at a fairly constant level, see Fig. 4. He did this knowing he was in the
warning area and keeping up with the exercises suggested from the exercise teacher.

The second person in the danger zone was an 83 year old lady who had very weak
muscles. Again she was advised to try and keep moving as much as possible and she
did not deteriorate.

The third was a lady fitted with a prosthesis below the knee (subject 11). She was
aware that she needed to ensure that her gait did not deteriorate, and only once did knee
flexion go below 30°. This was a warning to her and she worked harder at the exercises.
The result was that two years after starting monitoring her gait was better than when
she started: 35° of knee flexion after 110 weeks compared to 30° at the start (see
Fig. 5).

Fig. 2. (a) Knee ROM for healthy group and (b) Knee asymmetry for the healthy group

Table 1. Mean and SD for healthy elderly and balance class group

Age Knee ROM Knee % asymmetry Stride duration

Balance class
Av ±SD 78.3±7.7 52. 6 ±12.7 –3.3±4.4 1.24±0.17
Healthy
Av ±SD 70.6±6.0 61.3±6.0 0.9±8.2 1.05±0.11

76 D. Hodgins and I. McCarthy



One person dropped in to the warning zone once in a 40 week period (subject 10).
This 76 year old lady stumbled after 6 weeks of monitoring and then had a fear of
falling. She continued to go to the balance classes but did not work hard at the
exercises, despite being advised of the problem getting worse from the balance class
teacher. A request was made for a special monitoring session and the results showed
the person in question that her gait had deteriorated significantly (week 38). She was
advised that at this age she needed to start using the muscles properly and do the

Fig. 3. (a) Average knee flexion over time (dotted lines show 1 and 2 SD from healthy ref)
(b) Asymmetry in knee flexion over time (dotted lines show ±1SD)

Table 2. Example report provided to the balance class attendee

Week
from
start

Walking
aid

Medical
condition

Stride
duration
(s)

Left
knee
ROM (º)

Right
knee
ROM (º)

Left/ right
Asymmetry
(%)

Lower
limit

healthy >1.2 55 55 (-8 to 9)

0 None Healthy 1.3 63 54 -15
10 None Healthy 1.1 61 57 -7
20 None Healthy 1.1 61 51 -17
28 None Healthy 1.1 65 57 -13
38 None Healthy 1.1 60 59 -2
43 None Healthy

but new
shoes

1.1 65 51 -24

52 None Healthy 1.1 64 56 -13
66 None Healthy 1.1 62 57 -8
76 None Healthy 1.1 63 58 -8
82 None Healthy 1.1 59 55 -7
88 None Slight

back
ache

1.1 61 52 -16

125 None Slight leg
aches

1.2 62 55 -12
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exercises, otherwise she was very likely to lose her mobility. This was enough to
stimulate her to exercise and the result was she returned to within the normal limits
within 6 weeks, as shown in Fig. 6. This positive result was clearly a result of objective
data being provided.

Fig. 4. Subject 1 (a) Knee ROM over time and (b) Asymmetry in knee flexion over time

Fig. 5. Subject 11 (a) Knee ROM over time and (b) Asymmetry in knee flexion over time

Fig. 6. Subject 10 (a) Knee ROM over time and (b) Asymmetry in knee flexion over time
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Regarding knee symmetry, the majority were close to the –1 SD value, and where
they were outside these limits, corrective action was taken by the individual to improve.
There was only one 80 year old lady that moved outside the limits on a few occasions
(subject 6). This lady had good knee ROM but had suffered a stroke that affected one
side. When she was advised that the asymmetry was getting worse she worked hard on
the required exercises to bring it back to normal. 120 weeks after starting the moni-
toring she was better than when she started, as shown in Fig. 7.

When considering the average values for each of the balance class attendees, shown
in Fig. 8 it can be seen that for the knee ROM three were above the average value for
healthy older people, three were above –1 SD, two were above –2 SD and three below
the –2SD. These three were the ones most at risk of falling.

When referring to the average knee asymmetry in Fig. 8 the majority were very
close to symmetric and only two of the eleven people were outside +/–1 SD, the worst
of whom was the lady who had suffered a stroke.

Fig. 7. Subject 6 (a) Knee ROM over time and (b) Asymmetry in knee flexion over time

Fig. 8. (a) Average knee ROM for balance class and (b) average knee asymmetry for balance
class
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4 Discussion of Results

The gait data for the healthy older subjects is knee ROM 61.3° (6°), knee symmetry of
0.9 % (8.2 %) and stride duration 1.05 s (0.11 s), with an average age of 70.6. For the
Balance Class group, the average knee ROM reduced to 52.6° (12.7°), significantly
below average for their age group. The knee asymmetry was –3.3 % (4.4 %) which is
within the 1SD of the healthy group. The stride duration was significantly slower at
1.24 s (0.17 s), which is typical for a person who has a trouble walking.

These results show that the eleven people who were monitored over the 130 week
period responded positively to instruction on exercises based on their gait data. This
resulted in their gait changing with time, bringing the individual back closer to the
normal range. None of the eleven participants exhibited a gradual deterioration with
time, there were no falls and all remained active. The regular monitoring provided them
with objective data that they and the Balance Class teacher could act upon. Each indi-
vidual had a different condition which changed with time and this meant that each needed
their own customised exercise regime. The gait data provided the teacher with additional
information regarding the severity of the condition and perhaps more important, a
starting point for the individual. Regular monitoring ensured that they maintained their
exercise regime and understood why it was necessary to do so. For one of the individuals
with a worsening gait, it was only once she understood the severity the problem through
the objective data that she responded and followed the guidance of the teacher.

5 Conclusions

All of the ‘at risk’ older people who attended the balance class responded well to
instruction on exercises from the teacher, which was based on the evidence from the
gait test. In all cases the gait parameters did not worsen over the two years and in many
cases it improved. All of the individuals remained active over the 130 week trial period.

Whilst this is only a small sample size it provides evidence that gait does not have
to deteriorate with age, even when the person suffers from a disability or illness that can
affect it. Acting on instructions from a professional in terms of suitable exercises
provided motivation to the individuals.

A larger study would need to be carried out to determine if this procedure was to be
adopted by geriatricians and other medical teams whether it would reduce the number
of falls.

Acknowledgements. Thanks go to Stella Hines, the Balance Class teacher and to the attendees,
who without them this study would not have been possible.
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Abstract. We developed and tested the Multifaceted Prospective Memory
Intervention (MPMI) to improve medication adherence among older adults
(≥ 65 years of age) who were prescribed at least one daily medication for the
control of high blood pressure. Blood pressure control is important because high
blood pressure is a leading cause of stroke, heart failure, retinopathy, renal
disease as well as pathology in other end organs including the brain. The MPMI
resulted in improvement from 57 % at baseline to 78 % adherence to the
inter-dose interval post intervention, but most of these gains were lost after 5
months. The control condition started at 68 %, was stable during the interven-
tion, but dropped to 62 % after 5 months of additional monitoring. The inter-
vention was successful, but the effects were not sustained. Continued
investigation to find ways to enhance self-management among older adults using
technology is needed in order to maintain health and function.

Keywords: Medication adherence � Aging

1 Introduction

Nonadherence is an important barrier to the treatment of hypertension [1–3]. Our
previous work [e.g., 4, 5] demonstrated strong initial, but not sustained, benefits on
adherence of the Multifaceted Prospective Memory Intervention (MPMI). We believe
that incorporating the MPMI strategies into mobile devices, such as smartphones or
tablets and/or incorporation of the strategies into web-based programs to reinforce the
strategies; will help people maintain the benefits of the intervention.

The control of hypertension among older adults is a significant problem. The
prevalence of hypertension in 2009-2010 was estimated at 66.7 % for people ≥ 60
years and 73 % for people ≥ 80 years of age [6]. The effects of poor blood pressure
control in older adults are devastating and associated with cerebrovascular disease,
coronary artery disease, aortic and peripheral arterial disease, and chronic kidney
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disease, and these chronic conditions affect quality of life [7]. Hypertension is the single
most important risk factor for stroke [8–10] and a primary risk factor for myocardial
infarction, heart failure, and end organ damage to the kidneys, retina, and brain [11–14].
Older individuals with a history of uncontrolled hypertension are at risk for cognitive
decline, and this further compromises the capacity to self-manage chronic illness [15].
Given the prevalence and deleterious outcomes of uncontrolled hypertension among
older adults, it is unfortunate that adherence to treatment is only 50 % [e.g., 1, 3].

We focused the medication adherence intervention on supporting the necessary cog-
nitive processes for remembering to take medications as prescribed. Prospective memory is
remembering to complete an intended action sometime in the future. Medication taking is a
prospective memory activity since the taking of medication is planned for some time in the
future and often, in the face of delays and distractions, it can be forgotten. There is good
evidence associating cognitive function and medication adherence [15, 16 for a review
see 17]. The most common reasons for nonadherence are cited as forgetfulness, changing
medication schedules or busy lifestyles [17]. Each of these reasons is potentially cognitive
in nature. Forgetfulness is failing to remember to take medications at the designated times,
changing schedules is likely to interfere with memory strategies that are based on routine
and on associated environmental cues in one’s routine context, and busy lifestyles con-
tribute to nonadherence by adding cognitive distractions that challenge limited working
memory capacity. Adherence may particularly depend on executive function and working
memory [15] because past research demonstrates only small effects of interventions that
address education [e.g., 18] or the design of medication instructions (and therefore patient
understanding) [see for example 19]. Therefore, adherence may be improved by inter-
ventions that target executive function and working memory. We used the following
model to create the MPMI and will use this model to augment the MPMI by using
technology with the goal of sustaining the effectiveness of the intervention strategies.

2 Model of Cognitive Factors in Self-Management Among
Older Adults

As shown, nonadherence to treatment increases the severity of hypertension leading to
declines in cognitive function [20, 21], and cognitive function is related to medication
adherence in real-world settings [15] and to poorer prospective memory performance in
laboratory settings on tasks that do not have easily identifiable external cues [22].

Severity of 
Hypertension

Age

Self-
Management: 
Medication 
Adherence

Working 
Memory 

and 
Executive 
Function

Blood
Pressure 
Control

Multifaceted Prospective 
Memory Intervention (MPMI)

sustained over time with 
technology

Nonadherence 
to Treatment
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Two conclusions from the prospective memory and aging literatures suggest that
strategies that target memory processes will be successful. First, there is remarkable
variability in age effects on laboratory tests of prospective memory, with some studies
showing minimal or no age differences [23, 24] and others showing striking age
differences [e.g., 25–27]. Second, there is evidence that normal aging has more pro-
nounced disruptive effects on cognitive functioning mediated by the frontal lobes (e.g.,
working memory and executive attention) [28–30] than it does on cognitive func-
tioning mediated by the medial temporal areas (e.g., relatively automatic associative
retrieval processes). Consistent with reviews of the aging and prospective memory
literature [24, 30, 31], the emerging pattern is that older adults show substantial deficits
when they rely on working memory and executive resources for prospective remem-
bering, but minimal deficits when they rely on mostly preserved and relatively auto-
matic associative retrieval processes. For example, age differences are robust on
prospective memory tasks that require strategic monitoring for the correct opportunity
to perform an intended action or when the retrieved action must be delayed (thus
placing a demand on working memory and attentional resources for keeping the
retrieved intention activated over the delay). In contrast, age differences are minimal
when there are good external or environmental cues that support relatively automatic
retrieval of the intended action (cues that have been associated with intended actions)
and when the action can be performed immediately [32]. Thus, the focus of technology
can be to encourage older adults’ use of environmentally supported associative retrieval
processes (thought to be relatively spared with age) in place of prospective memory
processes that heavily rely on working memory and executive resources (thought to be
compromised with age). Indeed, findings from our prior MPMI study suggest that older
adults who scored lower on a composite measure of working memory/executive
function benefitted more from the intervention, presumably because the intervention
allowed them to use associative retrieval more than executive control processes in order
to take their medications.

The intervention, supported by technology, needs to target all of the memory and
attentional processes thought to be critical for successful prospective memory perfor-
mance in everyday tasks such as medication taking [33, 34]. These include (1) forming
a good encoding of the intended action and the condition(s) that is appropriate for
initiating the action, (2) remembering the intention over the retention interval,
(3) retrieving the intention at the appropriate point in time, (4) inhibiting other ongoing
activities at the critical time and actually executing the action, and (5) monitoring
performance of the action so that the person remembers performing it (and therefore
does not repeat it). Failure at any one of these tasks could compromise medication
adherence. For example, a person may form only a general intention to take her or his
medication in the morning and may fail to think of it at the appropriate time. Or, that
person may retrieve the intention to take the medication at the right time but because of
distractions or interruptions at that time may fail to follow through and execute
the action. Or, after establishing a routine, the person may automatically take a dose
while deeply engaged in other thoughts and a few minutes later forget that he or she
had already taken the medication and take it again resulting in taking too much
medication.
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3 The MPMI Strategies

We used a variety of strategies to facilitate medication taking. The training protocol
for the interventionists included establishing a relationship and identifying individual
goals that involved active listening to promote collaboration in medication taking.
Using Leventhal’s Common-Sense Model of Self-Regulation [35], we sought com-
prehension of the patient’s illness representation. That is, what is the patient’s timeline
(chronic or acute), what is the patient’s view of the causes, controllability and con-
sequences of hypertension. If hypertension cannot be controlled because it is “God’s
will,” it is important to understand that this is the patient’s perspective. We also
examined how the individual talked about hypertension. What words were used to
label hypertension and its causes, controllability and consequences? We then
addressed beliefs through education and attention. Importantly, in the test of the
MPMI both control condition and intervention groups received education and atten-
tion, the later which was accomplished by equating time spent with the participant. We
then focused the intervention group on the strategies used for enhancing successful
prospective remembering to take medications as intended. We helped the participant
identify his/her routine, with the goal of taking medications at the same time and in the
same place. If they got up at 4:00 a.m., we discussed medication taking strategies
within the routine and honored that his/her day started at 4:00 a.m. We did not try to
change the routine. Then, we asked how can plans for medication taking be linked to
his/her routine? We asked that they use a diary to record when the routine changed and
why and if this explained missing doses of medications. We discussed external
strategies and worked with participants to place cues in the home environment that
would facilitate remembering. All of the strategies mentioned were covered in an
initial meeting with the participant. We also taught them to “do it now,” not to delay
taking medications when they thought of them because we explained even a short
delay of five seconds could lead to failure to take the medication as planned [36, 37].
We encouraged participants to elaborate the action of taking medications to make the
action more memorable and to convert a medication taking event that was scheduled
or time-based to a daily event, like eating breakfast or watching a particular television
program [38]. We had them use organizers to enhance monitoring that the medication
was taken as intended since habitual activities are repetitious and accurate completion
of the activity can be confused [39].

Technology used to support medication taking must be designed to sustain the
interaction with the intervention perhaps through ongoing coaching and/or by
continuing the strategies even after the nurse leaves the home or the patient leaves the
clinic. The technological support delivered by mobile devices or web based pro-
grams, would need, at minimum, to remind participants at the correct time and
request that they indicate that the medication was taken. Individuals need some
choice, for example, how reminders appear and how often they are reminded until
the action is completed. If technology can be used to continue the strategies in
the intervention, then theoretically the effects of the intervention can be sustained
over time.
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4 Technological Challenges

The tested in-home intervention, the MPMI, used several strategies [5]. Translation of
these strategies to a mobile application or other technological support system is going
to require creativity. Standard reminding devices are unlikely to result in the positive
benefit found with the tested intervention. Also, there are many reminding devices and
applications currently on the market, many of which are too complex for older and
younger users alike and have no empirical testing and hence, no evidence based
support. Older adults also represent a unique and evolving group in relationship to use
of technology. A recent study examining baby boomers’ adoption of health technol-
ogies found that baby boomers were similar to younger age groups in readiness to use
some technologies (websites, email, automated call centers, medical video confer-
encing and texting), but not others (smartphones, podcasts, kiosks, blogs and wikis)
[40]. There is increasing evidence that older adults want to remain independent and find
hope in the possibility of technology to allow them to do so [41]. Therefore, the
challenges of developing support for self-management are outweighed by the oppor-
tunities involved. As baby boomers move into older years, they will take with them
greater familiarity with technology and use of smartphones and tablets to improve
quality of life and maintain function. They are also more likely to seek health infor-
mation on the internet and could use internet based programs to reinforce learned
strategies. Translating efficacious interventions to technologically supported interven-
tions is challenging and presents opportunities for continued health and function in later
years.
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Abstract. As the Taiwanese society ages, the demand for cloud services is
rising, particularly among middle-aged and elderly patients, since it enables
people to live independently and access health care easily. Despite cloud ser-
vices great potential, there are gaps in our understanding of how patients
evaluate change related to the health cloud and why they resist it. In keeping
with the technology acceptance and status quo bias perspectives, this study
develops an integrated model to explain middle-aged and elderly patients’
intention to use and resistance to health cloud services. A field survey was
conducted in Taiwan to collect data from middle-aged and elderly patients. The
structural equation model was used to examine the data. The results showed that
patients’ resistance to use health cloud services was caused by sunk costs,
inertia, and transition costs. Attitude, subjective norm, and perceived behavior
control have positive and direct effects on behavioral intention to use. The
results also indicate a significant negative effect in the relationship between
middle-aged and elderly patients’ intention and resistance to using the health
cloud. Our research illustrates the importance of incorporating user resistance
into technology acceptance studies in general and health technology usage
studies in particular. There are grounds for a resistance model that can serve as
the starting point for future studies in this relatively unexplored, yet potentially
fertile, area of research.

Keywords: Health cloud � Middle-aged and elderly patients � User resistance �
Technology acceptance � Status quo bias

1 Introduction

Since 1995, the National Health Insurance program has been providing comprehensive
health-care coverage for the majority of Taiwan’s 23 million inhabitants. The majority
of patients tend to visit several hospitals throughout their lives, and “hospital shopping”
has become a relatively common occurrence in Taiwan. Furthermore, due to falling
birth rates and a longer average life expectancy, Taiwanese society is aging [1]. Thus,
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the accelerated growth of the middle-aged and elderly population makes health pro-
motion and disease prevention imperative for these citizens. Given this fact, the
Ministry of Health and Welfare intends to build a health platform by storing every
citizen’s health-care information in the health cloud. The health cloud program consists
of the following: (a) a medical cloud for sharing electronic medical records across
facilities in different hospitals; (b) a care cloud enabling wireless devices that allow for
the monitoring of a patient’s blood pressure, heart rate, and glucose level, among other
functions, and enable a patient’s health data to be transmitted between different loca-
tions; and (c) a wellness cloud that uses open data and cloud platforms to encourage
value-added service providers to develop various innovative applications, thereby
allowing people to obtain health-related information at any time to enhance self-health
management. In the future, it will be possible for patients to access these health cloud
services at home without the need for hospitalization, thereby reducing the cost and
emotional stress endured, and the effort invested, by middle-aged and elderly patients
and their families. The health cloud services are personalized and pervasive, making
them especially critical for middle-aged and elderly patients. Therefore, these patients’
acceptance of, and support for, the health cloud is particularly critical in Taiwan.
However, user resistance is unavoidable and may cause performance of the system to
be lower than expected. User resistance demonstrates asymmetric behaviors that are
typical of inhibitors because the presence of resistance hurts information system
(IS) usage; however, a lack of resistance does not necessarily enhance IS usage [2].
Thus, there is a need to investigate the critical factors that stimulate technology
acceptance and resistance and to examine the relationship between intention to use the
health cloud and resistance against using it. From a practical standpoint, understanding
why middle-aged and elderly patients resist and use the health cloud and how such
resistance is manifested in their subsequent behavior can help government agencies and
health-care administrators to devise appropriate intervention strategies for minimizing
patient resistance and any adverse effects on health-care policy. In keeping with the
technology acceptance and status quo bias perspectives, this study develops an inte-
grated model to explain middle-aged and elderly patients’ intention to use and resis-
tance against health cloud services.

2 Background

Despite the emerging interest in the field of medical informatics and studies that have
identified the application of the merits of the health cloud [3–7], only a limited
understanding of middle-aged and elderly patients’ behavior exists concerning the
health cloud. Thus, the problem may be rooted in the absence of a generalized theory of
user resistance and the lack of grounding within an established stream of research. In
the next section, we attempt to develop such a research framework while grounding it
in the literature related to IS acceptance and resistance.
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2.1 Technology Acceptance and Resistance

When an innovative technology is implemented, users may decide to adopt or resist it
based on their evaluation of the change associated with the new system [8]. In par-
ticular, health information technology (IT) has great potential to improve quality of
care and patient safety [9]; however, this benefit is not always realized because many
health IT efforts encounter difficulties or fail. Many of these failures and problems can
be traced back to user resistance [10]. Resistance is not quite equivalent to non-usage,
because non-usage may imply that potential adopters are simply unaware of a new
system or are still evaluating it prior to its adoption, while resistance implies that the
new system has been considered and rejected by these users [11]. Resistance is often
marked by open hostility toward the change agents or covert behaviors to stall or
undermine change, while non-usage does not generally engender such outcomes.
Accordingly, this study defines user resistance as the opposition of users to the change
associated with the implementation of a new technology. However, technology
acceptance and resistance must be examined jointly within a common theoretical model
because user resistance is clearly a barrier to IS usage [2]. Thus, health IT leaders and
administrative leaders face the problem of how to address user resistance.

2.2 Theory of Planned Behavior

Among social cognition theories, the theory of reasoned action (TRA) [12] and the
theory of planned behavior (TPB) [13] have been tested across a variety of populations,
behaviors, and contexts. The TRA suggests that a person’s behavior is determined by
his or her intention to perform the behavior and that this intention is consequently a
function of the person’s attitude and his or her subjective norm toward that behavior
[12]. Although the TRA has been evaluated and supported in numerous contexts, it
offers a weak explanation of the essence of behavior. Ajzen [13] asserted that the TPB
eliminated the TRA’s limitations regarding managing behavior over which people have
incomplete volitional control. Ajzen [13] showed that attitude and subjective norm
determine a person’s intention to use, and he further proposed that the person’s per-
ceived behavioral control (PBC) reflects the degree to which he or she feels that
successfully engaging in that behavior is completely under his or her control.
Behavioral intention (BI) measures the strength of a person’s willingness to exert effort
when performing certain behavioral activities. Attitude (A) explains the assessment of a
favorable behavior for the person, which directly influences the strength of that
behavior, as well as the beliefs regarding the anticipated outcome. Subjective norm
(SN) expresses the perceived social pressure of a person who intends to perform a
behavior, and it is related to normative beliefs regarding the expectations of other
people. PBC is composed of human beliefs concerning capability and the controlla-
bility of performing the behavior. There are several examples of using the TPB to
explain patients’ behavior, and a number of studies have applied the TPB to guideline
implementations [14–16]. TPB has focused on users’ enabling perceptions related to IS
usage [2]. Thus, we propose that middle-aged and elderly patients’ intention to use a
new IS, such as the health cloud, is based on three enablers of IS usage: their attitude,
SN, and PBC of IS usage.
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2.3 The Status Quo Bias Theory

Status quo bias (SQB) theory aims to explain people’s preference for maintaining their
current status or situation [17]. Thus, SQB theory provides a set of useful theoretical
explanations for understanding the impact of incumbent system use as an inhibitor of
new system acceptance [18]. Samuelson and Zeckhauser [17] separated SQB expla-
nations into three main categories: (a) psychological commitment stemming from
misperceived value costs, (b) cognitive misperceptions in the presence of inertia, and
(c) rational decision making in the presence of transition costs. The first SQB expla-
nation is based on psychological commitment. Psychological commitment may be due
to incorrectly factoring in sunk costs, striving for cognitive consistency in decision
making, attempting to maintain one’s social position, attempting to avoid regret that
might result from making a bad decision, and desiring to maintain a feeling of being in
control [18, 19]. SQB may also be the result of cognitive misperceptions due to inertia.
Polites and Kankanhalli [19] defined inertia in an IS context as user attachment to, and
persistence in using, an incumbent IS even if there are better alternatives or incentives
to change. Thus, an individual’s inertia contributes to cognitive misperceptions of loss
aversion. From the rational decision-making viewpoint, transition costs are the costs
incurred in adapting to the new situation. In the IS context, the SQB theory is relevant
because it can provide theoretically driven explanations of new IS-related change
evaluation and the reasons for user resistance. Thus, the SQB perspective provides a set
of useful theoretical explanations for understanding the impact of maintaining their
current status as inhibitors (e.g., sunk costs, inertia, and transition costs).

3 Research Model

Based on the preceding discussion, we propose that middle-aged and elderly patients’
intention to use the health cloud is based on two opposing forces: enabling and
inhibiting perceptions. In regard to enabling perceptions, we propose that patients’
intention to use the health cloud is based on the traditional enablers of IS usage: their
attitude, SN, and PBC of IS usage [13]. In regard to the inhibiting perceptions, in
keeping with the SQB perspective, we extended the causes of user resistance to include
sunk costs, inertia, and transition costs into three inhibitors to improve their explana-
tory power and arrive at a more precise understanding of user resistance antecedents.
Similar to e-commerce, the health cloud is a platform for delivering services, and
activities are performed online and processed virtually. Personal contact is absent and
can raise doubts as to whether the requested information exchanges were correctly
processed. Thus, the introduction of the health cloud often engenders significant
changes in a patient’s existing health-care process. If such change is of a sufficiently
significant magnitude, given the natural human proclivity to oppose change, many
middle-aged and elderly patients will tend to resist the health cloud, resulting in lower
intention to use. Thus, we also examine the relationship between intention to use and
resistance to use. Figure 1 is a diagram of the proposed research model, which details
the various dimensions and the development of the theoretical arguments.
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Norzaidi et al. [20] proposed an examination of the relationship between user
resistance and usage. When usage is mandatory, the patients who initially refused to
use the health cloud may finally do so because they have no alternative way to
accomplish their health-care tasks. Moreover, there are circumstances in which patients
may use the system voluntarily, but they will stop using it after a while. Another factor
that is likely to cause user resistance to the health cloud is a prior negative experience.
Previous studies have provided support for the negative effect of resistance on IS usage
[11, 21]. Thus, we suggest the following hypotheses:

H1. Middle-aged and elderly patients’ resistance to use is negatively related to their
intention to use the health cloud.

H2. Middle-aged and elderly patients’ intention to use is negatively related to their
resistance to use the health cloud.

According to the TPB model, attitude influences behavioral intentions, and this
relationship has received substantial empirical support [13]. People who form
positive attitudes toward the health cloud have a stronger intention to adopt it;
therefore, they are more likely to employ it. Prior studies on users’ acceptance of
health IT have also supported the attitude–BI correlation [22, 23]. Thus, we propose
the following hypothesis on the relationship between attitude and intention to use:

H3. Attitude is positively related to the intention to use the health cloud.

SN is the extent to which a person feels that other people want him or her to
perform a behavior [13]. The more people perceive that others think that they
should engage in a behavior, the greater their motivation to comply. Prior studies

Fig. 1. Research framework
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have shown that the SN perceived by a person has a substantial effect on his or her
BI [22, 23]. Therefore, we propose the following hypothesis:

H4. SN is positively related to the intention to use the health cloud.

PBC describes a person’s perceptions of the availability of knowledge, resources,
and the opportunities necessary for using an IS [13]. A person has a higher level of
PBC if he or she has adequate access to resources that facilitate a specific behavior;
thus, PBC has a positive influence on that person’s BI. Accordingly, a patient has a
greater intention to use the health cloud if he or she possesses adequate resources.
Accordingly, we propose the following hypothesis:

H5. PBC is positively related to the intention to use the health cloud.

According to the SQB perspective, sunk costs may lead to resistance to use because
users do not want to forgo their past investment in the status quo [18]. The greater
the investment in the status quo alternative, the more strongly it will be retained
[17]. Thus, we suggest the following hypothesis:

H6. Sunk costs have a positive effect on resistance to use.

Users persist in using an incumbent system either because this is what they have
always done or because it may be too stressful or emotionally taxing to change [19].
Therefore, we suggest the following hypothesis:

H7. Inertia has a positive effect on resistance to use.

As the transient expenses and permanent losses increase, users are more likely to be
resistant to the implementation of the new technology because they are motivated to
cut their losses [24]. Hence, we propose the following hypothesis:

H8. Transition costs have a positive effect on resistance to use.

4 Research Method

4.1 Questionnaire Development

The construct measures shown in Fig. 1 were all adopted from previous studies and
were rated using a 7-point Likert scale; the anchors ranged from “strongly agree” to
“strongly disagree.” Although previous studies have validated the questionnaire items,
we conducted pretests by requesting several health-care professionals and information
management professors to evaluate each item. To ensure validity and reliability, we
conducted a pilot test with a sample that was representative of the actual respondents.
We conducted structural equation modeling using partial least squares (PLS) estima-
tions for the data analysis because the PLS method requires a minimal sample size and
has few residual distribution requirements for model validation [25].
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4.2 Sample and Data Collection

The target participants were middle-aged and elderly patients in Taiwan. Three medical
institutions were successfully contacted to secure their collaboration. A total of 150
questionnaires were distributed through an administrator of the hospital, and 110
questionnaires were returned. We collected questionnaires from one medical center,
one regional hospital, and one local hospital; after discarding five incomplete ques-
tionnaires, 105 were available for analysis. We assessed nonresponse bias by com-
paring early and late respondents (e.g., those who replied during the first three days and
the last three days). We found no significant difference between the two respondent
groups based on the sample attributes (e.g., gender and age).

5 Research Results

The resulting 105 valid questionnaires constituted a response rate of 70 %. The
majority of the questionnaire respondents were men (57 %) between the ages of 51 and
60 years (60 %). We tested the reliability and validity of the proposed model. Reli-
ability was assessed based on a construct reliability greater than 0.8 [26]. Convergent
validity was assessed based on the following three criteria: (a) item loading greater than
0.7 and statistically significant, (b) composite construct reliability (CR) greater than
0.80, and (c) average variance extracted (AVE) greater than 0.5 [27]. The discriminant
validity between the constructs was assessed based on the criterion that the square root
of the AVE for each construct should be greater than the corresponding correlations
with all other constructs [26]. In this study, the construct reliabilities are all greater than
0.9. For the convergent validity, the item loadings are all greater than 0.7, and the
AVEs range from 0.77 to 0.97. For the discriminant validity, the square root of the
AVE for a construct is greater than its corresponding correlations with other constructs.
Table 1 shows the descriptive statistics of the principal constructs and the correlation

Table 1. Reliability and validity of the scale

Construct Item
loading

CR AVE Correlation
AT SN PBC SC IN TC IU RU

AT .78– .94 .94 .81 .90
SN .85– .90 .90 .77 .20 .88
PBC .87– .96 .96 .85 .45 .14 .92
SC .94– .97 .96 .92 −.07 −.07 .09 .96
IN .86– .94 .94 .83 −.37 −.07 −.03 .54 .89
TC .84– .91 .92 .78 −.29 −.13 −.04 .10 .24 .88
IU .98– .99 .99 .97 .55 .30 .09 −.21 −.60 −.45 .98
RU .95– .97 .98 .93 −.51 −.07 −.22 .22 .48 .54 −.65 .96

Note: Leading diagonal shows the square root of AVE of each construct
Attitude (AT), Subjective norm (SN), Perceived behavior control (PBC), Sunk
costs (SC), Inertia (IN), Transition costs (TC), Intention to use (IU), and Resistance
to use (RU)
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matrix, respectively. These results indicate acceptable reliability, convergent validity,
and discriminant validity.

The testing results in the structural model are indicated in Fig. 2. In general, the
statistical testing conclusions all support this research model. Intention to use in this
study was jointly predicted by attitude (β = 0.214, standardized path coefficient,
p < 0.001), SN (β = 0.205, p < 0.001), PBC (β = 0.106, p < 0.001), and resistance to
use (β = -0.34, p < 0.001), and these variables together explained 54 % of the variance
of intention to use. As a result, hypotheses 1, 3, 4, and 5 were all supported. In this
study, resistance to using the health cloud was predicted by sunk costs (β = 0.128,
p < 0.001), inertia (β = 0.573, p < 0.001), transfer costs (β = 0.411, p < 0.001), and
intention to use (β = -0.51, p < 0.001). Together, these variables explained 53.8 % of
the total variance. These findings validated hypotheses 2, 6, 7, and, 8 respectively.

6 Discussion

In this empirical study, we analyzed middle-aged and elderly patients’ acceptance of and
resistance to the health cloud. First, we analyzed the relationship between the three
enablers (attitude, SN, and PBC) and intention to use. Second, we analyzed the three
inhibitors (sunk costs, inertia, and transition costs) and resistance to use. Third, we
analyzed the relationship between intention to use and resistance to use health cloud
services. In the proposed models, the explained variance (R2 = 0.54) appeared to be
superior to the results of prior studies [1, 28] in explaining user intention or resistance to
use the health IT. This implies that the proposed model could be a robust research model
for predicting middle-aged and elderly patients’ intention to use similar health IT.

Fig. 2. Results of the structural model
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Our study confirmed that the relationship between intention to use and resistance to
use had a significant negative effect. This result coincided with the findings of previous
studies on health IT adoption [11, 21]. As such, higher resistance will reduce
middle-aged and elderly patients’ intention to use the health cloud. Among the enablers
under study, attitude is the most influential regarding the decision to use the health
cloud. This implies that middle-aged and elderly patients’ intention to accept the health
cloud was directly influenced by their attitude toward using it. These findings are in
accordance with the results of previous research [29, 30]. In other words, the effects of
these enablers were significant in explaining middle-aged and elderly patients’
acceptance behavior, which is in keeping with the work of Ajzen [13] (1985), who
maintained that the relative importance of attitude, SN, and PBC in predicting usage
intention varies across behaviors and situations.

Among the inhibitors under analysis, our study confirmed that middle-aged and
elderly patients’ resistance to use was caused by sunk costs, inertia, and transition
costs. Inertia has a direct positive effect on user resistance to health care, meaning that
higher inertia results in higher resistance to using the health cloud. This result coincided
with the findings of previous studies on IS adoption [19]. In the absence of inertia, it is
possible that a habitual patient of an incumbent system may readily recognize the
advantages of switching to the health cloud and may form genuine intentions to do so.
High perceptions of sunk costs have a direct positive effect on user resistance to health
care, meaning that higher sunk costs lead to user resistance because people do not want
to forgo their past investment in the traditional (face-to-face) health-care services. One
possibility is that patients had either a formal or abstract awareness of the sunk cost
effect, and once alerted to the past investment of resources, they consciously or sub-
consciously attempted to circumvent this bias and make a treatment decision based
solely on the available clinical evidence. Further, perceived transition costs increase
patients’ resistance to using the health cloud. These findings are in accordance with
previous findings [18]. This rationalization of the costs of transition from the incum-
bent system can, even in the absence of a known alternative, lead to resistance. Thus,
the SQB perspective represents a comprehensive set of theoretical explanations that
account for status quo bias, and these explanations are present in a health-care context.

This study has several implications for, and makes numerous contributions to, other
research. A primary contribution is that technology acceptance and resistance theories
are combined to examine how users assess overall change related to a new health IT.
By making use of TPB to integrate and add to relevant concepts from SQB theory, the
study contributes by operationalizing and testing the developed model through a survey
methodology, which has little precedence in the user resistance literature. Hence, we
provide theoretical insights for researchers that may assist in encouraging middle-aged
and elderly patients to use a new health IT. Second, enablers and inhibitors have not
been clearly defined or measured in prior research. Thus, we contribute to both IS
research and the dual factor theoretical perspective by explicitly conceptualizing and
measuring individual-level enablers and inhibitors. Our study confirms that attitude,
SN, and PBC are critical factors for facilitating intention to use the system. While the
role of inhibitors (e.g., sunk costs, inertia, and transition costs) is important, the driving
forces would have a positive effect on the middle-aged and elderly patients’ resistance
to using the health cloud. This finding could interest and encourage researchers who are
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developing an IS acceptance and resistance model. Future research should aim to
identify additional incumbent system constructs and theorize on the interplay between
incumbent system and new system cognition and behaviors. This study has a third key
theoretical implication in terms of SQB theory. This theory was developed for planning
bias toward maintaining the status quo in human decision making and behavior. Since
then, it has been applied to explain human decision making in the IS field [18, 19]. As
an extension of previous research, this study has demonstrated how SQB theory can be
applied in health IT research to explain middle-aged and elderly patients’ resistance to
new health IT-related change. Thus, this reliable and valid instrument provides an
effective tool for researchers to measure user behavior, as well as to explain, justify,
and compare the differences in study results.

The results of this study offer suggestions to management regarding how to alle-
viate user resistance in health cloud implementation. First, the results of the study show
that attitude, SN, and PBC have a significant influence on usage intention. Thus, the
health cloud should be designed in a more user-friendly manner that is consistent with
current needs. Middle-aged and elderly patients who are able to use the health cloud
with ease, as well those who can retrieve health-care data, are more likely to develop a
positive attitude toward the system, thereby encouraging them to use the health cloud.
Hospital managers should focus more on the following: (a) creating an environment
that ensures middle-aged and elderly patients have a positive attitude toward the sys-
tem; and (b) developing a system that meets the subjective norms of patients, and; and
(c) providing adequate resources for patients who use the health cloud. Second,
management should be aware of the critical effect of inhibitors on user resistance.
Management can attempt to reduce sunk costs, inertia, and transition costs by
enhancing middle-aged and elderly patients’ favorable opinions toward new IS-related
change. Third, management should aim to increase the perceived value of change to
reduce middle-aged and elderly patients’ resistance. To increase the perceived value of
using the health cloud, the advantages should be emphasized from the viewpoints of
middle-aged and elderly patients. The benefits, therefore, need to be communicated
clearly to middle-aged and elderly patients before the health cloud implementation.
Furthermore, most health IT designs tend to focus on system considerations, such as
new functionalities and connectivity, rather than on user considerations, such as the
system’s impact on users’ health-care behaviors and potential user resistance. A better
understanding of users’ resistance to health IT may help design better systems that are
both functionally good and acceptable to their targeted user populations.

The limitations of our findings should be acknowledged. The first limitation is our
choice of constructs, which was based on prior literature and our own observation of the
behavior of middle-aged and elderly patients at our study site. There may be other
enablers or inhibitors of health cloud usage that were not included in this study and that
can be the subject of future research. Further, there may be additional predictors of
resistance, beyond sunk costs, inertia, and transition costs, that should be examined in
future research. The identification and validation of such constructs will also help advance
our preliminary model of health cloud resistance. Second, the relevance of this study is
confined to the health cloud behavior of a specific population: middle-aged and elderly
patients. The findings and implications drawn from this study cannot be readily gen-
eralized to other groups, such as medical personnel. A study targeting medical personnel,
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whomight have varying information needs and different levels of computing support and
abilities, could obtain different results. Future research should focus on accumulating
further empirical evidence and data to overcome the limitations of this study.
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Abstract. Physical activity is recognized as one of the most effective measures
to reduce risk of injury and to improve the quality of life in elderly. Many of the
elderly however lack the motivation, confidence and skills to engage in regular
exercise activity. One of the promising approaches is semi-automated coaching
that combines exercise monitoring and interaction with a health coach. To gain a
better understanding of the needs and challenges faced by the elderly when
using such systems, we developed Kinect-based interactive exercise system to
encourage healthy behavior and increase motivation to exercise. We present the
multi-disciplinary design process and evaluation of the developed system in a
home environment where various real-world challenges had to be overcome.

Keywords: Gerontechnology � Interactive exercise � Kinect � Health coaching

1 Introduction

Growing ageing population in the United States is having significant implications on
the current healthcare system as the elderly face neurodegenerative conditions which
may reduce the level of independence and increase the risk of falls and injury. There are
currently almost 40 million persons aged 65 years or older living in the US, while the
number is expected to increase to 72.1 million by 2030 [1]. By improving the quality of
independent living through increased physical activity these challenges can be partially
mitigated [2]. Many elderly, however, lack access to exercise facilities, or the skills and
motivation to perform exercise at home.

To improve the health behavior and to overcome the lack of motivation in the
general population, various forms of computer-assisted coaching and “gamification” of
activity monitoring have been investigated; initially in the academic space and later on,
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with the introduction of affordable motion sensing, also in the commercial space. The
success of interactive exercise products, as pointed out by Sinclair et al. [3], by and
large depends on two interrelated dimensions: (1) effectiveness, which relates to
achieving exercise goals, and (2) attractiveness, which refers to the level of engage-
ment for the user to retain required duration and level of exercise. Many of the com-
mercial products have focused on the attractiveness aspect, while the academic field has
tried to examine the effectiveness of these technologies in exercise training and reha-
bilitation. Many of the commercially available systems, however, are targeting different
demographics, such as younger users, and are as such less applicable for most older
adults as they do not offer appropriate type and level of exercise and fail to provide
appropriate safety considerations. Furthermore, the feedback provided by such systems
may be overly-engaging. In addition, the interaction modality may entail of complex
user interfaces, which may not be easy to use for elderly with reduced sensory and
cognitive functions [4]. Although several interactive systems for exercise in elderly
have been presented in research (e.g., [5, 6] ), majority of the works focused on
short-term and controlled in-laboratory evaluations. A comprehensive review of the
research literature on interactive exercise in older adults can be found in [7, 8].

2 Background

The goal of this research was to develop an interactive exercise coaching system for
elderly that would be integrated with the semi-automated coaching framework at the
Oregon Center for Aging & Technology (ORCATECH) Living Lab,1 which is focused
on exploring technologies to support independent living of elderly. The coaching
platform comprises of unobtrusive sensing of participant’s behaviors in combination
with artificial intelligence tools that aid the coach to send individualized messages to
the participants [9]. Originally, the participants were encouraged to exercise alongside
YouTube videos, however the system was not able to track individual’s exercise habits
or provide feedback on the performance that could be used to close the loop of the
health-coaching support. To achieve the interactive component for the health coaching,
we considered several different solutions, including wearable devices and 2D cameras.
After the release of Kinect for Xbox 360 (Microsoft, Redmond, WA) and accompa-
nying Kinect SDK, we decided to use the Kinect as it offered unobtrusive, low-cost and
relatively reliable way of measuring human motion kinematics. Although several
commercial applications for exercise have been developed to date, one of the chal-
lenges is how this technology can be introduced in homes of elderly.

3 Methods

3.1 Design Process

The design of the Kinect-based exercise system architecture followed participatory
design concepts by engaging the computer scientists and researchers with the health

1 http://www.orcatech.org.
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coaches and caregivers during the interactive software development process over the
last three years. We also took into account user feedback at several stages of the
project. The interactions among the members of the team included the following:

• Identifying the requirements and objectives of the architecture;
• Researching the needs and expectations of the targeted population;
• Defining basic functionality of the exercise system;
• Determining what data should be collected by the system;
• Determining accuracy of the Kinect measurements;
• Determining the conditions for home deployment;
• Defining general user interaction flow with the system;
• Selecting exercises appropriate for elderly users and the Kinect;
• Recording exercise videos and defining movement features related to exercises;
• Testing and modifying the prototype system at several stages;
• Collecting and integrating user feedback;
• Resolving various technical issues related to the deployment and maintenance;
• Running in-home pilot studies with health-coaching support;
• Discussing and evaluating various forms of data analysis.

We have approached the goals of this project in two stages. Our first prototype
deployment was primarily focused on understanding better the user needs and technical
challenges related to the exercise monitoring, user interfaces, and the use of Kinect
technology in homes of elderly users. We therefore installed the prototype exercise
system with 12 basic exercises into the homes of six independently-living elderly
individuals for an informal evaluation study. The system and results are described in
details in our prior publication [10]. The lessons learned from this study were then used
to make considerable improvements to the exercise system and evaluate it in an
18-week long deployment in 7 homes of elderly users. In this paper, we thus focus on
the second stage of the design and evaluation. For completeness, we briefly describe
some of the findings from the first stage of the project while further details can be found
in our referred publications [10, 11].

3.2 Design Objectives

The primary goal of this research was to integrate an automated exercise coaching with
semi-automated health coaching of elderly in order to improve their fitness level in
terms of standard measures of fitness, such as flexibility, strength, balance, and
endurance [12]. Table 1 summarizes the design objectives for the development of the
exercise system and provides brief overview of identified issues from Phase 1
(described in [10] ) and how they were addressed in Phase 2.

3.3 Implementation

In this section we describe the design, implementation, and setup of the Kinect-based
exercise system. For completeness we briefly refer to some of the findings and lessons
learned from Phase 1 while providing more details on the final version of the system
used in the last pilot study.
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Software. The exercise software was implemented in C++ with support from open
source 3D library Ogre (ogre3d.org) for graphics, MyGUI (mygui.info) for UI,
Microsoft Kinect SDK for data acquisition, and MySQL for database management.

Table 1. Design objectives for the Kinect-based exercise coaching system

Objective Phase 1 [10] Identified issues Phase 2

Unobtrusive,
low-maintenance, and
low-cost sensor

Microsoft
Kinect 1

Space required
for the camera

Microsoft Kinect 1;
camera installed in
living room

Standalone, turn-key system,
minimum maintenance

All-in-one
computer

Large footprint;
complex
interaction

Small footprint PC
connected to TV

Age-appropriate UI Basic UI Information
clutter; difficult
to see text on
buttons

UI design based on
recommendations
for elderly users

Easy interaction with UI Wireless
mouse &
keyboard

Difficult to use at
large distance

Use of wireless
PowerPoint remote

Ability to record interaction
with UI

None Need to
understand
interaction
issues

Timings of screens
interactions

Inclusion of age-appropriate
exercises

12 exercises Users desired
more exercises
for variety

40 + exercises

Exercises grouping based on
fitness level

None Some find
existing
exercises too
easy

3 groups with up to 3
difficulty levels

Ability to record raw
kinematic measurements

Yes None Yes

Real-time in-exercise
feedback to encourage and
correct users’ performance

Video
feedback,
audio &
text cues

Users could not
see what Kinect
was recording

Video feedback, 3D
Kinect feedback,
audio & text cues

Summary of exercises to
inform users of their
overall performance

Performance
measures

Difficult to
understand the
meaning

Repetition counts,
summary statistics

Collection of
subject-reported data on
health status

None Collected only
during phone
contact with the
coach

Integration of pre-
and post-exercise
survey

Integration of the system
with the health-coaching

None Health coach did
not have access
to data

Health coaching
database
integration
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Kinect System. Our exercise system is based on Microsoft Kinect camera [13] which
was originally developed for the gaming console Xbox 360. The Kinect is a
depth-sensing system (combining RGB and infrared cameras) that provides 3D
reconstruction of the scene and segmentation of human blobs with real-time estimation
of the 3D location of 20 joints. The accuracy of the pose reconstruction depends on
various factors including orientation of the body, self-occlusions, interference with
other objects, etc. During the planning stages, we examined the accuracy of the Kinect
tracking alongside a motion capture system to identify the exercises where the tracking
was robust and to determine the accuracy of joint estimation [11]. One of the chal-
lenges of using the Kinect camera was its limited field of view which requires users to
be positioned between 1.8 m and 4 m. This can be particular challenging in smaller and
cluttered homes. In addition, the pose estimation becomes less reliable when users are
seated or turned sideways. These limitations posed several constraints on the system
setup and exercise selection.

Movement Analysis. The real-time movement analysis during the exercise was per-
formed by first extracting measurement primitives from the skeletal data, such as joint
angles, relative angles to the vertical/horizontal plane, distances, absolute positions, etc.
These features were chosen manually based on the goals of specific exercise. The goals
were defined in consultation with the health coach. The selected measurement primi-
tives were then used to evaluate the performance of the exercise (e.g. how high person
can reach), to support repetition counting, and to trigger feedback alerts. More details
on the implementation can be found in [10].

Feedback and Visualization. During the development and testing phase, we examined
different options on how to provide effective feedback during exercise. The possible
feedback modalities included video, skeletal data, 3D graphics, 2D overlays, textual
messages, and auditory feedback. During initial in-laboratory testing, we examined
three different options as shown in Fig. 1. Informal usability assessment with coaches
and several elderly users suggested a preference for full-screen video mode (Fig. 1a)
which was further refined as shown in Fig. 2 (left). After the first pilot study [10], the
feedback collected from six users indicated that although the participants liked the
video guidance they were confused about what the camera sees and they were not
always able to relate their movement to the movement of the coach. Therefore, we
decided to include a mirrored human figure as captured by the Kinect depth sensor next

Fig. 1. Different in-exercise feedback options that were considered in early design stages.
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to the video of the coach as shown in Fig. 2 (right). This element provided more
intuitive way for a subject to relate their movement to the exercise performance.
Additionally, we replaced all the videos with high definition recordings of the coach
that were integrated into the 3D environment for more attractive overall appearance.

The visual feedback in the exercise software also included several informational
elements that were displayed as 2D overlaid graphics and text. In the first version, we
included performance bars which indicated how well the user is performing a par-
ticular exercise based on the measurement primitives. The users, however, found the
performance bars difficult to understand and map to their own movements. In the
second version, we instead decided to report the performance in terms of the number of
accomplished repetitions. The current repetition count was indicated by a large
numerical counter and corresponding number of yellow stars on the bottom of the
screen. When the user first started the exercise, gray stars were shown while their
number corresponded to the number of repetitions of the previous session. This
information was intended to encourage the user to try to reach or exceed previous
performance. The number of yellow stars increased as user performed more repetitions.

The feedback also included auditory and textual messages triggered by the per-
formance evaluation. For example, if the subject were to sit tall in a particular exercise,
the system would trigger an alert whenever the user started slouching. In the first
version of the system, the messages were shown under the performance bar measure
(Fig. 2, left). In the second version, we tried to reduce the clutter on the screen and
created a separate messaging panel to display feedback messages (Fig. 2, right). In
addition to the corrective messages, the system also included several general encour-
aging messages (e.g., “Good job!”, “Keep up the good work!”) and exercise-specific
messages that would remind the users for correct performance (e.g. in Leg Lifts
exercise: “Kick one foot up, then the other.”). These messages were displayed ran-
domly. The main exercise screen also included a countdown clock with a graphical
display and a numerical counter. As opposed to the first version, where the exercise
would finish after completing 10 repetitions, we limited the exercise duration to 45 s as
recommended by the health coach.

User Interface (UI) and Navigation. Since the initial pilot study was primarily
focused on testing the feasibility of collecting exercise data at home, the user interface

Fig. 2. Comparison of the in-exercise feedback screen between the initial [10] and the final
version of the exercise software.
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was relatively simple. Although we considered several different modalities to control
the software (e.g., speech, gestures, presenter remote), we decided to use a wireless
mouse and keyboard since the participants were familiar with these devices. In general
the users found the software to be easy to use, however some participants reported that
they were not able to read the text on the screen from the distance and had difficulty
controlling the application in Windows environment.

Our focus in the second phase was to improve the user experience, especially since
the system was intended to be used over a much longer time period. As recommended
by guidelines for design of software for elderly users [4], we implemented the fol-
lowing improvements to the original interface:

• Large fonts for text messages and button labels;
• Familiar icons on buttons (e.g., video controls used icons similar to VCR);
• Consistent positioning of buttons with similar functions;
• Simple graphical elements;
• Color scheme with good contrast;
• Improved text-to speech (offered by the new Windows 8 platform);
• Minimal textual information on each screen;
• Overall reduction of screen clutter; information organized into display panels;
• Linear screen interaction flow;

Figure 3 shows several example screenshots from the updated software with the
following interaction flow. From the main screen (Fig. 3a), the user is able to view help
and safety videos, start a new session or complete unfinished session. Next, the user is
presented with a survey offive questions about their general health and goals for the day
(Fig. 3b). The user is able to skip a specific question if they prefer not to answer it. On
the exercise selection screen users can select between three different exercise groups
with various difficulty levels (Fig. 3c). Once the exercise group and level are selected,
the user is prompted to perform optional warm-up which includes only the video
playback of the coach without any feedback on the performance. Next, depending on
selected preference, the full instructional video on benefits of the exercise or a short
10-second preview is displayed (Fig. 3d). Afterwards, the user performs the exercise for

Fig. 3. Software interaction flow: (a) home screen, (b) daily survey, (c) exercise selection,
(d) exercise preview/instructions, (e) in-exercise feedback, (f) session summary.
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45 s with the real-time feedback and accompanying video (Fig. 3e). At any time, the user
can review instructions, skip to the next exercise, or exit the session. Once the exercise is
completed, a bar chart showing current and past repetition counts is displayed. After
completing all the exercises, the session summary screen is shown, displaying the
summary statistics of the particular exercise session compared to the past performance
(Fig. 3f). Demo video can be viewed at: http://tinyurl.com/KinectExercise.

To simplify the navigation, we implemented support for a 3-button wireless
PowerPoint remote with large buttons (Kensington, K72441AM). Two buttons on the
remote were used to change the selection on the screen (which was highlighted) back
and forth while the third button was used to confirm the current selection.

Exercises. The original system included 12 exercises (e.g., Heel Drags, Lateral
Stepping, Leg Extensions, Cops and Robbers, Buddha’s Prayer, etc. [10]) focused on
improving balance, flexibility, and strength. Based on the feedback collected from the
first pilot study, we included several variations of these exercises to provide variety for
users of different capabilities. The final system included about 40 exercises which were
grouped into three groups (i.e., full body, upper body with core & lower body) and
arranged into three difficulty levels, each containing between 6 to 15 exercises.

System Setup. In the first pilot study, we used all-in-one computer with large screen
which provided easy setup and portability. We found, however, that in some homes it
was difficult to find sufficient space; therefore, the physical setup often had to be
improvised to achieve the required distance for the Kinect. For easy interaction, we
configured the system as a ‘turn-key’ system. A small desktop PC running Windows 8.1
was connected to participant’s existing TV set using HDMI connection to transmit video
and audio signals from the computer. To simplify the process of switching between the
regular channels and PC input, we installed an HDMI switch. The PC was configured to
be always on and to boot into the desktop without requiring users to log in. Remote
connection to the PC was enabled via TeamViewer software (teamviewer.com) for
administration of the system. For protection of privacy all the data saved on the PC were
stored in temporary MySQL tables which were copied nightly to the external server.
This process however turned out to cause occasional data loss as some of the homes
experienced outages of network and power due to weather and construction.

4 Results

In this section we present results from 18-week study in the homes of 7 elderly
individuals ranging from 77 to 96 years of age (mean age: 83.2). Baseline data on
physical fitness (e.g., Berg Balance Test, Senior Fitness Test, etc.), general health, and
physical activity were collected prior to the deployment of the Kinect system and
subsequently every four weeks. As part of the Living Lab enrollment other quantitative
data were collected during the study, such as sleep data, in-home motion sensors,
cognitive games, etc. Subjects were also in contact weekly with a health coach who
provided guidance on the exercise regimen and collected feedback on the system usage
and any technical issues. The study protocols were approved by the Oregon Health and
Science University IRB.
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Figure 4 shows the exercise program adherence over the course of 18 weeks. The
subjects were instructed to exercise 3–5 times a week. From the 7 subjects who were
enrolled, four subjects performed the exercises somewhat regularly. Subject #1 got ill
early on and never returned to the exercise. Subject #2 exercised regularly, however
due to the internet connectivity issues, we were unable to recover the data of the second
portion of the study. Subjects #3, #4, and #5 completed most of the exercise sessions.
Subject #6 performed exercises intermittently but later on stopped using the system due
to holidays and travel. Subject #7 initially used the system but found it was not as
useful to him as he was already involved regularly in Tai Chi and riding exercise bike.
Figure 4 also shows the type of exercise sessions the subjects performed. Most of the
subjects performed full body exercise sessions. Subjects #2 and #4 were both able to
increase the exercise level after a few weeks. Subject #3 was on the other hand
alternating between the different exercise groups, which was also the general
recommendation.

Figure 5 shows the results of the post-exercise survey compared between subjects
#3 and #5 who had the most completed sessions. The subjects’ response data reflect
their exercise habits. Subject #3 reported to be pain free most of the time and very
motivated to exercise. On the other hand, subject #5 reported pain and low motivation,
in particular in weeks 9 and 10 after which the subject took a break from the exercise.
Daily survey responses could be in general used by the health coach or an automated
system to provide appropriate intervention to increase the motivation of the user.

Figure 6 shows the raw Kinect skeleton output for six sample frames captured
during the exercise Shallow Squats. The skeleton configurations are shown for every 30
frames corresponding to the time interval of 1 s. As mentioned previously, the skeletal
data were used to extract the measurement primitives for repetition counting and
feedback. Figure 7 shows the number of completed repetitions for the same exercise
over the course of the study for subjects, #4 and #5, who had performed this exercise in
majority of their sessions. Note that this exercise was included only in the Full Body -
Level 1 and Lower Body – Level 2 exercise groups. For both subjects we can see the
trend of an overall increase in the number of repetitions over time which is likely due to
improved endurance.

Fig. 4. Daily exercise adherence during the eighteen-week study. The color of the patches
denotes the type and level of exercise (UB – Upper Body, LB – Lower Body, FB –Full Body).
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5 Discussion and Conclusion

Based on the findings from our Phase 1 study we have successfully improved the
exercise system to achieve the objectives for long-term use that were summarized in
Table 1. Majority of the changes in the design, additional exercises, and overall system
performance were well-accepted by the participants. There were several minor tech-
nical issues that were identified and corrected during the first two weeks after the

Fig. 7. Number of completed repetitions for the exercise Shallow Squats for subjects #4 and #5.

Fig. 5. Comparison of post-exercise survey replies for subjects #3 and #5. The charts show
mean (*), standard deviation (Δ∇), and minimal/maximal response values per week.

Fig. 6. Raw skeleton sequence recorded for the exercise Shallow Squats (Subject #3).
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installation. These included changes to the scripts that suppressed various system
pop-ups and always put the exercise software in the foreground of the desktop. We also
noticed that some users were either double clicking or holding the button on the remote
for a longer time period which sometimes resulted in multiple confirmations. These
navigation issues were resolved by a subsequent software update. Overall, the wireless
remote was easy to use for the participants after the initial issues were resolved. Only
one user experienced a failure of the remote during the course of the study.

Since the users only had the wireless remote to control the system, we were not able
to use the login mechanisms that would allow for the encryption of the hard drive in
order to protect the privacy of the data in case the computer was stolen. Instead, all the
data were stored in memory tables and subsequently copied to the remote server each
night. This arrangement however created another technical challenge because some of
the homes experienced internet and power outages that were not anticipated to happen
at such frequency. Although the implementation worked for most users, several ses-
sions from one of the users were lost in the process. For the future studies, we plan to
investigate other mechanisms to ensure data privacy and security while providing a
robust data collection regardless of the internet connectivity.

From the users’ perspective, the biggest challenge was switching the TV setting
from their regular cable channel to the PC input. Initially the users were instructed how
to do that via their TV remote; however, some were not able to remember the steps. To
resolve this issue, we installed for some users a physical HDMI switch that would
allow them to more easily switch the inputs at their convenience.

On the software side, one of the common issues reported by the participants was the
lack of or incorrect repetition counting in some of the more complex exercises. As
reported previously [10], the real-time analysis is sensitive to various factors, which
include camera position, inclusion of other objects in the scene, orientation of the user
with respect to the camera, type of chair, etc. We are currently working on more robust
methods to perform the analysis and repetition counting while using the collected
dataset for benchmarking.

The feedback collected from the interviews with the participants revealed that lack
of exercising was primarily due to reasons unrelated to the system itself, such as illness,
scheduling, low motivation, etc. The subjects did express hope that any technical issues
would be resolved in the future, such as more reliable exercise recognition and issues
with the TV setup. Overall, the subjects who did use the system on regular basis
provided mostly positive impressions, such as:

• “I was excited to exercise, but should stick with every other day, I did it 2 days in a
row and was sore.”

• “I don’t exercise that much, but try to complete the video 4x/week.”
• “I exercise right before bed, I have seen that it helps me sleep better.”
• “Coach very encouraging and that makes me want to do it.”
• “Good program. Instructions well done; I like the bar chart, makes me feel better to

exercise and helps me see what I need to work on… Feedback could be better, feels
canned. Delays and technical issues would be great if not there.”

Due to the limited space, we have shown only a small subset of the results collected
during the time the participants used the exercise system. Future analyses will include
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comparison of the exercise performance with the clinical measures that were collected
before and during the study. Since the dataset also includes raw skeletal data, we are
planning to further investigate how to quantify the exercise performance in terms of
standard fitness measures, such as flexibility, balance, strength, and endurance [12].
Furthermore, we will analyze the strategies that the participants used to exercise by
comparing their data to the data of the coach in the video. Such temporal analysis could
quantify how closely the participants were following the movement of the coach or if
they have developed their own strategy for each exercise. The results of the analysis
will be important for implementing a more effective feedback in the future. Further-
more, we will investigate how the exercise system could be used in a closed-loop
semi-automated coaching.
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Abstract. As the population ages worldwide, dementia is becoming increas-
ingly prevalent. There is a pressing need to investigate non-pharmacological
interventions to meet the needs of people with dementia. Technology may be
one tool to enhance the lives of people with dementia without the use of
medication. However, conducting studies with people with dementia in memory
care units (MCUs) has unique challenges. In this paper, we discuss methodo-
logical and logistical considerations in designing, recruiting for, and conducting
technology evaluations in memory care units. These considerations are based on
a six-month study evaluating a technology system designed to encourage people
with dementia to participate in recreational activities. Findings will assist
researchers in conducting studies deploying technology tools for people with
dementia in memory care units and assisted living facilities.

Keywords: Dementia � Study planning � Computers � Multimedia

1 Introduction

As the population ages worldwide, dementia is becoming increasingly prevalent. In the
United States, 14.7 % of adults over the age of 70 were estimated to have dementia in
2010, and the range of dementia care cost for each person was estimated to cost
between 41,689 and 56,290 US dollars [1]. In addition to financial cost, dementia can
have tremendous psychosocial costs for people with dementia as well as their family
members and friends.

1.1 Dementia and Activities

Activities are one non-pharmacological approach to improving the health and quality of
life of people with dementia. In one study, Schreiner et al. found that residents
expressed happiness more than seven times as often during structured recreation time
as opposed to during ‘ordinary time’ [2]. In another study, participants with dementia
were observed during three activities: unstructured time, group activities, and group
reminiscence therapy (during which memories of the past are revisited). Individuals
demonstrated greater levels of wellbeing during both sets of structured activities [3].
Activities have benefits for people other than the individual with dementia: in a study in
which staff at a day care center for people with Alzheimer’s disease were interviewed,
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Hasselkus found that facilitating activities served as a source of satisfaction and
meaningful purpose for staff [4]. Despite the myriad benefits of engaging in leisure and
recreational activities, there are barriers to doing so for people with dementia.

Dementia affects people’s abilities to take part in activities of daily living through
impairments in memory, language, judgment, and problem solving [5]. Dementia also
affects people’s abilities to take part in leisure and recreational activities: increased
impairment from dementia has been found to be associated with lower participation in
staff-led activities in a variety of care settings [6]. In addition, several studies have
established that people with dementia in nursing homes and memory care units may
lack sufficient activities. In one study, Wood et al. observed residents over several days
and found that residents spent the majority of their time unengaged in activities [7]. In
another study, 238 people with dementia from various care homes were assessed for
unmet needs. The researchers found that while environmental and physical needs were
often met, social needs such as company and activities were not sufficiently met [8].

1.2 Technology for Activity Engagement for People with Dementia

Technology has the capability to address some of the needs of people with dementia.
Cited in Topo et al. [9], Marshall described nine technology uses for people with
dementia: reminders, safety, surveillance, control, service coordination, assistance to
relatives, compensation, and stimulation and relaxation [10]. To Marshall’s list, Topo
adds the use of technology for communication [9]. Wey further suggests five uses for
assistive technology in dementia rehabilitation, including supporting cognitive abilities
essential for everyday activities, enabling people to carry out difficult tasks, providing
access to meaningful occupation, ensuring safety, and supporting caregivers [11].
Newell et al. recommend additional areas for technologies to potentially enhance the
lives of older adults with cognitive impairments, including allowing people to retain
independence and control, providing monitoring capabilities, keeping people active
physically and intellectually, and facilitating communication [12].

Despite the inclusion of needs specific to people with dementia in many of the
above lists, Topo points out that the majority of studies focus on the needs of the
caregivers of people with dementia rather than the needs of people with dementia
themselves. Additionally, Topo stresses the importance of include people with
dementia in the evaluation of technologies [9]. Thus, there is a need for studies that
involve people with dementia in the design and evaluation of technologies intended for
use by or with them, particularly for technologies that support the activity needs of
people with dementia.

In a recent six-month study, we evaluated a commercially available
multi-functional computer system designed to facilitate access to recreational activities
for people with dementia. This system was evaluated in a memory care unit (MCU) and
in an activity group for people with early signs of memory impairment. Findings
relating to the effect of the system are not discussed here: in this paper, we outline
important issues researchers should consider when planning studies that evaluate
technologies in MCUs.
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2 Related Work

Other researchers have addressed methodological issues in conducting research with
people with dementia.

2.1 Considerations in Conducting Studies with People with Dementia

In their study, Hall and colleagues describe the challenges of conducting qualitative
interviews with older people living in nursing homes to obtain views on how to
preserve dignity. Though the authors do not limit their study to people with dementia,
many of the issues they discuss are pertinent in a dementia care setting, such as
administering informed consent to residents who forgot they had signed up to partic-
ipate in the study and difficulty scheduling sessions due to frequent activities and
barriers such as residents not feeling well and having unexpected visitors [13].

In a systematic review, Lawrence et al. discuss conditions required for and chal-
lenges to successful implementations of psychosocial (as opposed to pharmacological)
interventions with people with dementia. Conditions required for successful imple-
mentation include staff willing to provide access to and encourage use of interventions,
the involvement of family members in notifying staff of likes and dislikes of residents,
flexibility of the intervention to accommodate different ability levels of residents, and
having an intervention long enough for residents to become comfortable with its use.
Challenges to implementation include that psychosocial interventions often placed a
burden on staff in terms of time and workload and that staff felt uncomfortable imple-
menting the intervention. In the discussion, the authors emphasize the importance of
gaining staff commitment before the intervention is implemented and the importance of
collaborating with family members [14]. Despite the pertinence of some of these issues,
the projects described above did not deploy a technology tool. Therefore, there are a
wide range of issues specific to working with people with dementia and technology
deployment that are left unaddressed.

2.2 Considerations in Conducting Technology Deployment Studies
with People with Dementia

Several papers discuss methodological and logistical considerations in studies that
utilize technology with people with dementia. Andersson et al. describe the importance
of setting up a technical help desk, creating user manuals, and checking in periodically
to identify issues that were not reported to the help desk. These findings are some of the
lessons learned from the deployment of CogKnow, an information and communication
technology tool for people with mild dementia [15].

Astell et al. discuss a broad range of findings from seven years of working with
people with dementia, family members, and staff to design and evaluate CIRCA
(Computer Interactive Reminiscence and Conversation Aid), a computer system
designed to facilitate communication between people with dementia and others. The
researchers discuss the importance of involving different stakeholders (such as spouses
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and staff), the particularities of navigating consent with people with dementia, and
techniques to evaluate the engagement of people with dementia using verbal and
nonverbal behaviors [16].

We build on these previous works by providing additional areas to consider, such
as appropriate study time periods, recruitment of staff, and alternate ways to manage
technical issues that emerge when using technology systems.

3 Considerations

Below we outline some of the issues researchers should consider when implementing
technology studies in MCUs based on our experience.

3.1 Designing the Study

Time Period of Study. Though shorter studies require vastly fewer resources, a longer,
six-month study was essential for us to see the ways staff incorporated the system into
their activity routine. This was due to a long period during which staff became familiar
and comfortable with the system and during which technical issues were resolved.
Though the longer time resulted in a more positive view of the system, it is easy to
imagine a system that is initially appreciated and then discarded after novelty wears off.
We suggest at least three months for technology evaluation studies that involve staff.
For the evaluation of systems with people with dementia, the length of a study can be
shorter as residents may not be able to remember much from session to session (though
they may become more comfortable due to growing relationships with the research
team as well as recognizing the system).

We also found it very beneficial to have monthly interviews with staff in order to
identify shifting attitudes and capture anecdotal experiences that could have been
forgotten over a period of months. Monthly interviews were also beneficial given rapid
staff turnover; if a staff member left the facility before the study was completed, we
were still able to have more than one interview with them.

Involving Family Members. We found the inclusion of family members to be
extremely valuable for several reasons. First, family members have the ability to assist
the researcher in evaluating the technology by providing another angle that differs from
the observations of the researcher and staff. Second, the family member may be very
helpful in figuring out the kinds of applications the residents may like, which is
especially useful for residents who have difficulty communicating their interests or
appear apathetic. However, family members do not necessarily know residents’ current
interests; many family members ruled out certain types of application that their rela-
tives actually did enjoy using. Additionally, family members may project their own
feelings of fear and failure onto residents and attempt to protect them from experiences
where they might fail.

We build on Lawrence et al.’s suggestion to involve family members and take into
account their perspectives and advice for interacting with residents [14]. However, we
add that it is essential for the researcher to interact with participants with dementia in a
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manner that is open to additional possibilities, respecting their current status, interests
and opinions.

3.2 Recruiting Participants

Though recruitment may be an issue for many studies, studies taking place in MCUs
have particular issues such as ensuring informed consent, the need to utilize legally
authorized representatives for informed consent, and dealing with staff who are often
overwhelmed by responsibilities and may be hesitant to take on the additional burden
of participating in a study.

Navigating the Enrollment of People with Dementia Through Others. There are no
universally accepted guidelines for what constitutes informed consent for someone
with dementia. However, informed consent is a requirement of research involving
human participants and necessitates that participants are competent enough to under-
stand the implications of their decisions [17]. To address the lack of ability for people
with dementia in middle and later stages to provide informed consent, legally autho-
rized representatives (LARs) are often utilized as proxies for authorizing individuals
with dementia to take part in research.

We navigated enrollment in a manner similar to what was described in [16];
however, we did not send recruitment letters to residents due to the level of their
cognitive impairment which would make responding to or recalling the contents of the
letter impossible. For our study, we sent letters to the people recorded as LARs in
resident files asking them to contact us to enroll their relatives if they were interested.
Once they signed a consent form, we were able to approach their relative in the MCU
to gauge willingness to participate in the study and obtain ‘assent’. Due to us having to
go through LARs, some MCU residents who verbally expressed interest in taking part
in the study after seeing us use the system with other residents could not take part in the
study because their family members did not respond to our letters. In one instance, a
resident told the first author she had wanted to use the system but thought that nobody
would let her. We felt torn in situations such as these, when residents showed interest in
the system yet due to lack of consent from LARs, we were not able to invite them to
take part in the study. Unlike studies with the general population, where a person who
is interested and meets criteria can take part, people in this population who are inter-
ested and would benefit from the study may be excluded due to whether or not their
LAR chooses to have them participate.

We caution that the use of technology may make family members more hesitant to
enroll their relatives with dementia: one family member wrote to us that he did not think
his family member should be in the study as she may be “beyond using any type of
technology.” However all participants with the exception of one who had very severe
dementia (MMSE score of 2) andwas unable to respond to or follow instruction, were able
to use the system. As noted by Hellström et al., having a family member serve as a
gatekeeper to conduct (non-invasive) research with people with dementia is not optimal,
but it is difficult to come up with another way to ensure that people with dementia are not
manipulated or treated unethically [18]. Thus, it is important to come up with ways to
introduce technology studies to familymembers so that participants who could benefit are
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not excluded. As mentioned above, family members often doubted that their relatives
would be able to complete the study or interact with the technology, even when this was
not the case. Recruitment materials should emphasize that people with all levels of
dementia severity may be able to contribute to the study and that researchers will be
present to instruct the participant in the use of the technology.

Staff presented another barrier to wide enrollment of residents. After the initial
enrollment, during which letters were sent to all LARs, as new residents moved into the
MCU, staff would only notify us about residents they saw as cognitively able to take
part in studies. It may help to reinforce to staff that the researchers have methods of
screening out residents who are unable to take part in research.

Enrolling Staff. It was difficult for us to find a time to speak to staff about the study.
During one information session, staff were actively taking care of residents and were
not able to fully focus on details of the study and did not express interest in signing up
for the study. The staff who did sign up for the study had come to a separate, much
smaller session that took place in another area of the facility, away from the residents.
Though we believe that the distance from residents helped, the greater participation
from this group may also be attributable to the staff members who attended that session
having been more interested in the study to begin with. In general, we found that the
staff members most likely to be involved were the ones already engaged in conducting
and planning activities with residents (whether formally or informally). We suggest
targeting these individuals in recruitment as ‘champions’ who may be motivate other
staff members to take part in the study.

Staff in MCUs may be extremely busy and unlikely to want to take part in studies
that do not have clear benefit to their workflow or practice. In our study, once the tool
was in the MCU for several months, staff were much more open to taking part in the
study and using the tool. If possible within the study methodology, we suggest letting
staff become familiar with the system and its benefits over several weeks before
recruiting for the study, as staff commitment before the intervention begins is essential
[14]. If this is not possible, another option is to continue recruiting throughout the
study. Additionally, some staff members may be willing to do an exit or one-off
interview discussing their experience using the system even if they are not willing to be
enrolled for the entire duration of the study.

3.3 Conducting the Study

Using the Technology System. Although many products are marketed as ready for
deployment with older adults or people with dementia, in our experience, we have
found that many have significant usability and technical issues despite being available
for purchase. Many issues with the system used for the study were exacerbated by
conditions in the memory care unit. For example, staff felt an intense sense of time
pressure while conducting activities. They described situations where they would
attempt to use an application with residents and it wouldn’t immediately work or they
would not know how to use it without multiple attempts, and residents would quickly
lose interest and get up and leave the room. One staff member described how she never
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felt like she had enough time, as she prioritized spending time with the residents over
other tasks (including learning to use the system deployed in the study). Although in
the long run, learning to use the system might result in more opportunities for beneficial
interactions with residents, it could be hard for staff to justify taking time away from
interacting with residents to learn to use the system.

To address technical and usability issues, we attempted several solutions. We
provided resources to help staff learn to use the system, such as pocket card instruction
manuals (attached to the system and given to staff participating in the study) and
created web resources, such as videos, to help staff learn how to use certain features.
The system manufacturers had technical support staff available, and we left the tech-
nical support telephone number in several locations so staff could access them.
Additionally, we conducted information sessions where we taught all staff how to use
the system. Finally, research staff were on site several times a week to conduct sessions
and to address any issues. We also asked staff during monthly interviews if they were
having issues with the system.

Unlike Andersson et al. [15], we did not find that technical support staff or
instruction manuals were useful for staff members at the MCU. Of all the solutions we
attempted, staff mainly utilized on-site researchers as resources for addressing issues.
This was useful for staff to notify us about issues that could be addressed, such as
broken cables. It was also useful for staff to tell us about processes they found con-
fusing. Based on in-person feedback from staff that this was a very confusing process,
we placed a sticky note on the monitor that described how to plug in the system to the
monitor. This small change was mentioned as very useful and as leading to greatly
increased use. We suggest having researchers on site periodically to resolve issues, as
staff did not contact us through email or the system’s technical support team through
phone.

Another way staff were able to learn to navigate some usability issues was through
identifying a staff member that was comfortable using the system and asking them for
assistance in the moment. It may be helpful to identify a ‘champion’ staff member who
is willing to spend time with the researchers to learn to use the system and then serve as
a person to answer questions from other staff members.

Scheduling. While all studies may experience variability in scheduling weekly ses-
sions, we ran into issues particular to a memory care unit setting. These issues included
unpredictable activity scheduling and periodic confusion on the part of residents. In one
case, we spent some time with the activity director finding a time to schedule a session
with a resident who was especially engaged in activities. Even after this scheduling,
some days, staff members would not follow the activity schedule and spontaneously
decide to conduct a favorite activity of the resident. Another issue in scheduling
sessions occurred with fluctuating cognitive states and disorientation of residents.

In other types of studies, scheduling issues may be resolved through phone calls to
avoid having a researcher show up without need. For residents in the MCU, this would
not be possible. One solution to dealing with fluctuating cognitive states is identifying
best times of the day for residents through talking to staff or family members. Many of
the residents were most alert in the morning and experienced some form of “sun-
downing syndrome” (confusion and agitation which affects some people with dementia
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as the sun goes down). It was also helpful to be in contact with family members who
visited frequently who could let us know if a resident was not feeling well or was
experiencing more confusion than usual. We recommend speaking to family members
and staff members to minimize scheduling issues.

4 Conclusion

Technology systems have the potential to benefit people with dementia and those that
care for them by expanding the types of activities that are available. However, con-
ducting research in memory care units and with people with dementia introduce
challenges that are not present in other settings. We present methodological and
logistical considerations in deploying technology tools with people with dementia that
will assist researchers in conducting similar studies. We address various stages of the
research process, such as designing, recruiting for, and conducting studies with this
population.
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Abstract. A great variety of applications for mobile devices are designed to
support users during medical intake. One of these applications is ‘Medication
Plan’ which aims at supporting regular and correct intake of medication and
documentation of vital parameters. The purpose of this study is to examine the
influence of demographic and health-related factors on user behavior and
patterns of use. The application was available free of charge between 2010 and
2012 in the Apple™-App-Store™. The study is based on data collected via an
online questionnaire. In total 1799 participants generated 1708 complete data
sets. 69 % of the users (74 % male) with a median age of 45 applied ‘Medi-
cation Plan’ for more than one day. The mean duration of application increased
substantially with age (< 21 years = 23.3 days; > 60 years = 103.9 days).
However, other demographic factors (sex, educational status etc.) had no
effect on usage intensity. Users with complicated medical treatment or
aged > 60 years applied the application for 3 month on average. This is a
promising trend towards the support treatment of chronic conditions with
mobile applications.

Keywords: Adherence � Elderly patients � Ergonomics � HCI � ICT �
Telemedicine

1 Introduction

Patients with chronic illnesses such as hypertension and chronic kidney disease are often
burdened by high comorbidity and reduced awareness of their medical conditions,
which creates a challenging environment in which to promote medication compliance
[1]. Complexities of daily life, shifting priorities, and frequent poly-pharmacy likely
contribute to patients’ inability to deal adequately with their medical conditions. Fre-
quent encounters with the medical system, which result in dosage adjustments, add to
the problems with medication compliance in these patients [2]. For the individual,
non-adherence is associated with a number a safety issues such as increased risk of
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toxicity or more severe relapses [3]. For the health system in Germany alone, direct and
indirect costs of non-adherence amount to approximately 7.5 to 10 billion Euros every
year [4, 5]. Therefore novel strategies are required to address the needs of chronically ill
patients and reduce. Mobile information technology may offer new system solutions to
better meet these requirements. With more than 1 billion users having access to mobile
broadband internet and a rapidly growing mobile app market, all stakeholders involved
have high hopes that this technology may improve health care [6, 7]. Expectations range
from overcoming structural barriers to access in low-income countries to more effective,
interactive treatment of chronic conditions. Yet previous work suggests that even when
sophisticated technology is available, older users (e.g., age 50 and above) find their
initial experiences with medication applications frustrating [8]. The iNephro study
introduced a “native” smartphone application (“Medication Plan”), which allowed users
to maintain and alter personal drug therapy plans and document vital signs on their
personal device [9]. Initial findings showed that the regular use of the application
decreased considerably within the first 2 months. This paper presents a further analysis
to better understand what is generally referred to as “attrition of app usage”.

Pre-specified endpoints were used to identify user data with regards to demo-
graphic- and health-related factors associated with “duration of usage” and “intensity of
usage per day” of the mobile application “Medication Plan”.

2 Materials and Methods

The Department of Nephrology of the University Hospital Essen, Germany, developed
and provided the “Medication Plan” application for the iOS platform in 2010 [10]. This
native smartphone application allowed users to maintain and alter a drug therapy plan
on their personal device (Fig. 1). Between December 2010 and January 2012 it was
available free of charge for download in the German-language App Store™ by
Apple™. Users were able to specify intake requirements according to the medication
regimen issued by the prescribing physician and the patients’ own personal needs (see
tutorial at http://www.youtube.com/watch?v=nui78JqwMHE). A reminder function
and local push-notification alerts reminded users to take their medications at a
pre-specified time. No permanent internet connection was necessary and all data were
stored locally on the device itself, reducing the possibility of erroneous transmission of
personal health information. Users could enter vital sign data, and trends were pre-
sented graphically. Prior to using the application, users had to give their consent to a
disclaimer as well as an agreement for a subsequent anonymous analysis of user data
and this was done via activation of a hyperlink (implementation by QUEST objects
GmbH, Tübingen). Additionally, users were invited to voluntarily and anonymously
complete an online questionnaire, which had to be actively accessed via an additional
hyperlink. The unique identifier numbers (UDID) of the respective iPhones™ were
irreversibly encrypted by a MD5 message-digest algorithm (MD5-Hash).

The activity of the encrypted UDID was then tracked (“creation”, “modification”,
or “deletion” of drug information, as well as the “confirmation” of drug adherence
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within the application “Medication Plan”). Activity of the respective, encrypted UDID
addresses and if available, associated demographic information, were analyzed using
self-implemented software of Fraunhofer ISST, Dortmund, Germany. Further statistical
analysis was performed using SPSS® 21.0 (IBM®, U.S.A.): A multi-factorial analysis
of variance (ANOVA) and chi-square test for the response variables with a significance
level of 0.05 was conducted. The distributions of the groups were normal and the
homogeneity of variances for the data analyzed was confirmed.

Following the APA guidelines the exact error probability p was specified for each
analysis [11]. Dependent variables were “duration of long-term usage” (defined as use
of > 1 per day; if no activity was recorded for > 10 days, this was rated as end of use)
and “mean intensity of usage per day” during time of active usage.

Ethics: The Ethics Committee of the Medical Faculty of Essen University was con-
sulted and a formal written waiver for the need of ethics approval was issued
(13-5373-BO).

3 Results

Overall, activity of 1799 (1708 complete data sets) users was recorded between
December 2010 and April 2012 (Table 1). More than two thirds of users (1183/1708)
used “Medication Plan” for more than a day. There was a significant association
between gender and amount of long-term and short-term users (χ2 (1, N = 1761) = 6.715,
p < 0.010). Looking at the different age cohorts, there was a significant difference

Fig. 1. Generating a medication plan on the smartphone ([9])
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between age groups regarding the amount of long-term and short-term users (> 1 day)
(χ2 (5, N = 1799) = 15.255, p < 0.001).

With rising age, the amount of long-term users rose from 50 % of those below 21
years of age to over 70 % for those aged 40 years or older, yet the effect was stronger in
men for all age cohorts (Fig. 2).

Table 1. Characteristics of the analyzed cohorts

Variable Overall
(N = 1708)

< 1 day users
(N = 525)

> 1 day users
(N = 1183)

Sex Male 1225 72 % 353 67 % 872 74 %
Female 483 28 % 172 33 % 311 26 %

Age (years) < 21 45 3 % 21 4 % 24 2 %
21–30 254 15 % 96 18 % 158 13 %
31–40 354 21 % 112 21 % 242 20 %
41–50 447 26 % 122 23 % 325 27 %
51–60 343 20 % 98 19 % 245 21 %
> 60 265 16 % 76 14 % 189 16 %

Highest educational
qualification

Secondary
school

904 53 % 274 52 % 630 53 %

Qualif. for
university

328 19 % 113 22 % 215 18 %

University
degree

476 28 % 138 26 % 338 29 %

Disease Cardiovascular 894 52 % 243 46 % 651 55 %
Transplantation 243 14 % 74 14 % 169 14 %
Diabetes
mellitus

125 7 % 46 9 % 79 7 %

Lung disease 86 5 % 22 4 % 64 5 %
Liver disease 90 5 % 32 6 % 58 5 %

Number of chronic
conditions

0 495 29 % 174 33 % 321 27 %
1 806 47 % 230 44 % 576 49 %
2 280 16 % 83 16 % 197 17 %
3 95 6 % 27 5 % 68 6 %
4 24 1 % 7 1 % 17 1 %
5 and more 8 0 % 4 1 % 4 0 %

Number of daily
taken drugs

0 212 12 % 90 17 % 122 10 %
1 397 23 % 121 23 % 276 23 %
2 330 19 % 85 16 % 245 21 %
3 257 15 % 74 14 % 183 15 %
4 165 10 % 39 7 % 126 11 %
5 149 9 % 54 10 % 95 8 %
6 91 5 % 31 6 % 60 5 %
7 and more 107 6 % 31 6 % 76 6 %
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The number of diseases for each user significantly affected duration of usage (χ2 (5,
N = 1799) = 12.144, p = 0.030). While the proportion of individuals who stopped using
the app after one day was 42 % for those that did not have to take any drugs, it was
between 25 and 30 %, for those who were on regular medication. Similarly, the number
of drugs significantly affected the duration of usage (χ2 (7, N = 1799) = 30.612,
p < 0.001). This effect is not surprising, as for users without any medical condition or
the need to take drugs on a regular schedule, only a fraction of the available func-
tionality was still useful (e.g. keeping track of weight and vital parameters).

Variance analysis presented the following effects with respect to duration of usage:
With a mean duration of usage of 23.3 days (SD = 36.9) by users < 21 years, there was
a substantial increase over all age cohorts up to users of 60 years and above using the
application for 103.9 days on average (SD = 20.7) (F = 2.581; df = 5; p = 0.025). For
users aged 50 and older, the usage duration remained static.

A post hoc pairwise analysis with Bonferroni correction showed significant dif-
ferences between all age groups concerning usage duration with a minimum age dif-
ference of 20 years. I.e. users aged 50 used the app substantially more than those aged
30. Mean duration of usage, for users who did not abandon the application within the
first day, was 85.4 days (SD 138.6) (Fig. 3). Sex (F = 1.084; df = 1; p = 0.298) and
educational attainment (F = 0.656; df = 2; p = 0.519) had no effect for those that did not
cease to use the application after one day.

The number of medical conditions (F = 0.403; df = 5; p = 0.847) as well as the
number of drugs taken per day on a regular schedule (F = 0.967; df = 7; p = 0.259) did
not affect the duration of usage significantly.

Fig. 2. Distribution of user behavior: actual use of the application > 1 day and cessation of use
after 1 day by age and sex.
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Interestingly, variance-analysis of the individual medical conditions showed a
significant effect on duration of usage if the user suffered from cardiovascular disease
(F = 14.098; df = 1; p < 0.001) or had received a transplant (F = 12.503; df = 1;
p < 0.001) (Fig. 4).

In either case, people with these a diseases used the system on average about 50 %
longer compared to people not suffering from the same condition. Diabetes (F = 2.699;
df = 1; p = 0.101), lung disease (F = 0.411; df = 1; p = 0.522) and liver disease had no
significant impact on duration of usage (F = 2.221; df = 1; p = 0.136).

With regard to usage intensity, the number of diseases tended to affect usage
intensity (F = 1.974; df = 5; p = 0.080). The number of regularly taken drugs had
significant impact on usage intensity (F = 4.017; df = 7; p < 0.001) and increased with
the number of drugs taken per day (Fig. 5).

Fig. 3. There was a significant increase of mean usage duration between the age cohorts < 21
and > 60 years (F = 2.581; df = 5; p = 0.025).

Fig. 4. Specific diseases are associated with a longer usage of the application
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Demographic predictors such as sex (F = 0.874; df = 1; p = 0.350), age (F = 0.646;
df = 5; p = 0.665) and educational attainment (F = 0.905; df = 2; p = 0.405) showed no
significant effect.

4 Discussion

As far as we know our presented study is the first to describe the usage of a medication
adherence-tool in a representative sample. More than 2/3 of users continued using
“Medication Plan” after the first day. Over the entire study population, use of the
application for more than one day grew with increasing age, yet the effect was greater
in men over all age cohorts.

Once a user decided to log into the application, further factors (disease and asso-
ciated medication) had an effect on the usage-duration and -intensity. Such findings
may provide useful insights into behavioral-patterns of designated patient groups and
assist in the design of effective interventions.

4.1 Brief Review of Findings and Comparison to Prior Studies

Thus far, most users of publicly available, health related, mobile communication ser-
vices seem to have been “early adopters”: middle-aged, male, well-educated and
comparatively healthy [9, 12–14]. Furthermore, high attrition rates for internet inter-
ventions were reported, which may reflect deficits in usability or an early interest in the
novelty of the application, with a declining eagerness as the newness of the intervention
wears off [9, 15, 16].

The question that arises is whether mobile technology to support drug adherence is
indeed an appropriate tool to support elderly patients with polypharmacy. So far, this
issue has mostly been assessed indirectly via questionnaires [17–19]. Direct assessment
of user activity can offer objective and more accurate data on the usefulness of a mobile
application. Our findings offer new insights into what has been termed the “digital
divide” [13, 14], a term coined by developers, which implies, that compared with the
younger generation, older individuals are less likely to make extensive use of digital

Fig. 5. The number of regularly taken drugs had significant impact on usage intensity
(F = 4.017; df = 7; p < 0.001).
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technology [8, 20]. Whereas our data show a strong effect of the variables “age” and
“disease” on amount of LT/ST users (actually it is the same as duration only in form of
an ordinal variable), “polypharmacy” was identified as the primary influence for the
intensity of usage. No effects were identified for educational status.

Our findings contradict any generalized assumption implying “digital disengage-
ment of the elderly”. We have shown that for smartphone users, “increasing age” or
“polypharmacy” are good predictors for acceptance of mobile technology when it
comes to supporting adherence. The findings lead to the question whether drug
adherence can eventually be improved for smartphone users. The Technology
Acceptance Model suggests that acceptance depends on a user’s perception of the
usefulness and ease of use of a system [21]. Similarly, the diffusion of innovation
model emphasizes that a new technology needs to offer a “relative advantage” over the
status quo [22].

Together with previous findings suggesting that increasing age [23–25] and poly-
pharmacy [26] negatively affect adherence, one may assume that the use of applications
like “Medication Plan” will eventually improve drug adherence. In our investigation
the lack of perceived usefulness or relative advantage likely was the reason for relative
early cessation of app usage by patients stating to be suffering from diabetes is a point
in proof [27]. “Medication Plan” did not offer many of these users the required added
value such as a combined documentation of blood sugar, bread units consumed or
administered doses of insulin. This finding demonstrates how important it is to bear in
mind specific needs of users to achieve acceptance [28].

Furthermore, the success of “Medication Plan” with its very practical aspects of
drug regimen management supports the concept of ‘small data’ [29], suggesting that
people mainly need technology to help them make sense of their health condition, and
to offer actionable steps. On another note, even though the three main drivers of
adherence to chronic disease medication were identified as perceived concerns about
medications, perceived need for medications, and perceived affordability of medica-
tions [30], it appears that practical support and reminders, while not directly targeting
those issues, can still go a long way toward self-reported drug adherence.

Lastly it seems that the focus of iNephro on practicality and its main purpose to
help users overcome the current barriers to health literacy were recognized and are
mirrored by our results [31].

4.2 Strengths and Limitations

Despite evidence from pilot studies, most mHealth interventions can be seen as the
equivalent of black boxes [19]. The problem of these studies is that a particular style of
a black box application is compared to a situation without any black box application.
This study presents a novel approach to directly assess usage and acceptance of mobile
technology in the context of drug adherence.

Our elderly iPhone™ users can be seen as technologically savvy in the first place
and findings may not apply across the entire population [32]. Age-related changes in
hearing, vision, cognition, and mobility require special consideration and application
designers need to take this into account.

130 A. Mertens et al.



Elderly patients tend to be more reserved towards the use of technology since they
usually feel barriers to start using it [33]. Unless they see a clear benefit for themselves,
older adults are less likely to adopt new technology [28].

5 Conclusion

The famous statement by Dr. Everett Koop, former U.S. Surgeon General, “Drugs
don’t work in patients who don’t take them” may also be true for mobile medication
management applications [8]. We were able to show that elderly, technologically savvy
users, requiring polypharmacy, relied on a mobile application to support drug adher-
ence and that the degree of engagement depended on disease/therapy-related as well as
demographic factors.

With this knowledge, similar tools could be valuable in the drug management of
these patients. However, particularly in elderly patients, drug adherence is a complex
problem, requiring not only a trust based doctor-patient relationship but rather multi-
dimensional approaches. These range from simplified therapy-regimes and sustained
understanding of the disease on the patients’ side to technological support including
companion pillbox and communication devices.

Applications will have to be tailored closely to the specific demands of sick indi-
viduals to be accepted as part of their often complicated day-to day routines [34, 35].
Hence, interdisciplinary approaches and a profound understanding of the context and
patients’ needs are vital for successful realization of technological solutions and
investments in the field [7, 36].
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Abstract. To reduce disparities related to prostate cancer among African
American men, the American Cancer Society recommends that men make an
informed decision with their healthcare provider about whether prostate cancer
screening is right for them. The informed decision-making process can be
facilitated through technology by teaching men about prostate cancer and pro-
viding them with activities to build their self-efficacy. However, these tools may
be most effective when they are developed using a set of validated design
principles, such as the Usability Engineering Lifecycle, in conjunction with a
community-based participatory research (CBPR) process. Using CBPR can be
especially useful in designing tools for minority communities, where men have
the highest prostate cancer incidence and mortality. This paper describes the
author’s process for using CBPR principles to develop a prostate cancer edu-
cation program for African American men and also discusses the value of using
these principles within an existing usability framework.

Keywords: Usability � Community based participatory research � Health
disparities � Prostate cancer � Minority health

1 Background

With the pronounced burden of prostate cancer (PrCA) among men of all races and the
disparity of incidence and mortality between African American (AA) and European
American (EA) men [1, 2], there is a critical need to develop technological interven-
tions that can assist men with informed decision making [3]. In 2015, 220,800 men
were diagnosed with PrCA and 27,540 are expected die from the disease [2]. However,
PrCA incidence is 60 % higher in AAs and this racial group is two and a half times
more likely to die from PrCA [2]. Informed decision making is described by the CDC
as: when an individual understands the disease, is familiar with the risks, benefits, and
uncertainties of a screening or treatment, actively participates in the decision-making
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process at the level he or she desires, and makes a decision at the time of service or
defers the decision to a later date [4]. Informed decision making is recommended by the
American Cancer Society as a solution for reducing the PrCA mortality rate because of
the unclear findings regarding the efficacy of prostate specific antigen screening, a
blood test used to detect PrCA [3, 5, 6]. The two most recent, longitudinal studies on
PrCA screening, titled “The European Randomized Study of Screening for PrCA” and
“Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial on Prostate
Cancer Mortality,” (which included few African American men), concluded that the
prostate specific antigen test was either not effective or led to over-detection of PrCA
[5, 6]. Over-detection is a serious concern because it can lead to the treatment of
indolent forms of PrCA and in some cases treatment can lead to life-long side effects
such as incontinence and/or impotence [7].

In addition to possessing a thorough knowledge of PrCA and its screenings/
treatments, an individual must also believe that he possesses the capacity to engage in
the informed decision-making process (i.e., self-efficacy) with a doctor or other
healthcare provider [8, 9]. Multiple past studies have demonstrated that preparation for
the informed decision-making process can be facilitated by computer-based education
programs [10–12], but most of these and other studies on technology design do not
report on the involvement of the target population in the intervention/technology design
process. Applying community-based participatory research (CBPR) principles (pri-
marily used in public health) to systems design can potentially enhance the impact of
interventions by identifying the specific needs of the user and any foreseeable barriers to
implementation [13–15]. This paper uses the Nielsen’s Usability Engineering Lifecycle
[16] as a framework for discussing the design of a computer-based PrCA education
program, but focuses on how CBPR principles can enhance this framework. CBPR
strategies are a promising way to address cancer disparities because they leverage
community involvement in each phase of the research process to assist with making the
most optimal decisions regarding everything from conceptualization to intervention
[17–19]. Through the development of authentic partnerships with the target audience
and stakeholders, cultural and contextual relevance of interventions is increased [18,
20]. Thus, the likelihood of improvement in knowledge and preventive behavior
through an intervention is maximized, resulting in better health outcomes [18, 21, 22].

1.1 Community-Based Participatory Research Principles

There are eight CBPR principles [14, 15, 23–25]. These principles, created by Israel
et al., (1998) include:

CBPR approaches emerge as a critical strategy to engage stakeholders and identify
culturally and geographically appropriate methods to overcome health and cancer
disparities [17, 18, 26]. The key to the success of designing a PrCA education program
was operationalization of the CBPR principles in our research. We were able to
operationalize all of the principles with the exception of principle 7 and only partial
operationalization of principle 3. This success stemmed from the multiple interactive
and iterative forums where AA men in the targeted community were provided with an
opportunity to actively collaborate with researchers to develop a resource for enhancing
their ability to make informed decisions about PrCA screening.
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1.2 Usability Engineering Lifecycle

The Usability Engineering Lifecycle (UEL) is an approach to systems design that
emphasizes nine core principles that, when followed chronologically, can lead to an
interface that has maximum usabilty [16]. Usability is defined by Nielsen as learna-
bility, efficiency of use once the system has been learned, ability of frequent users to
return to the system without having to relearn the system, frequency of error, and
subjective user satsifaction [16]. The UEL (see Fig. 1) has been applied to projects such
as desigining systems to allow gesture controlled interaction with virtual 3D content
[27]. Some of the UEL’s principles are similar in nature (e.g., iterative design) to CBPR
principles, but do not emphasize the importance of community involvement throughout
the entire design process. However, when the aforementioned CBPR principles are
employed within the UEL, the conjunctional use of these principles may lead to a more
optimal interface for any community-specific, digital interventions such as a
computer-based PrCA education program. The discussion below is structured using
UEL design principles as a chrononlogical framework while highlighting how CBPR
principles can be employed within a UEL guided intervention development process.
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2 Design Process

2.1 Know the User

Within the UEL, Nielsen suggests that the developers should study the users to assess
their individual characteristics (e.g., age) and the environment in which the product will
be used [16]. He also describes the process for implementing a competitive analysis
where current products that are similar to a potential future product are empirically
tested among members of the target population [16]. In CBPR it is customary, fol-
lowing an in-depth literature review of a problem, to recognize the target community
for an intervention as a unit of identity. (1) Recognizing the community as a unit of
identity extends beyond the demographics suggested by Nielsen and can be charac-
terized by norms, values, customs, language, sexual orientation, etc. [14]. For example,
our literature review on PrCA revealed that South Carolina has one of highest PrCA
mortality disparity rates between AA and EA men in the country [28]. In addition,
American Cancer Society recommends that men make an informed decision about
PrCA screening beginning at the age of 45 for high risk groups (40 + for AA men with
a family history) [3]. Therefore, a developer seeking to create an ideal computer-based
education program for preparing AA men to make an informed PrCA screening
decision must identify a defined community or subset of AA men who can help
determine the best inclusions for the system and the environment in which the system
should be housed. In a CBPR process, the researcher will investigate those cultural
practices, shared needs, and self-constructed and social representations of identity.
Becoming familiar with the community’s identity, which can be separated into multiple
social and geographic subgroups, can contribute to an end-product systems design that
is customized to meet the needs of the target community. In addition, the formative
nature of a CBPR approach essentially allows the community to have more involve-
ment in and control over the product development. The prominent community of

Fig. 1. Usability engineering lifecycle
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identity beyond the race of the men in our study was the faith community (i.e.,
churches). Churches were targets for the study because AAs’ spiritual needs in addition
to other socio-cultural and psychological necessities can influence their participation
and trust in health research [29, 30]. Churches in AA communities have also been
influential in partnering with universities to offer health-related programming [31–34],
which includes PrCA prevention [35–37].

Recruitment for Study Participation. AAs are significantly less likely than other
racial groups to participate in health-related research [38], which could also pose an
issue for someone solely using UEL processes for design. There are multiple barriers to
AA participation, including factors such as mistrust and time constraints [38, 39]. Our
recruitment was guided by Vesey’s framework on the recruitment and retention of
minority groups, which involves a series of strategies such as leveraging partnerships in
the community to assist researchers throughout the planning and implementation
process (Vesey, 2002). These strategies are congruent with CBPR principles, partic-
ularly principle 3 which involves facilitating collaborative partnerships in all phases
of the research. The specific strategies from Vesey’s framework used for this study
were: (1) conceptualization, planning, and development of the recruitment plan and
promotional materials in collaboration with community partners (i.e., leaders in
churches), (2) recruitment of study sample with partners/stakeholders, and (3) reporting
findings to the community at various stages in the research process. Furthermore,
knowing someone who has established relationships in the community of interest and
allowing some flexibility in your recruitment/research implementation plan can be
paramount to reaching a recruitment goal.

Knowing Someone Who Knows Someone. Reaching out to a colleague or an existing
community partner can be effective for recruiting in minority communities. For
example, churches connected to your academic colleagues have a higher likelihood of
being open to working with researchers than a church that doesn’t have a history of
partnering with university researchers. In the course of recruitment for our study to
develop a computer-based PrCA education program, there were three academic col-
leagues who provided the research team with names of churches with whom they had
relationships. These churches not only helped to recruit their members for our research
study (in conjunction with the research team), but also scheduled dates and times (e.g.,
after their midweek Bible study) when focus groups could be conducted. Recruitment
efforts lasted two months in duration and resulted in 39 of the 40 men desired for the
study. Almost all of these men were recruited through word of mouth within churches.
Many of these churches were recommended by colleagues.

Other Important Things to Know When Approaching Communities of Identity
With Your Research. During the process of approaching communities of identity
(particularly churches) to gain support for your research, it should be noted that (1) the
timeliness and relevance of the research or system aren’t always consistent with the
priorities of the community. For example, our research team approached a church that
questioned the impact of the proposed PrCA education program and elected to forgo
participation in our study. In addition, some communities are already conscious about a
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specific problem such as PrCA/informed decision making and are capable of providing
their members with solutions (e.g., health education/decision support). Therefore, they
may underestimate the benefit of your research to enhance their current goals. In this
scenario you must make the decision whether to sell the importance of your research
and how it can further enhance their current efforts or simply make contact with another
community. (2) Be flexible and prepared to work around the community’s schedule
(e.g., they may invite you to implement your research prior to or at the beginning of an
event and you may be asked to shorten your intended implementation time).

2.2 Competitive Analysis

Competitive analysis is not a key component of CBPR, but it is necessary to determine
if there are products that exist that may be appropriate for your user. In our study, an
analysis of competing products was accomplished (as suggested by Nielsen) through an
Internet search and literature review for computer-based PrCA education programs, but
most available products had either not been empirically tested among AA men or were
not available for customization based on our formative research findings. These find-
ings revealed specific PrCA information necessary for AA men in the study population
to make an informed decision about prostate cancer screening and the essential
functions/aesthetics of an ideal computer-based PrCA program. Therefore, it was
decided by the research team to develop an original PrCA intervention.

2.3 Setting Usability Goals, Participatory/Coordinated Design

Nielsen recommends setting usability goals based on five constructs: learnability,
efficiency of use once the system has been learned, ability of frequent users to return to
the system without having to relearn the system, frequency of error, and subjective user
satisfaction. He also explains that the priority of each usability goal and additional
important attributes of the system will be dependent upon the targeted user. He then
recommends a participatory design process where users have input on a specific pro-
totype and that all aspects associated with the interface (e.g., documentation, tutorials,
future releases) contain consistent elements (i.e., coordinated design). In CBPR the
product usability goals are partly determined by the community because the community
is considered a collaborative partner in all phases of the research. These usability
goals should also build on the strengths and resources within the community. For
example, men in our study attend church often, so considering how the product could
fit into the church environment could be advantageous because the church could be a
place where the system could be more accessible than the home environment. Fur-
thermore, the support of the system by social networks within churches (e.g., clergy,
men’s ministry) may lead to a higher likelihood of system use [40].

In our formative approach, the research team examined the literature relevant to PrCA,
informed decision-making behavior among AAs, and technology use/acceptance (in
general and for health decision making). We then convened multiple focus groups to
determine AAmen’s (1) current PrCA risk and screening knowledge, (2) decision-making
processes for PrCA screening, (3) usage of, attitudes toward, and access to interactive
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communication technologies (e.g., computers, ATMs, kiosks), and (4) preferences for and
characteristics of a computer-based PrCA education program. These discussions helped
the research team determine what information should be included in a PrCA education
program based on knowledge and decision-making needs such as facts about PrCA
screening. Also, gaining information about technologies that AA men currently use on a
frequent basis and what aspects of these technologies made them easy to use, helped the
research team identify usability elements that could be incorporated into a digital PrCA
education program. Finally, we were able to gain any additional input specifically on their
openness to using a computer for PrCA decision making and create goals for designing a
PrCA education program. All of the input gained through these groups was used to create
a paper prototype (i.e., storyboard) in PowerPoint and a short animated clip displaying an
avatar that could potentially be used in the program. A more detailed description of results
can be found elsewhere [41].

The community was invited to participate in a second phase of focus groups to
conduct a thorough review of the storyboard, the accompanying character script, and
the clip of the AA male avatar who would be providing users with PrCA information
throughout the course of the 12-minute education module. Prior to the focus group and
consistent with CBPR principle 8, findings and knowledge gained through the first
focus groups were disseminated to study participants. It was also explained how
these findings had informed the development of a storyboard/script that captured the
intended content and functionality of the future intervention. The community was then
invited to ask questions prior to participating in our second phase focus groups. In the
second phase of focus groups, participants were specifically asked to critique the
content of the script to ensure that it was appropriate for users with diverse literacy
levels and provide their thoughts on navigation elements for users who may have lower
levels of computer fluency. Participants also provided input on the appearance and
expected acceptance of the use of the AA male avatar. The focus groups provided a
forum for co-learning and empowerment because the participants and the research-
ers’ exchange led to both parties leaving the focus groups with useful information. For
example, while the participants gained additional knowledge about PrCA and the
development process, the research team gained knowledge about decision-making
behavior among AA men. In addition, the research team learned about participants’
specific technology needs, while the participants learned more about what was tech-
nologically possible. Ultimately, the feedback received was then used to revise the
storyboard/script and develop a full prototype of a PrCA education program. The
design of this prototype (based on significant community input) represented the inte-
gration of knowledge and action for the mutual benefit of our partners (i.e., the AA
faith-based community).

2.4 Prototyping/Heuristic Analysis

In the UEL, prototyping is suggested after a heuristic analysis is performed, but our
research team developed a prototype prior to the heuristic analysis using a series of
usability guidelines [42] and significant community feedback. Developing the proto-
type prior to the heuristic analysis allowed us to receive optimal expert feedback early
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in the process. Waiting until after the heuristic analysis could be more costly in cir-
cumstances where the product is difficult to develop or modify.

The research team solicited assistance from an animator to help translate the sto-
ryboard (created in PowerPoint) into a full prototype. Co-learning and empowerment
was also applicable to the relationship between the developer and the research team
because both parties were actively involved in the development process, which
translated into an exchange of information and skills (e.g., PI learned basic animation
skills; Animator learned about PrCA). The prototyping process consisted of using
software that facilitated motion capture through a Microsoft Kinect camera, which
could be applied to a custom designed avatar. These rendered video clips were then
uploaded to a learning software that was capable of playing clips based on user
decision and administering quizzes throughout the user’s educational experience. The
resulting PrCA prototype was designed to be operated on any computer, but the
preference of the community was that the final product be administered on a large
touch screen monitor to accommodate aging users who may also have lower levels of
computer fluency.

The PrCA education program was then mailed along with a heuristic evaluation
instrument to six experts with experience and knowledge of digital health intervention
design. The evaluation instrument was based on Nielsen’s 10 usability heuristics for
interface design [43]. Most of the changes recommended focused on aesthetics as
opposed to issues related to the usability of the education program. The PrCA edu-
cation program was then moved to empirical testing through 10 in-depth interviews.
The empirical testing was a means to validate the usability of the prototype through
system use observation and follow-up interviews with the community. The interviews
with the community focused on similar system design constructs relevant to our expert
heuristic evaluation (e.g., how similarly does this system function compared to other
technologies that you have used previous to using this system?). These interviews
exemplified involving the community in all phases of the research process. Details
regarding the prototyping process and results from the second phase of focus groups
and in-depth interviews can be found elsewhere [44].

2.5 Iterative Design

CBPR, much like UEL, supports the development of interventions/systems through a
cyclical and iterative process where any stage of the design process is revisited in order
to produce the most usable system. In the development of the PrCA education program,
the design from conception to prototype was iteratively orchestrated through multiple
focus groups, in-depth interviews, and a heuristic evaluation with the community
involved in each of these phases of research. In addition, prior to the research team’s
future field testing of the system, the PrCA education program will be further revised
based on changes recommended during the heuristic evaluation and in-depth interviews
described above. Furthermore, following this future field testing (next step), the
research team will revisit the design again to make salient changes that could improve
the intervention.
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2.6 Collect Feedback from Field Use (Next Steps)

Based on findings from the prior heuristic evaluations and empirical testing, the
research and development team will make changes necessary to increase the usability
and professional value of the PrCA education program. The research team will then
pilot the PrCA education program among AA men who did not participate in the
development of the system. For the pilot, the PrCA education program will be
administered on both tablets and all-in-one, touch screen computers. Men from the
design phase will, however, be invited to participate in this phase of research by
helping recruit other participants for involvement in the pilot. By implementing pre-and
post-surveys, the research team can gather information about the system’s effect on the
research team’s posited knowledge and behavioral outcomes (e.g., PrCA knowledge,
informed decision making self-efficacy) and the usability of the system based on both
general heuristics and overall satisfaction regarding user experience. At the conclusion
of our study, we will disseminate findings and knowledge gained to all partners
through local forums with study participants/stakeholders who will be invited to engage
in further discussion regarding where the system would be most accessible to AA men
within and beyond the AA faith-based community (Table 1).

Table 1. How CBPR fits into UEL: A summary table

UEL steps CBPR principles specific to UEL step

(1) Know the User • Recognize the community as a unit of identity
(2) Competitive Analysis • Facilitate collaborative partnerships in all phases of the

research
(3) Setting Usability Goals • Build on the strengths and resources within the community
(4) Participatory Design • Facilitate collaborative partnerships in all phases of the

research
(5) Coordinated Design • Integrate knowledge and action for mutual benefit of all

partners
• Promote a co-learning and empowering process that attends to
social inequalities

• Disseminate findings and knowledge gained to all partners
(6) Prototyping • Facilitate collaborative partnerships in all phases of the

research
(7) Heuristic Analysis • Promote a co-learning and empowering process that attends to

social inequalities
(8) Iterative Design • Implement a cyclical and iterative process

• Facilitate collaborative partnerships in all phases of the
research

(9) Collect Feedback from
the field

• Disseminate findings and knowledge gained to all partners

• Facilitate collaborative partnerships in all phases of the
research
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3 Summary/Conclusions

There are multiple strengths and similarities in UEL and CBPR principles. However,
using UEL and CBPR principles in concert could lead to stronger computer-based
intervention designs for minority populations who may be far less likely to participate in
a non-targeted effort to solicit feedback on a product or system design. CBPR empha-
sizes an equitable partnership between the developer and the community, which is not
central to UEL. Conversely, CBPR has not been used extensively in studies focused on
the development of computer-based education interventions and cannot be used unac-
companied by a set of usability guidelines. Further research is warranted to assess the
impact of the conjunctive use of UEL and CBPR principles to develop technologies for
diverse populations to address the prevention of varying diseases.
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Abstract. The evaluation of applications or systems within dynamic
environments is complex. The existence of multiple hardware and soft-
ware items which share the same space can provoke concurrency issues
and result in erratic interactions. A sudden change within the environment
can result is dramatic changes both to the user and application itself which
can pass unnoticed in traditional evaluation methodologies. To verify if a
component is compatible with a given environment is of paramount impor-
tance for areas like pervasive computing, ambient intelligence or ambi-
ent assisted living (AAL). In this paper, a semi-automatic platform for
evaluation is presented and integrated with a TeleRehabilitation system
in an AAL scenario to enhance evaluation. Preliminary results show the
advantages of the platform in comparison with typical observation solu-
tions mainly in terms of achieved data and overall ease of use.

Keywords: Evaluation · Multimodality · TeleRehabilitation

1 Introduction

The design and development of complex multimodal systems, working in mul-
tiple devices and deployed in dynamic environments, poses several challenges.
Beyond the technical aspects, designing user experience in this context is far
from being simple. At this level, tasks and interaction modalities cannot be
looked at as isolated phenomena [6]. For example, the use of several modalities
simultaneously, as a result of a more complex use of the system, might result
in sensory overload [9]; or particular modalities, which in abstract seem suitable
options, are disregarded by the user in some (e.g., stressful) situations. Fur-
thermore, these concerns are particularly relevant when the target users might
present some level of disability, physical or cognitive, which directly influences
how they use the system: an audio warning might not be heard by the user, due
to a hearing disability, or multiple tasks crossing might leave the user disori-
ented [3]. Therefore, integration of proper evaluation, in the development cycles,
c© Springer International Publishing Switzerland 2015
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covering different contexts of use and complex tasks, running in its intended (real
or simulated) environment, is of paramount importance and should be increas-
ingly introduced, from early on, as a tool to support the development of such
systems.

In this article, we present a semi-automatic evaluation platform and its usage
applied to the assessment of a TeleRehabilitation system. This platform allows
the creation of dynamic evaluation plans and, by continuously assessing context
and user performance, provides evaluators with a more complete report of the
experience. The collected data also allows inferring the precise timings to trigger
questions to assess user performance and/or satisfaction, for example right after
failing to complete a task or when the user is idle. The platform distinguishes
itself from alternative tools [4,8] by using an ontology at its core and by provid-
ing a decoupled manner in which evaluators can integrate other software with it.
Additionally, a dedicated user interface (UI) simplifies the creation and deploy-
ment of evaluation tests without requiring specific programming knowledge.

2 Supporting the Evaluation of Multimodal Distributed
Systems - the DynEaaS Platform

Usual evaluation methods do not fully serve the task of assessing user feedback
and performance in regard to applications in highly dynamical environments.
Ubiquitous or pervasive systems require adaptable evaluation solutions that do
not limit the amount of gathered data. By gathering additional data, evaluators
are able to assess a wide range of aspects regarding their applications and take
into account the surrounding environment when establishing conclusions.

Dynamic Evaluation as a Service (DynEaaS) (Fig. 1) is an evaluation plat-
form capable of evaluating user performances in dynamical environments by
allowing evaluation teams to create and conduct context-aware evaluations. The
platform allows evaluators to specify evaluation plans which contain actions that
are triggered at precise timings or only when certain conditions are met, thus
gathering better contextualized data.

DynEaaS follows a distributed paradigm allowing the evaluator to run mul-
tiple evaluations at different locations simultaneously. At each location, the plan
is instantiated and applied taking into account user preferences, current context
and the environment itself. When applying the plan, DynEaaS constantly evalu-
ates the current context and chooses the best suited conditions to interact with
the user.

Within DynEaaS, each user is seen as a user node named EaaS Node which
is a part of an evaluation network. An evaluation can be remotely started for
a defined set of users. Each evaluation network is defined by a set of criteria
which every user node must comply with and is controlled by a central node
called EaaS Core. Some examples of criteria can encompass user preferences or
interests as well as more structural aspects such as hardware or environment
conditions.
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Fig. 1. DynEaaS ecosystem

Results are synchronized in real time. By having access to them, the evaluator
is able to analyze current data and have a better grasp over the evaluation current
status making small changes to it, if so required.

DynEaaS embraces a International Classification of Functioning, Disability
and Health (ICF) [12] based methodology that includes different usability eval-
uation methods such as questionnaires and performance evaluation. The envi-
ronmental factors are a central aspect of the ICF based methodology. Using the
DynEaaS platform it is possible to assess every situation foreseen by the eval-
uator concerning a system, a user or the entire environment by defining events
triggering actions (e.g., questions). Events can encompass temporal aspects (spe-
cific times), environmental aspects (noise, brightness), contextual aspects (per-
sons in the room, interruptions), interaction options (repeated actions), among
others, which can be aggregated to create specific evaluation contexts. All data
is recorded and can be further analyzed later.

By using ontologies, the platform is highly flexible and can be used in different
domains without core changes. Post-evaluation reasoning operations are also
possible if required.

Fig. 2. DynEaaS local architecture exemplification
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Locally, each EaaS Node (illustrated in Fig. 2) is composed of a set of services
which cooperate to execute evaluation plans. These evaluation plans are created
by the evaluator at EaaS Cores and deployed on-demand to selected user nodes.

Each evaluation plan encompasses an unbounded number of workflows with
the objective of gathering specific information from the user. Each workflow can
be seen as a tree which is started at its root and executed until it reaches all
of its leafs. These workflows are executed by the Workflow Engine within the
EaaS Node and delivered to the user via associated modalities/user interfaces.
The selection of which modality to use falls on the IUI Module based on current
context and the evaluation specifications.

Each workflow can contain two types of elements: event rules and inquiries.
An inquiry comprises a number of questions to be asked in succession. DynEaaS
supports both open-answer questions and multi-answer questions which are cre-
ated by the evaluator. Event rules on the other hand enable the creation of
complex event compositions.

Fig. 3. DynEaaS UI for creating event rules dynamically

In DynEaaS, each event is described by an EventType which defines a rout-
ing key for it. These routing keys are used by applications to deliver notifications
to DynEaaS using a decoupled message queue (Log+Dispatcher). This message
queue is associated with an Event Module which receives selected events (accord-
ing to active workflows which trigger the engine). EventTypes can also be used
to form EventRules using a number of operators such as:

– ‘And’ and ‘Or’ Operator - creates a logical operation between two elements
(either types or other operators)

– ‘Not’ Operator - negates an element
– Delay Operator - waits a period of time after or before evaluating an element
– Functor Operator (such as BiggerThan or SmallerThan) - enables the creation

of predicate functions that compare arguments inside the events.
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Each of these operators (except functor) can be applied to other operators
which makes the creation of event rules limitless. The platform is accessible
via a graphical UI which enables evaluators to create, design and deploy an
evaluation plan to any linked user. Figure 3 demonstrates the UI for the creation
of a simple event rule that triggers when either an increase or a decrease on
brightness occurs.

3 Evaluation of TeleRehabilitation Using DynEaaS

3.1 TeleRehabilitation Application

TeleRehabilitation [11] is a new service which allows a patient to have a remote
session of rehabilitation with a physiotherapist. The system provides different
features for the patient and for the physiotherapist (Fig. 4).

Figure 5 illustrates the telerehabilitation system with both user interfaces. On
the patient side, the application is divided in four major components: live video of
the user doing the exercises, video presentation illustrating the current exercise,
state of the session, e.g., duration, and a chat window. On the physiotherapist
side, the application is divided in five components: exercise plan creation, plan
status, vital signs monitor, live video of the patient and chat. TeleRehabilitation
supports multimodal interaction [1,2], based on the W3C multimodal architec-
ture [5], allowing the user to interact by touch and speech, as input modalities,
and onscreen graphics and voice as output. Since the patient will be doing the
exercises, and is far from the screen, speech interaction will be, most likely, the
preferred modality.

With the application reaching an advanced stage of development, one of
the challenges is how to perform the evaluation of TeleRehabilitation so that it

Fig. 4. TeleRehabilitation system architecture
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Fig. 5. The TeleRehabiliation application user interfaces

can encompass the full complexity of the system, its tasks and true multimodal
interaction.

3.2 Specifying the Evaluation Protocol

The TeleRehabilitation system consists of two different modules addressing the
two user profiles involved: therapists and patients. This fact makes it more diffi-
cult to evaluate the system as a whole, given that it is necessary to perform two
evaluations at the same time, one for the patient and one for the physiotherapist.

The system itself requires validation from both users regarding its overall
functioning and usability. To do so, we have used the DynEaaS platform with
two user nodes, one for the patient and one for the physiotherapist.

In order not to obstruct the user, but at the same time obtain information
in precise timings, we have embedded evaluation specific interfaces within both
application modules. This way, the user is not required to shift his/her attention
from the application and is able to insert information in real time. For this
evaluation, users were able to interact using touch, keyboard and mouse or voice
commands. The test was set within our Living Lab [10](in the case of the user)
and a private room (in the case of the physiotherapist).

The evaluation session itself was composed of several exercises, activated by
the therapist and displayed at the user’s side. The user was asked to perform the
exercises while the therapist observed and sent feedback. The performed sessions
had an average duration of 15 min. Each test was accompanied by an evaluator
to provide the necessary initial explanation to the user. The evaluator was also
asked to compose a critical incidents registration.

Previously to the start of the evaluation, involved event types were specified
in DynEaaS (see Table 1). In this case, only events produced by the TeleReha-
bilitation system have been inserted.

The list of possible events includes simple events like login or session start
as well as more specific events such as sending a chat message, receiving current
exercise status information or selecting a new exercise.

Based on these event types and also event rules and inquiries, we have cre-
ated two plans, one for each intervenient. Both plans were set to start at the



152 C. Pereira et al.

Table 1. Event Listing

Event designation Description

TR NextExercise Advancement to a new exercise.

TR newExerciseList Activation of a new exercise list.

TR SensorSelect Selection of a sensor in the interface.

TR SendExercise Sending a message to the other user.

TR RemoveExercise Elimination of an exercise from the exercise list.

TR Login Successfull authentication.

TR PreviousExercise Selection of a previous exercise.

TR TimeChangeExercise Changing the time period of an exercise.

TR SensorZoomReset Reseting the sensor viewing component.

TR ExerciseStatus Indication of the status of the currently active exercise.

TR SensorZoom Performing zoom on the sensor component.

TR ReceiveMsgChat Receiving a message on the chat component.

TR SendMsgChat Sending a message via chat component.

TR SelectExercise Selecting an exercise.

TR endExerciseList Finishing an exercise list.

TR SessionStart Initiating an exercise session.

same time. In order to obtain information from the user with questions, the plan
integrates a set of evaluation flows. An evaluation flow depicts a set of linked
event rules and inquiries with a specific order. When the evaluation is initial-
ized, evaluation flows are instantiated into workflows and executed in the EaaS
Nodes. Following are some examples which illustrate the diversity of the inserted
evaluation flows:

– a flow intended to assert the overall opinion of the application after a certain
usage. The flow is composed of two elements, the first being an event rule
which triggers ten minutes after login, and the second, a question composed
of a number of possible answers.

– a flow to assert a possible malfunctioning with the chat component. In case
the user presses the ’Send chat message’ five times in a row under ten seconds,
a question is triggered asking the user the cause of that event. Note that while
the first flow will occur due to being associated with time, the probability of
this second flow happening is very slim. This helps demonstrate the flexibility
of DynEaaS in the sense that it can support both time specific flows like
the first while flows like the second one can help depict faults within the
application itself.

– a flow to trigger a question when the user surpasses thirty percent of the
exercise list. The question itself interrogates the user regarding the exercise
demonstrations and its utility.
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– a flow to trigger if the user has not used the chat functionality at all after ten
minutes. In this case, the user is asked why did he not use that functionality,
either by not noticing, not needing it or feeling it is not important.

– another flow operates similarly in regard to voice commands after five minutes.

On the physiotherapist side, we have created another set of evaluation flows,
some similar to the ones for the patient (like overall impression of the system),
and others to assert specific components on the physiotherapist side (such as
inquiring why the physiotherapist did not use certain features).

Overall, both plans aim at gathering information from a single therapy
session, covering both sides of application use simultaneously (therapist and
patient).

4 Results

Before performing a high number of evaluation sessions, a preliminary test was
performed that, besides collecting evaluation data, should serve to validate the
methodology, integration of DynEaaS with the application and assess the rele-
vance of the defined evaluation plans. On this test, we have prepared a room for
the therapist, and another for the patient and ran it for 15 min. An observer was
present to take notes on the session from the patient side, and DynEaaS was
placed running on both users.

Figure 6 shows both users during the initial test of the system. At the end of
this test we reached two main conclusions. First, both DynEaaS plans were not
extracting as much information as we desired. The truth was that the created
plans were small. Initially, we feared that a high number of evaluation flows
could constantly disrupt/distract the user from using the system and, therefore,
created evaluation plans with a very limited scope. However, given the gathered
results, we found that half of the actual workflows within both plans were depen-
dent of the user himself and did not activate because the user had not fulfilled
the necessary conditions.

The second conclusion was that the embedded interfaces within the system
did not suit the system itself. Asking the user to answer the question with a
keyboard and mouse lowered the user’s usability dramatically.

Fig. 6. A TeleRehabiliation session
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Taking this in mind, we prepared a second trial which complemented these
aspects. To tackle the issue with keyboard and mouse, we inserted a new interface
into TeleRehabilition which enabled the user to answer all DynEaaS solicitations
using speech.

4.1 Analyzing Obtained Results

In both sessions, the number of triggered workflows was very similar. Both users
performed the login step, the requested exercises and used the available inter-
action modalities successfully. In session one, the number of detected events
however was much smaller than in session two, especially concerning the chat
component which indicated that patient two interacted with the therapist more
often.

Either in session one and two, the therapist created a 12 step exercise list
for the patient to complete which allowed us to compare timings between both.
Results from DynEaaS showed that when reaching the 30 % percent of exercises
performed, both patients found the exercise component to be clear and helpful
in regard to its demonstration.

The results captured by the DynEaaS show good acceptance by both users.
They were engaged within the rehabilitation session and indicated that they
were satisfied with the interaction. These results are in compliance with previous
usability evaluation test used to assess the preceding versions of the Telerehabil-
itation [7]. The previous test was made according with the traditional approach.
The users followed a session script while the evaluator observed and collected
data about the interaction. At the end of the session, the users completed a
usability questionnaire regarding the system.

Evaluators claimed that when comparing the results of the evaluation made
with DynEaaS and the previous one made with a traditional approach, it is
possible to understand the practical value of DynEaaS as with a minor effort
the evaluator has access to a greater amount of data regarding user experience.

Fig. 7. DynEaaS UI showing results for a workflow in a timeline

An example of the added value to the evaluation process is the timeline
generated from DynEaaS (Fig. 7). The figure illustrates a timeline generated
from DynEaaS which allowed us to check the times that both patients took
when performing the ‘30 % percent’ workflow. Another interesting result that
DynEaaS provided, concerns the overall opinion of the user after 10 min using
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the system. Figure 8 presents two graphics, the first regarding the first session
and the second concerning the second. The major difference from the first session
to the second was the inclusion of speech. Results show that the amount of
time that the patient took to provide the necessary user credentials (marked by
‘Login’ in Fig. 8) decreased by half from the first to the second session. This
is also true when analyzing the timings for answering a question in the same
workflow. Based on these results, we were able to confirm the importance and
usefulness of speech.

Fig. 8. Comparison between the two users concerning a specific workflow

In both sessions, observation reports indicated that the test itself went
accordingly to what was expected, which also indicated that the user was engaged
by the application.

5 Conclusions

The usage and flexibility of DynEaaS for evaluating the TeleRehabilitation
system was proved to be very helpful. The creation of automatic workflows which
trigger according to specific events allowed the extraction of valuable informa-
tion from the user in real situations. For instance, DynEaaS allowed us to verify
that the patient, when confronted with the ability to use speech interfaces, does
so, even when speech recognition is not perfect.
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In the future we intend to create more test cases with a higher number of
users. While the presented case study was performed singularly and without con-
current applications, the compatibility of other software and hardware elements
should be also asserted, preferably in non-controlled environments.

Additionally, the application of DynEaaS in other scenarios is also an objec-
tive as well as its enhancement, majorly by exploring the automatic generation
of inquiries based on domain specific ontologies.
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Abstract. To support older adults with age-related or chronic diseases living in
the community, suppliers are increasingly turning to Personal Health Systems
(PHS) for remote care delivery. Despite the advantages of PHS, implementing
these systems brings on several challenges on the technical level, but also related
to the diversity of end-users, the characteristics of the ecosystem, the innovation
process itself, regulatory and social aspects. To discuss these issues, we study
two different PHS currently under implementation and deployment by two
French companies: a telehealth service for frail older adults living at home and a
GPS-based monitoring service to deal with wandering and disorientation of
persons with dementia. We describe and compare problematic situations faced
by these companies on three levels - demand, supply, and context- and explain
why they decided to evolve towards a Living Lab approach to improve tech-
nology acceptance and social and economic return on investment.

Keywords: Living-lab � Innovation � Healthcare � PHS � User involvement �
Older adults

1 Introduction

Healthcare systems in Europe currently face many challenges due, in part, to the
general background of the economic crisis resulting in limited public expenditure,
budget cuts, and fiscal austerity [1]. Population ageing is another key factor putting a
strain on healthcare systems, particularly in a context of healthcare providers shortage.
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Therefore, dealing with questions such as how to achieve and maintain a good health
status throughout the life cycle, and how to deal with common chronic diseases and
disabilities in old age, seems fundamental [2].

An individual’s health status results from the interaction between genetic and
environmental factors [3]. Understanding these interactions, and the extent to which
they contribute to the risk of illness, is important for the development of preventive and
therapeutic measures supporting a healthy, active and independent life throughout an
individual’s existence. Innovative approaches for reaching better health outcomes at the
population level may seek to improve the identification of risk factors, prevention
strategies, diagnostic procedures, and enhance care quality and efficiency. Health
policies are critical for the implementation of these innovative approaches because they
guide initiatives and contribute to shape services and resources. In this context, the use
of Information and communications technologies (ICTs) for health promotion and
disease prevention has been growing rapidly in recent years, mainly in high-income
countries [4].

The use of ICT in the healthcare context is expected to improve cost-effectiveness,
safety, quality, availability and continuity of care delivery. Therefore, to better support
elderly populations, commonly affected by age-related or chronic diseases, service
suppliers are increasingly turning to remote care delivery systems, of which Personal
Health Systems (PHS) are a major component. PHS refer to a number of ICT-based
tools, such as wearable, implantable, and portable systems, that automatically acquire,
monitor and analyze health-related data in a continuous and unobtrusive way. Health
data is then coupled with expert biomedical or psychosocial knowledge for the pre-
vention or treatment of a condition. PHS also take into account individual and envi-
ronmental information to offer the most appropriate response to the user. Responses can
range from the delivery of information (e.g., personalized nutrition advice) to remote or
personal assistance (e.g., call centers, point-of-care systems) [5].

Within the eHealth area, PHS focus on providing individualized and
quality-controlled services that empower individuals to have an active role in their own
healthcare regardless of their location [6]. Consequently, PHS are expected to improve
quality of care, process efficiency and care delivery costs, either in public or private
settings. Finally, it is worth noting that from an industrial point of view, PHS provide
new business opportunities in Europe and globally, with a potential to bring a sig-
nificant return on investment (ROI) and generate savings in resources [7].

PHS are diverse (e.g., telehealth, health information exchange, communication,
mobile and assistive technologies, etc.) and cover different situations (e.g., emergency,
prevention, regular therapy, home monitoring, nutrition support, etc.). Due to their
wide range of applications, PHS appear particularly interesting for delivering home
care and related services to older adults who want to continue living at home for as long
as possible. However, their design and implementation brings on several challenges, of
course on the technical level, but also related to the diversity of needs, capabilities,
preferences and goals of end-users, to the characteristics of the social and physical
environment in which they live, or to the features of the local ecosystem (e.g., orga-
nizational complexities, political aspects, regulatory restrictions or insufficiencies).

In this paper we provide a general analysis on the industrial processes for the
development and implementation of PHS that specifically target older adults with
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particular health and social care needs. First we provide some background information
and summarize a number of challenges that healthcare technology companies may
encounter when developing PHS. Then we introduce two PHS developed by French
companies that are either under current development or already deployed. The first one
is a telehealth service for frail older adults living at home. The second is a Global
Positioning System (GPS) to deal with wandering and disorientation of persons with
dementia. For each example we describe challenging situations encountered by these
companies at different stages of the product development life cycle. We also explain
how these challenges could be more successfully addressed by the implementation of
Living Lab principles of open innovation, real-life experimentation, user involvement,
and stakeholder partnerships. Finally, we build on these case studies to provide an
analysis on how stakeholders in this industry sector may take advantage of Living Lab
methods at different points of the product cycle.

1.1 Challenges Faced in the Development of PHS

Challenges faced by healthcare technology companies when developing PHS for
elderly individuals can be grouped into three categories described in this section.

From the Demand Side: Tailoring Systems to Users. PHS users are very diverse
including older adults, family members, informal or formal caregivers, among others.
Because a wide range of persons may interact with PHS, these systems should be
adaptable to various needs, capacities, limitations, preferences, and goals.

Several factors that may directly or indirectly hinder acceptance and adoption of
PHS among older adults have been documented in the literature: (a) having a limited
technology experience [8, 9]; (b) age-related changes in visual, auditory, motor and
cognitive function, that render difficult the use of technological products [10–12];
(c) slowness in technology adoption compared to younger adults [13]; (d) being very
selective in the choice of technologies they use (e.g., more frequent use of health care
devices than entertainment technologies) [9]; (e) psychological aspects such as low
self-confidence when using technological products, or having a negative perception of
these products (e.g., being unnecessary) [13–15]; (f) assistive technology products
conveying a negative connotation or appearing stigmatizing (e.g., highlighting dis-
ability) [16]; (g) ethical concerns regarding the use of PHS (e.g., mistrust, respect of
privacy, dignity, autonomy) especially when the primary user has cognitive impair-
ment; and (h) the high heterogeneity observed among elderly individuals (e.g., geo-
graphic, demographic, psychographic, and behavioral characteristics) which makes it
difficult to draw a good picture of consumer segments [17].

All these factors represent a serious challenge for the development and imple-
mentation of PHS for older adults. Therefore, these systems must be designed with a
strong concern of customization regarding elderly individuals and stakeholders around
them. Consequently, participative and user-centered methodologies appear to be the
most promising design approaches to address these issues.

From the Supply Side: Promoting a Collaborative Market Orientation. In order to
keep up to date with globalization, technological change, and the rapid shift in industry
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boundaries, a new model for market orientation has emerged over the past years: the
“open innovation” model. Contrary to classic hierarchical models of “closed innova-
tion” in which one organization controls entirely the R&D process, owning the intel-
lectual property of the production, the “open innovation” model refers to cooperation
among multiple stakeholders who share their perspectives to foster innovation (e.g.,
cross-product, cross-firm and cross-industry business models) [18, 19]. The rationale
behind this approach is that, when developing new products, the choice of involving
multiple stakeholders, and combining their knowledge, methods, and technology, can
bring an added value to the product.

Cooperation for the development of PHS within an open-innovation model implies
including several firms in the sector, healthcare providers, suppliers, researchers, and
end-users, among others. These partnerships may involve public, private and civic
sectors of society. However, different risks associated to open innovation activities
have been identified, for instance: loss of knowledge, high coordination costs, loss of
control, high complexity, and conflicting interests. Some barriers to open innovation
activities have been highlighted as well, such as the difficulty establishing effective
partnerships, the unbalance between open innovation activities and daily business,
insufficient time and financial resources, and intellectual property issues [20].

The higher created value for all stakeholders that can be achieved by properly
conducted open innovation, when compared to traditional approaches, justifies the
creation of specialized, independent organizations to deal with these issues. By
employing solid and structured methodologies, it is indeed possible to collect and
organize knowledge to prevent its loss, balance interests objectively to resolve con-
flicts, coordinate efforts to reduce costs, and mitigate negative interferences of the
innovation process with the core activities of partners.

The Context: Legal, Social and Policy Issues in Innovation. Legal, social and
policy issues may arise at different stages of the innovation process, from the design of
PHS to their implementation in home or institutional settings. These questions do not
only concern decision-makers, legislators, and policy-makers (e.g., adapting existing
laws to new healthcare practices) but also users (e.g., patients, families, caregivers,
health professionals) and manufacturers [21]. From a broad perspective, stipulations at
this level may support or hinder industrial processes, research, and the diffusion of
proven technologies.

A widely acknowledged legal challenge to the implementation of PHS systems is
the respect of patient’s rights regarding privacy and data protection. In the European
context, it is worth reminding that there is a move towards greater integration.
Therefore, cross-border collaborations for technology development and implementa-
tion, patient mobility, and the sharing of health records that results from it, require all
the reflection on legal aspects for the development of PHS at the region level. However,
up to now there is a lack of a unified body of legislation for eHealth in Europe [21].

With respect to social aspects, one key issue regarding the adoption of PHS is the
degree of ICT readiness of potential users. A recent European [22] study pointed out
that new health inequalities are emerging due to the impact of “traditional determinants
of health” on ICT readiness. Therefore, e-Inclusion policies related to “ICT for Health”
are needed to ensure that individuals with low socio-economic status, low technology
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experience, and more prone to health problems, are able to benefit from these types of
technologies, in particular regarding elderly persons.

Here too, independent organizations able to federate all stakeholders, balance their
interests through objective measures and synthesize these data to inform policy makers
are needed. These organizations could particularly help to speed-up the necessary
evolution of the legal and regulatory context, which today is slowed down by
conflicting interests at the highest levels and the lack of a proper space for their
resolution.

2 Two French Case Studies of PHS

In this section we give more concrete examples of the aforementioned challenges based
on two case studies about the development and implementation of PHS. These studies
cover different stages of the design and development cycle, and were chosen because
they illustrate well the problematic situations faced by companies in the PHS sector.

2.1 SESIN and the Hadagio Telehealth System

SESIN is a French content management software publisher created in 1976. It has
recently expanded its activities to e-health. The company is based in Marseille but is
present in other French regions, in some African countries and in Brazil. Within the
framework of a French Ministry of Health call for promoting health and independent
living through ICT, the company conceived the project “Hadagio” in 2012.

Hadagio is a PHS intended to provide medical and social services such as
tele-consultation, remote monitoring, social digital space, to frail elderly living in the
community. The detection of unusual biological or behavioral patterns can automati-
cally trigger an alarm notifying an informal caregiver or other care provider. The main
goal of Hadagio is to improve health outcomes in older adults by supporting self-care
and coordinated care. Overall, support services provided by the system are expected to
prevent worsening of frailty and some of its adverse outcomes. The solution may be
installed on tablets or smartphones and is expected to be used by patients, family
members, and care providers. With the aim of ensuring acceptance and usability of the
system, the company decided to give a particular attention to ergonomics throughout
the design process of the system. A classical user-centered approach, structured into
five phases, was used for the conception of the system (Fig. 1).

Although user-centered design methods were used to facilitate the appropriation of
the system by users, and a satisfactory usability of interfaces was achieved, several
barriers to acceptance still emerged. For instance, in Phase II-b (Fig. 1), an informative
booklet was designed to ease the recruitment of participants for the pilot assessment
(Phase V). The booklet introduced the system and presented a number of fictional
scenarios illustrating how Hadagio could be used to support health and social care in
elderly individuals. Results from the Phase I, and supporting literature on this topic,
were used for this purpose. However, when gathering the opinions of older adults on
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the information presented in the booklet, the project team noticed a low acceptance of
the system. Participants’ concerns pertained to different aspects:

• Technical feasibility: “Remote health monitoring using sensors is fine, but how
does one process data from sensors for all the patients? It’s a huge job!”

• Reliability: “How do we prevent accidental triggering of alarms? We don’t want
emergency workers to come for nothing.”

• Intrusiveness: “What type of sensor does the system use? Cameras? I do not want
cameras at my home!”

• Practical aspects: “For tele-consultation, how does it work for payment, orders…?
We must be there for that!”

• Mobility: “How does it work when we go on vacation? We must take our sensors
with us?”

Participants’ feedback showed that the situations presented in the booklet appeared
to be, first, far from their reality, and second, created a conflicting perspective with the
way they wish to live at home and take care of their health. Older adults failed to
perceive the usefulness of the system, which prevented them to imagine themselves as
future users. The company acknowledged that because of its innovative character,
implementing a system such as Hadagio would require a change of current self-care
practices that could not be predicted neither promoted without the involvement of
potential users. It was then decided to work more closely with older adults for the
conception of more realistic use-case scenarios that would influence in a positive way
the intention of use. This means giving them a more active and expert role and rec-
ognizing their right to decide over things affecting them.

Fig. 1. Phases of design and evaluation of the Hadagio system

Innovative Technology-Based Healthcare and Support Services 163



2.2 Bluelinea and the BlueGard GPS Location Bracelet

Bluelinea is a French company working in the sector of PHS and connected objects
since 2006. Based in the Paris region the company is nowadays present in several
regions of the country. Since its beginnings, Bluelinea quickly evolved to position itself
as a leading actor of the deployment of connected objects within health facilities. One
of the first products marketed by the company was a monitoring bracelet for the
protection of newborns in maternity hospitals. Building on the success of this offer, the
company expanded its activity in 2010 to the support of older people. The monitoring
bracelet “BlueGard” was then adapted to be used by people with dementia at risk of
wandering and disorientation and support their caregivers.

The BlueGard bracelet (Fig. 2) is equipped with a GPS chip. It transmits its position
to a support platform, and allows communicating with the user in case of need. It also
includes an emergency button that the user has the option to use at any time. This
solution falls under the category of PHS because it allows customization in terms of the
definition of the location perimeter following the user’s capacities, preferences, goals,
and living situation.

The main purpose of BlueGard was to support older adults with dementia living in
the community and help them continue living at home, with safety and independence,
for as long as possible. The service was also intended to give respite and alleviate the
stress of family members and informal caregivers of persons with dementia. A sec-
ondary use anticipated for this system was to provide healthcare institutions for older
adults (e.g., retirement homes, geriatric hospitals) with a support service to prevent
elopement and improve resident’s safety.

However, the offer did not reach the deployment level originally anticipated by the
company. Nowadays approximately 1000 units are distributed each year, with a mean
number of 300 active users at a given time and around 50 to 60 alarms triggered each
day. Contrary to expectations, 70 % of users are in healthcare institutions, with only
30 % living at home. Several reasons can explain this situation:

• Social environment characteristics: absolute need of a caregiver at home to
recharge the bracelet, informal caregiver being too old, or not having the possibility

Fig. 2. The “BlueGard” bracelet for monitoring the location of persons with dementia
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to pick up the person with dementia after he or she was located following an
elopement episode (e.g., not having a car).

• Technology-related: size of the bracelet, negative design (e.g., stigmatizing),
reduced autonomy (e.g., need to be charged at least 3 h everyday).

• Service introduced too late: the offer does not appear to be effective at later stages of
dementia. The company has observed that families frequently look for a support
solution after experiencing one or several elopement episodes, when usually other
responses would be needed (e.g., institutionalization).

• Ethical and regulatory aspects: Some particular and institutional clients worried
about the idea of infringing the autonomy and privacy of the person with dementia.

• Costs: No clear model of financial support for families taking care of a person with
dementia, requiring changes at the policy level.

Yet, by being very attentive to users’ and market feedback “after-the-fact” even
though no proper co-creation approach was used in the beginning, the service could
also be refined throughout the years. For example, improving the definition of the
monitoring and location area according to each individual’s needs. Also, a partnership
with local cab companies was established, to help caregivers who did not have the
possibility to pick up the person with dementia in case of elopement. The company has
also gradually developed and applied an ethics charter defining high-level principles for
the provision of remote monitoring in dementia. Nevertheless, the organization
acknowledged that the lack of a structured approach to use data collection and analysis
hindered the identification and implementation of critical modifications that would
have helped to reach higher market penetration.

3 The Living Lab Approach as a Solution

The Living Lab approach is a recent but potentially influential stream in the field of
innovation research that is structured around five basic principles [23]:

• Openness: The conception and evaluation process of a product or service should be
public and anyone who considers him/herself potentially impacted can get involved
in the operation.

• Influence: All parties involved must have a balanced influence on the final result,
meaning that no stakeholder should be able to stir the project according only to
his/her own goals.

• Reality: The conception and evaluation of the solutions should be based on
quantitative and qualitative evidence collected as ecologically as possible. This
means involving actual users, focusing on actual issues and testing solutions in
real-life using the organizational and logistic setup projected for the final solution.

• Value creation: The conception and evaluation process should create value for
everyone involved. Thus, the focus should not be only on economic value, but also
on the social impact of the solution.

• Sustainability: Conception and evaluation should be an integral part of the project
throughout its entire lifespan, meaning that the proposed solution should evolve and
be re-evaluated thanks to feedback from the field. This makes it necessary to have
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sustainable conception and evaluation processes, able to be self-funded through a
re-investment of part of the value created.

With respect to the PHS examples here presented, while neither firm has truly
applied a complete Living Lab approach, both have taken steps to operate according to
some of its core principles. In this section we explain how a full implementation of
Living Lab methodologies, at different moments of the product cycle (e.g., develop-
ment and deployment), may positively impact the innovation process in both
companies.

3.1 SESIN and the Hadagio Telehealth System

To allow potential users better imagine the conditions for a future use of Hadagio,
SESIN intends to engage users in a process of creative mediation [24]. This method
proclaims that making potential users participate in the writing of usage scenarios for
innovative technologies helps them having a more clear representation of their use-
fulness and start shaping an intention to use them [24]. In this method, first, some
services of the system are selected. Then, draft scenarios are presented to potential
users, with “problematic” and “adjustment” situations without including the system.
Participants are asked to complete these draft scenarios by imagining they play the
main role in them. This practice may help participants identify and define unmet needs
that could be potentially met by a product or service. In a second time, the system is
included in the storyboard. Participants are then invited to imagine potential problems
when using the system and possible solutions. Based on these elements, more realistic
scenarios can be co-designed having constraints and solutions articulated in a coherent
story.

This technique should provide a concrete framework to help prospective users to
build a personalized scenario that fits well with their needs, goals, and preferences.
For SESIN such a method is expected to be more effective for identifying determinants
of technology acceptance than a questionnaire survey. For its implementation, a Living
Lab approach appears as a particularly appropriate response because it offers a set of
tools, methods and infrastructures [25] that effectively support participatory research
for the construction of product usage scenarios. For this reason SESIN has decided at
this point of the design cycle to move to Living Lab methodologies.

3.2 Bluelinea and the BlueGard GPS Location Bracelet

As part of Bluelinea further development of the BlueGard bracelet, the Living Lab
approach, to which the company has recently turned, is expected to prove very useful.
First, at the user level, the participatory approach recommended by the Living Lab can
help improve product acceptability in terms of improved product appearance (e.g.,
more positive design), specifications of the system (e.g., improving their autonomy to
reduce the need to recharge frequently), and training needs, as part of a co-design work.
Openness and user involvement may also help the company to anticipate other
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potential partners, instead of discovering them afterwards, as it was the case with
partnership with the cab company.

The Living Lab can also contribute to the improvement of the BlueGard service by
putting in place a systematic approach to quality-controlled usage data collection and
analysis. This is expected to help the company better demonstrate the profits of supply
and better position itself in the market by better informing and assuring
decision-makers (e.g., managers of healthcare organizations, caregivers) with respect to
legal risks, and their tradeoffs with respect to safety/risks, benefits and costs.

It is worth noting that GPS systems for monitoring the location of persons with
dementia seem to be better positioned in other countries than France by local dementia
associations. For Bluelinea, the Living Lab approach can also help at the regulatory
level to improve awareness of existing technology-based solutions regarding wander-
ing and disorientation problems of persons with dementia. In order to demonstrate
cost-effectiveness of the offer, necessary to be supported by local health authorities,
Living Lab methodologies are also expected to contribute to the ROI study, the analysis
of data related to users’ enrollment, technology and operating costs, personnel or
staffing costs. This strategic choice was made by the company to overcome an
“opportunistic” approach and be in line with healthcare policies regarding the imple-
mentation of evidence-based practices.

4 Conclusion

In this paper, we have explained how two French firms developed very different PHS
using approaches that were partly in accordance with Living Lab principles but did not
fully implement this kind of approach. While original strategies used by both com-
panies did address some challenges in interesting ways, and truly moved to person-
alization, which is rarely the case, technology acceptance and market take-up has
remained low for both.

We have explained why we think that a more rigorous Living Lab approach would
have produced better results, and how future versions of these two PHS will benefit
from such a move. With these two examples, we have illustrated how innovative
companies can benefit from this approach throughout the entire innovation process:
concepts should be tested with both users and experts to generate feedback; mock-ups
should be reviewed by users in realistic contexts to help generate useful, adequate
scenarios; early prototypes should be tested in model environments and then in the
real-world to iterate over the design, specifications and accompanying service; more
mature solutions should be deployed in the real world as soon as possible with sys-
tematic logging and analysis of generated data and user feedback for gradual
improvement; and finally companies and Living Labs should join forces to push
authorities to improve regulatory and policy context by providing real-world, scientific
evidence for the economic and social benefits that their solutions bring. That is why
some of the authors of this paper have created the independent, neutral and partici-
pative French Forum of Living Labs for Healthy and Independent Living (www.
forumllsa.org), in order to support this effort towards closer collaboration between
stakeholders.
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Thanks to this open, ethical yet efficient process, we think that effective and
acceptable PHS for older adults will finally emerge and be deployed, generating the
public health and economic benefits that they have long been expected to produce.
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Abstract. Loneliness is a growing issue amongst older people and one popular
approach to tackling it is by developing non-medical interventions such as
befriending services, mentoring provisions, social clubs, etc. Our analysis reveals
that these interventions are predominantly incremental-physical in nature and that
there is a lack of radical-digital ones. In this paper we discuss the properties of
digital technologies that can be potentially helpful for the elderly and we suggest
that social innovation provides a robust theoretical framework to conceive
radical-digital loneliness interventions. We also draw parallels between loneliness
interventions based on social innovation and the emerging ‘sharing economy’ in
the digital world and discuss the role of third paradigm ofHCI research in this area.

Keywords: Elderly � Loneliness � Interventions � The third paradigm �
Radical-digital

1 Introduction

Because humans are social animals, our social relationships are very important for our
emotional fulfilment, behavioural adjustment and mental wellbeing [1]. Disruption to
these relationships can cause exceedingly unpleasant experiences associated with
insufficient discharge of the need for human intimacy, called ‘loneliness’ [2]. Loneli-
ness can be equated to ‘perceived isolation’ [3] or can be more precisely defined as the
distressing feeling that results from, and comes with, discrepancies between one’s
desired and actual social relationships [4, 5]. Loneliness can be severely detrimental to
health and quality of life of an individual [6–8]. Frans De Waal, a leading anthro-
pologist, has highlighted the importance of human company in our lives. He opines
that, “Next to death, solitary confinement is our most extreme punishment. Our bodies
and minds are not designed for lonely lives. We become hopelessly depressed in the
absence of human company and our health deteriorates” [9]. Weiss refers to loneliness
as a “a gnawing chronic disease without redeeming features” that can instigate
depression [8]. Loneliness should not be confused with living alone as many who live
alone life fully integrated as well as socially active lives [10]. However it has been
observed that loneliness is more common amongst people who live alone [11–13].
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Results from an English longitudinal study of ageing by the Office for National
Statistics, UK (ONS) suggest that 25 per cent of those aged 52 and over felt lonely
sometimes. An additional 9 per cent of these respondents reported that they ‘often’ felt
lonely [14]. Therefore age-related loneliness is a major social issue as it is increasing
alongside an upward global population trend which predicts that nearly 22 % of the
world population will be aged 60 years or over by 2050 [15]. This ‘silver tsunami’ [16]
represents an unprecedented growth of the elderly population and is likely to exert
socio-economic pressure globally in the form of healthcare needs [17, 18]. Researchers
have long discussed loneliness’ close association with ageing [19–22]. They have also
suggested that those over 80 years of age are more vulnerable to experiencing it [23, 24].
Recent surveys conducted in the USA, the UK and Japan, etc. reveal this plight of the
elderly as many older people report experiencing loneliness ‘often’ [25–27].

As a society we have been trying to tackle this seemingly impenetrable problem of
loneliness amongst older adults for some time. For example, some of the strategies
examined by Cattan et al. in their systematic review of interventions aimed at reducing
loneliness amongst older people were developed nearly 30 years ago [7]. The fact that we
are still trying to address similar (if not the same) issues at present, highlights a clear need
to reflect upon our existing approach tomitigating loneliness so that we can developmore
effective loneliness interventions. However, age-related loneliness is a ‘complex concept’
[28] and it is important to conduct rigorous research in this area to enhance our under-
standing of preventing, moderating or reducing loneliness amongst the elderly.

Previously we have suggested that there is an under-representation of digital
technologies in loneliness interventions for the elderly [29]. This is in spite of digital
technologies affording [30] several qualities that can ease age-related factors contrib-
uting to loneliness such as mobility challenges, audio-visual problems, etc. In this
paper we highlight that the current thinking around developing ‘digital interventions’
predominantly adopts an incremental approach. We then discuss a gap in knowledge
exemplified by the lack of radical-digital [29] interventions. In order to highlight the
untapped potential of radical-digital technologies, we draw parallels from the rise of a
‘sharing economy’ [31] in the digital world and suggest that the elderly could benefit
from being involved in it. We also propose that experimentation in this area can
provide a provocative test-bed for HCI research in the third-paradigm [32].

2 Mapping Loneliness Interventions

According to cognitive theory of loneliness, loneliness can be manipulated; hence
interventions have been developed to implement mitigation strategies [7]. These
interventions mostly operate as services offering befriending, mentoring, information
dissemination, etc. In their review, Windle et al. point out, “Just as the range of
wellbeing services is extensive, so too is the available literature examining how well
they work” [33]. Thus there are no standardised formulae that guarantee the success of
loneliness interventions. The vast variety of interventions can broadly be classified as
either being medical or non medical in their approach. Of the non-medical variety,
many interventions operate as services that either provide companionship, information
or support to the elderly and, in this paper, we focus on such non-medical interventions.
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In order to highlight gaps in our existing understanding of how to prevent, reduce
or alleviate age-related loneliness, we examined existing interventions in this area. The
reviewed loneliness interventions were identified using an online ethnographic method.
They were logged using a specially designed pattern recognition template and coding
questions were developed to pigeonhole them into the following categories:

a. Incremental or Radical
b. Digital or Physical
c. Preventative, Supportive or Remedial
d. One to one, Group based or Community based

Using this method, all the interventions were logged onto the template, coded using
the questions and mapped onto individual grids to arrive at a characteristic visualisation
for each intervention.1 All such individual visualisations were then transferred onto a
single grid as shown in Fig. 1 for analysis.

This early analysis of loneliness interventions has revealed a gap in research in the
form of a lack of interventions that are ‘radical’ as well as digital in nature. The
majority of the interventions we reviewed fall in the incremental-physical category.
Before we begin to consider this gap further, it is important to unpack the meaning of
‘radical’ interventions. Manzini suggests that incremental innovations represent our
existing ways of ‘thinking and doing’. On the contrary, innovations that fall outside our
current ways of ‘thinking and doing’ represent radical innovation [34]. Also, Norman
and Verganti define incremental innovation as “improvements within a given frame of
solutions” or “doing better what we already do” and radical innovation as “a change of
frame” or “doing what we did not do before” [35]. This is akin to Dryzek’s [36]
‘reformist’ versus ‘radical’ departures in environmental discourses. Reformist depar-
tures are similar to incremental approaches as they seek solutions within familiar modes
of rational management, while radical departures argue for a comparatively significant
movement away from industrial modes of living and being.

3 Exploring Radical-Digital Interventions

While radical-digital interventions may not, in the end, prove to be a ‘silver-bullet’
solution to the problem, the idea that they are underrepresented, as can be seen in the
preliminary analysis, suggests that we do not know much about their potential strengths
as well as possible weaknesses. An initial approach to exploring this opportunity could
be to critically examine existing loneliness interventions in order to identify what
separates the radical from the incremental and then finding ways of enabling their
digitisation.2 However a mere lack of the use of digital technologies in developing

1 Coding questions were developed in order to aid categorisation. The coding method has been
discussed in detail in our previous work Radicalising the designer: Combating age-related loneliness
through radical-digital interventions (in press) [29].

2 The Oxford Dictionary defines digitisation as “The conversion of text, pictures, or sound into
a digital form that can be processed by a computer”. Here we mean meeting the aims and objectives
of radical interventions that are physical in nature by using digital technologies involving the elderly.
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loneliness interventions cannot be the sole justification for ‘investing’ in this area.
Therefore this paper highlights the qualities that digital technologies possess, which can
help in coping with challenges posed by old age. We begin by looking at key properties
of ICT that could be of significant value in easing age-related challenges. We then look
at digital loneliness interventions and suggest that they are predominantly incremental
in nature. We point out that the growth of the online sharing economy [31] can provide
a good framework to develop radical-digital interventions.

3.1 Harnessing the Digital

Technological developments in the last decade or so have completely transformed the
way we interact and communicate with each other. However a large proportion of older
people seem to be neglected from this digital revolution. “Internet communication
systems such as email and social networking sites like Facebook and Twitter have

Fig. 1. Mapping all the interventions onto a single grid.
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revolutionised personal communication for younger people. Government service pro-
vision is being transformed by technology, too, and many people are enjoying faster,
easier access to public services through digital means. Not the over-65 s, though:
studies show that they have been largely excluded from this revolution and the benefits
it brings. A startling 70 % report that they have never used the internet” [37]. Below we
have discussed a few qualities of digital technologies that provide opportunities for
bringing the potential benefits of ICT to the elderly.

Ubiquity of Digital Technologies. We live in a world today where the number of
devices connected to the Internet is greater than the number of people on earth [38].
This ubiquity of digital technologies commonly known as ‘Internet of Things’ [39] has
the potential to augment the outreach of care services developed for the elderly. Kraft
and Yardley state that “the digital environment (e.g. Internet, mobile phones, smart
phones) that is now an integral part of our daily lives is becoming an increasingly
important means of sustaining the health of people worldwide, whether by providing
access to a wealth of information, by linking geographically dispersed communities of
peers and professionals, or by supporting self-management of health and illness” [40].

Coping with Mobility Issues. One of the main challenges posed by older age is its
impact on mobility. Lack of mobility has also been identified as a precursor to loneliness
amongst the elderly [41, 42] as it can limit their contact with their friends and family.
O’Reilly argues that the Internet has all the features that should make it attractive to the
elderly. For instance it lessens age-related mobility problems – transactions can be
carried out from home, which is a relatively safe environment and majority of shopping
can be done through a few clicks alone [43]. Recent research indicates that the use of
digital technologies such as Skype, email and digital gaming [42, 44] can help the elderly
keep in touch with their family and friends. Although this doesn’t entirely replace the
benefits of ‘embodied’ communication, it is potentially beneficial as a coping strategy
for those that suffer from lack of mobility due to age-related problems.

Providing Alternate Infrastructure. Recent socio-economic developments in the UK
have severely impacted rural areas due to the closure of shops, post offices, bus routes,
etc. [45]. By removing these ‘social opportunities’, this has impacted the quality of life
of older people as they have become further isolated. It can be argued that the lack of a
hard infrastructure can be negated by the use of a soft infrastructure. For example,
farmers in rural India overcome the challenge of a lack of roads and transport facilities
by using their mobile phones to settle their deals [46]. Although a different context, it
still highlights the potential of using digital technologies in overcoming infrastructural
challenges. Moreover digital technologies can be easily (and cheaply) modified, altered
or customised in comparison to physical structures.

4 Reframing Perception of the ‘Elderly’

Gaver et al. have pointed out that, “There is a kind of disciplinary hubris in the
assumption that HCI (Human Computer Interaction) can define systems that reflect
comprehensive understandings of users, whether in terms of tasks, problems or
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communities of use” [47]. The third paradigm challenges such predisposition as it
elucidates the importance of use and usage of a system within context. Here we argue
that loneliness interventions for the elderly based on social innovation fit within the
sharing economy and that this creates a shared context that can provide an interesting
opportunity to test ideas from the third paradigm in HCI.

4.1 Social Innovation in a Digital World

As introduced earlier, the majority of existing interventions are incremental and direct
in their approach [29]. Someone is identified as lonely, therefore befriended or rec-
ommended to an expert service provider. These approaches focus on the underlying
symptom of loneliness, i.e. the deficiency of human company, rather than a more
holistic context such as envisioning a cultural milieu that nurtures meaningful human
interactions.

A more radical approach can be found in the literature on social innovation, where
the elderly are viewed as a desirable resource that has a unique offering that would be
of benefit to society. Upon a closer examination of the interventions reviewed, we
found that most of the radical interventions provide the elderly users something more
than someone to speak to or the information they may require. With the exception of
PARO, a robotic seal that brings the known benefits of animal therapy to elderly care,
all the other radical interventions that were reviewed appear to treat the elderly as
providers rather than as recipients alone. For example, the elderly have a crucial role to
play in GoodGym. They provide the necessary motivation for keen runners to stay
committed to running. Similarly, in Speaking Exchange, their role is not of a service
user alone but it is one that entails offering support to help non-native English speakers
brush up their English speaking skills. Homeshare is another great example where by
giving someone a house to live-in, older people contribute to other peoples’ wellbeing
while being cared for simultaneously.

What these interventions actually provide the elderly is an opportunity to have a
new role to play in the society, one where they can act as solutions to someone else’s
problems. Manzini encourages the idea of looking at problems as solutions to inspire
Social Innovation [48]. Therefore by building loneliness interventions where the
elderly person’s role is not restricted to being a user of that service, but one where they
can offer support or help to someone else, we can begin to create loneliness inter-
ventions that are radical. Such radical interventions can then move into the digital realm
through the use of ICT.

4.2 Social Innovation in a Sharing Economy

As Tonkinwise points out, sharing is something that we have always been doing in
families, between friends, through government and with infrastructures [31] but more
recently, the growth of the sharing economy has been propelled by the rise of Internet.
“The ease with which individuals, even strangers, can now connect, exchange, share
information, and cooperate is truly transformative. That’s the promise of the sharing
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platforms about which virtually everyone agrees. But technologies are only as good as
the political and social context in which they are employed. Software, crowdsourcing,
and the information commons give us powerful tools for building social solidarity,
democracy, and sustainability. Now our task is to build a movement to harness that
power” [49].

Loneliness interventions based on social innovation are also closely associated with
the sharing economy. Whether it is living in the same house in Homeshare, relying on a
matching system to satiate seemingly unrelated personal objectives in GoodGym or
sharing experiences online via Speaking Exchange, all these interventions rely on some
form of a ‘shared experience’ to solve social problems. This suggests that social
innovation can become a vehicle for encouraging older adults’ involvement in the
sharing economy. However, while we argue that the sharing economy combined with
social innovation presents great potential to inspire the building of a framework for
developing radical-digital loneliness interventions, if 70 % of the target population
have not used the Internet – access to the market requires an alternative strategy. The
emergence of the third paradigm of HCI research provides a promising trajectory that
this line of work could potentially benefit from.

4.3 The Third Paradigm of HCI Research

Harrison et al. begin their discussion of the third paradigm by recognising that
embodied interaction is a ‘key underlying’ theme [32]. They opine that embodiment
also plays an important role in other approaches to interaction. For instance, human
factors practitioners pay attention to such aspects as the ergonomics of a mouse or the
suitability of fonts and their sizes for specific purposes. They also suggest that cog-
nitively based work in HCI focuses on physical constraints that guide interface design
such as the speed at which humans react to a particular interface. They argue that
embodiment in the third paradigm is based on a different stance. Seeking inspiration
from phenomenology, “it takes as central that the way in which we come to understand
the world, ourselves, and interaction derives crucially from our location in a physical
and social world as embodied actors” [32]. In their review of embodiment in HCI
research thus far, they bring to fore our fixation with visual, auditory and physical
abilities of users. They argue that, “design can also support other senses and physical
abilities such as action-centered skills and motor memory. Embodiment refocuses
attention from the single-user/singe-computer paradigm that has recently dominated
HCI towards collaboration and communication through physically shared objects”
[32]. In his work on intergenerational digital games between grandparents and their
grandchildren, Loos has also pointed out some of these issues in designing for shared
experiences. He suggests that taking age-related factors such as declining vision, useful
field of view, vision-motor ability and hearing is not sufficient for designing such
games [44] and recommends a more ‘human-centred research procedure’ in the form of
workshops involving both younger and older adults to capture mutual expectations
from such games.

As HCI researchers, if we are to design for such joint experiences, then the third
paradigm becomes extremely relevant as it emphasises the importance of users
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‘situated’ [50] within their contexts. In case of loneliness interventions based on social
innovation, users’ contexts are shared ones. Therefore skills with a social science
lineage which inherently study people in their contexts, such as ethnography, ethno-
methodology and sociology, etc. might gain a more prominent place in relation to other
approaches such as human factors and usability research which presently occupy more
space in a HCI practitioner’s toolbox.

Dillahunt points out that “technological platforms and applications that promote the
sharing economy (e.g. AirBnB, TaskRabbit), and job creation (e.g. oDesk, MTurk),
and trading (e.g. Craigslist) are relatively understudied within HCI” [51]. Therefore we
imply that HCI community would benefit from an engagement with the elderly pop-
ulation prone to loneliness, as it would allow for experimentation within the rapidly
evolving sharing economy space in the backdrop of the third paradigm.

5 Conclusion

This paper discusses the social problem of loneliness, which is increasing amongst
older people as an unprecedented number of people are beginning to reach retirement
age globally. We have examined our existing approach to mitigating loneliness through
non-medical interventions. Our review reveals that the predominant tactic we deploy in
alleviating loneliness is incremental-physical in nature. We identify a gap in this area in
the form of lack of radical-digital interventions and advocate experimentation in this
area to uncover their strengths and/or possible limitations.

We present key properties of digital technologies that can help in coping with
age-related challenges. For instance, ubiquity of digital technologies, their ability to
negate the challenge of mobility presented by old age and their disposition as a
potential substitute for hard infrastructure. We suggest that social innovation provides a
compelling theoretical framework to develop radical interventions and that the use of
ICT can potentially enhance their impact. By highlighting the similarities between
loneliness interventions based on social innovation and the rapidly evolving ‘sharing
economy’, we recommend that developing such interventions provides a great foun-
dation for HCI research into shared experiences. We conclude by positing that the HCI
community would benefit from looking into the third paradigm for inspiration on how
to plan and execute research for such shared experiences.
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Abstract. In some situations when developing technology for elderly, the
intended users are too fragile and cannot participate themselves in the design
process. The aim with this study was to investigate the use of care personnel as
mediators for the elderly in the design process. The system that was developed
was an information and communication technology system for sharing infor-
mation and for keeping in touch with friends and family. Initially the care
personnel misunderstood the need of technology among the elderly. During the
project the care personnel changed their view and suggested new ways of using
the technology. When the devices where placed in the rooms of the elderly the
usage was low, but when the system was used in the dining areas as something
to gather around, e.g. to show each other pictures of friends and family, the
system became a success.

Keywords: Social technology � Welfare technology � Elderly �
Community-based participatory research � Co-participatory design � Community
networks � Professional-patient relations

1 Introduction

There is an increasing social isolation among elderly today. Loneliness and social
isolation can, however, be addressed in several ways using different interactive elec-
tronic services. One of the most important issues in reducing social isolation is the
existence of social networks [1]. The possibilities to communicate with friends and
relatives through computers and Internet can increase the social network, and social
isolation can be reduced [1, 2]. Several studies have shown the importance for older
adults to be able to communicate with family members and friends enabled through
new communication technology [2, 3]. Although it may seem different, in Sweden the
Internet usage pattern does not differ between older and younger daily users; Internet is
mostly used for e-mailing, searching news and gathering practical information [3].
Technology also provides opportunities for older adults to gain new knowledge from
other generations. The Internet usage among older adults is increasing [3] and the
possibility to communicate with children and grandchildren through Internet and e-mail
is important for older adults. Among many elderly, Internet has also become an
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important source for getting health information. For elderly using digital health
information this is an opportunity to increase the feeling of control over the own health
[4]. It empowers people in terms of both being more educated in the area, and of having
the possibility to share experiences with others [5].

Also, the quick development in the area of mobile communication in the last decade
has provided many new possibilities for communication and for sharing our everyday
life with each other. Many new services and applications are targeted towards elderly
and have interfaces that are considered easy to use. However, daily usage decreases
from generation to generation as a function age. The older a citizen is, the less he/she
uses Internet services [3]. The low rate of usage at high ages could become a society
problem, where more and more public services are accessed via different communi-
cation technology tools.

The digital divide could be addressed in several ways [4] by different and alternative
(non-traditional web browsers) information and communication technology (ICT) solu-
tions. Unfortunately, literature reports on numerous failures when trying to deploy novel
technology to elderly user groups. Some explanations to this could be that the services
are not perceived to be meaningful enough or that they, despite efforts from the developer
team, are perceived too cumbersome or difficult to use. A further challenge when
developing services for the oldest group is to involve the users in the design process.

In this action research project, elderly care professionals were invited to co-design
novel services as they are experienced in age-related impairments. The services were
provided through an innovative mobile communication device connected to the TV,
which worked as an interactive large screen remotely controlled.

The objective of this work was two-fold. The aim of the project was to investigate
how the device and the social interactive applications could be further developed and
appropriated among elderly at a nursing home, while at the same time the researchers
developed and applied an iterative co-design technique with engagement of older adults
and the care personnel that supported in conveying the needs of the elderly.

2 Research Approach

Present action research study adheres to Cooperative design [6, 7] as one of the
Human-Computer Interaction (HCI) research theories that regards system development
with user participation and that considers designing a social process. From research
literature we know that usability aspects should be brought in early in the development
process [6, 8]. Previous research also presents several methods to engage users with the
aim to create future environments, e.g. future workshops [9]. Other methods to bring
future needs analysis into system development are iterative prototyping and
scenario-based design, preferably applied together with potential users in a collabo-
rative approach [7, 10].

The degree of user participation may vary. Regardless of activation degree, in
cooperative design developers and practitioners/users are seen as actively cooperating
partners. Together they aim to reduce uncertainty and risk in the development of novel
systems, where a detailed conception of exactly which future needs should be sup-
ported, often lacks [6, 9].
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In this study the approach was to involve the end users as much as possible, but
when this inclusion was not possible also involve the care personnel. However, this is
only an option when the information not can be gathered from the elderly themselves.
Using older adults’ extensive experience when trying to meet their needs can be more
successful for promoting a new product or service, rather than relying on interaction
patterns based on the computer paradigm [11].

This work aimed to increase the competence of the municipality care personnel
while at the same time increase the knowledge of the industry partner of the end-users
of their system. By collaboration with the research team, the company also got a chance
to improve their methodological skills. In this environment, problem-owners,
researchers, elderly users and developers of novel ICT services worked together in a
user-centered and participatory design approach [12].

3 Method and Materials

The project (called IPPI, as the device involved), in which this study was conducted, was
carried out during 2010 and 2011 and was financed by the Swedish agency for inno-
vation systems, Vinnova. The work was a part of gathering knowledge regarding social
technology tools and interacting eHealth services among different older user groups and
in different contexts [13]. As a part of the development of a co-design technique, present
study investigated the usage of elderly care personnel as mediators of the elderly users’
needs. This work was conducted during the implementation and testing phase of the
IPPI project together with old adults and care personnel at a nursing home.

3.1 Study Site and Participants

The nursing home (Väsbygården) was situated outside Stockholm, Sweden, in Val-
lentuna municipality. It consisted of four departments of which all participated in the
study, although to various extent. Each division contained approximately 20 apart-
ments and a dining room for meals in common. For each division, an employee
responsible for the IPPI project was appointed by the operations manager. The project
team at site further consisted of the registered nurse, the janitor, the reception and the
nutrition managers as well as the operations manager. In all, there were nine care
personnel responsible for different parts of the project execution. Project members from
academia (the authors of this paper) were working closely with the development
company who contributed with a project leader, a test leader and a developer. Five
end-users were involved as test participants in the project. Other elderly tried the
services but not as frequent users. The project team met approximately every two
weeks during the latter part of the project, from January to June 2011 and there were
both internal and external funding to reimburse the nursing home for time loss and to
hire substitutes for the care personnel when necessary.

According to our knowledge, it is not common that a municipality project in elderly
care is so well equipped with care personnel and resources as this project was. The care
personnel took on different roles; recruiting elderly, information to the relatives, display
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of food or menus, information about activities for the residents, teaching activities to
the rest of the care personnel as well as medication and technology experts. These
responsibilities contributed to the creation of new content and new services of the
device. The entire setting was prominent and cheerful and all involved care personnel
was appointed as “IPPI ambassadors” in relation to the residents or their relatives.

3.2 Study Design

In general, there is a need to develop technology towards the demands of older adults in
the future. There is, consequently, a need to develop technology towards elderly
already today; however for some people in this target group it could be difficult to
imagine possibilities with the new technology. Many of the elderly also suffer from
age-related decline, both with respect to physical and cognitive abilities that make it
difficult to be involved in the design of new services and new technology.

Inspired by Boyd-Graber et al. [14] and their work regarding using people close to
the intended user in the design process, our aim was to investigate to which extent
people familiar with elderly persons’ presuppositions could contribute regarding needs
and usage of technology. In the work conducted by Boyd-Graber et al. [14] staff that
worked close to users with aphasia was involved in the design process. This study
showed that overall it worked well since supporting staff was very familiar with the
user groups’ needs and demands. However, some difficulties were found regarding the
testing of prototypes since it was impossible to imagine another person’s usage context
all the way and in all details [14].

One of the goals of the IPPI project was to develop an interactive ICT system for
elderly users with possibilities to share information and to keep in touch with friends
and family. In this case, the majority of the elderly at the nursing home was too fragile
and they could not participate themselves in the project. Hence, in the study we
investigated the use of care personnel as mediators for the needs of the elderly. Con-
tradictory to the Boyd Graber et al. [14] study, focus was not on the design process, but
particularly on the needs and actual use of social technology. The study was explorative
in a sense that the authors wanted to get a first understanding of to which extent care
personnel could represent different categories of elderly in terms of attitudes towards
and usage of technology.

Workshop Activities. On an every two weeks basis during 6 months, the project team
was gathered in 2-4 h workshops with different content. Once a common agreement on
vision and goals was reached, other workshops iteratively handled:

• the needs and demands of the elderly,
• the needs and demands of the care personnel,
• the needs and demands of the relatives,
• eHealth and communication services,
• potential improvements of the device and services.

The researchers and the industry partner’s project leader planned and lead the
workshops together, using different techniques. Personas [15], brainstorming
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techniques [16] and semi-structured interviews were used to gather information from
the different groups about themselves, but also to gather what they thought about the
needs and attitudes of the other groups.

Every meeting had a formal agenda, always containing: (1) What was decided last
time? (2) Where are we now? (3) Where to go next? (4) How to get there? In that way,
a truly cooperative work was established and the process was transparent to all
participants.

Personas were created by the care personnel. This method was previously suc-
cessfully used by one of the authors in another project [17], by then in a clinical setting
by home care personnel. At that time, the home care personnel agreed to mix medical
conditions and characteristics of deceased persons they had been involved with and in
that way they created completely new personas, but with the possibility to remember
those persons and their characteristics and behaviors. In the study presented here, the
care personnel worked with a template of characteristics such as age, gender, social
situation, preferred hobbies, previous life in terms of work and family situation as well
as medical history, current conditions, medication etc. The only restriction was that the
care personnel should create three personas describing different categories of elderly
living at a Swedish nursing home.

Brainstorming sessions were held with the care personnel. The aim with these
sessions was to suggest new relevant services for the device.

Information from the elderly was gathered by the researchers through individual
semi-structured interviews, which often were held during a conversation over coffee.
Although the company staff had made a good impression on the elderly, we choose not
to involve them in the interviews in order to let the users speak freely about the device
and its services.

The collected material was analyzed with regard to differences and similarities;
what the elderly had described and what the care personnel had thought about the
elderly. Although the care personnel knew the residents well, the comparison needed to
be performed on a more general level and the researchers turned to the respondents
once more to verify that the interpretations and abstraction passages were correct.

3.3 The Device

Research suggests that use of a TV as platform would reduce new users’ uncertainty
[2, 12]. Based on this previous research, the TV-platform was believed to have a
relative advantage over computers and mobile phones in terms of users’ self-reported
motivations for starting and continuing to use the system. Hence, this project was
built around an innovative mobile communication device called “ippi” (Fig. 1) that
was connected to the TV, which worked as an interactive large screen remotely
controlled.

When the device was connected to an ordinary TV, the TV could receive and send
photos, videos, sounds and text messages to and from mobile phones and computers.
The technology behind was based on the mobile phone network for communication.
There was a SIM-card in the device, requiring the device to be placed within GSM
coverage. It was also possible to send e-mails through the device.
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The device was considered easy to install; it was plugged into the TV and to the
power connector. When a message had been received, the device flashed like an
answering machine. The message could be opened with one press on the main button of
the remote control. The user of the device could answer the message by writing a text
or by sending a voice message. The device could be used for communication between
friends and relatives, but also for care-giving purposes, e.g. to inform the older adults
which nurse was scheduled to come, which social care services or other activities,
which medication etc. were scheduled for that day.

The device had been iteratively developed over three years. The studied (and latest)
version consisted of three different user modes addressing different user groups, as
designed by the development company. User mode 1 consisted of a limited amount of
functionality and was aimed to address the basic needs of elderly without technology
experience living at nursing homes. User mode 2 was targeted to a more active user
group that still lived on their own, but with nursing or home help support. Some of the
most advanced functionalities had been closed to make the device easy to use for
people without technology experience. The aim with user mode 3 was to provide full
possibilities for mobile communication (text messages, e-mail, sending pictures etc.)
for a cognitively active senior living on their own, with or without support from the
municipality. These target groups were handled in different studies in the project. In the
case study described in this paper user mode 1 was initially used.

Five devices were placed in the residents’ apartments and five in dining areas, one
in each department and one in the reception, to provide the possibility to refine
broadcasting services at the nursing home as well as electronic communication between
friends, relatives and the residents.

4 Results

Meetings were held with elderly and workshops with care personnel at the nursing
home. The different perspectives of the elderly and the care personnel are presented
below.

Fig. 1. The novel communication device, called “ippi”, connected to the TV-set
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4.1 Services Suggested and Developed for the Device

The intended main usage of the device was social interaction with friends and relatives,
but many other suggestions for services that could be useful for elderly and care
personnel came up during the project. For example information services as news, sports
and TV-guides were suggested. An important condition of these services was that they
should be context-dependent so that they would provide information that was not
possible to get elsewhere, i.e. in many cases a local anchor was desired. Local infor-
mation about activities at the nursing home was a service that was suggested and
quickly developed and deployed. An administrative web site of the device was used for
broadcasting personal invitations to activities and to administer sign ups for these
activities. This service turned out to increase participation at the nursing home activ-
ities. A slideshow (shown in the reception) with photos from these activities also turned
out to be much appreciated by the elderly.

Based on ideas from the elderly and the care personnel quizzes, riddles and a
memory game were developed and introduced at the nursing home. These services
were mainly used when the elderly were gathered at common meetings and support
was given by the care personnel. There were several other suggestions for services to
develop, such as making appointments or order food. However, in an evaluation the
most desired services turned out to be the ones that supported social activities, therefore
the development company decided to firstly focus on these services.

4.2 Developing Personas with the Care Personnel

To get descriptions of different subgroups of users, a task was given to create a number
of personas that represented elderly living at a Swedish nursing home. The care per-
sonnel were responsible of the development of the personas. The participants started
their work with the personas based on the initial characteristics and thought of some of
the elderly living at the nursing home and created the persona descriptions from them.
The task seemed to be very fun and engaging. The descriptions were developed with
very little input from the researchers, whose task was to write down the descriptions of
the personas for further use.

Important in the work was to create a balance between describing real character-
istics and behavior and at the same time avoiding descriptions that potentially could
point out someone particular. Compared to persona creations in the other project
previously mentioned [17] using living role models for the personas was a delicate task.
When reflecting upon the two choices; if possible, creating personas using memories of
deceased residents was considered preferable by the care professionals, with regard to
both ethics and time consumption. The development of the persona descriptions
however forced the care personnel to reflect on their residents. To think of a person as
he or she used to be was a learning experience, as well as to reflect on the entire person
in a salutogenic manner, beyond all medical conditions. It also contributed to gaining a
new perspective of the residents since the care personnel was forced to think about
them as possible users of new technology.
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4.3 Attitudes Towards Technology Among the Care Personnel

In the workshops with the care personnel we asked the participants about their own
attitudes towards technology, and how they perceived the attitudes towards technology
among the elderly. They all answered positively with respect to the care personnel’s
own attitudes towards technology. They all had own computers and smart phones, and
they were positive towards using ICT in the daily work with the residents.

Regarding how the care personnel perceived attitudes and needs for technology
among the elderly the results were less encouraging. Compared to the answers given by
the elderly themselves, the care personnel underestimated the technology experience
and overlooked that many of the elderly once had worked with technology in different
environments. Since the care personnel placed large focus on what they thought about
previous experience of computers and its importance for using the device, they initially
selected test participants for the project based on technology interest and computer
experience. This turned out to be unfortunate, since the selected persons already were
included in the digital world and did not see any need for further devices providing the
same services.

It was clear that the care personnel did not quite understand for which resident the
device could be useful. It was not, as the care personnel had expected, the computer
savvy elderly that needed the services the most. On the contrary, when the devices were
given to elderly that had no previous experience of new technology but were curious to
get a communication channel with people outside the nursing home the new technology
became a useful tool. This result is in line with previous studies [2] and may show that
sometimes care personnel act as gatekeepers preventing without any clear reason that
the elderly are exposed to new technology.

Finally, in the discussions with the care personnel it was also clear that many
thoughts about the potential need for technology among the elderly were discussed
from the care personnel’s point of view. The technology was discussed in terms of how
it could be useful in their work with the elderly, rather than how it could be useful for
the elderly themselves.

4.4 The Perspective of the Elderly Living at the Nursing Home

The number of elderly participants varied during the project due to illness, changed
living conditions and misleading expectations. One expectation was that the device was
a tool to increase social interaction. New communication tools often merely provide a
new channel for social interaction. The sender and the receiver need to be there. In one
case, the resident wanted to communicate more with his family, and was consequently
disappointed when the device did not increase this communication. However, for many
of the elderly participants the technology strengthened the contact with family and
friends, especially for those who had relatives living far away.

In meetings with the elderly it was shown that they appreciated to get messages from
their grandchildren, especially when sent to a TV in a public area so they could show
other people the messages and the pictures. The possibility to share information about
children and grandchildren turned out to be one of the most important needs for the
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device to fulfill among the elderly. By using the device together with others or with care
personnel, there was also the possibility to get support when answering the messages.
This way of using the device in public was not at all considered by the developers. From
the beginning, the device was supposed to be used by only one person, or by a couple.
This novel usage scenario was taken further with different folders created for each user
and by informing relatives that their messages were shown in public. This also forced
the developers to rethink their idea of user modes, as easy access to individual settings
became important.

Another appreciated category of services was “games and quizzes”. These services
were also used together with others in dining areas or at meetings. Many of the
residents desired content that was related to previous times or to history. Personal
historical information or information that the person felt he/she had a relationship to
was especially appreciated. Other historical content were, at least by some participants,
described as not relevant and uninteresting. This reveals another preconception sug-
gesting that most elderly people are interested in history or in things that have hap-
pened in the past.

With respect to the device and its interaction ways, some elderly thought it was
difficult to use the remote control, especially if one had difficulties with the fine motor
skills of the hand. Further, the use of the remote for messaging instead of a keyboard
was, by some elderly, perceived as inhibitory since it introduced an unequal situation
where the elderly person could not communicate at the same level as the person on the
other side (friend, relative etc.). This experience places a focus on the negative aspects
of trying to develop easy-to-use devices for elderly. Ways of producing text that are
common today was preferable compared to this device designed for “easy clicking”.

Further, the user modes had a good intention, but it was questioned and caused
irritation. When selecting a user mode for someone, this is done based on stereotypes
and without understanding the situation of this person or his motivation to use the
device. This can be wrong in both ways, either a too complicated interface is provided
or an interface that will be perceived as childish and without possibilities to access all
the functionalities that this person regards as needed. The entire concept of user modes
needs to be reconsidered. The elderly demand easy access to settings in order to
individually build up shortcuts to meaningful functionality instead of pre-designed user
modes.

4.5 Evolution During the Project

In the beginning of the project large efforts by the care personnel were placed in getting
the devices out to different users. After a while it turned out that the devices were not
used as much as expected. The users had got stuck in handling the devices or they
lacked the motivation to use them. There were also examples of elderly not having
anyone to communicate with through the device.

This initial phase led to the insight among the care personnel that they should aim
for participants with rich social network rather than participants with computer expe-
rience. The engagement of relatives and grandchildren became a key component, and
work with involving the relatives started at the nursing home. Lists of relatives and
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contact information were gathered and the elderly got help with creating contact lists on
their devices.

However, the key to a successful usage lies within the social interaction; that the
user actually receives interesting messages and photos, and with a certain frequency. In
an evaluation regarding contact with relatives and friends, it turned out that the contact
had increased a bit, but not that much as expected. The participants had too small social
networks for using the device for communication only with people outside the nursing
home compared to their expectations.

Based on an idea from the care personnel more devices were placed in the dining
areas of the nursing home. This turned out to be a success and the general usage
increased. The main benefit of the device turned out to be social interaction between the
residents, and not as expected, interaction with people outside the nursing home. This
resulted in positive effects by both elderly and care personnel, when realizing how
technology can be used and appropriated when elderly users were given the oppor-
tunity to start using novel technology in their own ways, as stated previously by e.g.
Wyatt [18] and Östlund [2].

5 Discussion and Conclusions

The aim with this study was to investigate the use of care personnel as mediators for the
elderly in the design process. The complexity of the design process is acknowledged,
especially when developing towards end-users with whom it is difficult to relate and
whose world of experience is different from that of the researcher/designer [19]. The
agile co-design method and the care personnel’s growing insights about the user
groups’ need for social technology finally led to succeeding in involving user groups
with different impairments and to keep their interest throughout the design process.

However, several initial misunderstandings with respect to the users’ preconditions
and needs led to a loss of interest from the users. The first selection of participants done
by the care personnel were performed based on computer experience, which turned out
to be completely wrong since the persons using computers did not need an additional
device. The role of the care personnel in the work with selecting elderly participants
could be viewed from several perspectives. It could be argued that they protect the
elderly from “being used” in different projects and by companies developing products.
On the other hand, when the participation of the elderly is arranged by care personnel,
it might be harder to convey the elderly users’ needs in order to influence the devel-
opment of new products and services. There is no legal barrier for approaching the
elderly users directly, however to be able to conduct a fruitful project within a nursing
home, the “externals” have to work with the “internal” care personnel, and as shown in
this study the cooperation with the care personnel was irreplaceable from many other
perspectives. Similar to Boyd-Graber’s results [14] the mediators, in this case the care
personnel had difficulties in understanding usage context. Although the study initially
showed that the care professionals had difficulties in understanding which elderly could
benefit from using the device and which services could be meaningful for the elderly,
during the project the care personnel broadened their view of the elderly person as a
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user of technology. When the care personnel could see other social needs, the tech-
nology became used in a meaningful way.

The involvement of the care personnel led to new ideas not thought of initially. The
device was originally intended as a device for single usage. But a success factor was
achieved when the care personnel placed the devices in the dining areas and used it for
social activities and for sharing information together. The possibility to show pictures
of friends and family supported the need for a contact with the life outside the nursing
home, showing that the residents were more than old patients. From this perspective,
the device was not viewed as proprietary in the same way as a mobile phone is an
individual property. Similar to the conclusions by Barkhuus and Brown [20], the device
became something to socialize around and the TV metaphor shines through with its
possibilities to gather around something in common.

This work resulted inmany lessons learnt. One could argue that several aspects of this
could have been done differently, but it was the hands on experiences that led to the actual
insights and the successful results at the end regarding where and how to use the device.
As a result of the increased usage in the dining areas of the nursing home, the authors
conclude that it may be more fruitful to dare to provide the novel technology in different
settings to see what happens, rather than trying to figure out impaired elderly citizens’
needs through someone else. A current trend is that much work regarding service
development is conducted from a broad perspective in test beds with a large number of
ongoing projects only in Sweden. In these environments it will be particularly important
to take into account results like the ones from this study, showing that it is not enough to
ask care personnel about elderly users needs for technology. The users themselves have to
be involved regardless of difficulties related to physical and cognitive limitations.
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Abstract. Daylight regulates the wake-sleep cycle by acting on specific receptors
of the retina that are sensitive to the blue component of the spectrum. Especially in
the winter months, the amount of daylight exposure is insufficient for adequate
control of the circadian rhythm in many people because they increasingly stay
indoors. This is particularly true for elderly or mobility-impaired persons, as well as
for residents of care homes, where prevailing levels of illuminance and colour
temperature are frequently too low. This not only has negative consequences for the
residents’ cognition, but also impairs their sleep-wake rhythms. Starting from the
hypothesis that suitably designed, biologically effective artificial lighting can
compensate for the lack of daylight and lead to regulation of the wake-sleep rhythm,
a study comprising approximately 60 participants investigated whether an
improvement in the mental and emotional condition of the residents can be
achieved. Appropriate lighting was installed in four wards of two Caritas Socialis
care homes in Vienna and from October 2012 until April 2013: basic illumination
(static, 300 lux, 3000 K) and intervention illumination (dynamic, 800-1200 lux,
3000-6500 K) were alternated (roughly every four weeks). The results indicated that
agitated behavior (as measured by the Cohen-Mansfield Agitation Inventory)
increased with basic illumination and decreased in the intervention situation.
Communicative behavior (observation inventory) was likewise positively influ-
enced, particularly the non-verbal component.

Keywords: Biologically effective lighting � Dementia � Well-being � Field
study

1 Dementia and Light/Illumination

1.1 Dementia, Care and Well-Being

Demographic trends have given rise to the increase in the number of dementia patients:
age is to some extent the greatest risk factor for dementia [1]. Although many dementia
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patients may initially remain in their own familiar environment, the need for care
increases with the progression of the disease. In the late stages of dementia, transfer to a
care institution is usually inevitable given the care and assistance requirements [5].
Both informal, caregiving relatives as well as care personnel in the institutions face
great challenges in this process. If, in the care and support of those with age-related
physical limitations, the compensation of relatives and/or caregivers may become
exhausted, such a transfer can easily contribute in a comparatively simple way to the
well-being of the patient. These patients can report their well-being relatively simply
and immediately to their caregivers and in turn contribute to the job satisfaction of
caregivers. This is clearly more complex in the care of dementia patients. On the one
hand, the patient may not be able to interpret the caregiving activity, which can cause
confusion and anxiety, consequently leading to frustration and aggressive behavior. On
the other hand, it is difficult for the caregivers to assess the behavior and mental state of
the persons in their care and to arrange their living conditions in such a way that they
can feel comfortable. The cycle of reciprocal positive reinforcement is thus frequently
difficult with dementia patients.

There is, therefore, a range of approaches to arranging the living and ambient
conditions so that dementia sufferers can feel comfortable, although they cannot, or
only to a limited extent, communicate this verbally, but tend to react non-verbally or
emotionally. These approaches include, for example, various care concepts (e.g.
resource activation, basal stimulation, non-pharmacological therapies (occupational
therapy, physiotherapy, music therapy) as well as organisational procedures (recurring
structures) and last but not least, ambient spatial design [5, 10].

1.2 Dementia and Light/Illumination

The lighting situation is an important aspect of environmental design, and indeed, in
several respects is crucial for the elderly, particularly for dementia sufferers. First of all,
it means a considerable relief for the elderly when higher illuminance levels can be put
into effect. In many existing nursing homes, illuminance levels are too low or so
unfavourable that visual orientation is limited and many fine motor activities (crafts,
handicrafts) cannot be carried out, or only with great effort.

But yet a further aspect of lighting or illumination can be used to contribute to the
well-being of people with dementia. About a decade ago, a receptor in the retina of the
eye was detected that responds particularly sensitively to the blue component of
daylight and triggers the sleep-wake rhythm through the output of corresponding
enzymes [3, 6, 8, 9]. Particularly in the winter months, for many people the amount of
daylight exposure is insufficient for adequate control of the wake-sleep rhythm because
they increasingly remain indoors. This is also especially true for elderly or
mobility-impaired persons, as well as for (dementia-suffering) residents of care homes,
where, in addition to levels of illuminance frequently being too low, colour tempera-
tures with a relatively low blue component of the spectrum prevail. That is, the
sleep-wake rhythm, which is already frequently disrupted in people with dementia, is
more strongly affected by environmental conditions. As a result, the residents sleep less
restoratively, which contributes to impairments in mental and physical well-being.
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If, then, artificial lighting can compensate for the biologically active effects of
insufficient daylight exposure and thereby stabilise the sleep-wake rhythm, this should
lead to more restorative sleep and thus ultimately improve the mental and emotional
condition, i.e. well-being of the residents. Since the first results from pilot studies were
promising [9], a larger study was launched with about 60 participants in order to
achieve more robust results.

2 Design and Implementation of the Field Study

Inherently, the question posed in this study is of the operationalisation of well-being,
since the subject group of dementia sufferers investigated was not, or not sufficiently
able to provide verbal self-reporting. Therefore, a number of aspects were considered
which allowed for conclusions to be made on well-being, whereby mainly two aspect
are addressed here:

– Communication: earlier studies [9] had already demonstrated that residents in the
lighting situation communicated more with fellow residents, relatives and care-
givers. In the present investigation, these aspects are augmented by non-verbal
communication such as smiling and physical contact as well as communication with
“virtual” partners (imagined counterparts, soft toys, dolls and similar). An increase
in communication was interpreted as a gain in social participation with positive
effects on well-being.

– Agitation: if agitated behaviour is understood to be a reaction to confusion, frus-
tration and/or anxiety, it may be assumed that a reduction in such behaviour sug-
gests a higher degree of relaxation and well-being.

2.1 Investigation Procedure

As shown, a number of different procedures were used in order to obtain an overall
impression of the lighting effects. Care personnel - because of their more intensive
knowledge of the subjects - as well as external observers and measuring instruments
were employed.

The verbal and non-verbal communication behavior of the residents was recorded
by observers, who noted the frequency according to predetermined criteria - such as
general communication with fellow residents, relatives, volunteers or caregivers,
smiling, eye contact, and the like. The observers were first familiarised with the
instrument in a workshop, followed by a supervised observation week in the use of the
instrument.

The assessment of agitated behaviour was carried out by care personnel, as they are
more intensively in contact with the residents over a longer time period. One team of
caregivers per ward was appointed to assess the residents at regular intervals (six times
in all) using the Cohen-Mansfield Agitation Inventory (CMAI), after having been
prepared for this procedure at a workshop [4].
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Moreover, using the observation inventory, further behavioural aspects were
determined, such as length of stay and mobility in the illuminated area, participation in
social activities (crafts, singing etc.), independence in eating and drinking and
expressions of emotional state.

In each case, in addition to the CMAI, the Cornell Depression Scale was applied at
the same time. Moreover, on the days prior to the observations, the caregivers on night
duty also kept a record during their monitoring rounds (as a rule, three) of whether the
residents were found to be asleep or awake or were woken up by this.

As an instrumental measurement method, twelve beds were equipped with sensors
for non-contact measurement of sleep and movement, and 40 of the residents inves-
tigated were willing to wear Actiwatches (generally 24 h over the entire study period)
for recording their movement (actigraphy).

2.2 Illumination Conditions

On all wards, a lighting situation was created for the communal areas, in which the
residents could stay under daylight-like conditions during the morning and early
afternoon hours. These ceilings were equipped with corresponding flat illumination
which enabled the implementation of different lighting situations (Fig. 1).

In each case, two different lighting situations were implemented: a basic version
with an illuminance of 500 lux and a warm white colour temperature (3000 K), and an
intervention situation with a higher illuminance (1200 lux) and a daylight-like spectrum
(approx. 6500 K) during the time from 09.00 to 15.00 h, and then from the afternoon
(15.00 h) with a reduced light intensity (800 lux) and warm white color temperature
(3000 K). The lighting conditions were programmed via a corresponding automated
control unit.

Fig. 1. Illuminated ceiling in the communal area (Caritas Socialis Old People’s and Care Home,
Rennweg).
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2.3 Procedure

The investigation was carried out on four wards in two Caritas Socialis care homes in
Vienna, two of the wards in Kalksburg, a south-westerly suburb (23rd District) and one
ward distributed over two floors in Rennweg in the 3rd District (which was treated as
two wards for observation and evaluation, see below).

Both light situations were implemented alternately, starting in October 2012 with
the basic version (BL1), November 2012 to early January 2013: intervention situation
(LS1), from January 2013 to February 2013: basic variant (BL2) February to March
2013: intervention situation (LS2), March to mid-April: basic version (BLvZ, BLnZ,
respectively, before/after time change).

The observations were carried out on Tuesdays to Thursdays, between 10.30 and
13.00 h as well as between 14.00 and 17.00 h. In the period from 15 December 2012 to
6 January 2013 no observations took place. During the nights before the observations
the night duty staff recorded, according to specified criteria, whether they found the
residents asleep or awake during their rounds.

2.4 Subjects

The investigation started with 58 subjects (approx. 25 % men), of whom approximately
two thirds (N = 38) participated in the entire investigation. The average age was 83
years and the subjects were predominantly single.

3 Report and Discussion of Selected Results

From the wide range of data, two aspects are discussed below, which, as detailed at the
outset, can be interpreted as indicators of an improvement in well-being.

3.1 Agitation

The CMAI to survey agitated behavior was filled in a total of six times by the specially
dedicated teams of each ward. Here, the CMAI subscales “physically aggressive
behavior,” “physically non-aggressive behavior,” “verbal aggression” and
“hoarding/hiding,” are also combined in one overall value. The data were analysed by
means of parameter-free rank analysis of variance (Fig. 2 includes the representation of
rank sums) [2].

Except for the subscale hoarding/hiding, all scales show significant reductions
(0.05) in agitated behavior in the intervention situations calculated with the CMAI.
That is, when the lighting situation is returned to the basic variant, agitated behavior
increased again. This is particularly dramatic in the midwinter situation: the lighting
situation (LS1) in the second week of January was returned to the basic variant (BL2)
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and thus the values in the CMAI rose immediately, while with the onset of next
intervention situation the values fell again.

3.2 Communication

Similar results can also be observed when considering the values for communicative
behavior, in particular the non-verbal behavior. Especially when the dementia is far
advanced, the non-verbal level becomes increasingly significant. For example, it is
easier for a dementia sufferer to respond with a smile instead of a verbal response. Even
the conversation with an imagined counterpart or with a doll viewed as a child is no
less real and satisfying for people with dementia than with a real person, in particular
because they largely control the scope of verbal interaction themselves here.

Overall, non-verbal communication behavior demonstrated more clearly that in the
lighting intervention situations communication is more frequent. Here, too, the sig-
nificant drop could be seen in the midwinter period when returning from the inter-
vention situation to the basic variant (Fig. 3). The second lighting situation did not have
the anticipated positive effect, at least on verbal communication, but could only sta-
bilise the situation here; a slight increase in non-verbal communication was, however,
brought about. Here, seasonal effects may have played a role but also the fact that
during the second intervention situation, significant changes occurred through several
incidences of new occupancy on three wards within a four-week period. On the ward
least affected, a significant increase in communication could be recorded (Fig. 4).

Fig. 2. Results of the subscales and the total value of the CMAI for residents participating over
the entire period (BL: Basic lighting situation, LS: Intervention situation; vZ/nZ: before/after
time change).
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4 Conclusion and Outlook

Based on the data analysed so far, it is not yet possible to unambiguously determine
whether the improvement that occurred was due to the increased illumination or the
dynamics of the lighting situation or the higher color temperature or the combination of

Fig. 4. Results of the frequency of verbal and non-verbal communication for residents
participating over the entire period in ward 4 (B: Basic lighting situation, LS: Intervention
situation; vZ/nZ: before/after time change).

Fig. 3. Results of the frequency of verbal and non-verbal communication for residents
participating over the entire period (B: Basic lighting situation, LS: Intervention situation; vZ/nZ:
before/after time change).
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these three factors. The results from the previous exploratory studies - albeit with
significantly fewer subjects - suggest, however, that an increase in illuminance alone
does not appear to be sufficient to achieve an improvement in the welfare of the
residents. In view of the not yet fully evaluated data, it is currently still pure speculation
whether it is not just the dynamics that evoke a stabilisation in the desired direction
with the residents. Here, there is definitely a need for further research.

The project was funded by the Austrian state, under the auspices of the Lighting
Competence Centre (Dornbirn, Austria).
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Abstract. Chronic Disease is expected to affect approximately 3 million older
adults by the year 2030 in Taiwan. It is one of the top causes of disability,
mobility problems, and chronic pain among older adults. With so many indi-
viduals affected, it is important to identify how to effectively manage the pain
associated with chronic pain disease. The purpose of the present research was to
understand the factors and needs critical to the successful management of
chronic pain and to create the management and service tools currently available
to the older adults. We conducted structured interviews with subject matter
experts, target user, and brainstorming for the pain management development.
All of the process reviewed were found to be current chronic problem pain
lacking in several key areas, such as failing to include critical variables and
difficulty integrating the data collected into a meaningful representation of one’s
pain experience. Resolving these issues will improve the quality of life for
individuals suffering from chronic pain. The researches provides 3 pain care
system concepts through the convenience of household devices combined with
cloud computing technology, touch interface and information design (The Pain
Tracker, The Pain Helper, The Pain Exerciser). According to older patients with
chronic pain, considering the both of physiological and psychological part of the
demand to conduct innovative service design, the health care self-management
concept will enhance the better quality of life of older chronic patients.

Keywords: Chronic pain � Older adults � Pain management

1 Introduction

According to the statistical data from the Ministry of the Interior (2012), Taiwan,
published at the end of May 2012 (the 101st year of the Republic of China), 10.14 % of
Taiwan’s population was older than 65 years. The proportion of elderly persons in the
population was estimated to reach 19.7 % (Ministry of the Interior, 2010) by 2031 (the
120th year of the Republic). With the rapid increase in the elderly population, the
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health of the elderly has become a concern. Statistical analysis showed that chronic
illnesses account for nine of the top 10 causes of death among the elderly in Taiwan
(Department of Health, 2009). Moreover, according to data from the Statistics Office of
the Ministry of the Interior (2000), 76.06 % of the elderly citizens have chronic ill-
nesses. Based on this disease pattern, chronic illnesses can be considered as the
leading cause of death and a major threat to the health of the elderly. Although age
itself is not an illness, the physiological changes and reduced functionality that come
with it increase the risks of health problems and disabilities. In addition, health
problems in the elderly are often complicated by comorbidity, concomitancy, con-
currency, and cumulative or additive conditions. They are also mostly chronic in
nature. In view of this, the Department of Health (2011) has been actively promoting
chronic illness prevention and health maintenance plans in recent years. It has also
promoted awareness of the measures to prevent chronic illness and maintain health in
order to popularize and elevate the quality of care of the elderly with chronic illnesses.

Of the chronic illnesses in the elderly, pain is the most common symptom and has
the greatest effect on their quality of life. Pain can exacerbate the symptoms of an
illness and cause unexpected bodily changes. For example, pain in a patient with a
heart condition may trigger myocardial infarction. A clinical documentation indicated
“soaring blood pressure due to pain, causing the patient to suffer intracranial hem-
orrhage,” which is a life-threatening condition. Pain can also reduce patient quality of
life. An investigation by Partners Against Pain (PAP) in the United States found that
once pain occurs, the basic functions of life deteriorate. The most common effect of
pain is insomnia, which occurs in 56 % of cases, followed by emotional effects in 51 %
of cases. Furthermore, pain causes the inability to operate a vehicle in in 30 % of
cases, lack of sex drive in 28 %, and loss of appetite in 7 %. In addition, pain can cause
economic losses. The US Center for Disease Control and Prevention conducted a
statistical census on health among US citizens and discovered that approximately 76
million Americans have chronic pain distress (Davis and White 2008), far exceeding
the number of patients with diabetes, heart disease, and cancer. In terms of medical
expenses and loss of productivity, chronic pain costs Americans an average of $100
billion per year.

Chronic pain can limit a sufferer’s activities, is associated with social isolation and
depression, presents challenges to sense of self, and can dramatically affect quality of
life (Berman et al. 2009). Older people with chronic pain are likely to experience more
physical impairments and interference with activities than younger people, and pat-
terns of pain location tend to broaden with age. Widespread pain may especially affect
the progression of disability and impaired mobility (Blondal and Halldorsdottir 2009).
The subjective experience of chronic pain, in particular negative thinking and stress,
can play an important role in the management of pain, communication of pain to
others, and treatment outcomes and can exacerbate pain or the disease process leading
to pain. Self-care strategies for managing stress, facilitating positive coping behaviors,
or reducing anxiety may be especially effective for mediating psychological and social
components of pain management (Foster 2007). For instance, behavioral-cognitive
therapies often focus on maladaptive coping responses, perceived helplessness, and
low self-efficacy for pain management (Hirsh et al. 2009). These therapies, including
mind-body approaches, have demonstrated benefits for a wide variety of pain
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conditions, particularly interventions with multiple components or approaches. They
have been associated with reductions in pain frequency, pain intensity, pain duration,
depression, anxiety, and medication use, as well as improvements in self-efficacy,
ability to control pain, coping, activity levels, and health-related quality of life
(Medynskiy and Mynatt 2010).

There is growing evidence that older adults will use and benefit from technological
complementary and alternative medicine and mind-body therapies (Borders et al.
2005). Future cohorts of baby boomers may be more inclined to use such therapies
because there are more older adults are likely to turn to the cloud technology for
health information. Delivering self-care pain management service via the cloud
technology may be of particular benefit for people in chronic pain who are isolated or
have difficulty leaving the home (Peat et al. 2001). Technological access to self-care
pain management service overcomes previously identified barriers to participation
among older people such as lack of transportation, inability to travel, time conflicts,
and reluctance to participate in a group or associate with other frail individuals. The
benefits of technological self-care pain management service for a variety of health
conditions appear to be comparable to in-person interventions. For instance, a cloud
technology -based chronic disease self-management program demonstrated improve-
ments in self-efficacy and health status, and a web-based stress management inter-
vention showed reduced stress and improvements in ability to manage stress.
Technological self-care pain management service addressing pain due to a variety of
conditions have also been associated with decreased pain and increased control over
pain; reduced catastrophizing of pain and maladaptive coping; reduced disability and
improved role function; reduced depression and perceived stress; decreased physician
visits and time spent in hospitals; and increased work hours.

With the imminent aging of societies and the increasing tendency of illnesses to
become chronic, more elderly people will develop chronic illnesses in the future (Van
Baar et al. 1998). Perfecting self-care of pain will not only satisfy the health needs of
the elderly but also help them achieve their maximum potential within their limitations
due to their diseases, maintain their health and independence, increase their control
over their lives, and help them achieve their optimal physiological, psychological, and
social conditions. Therefore, self-management of pain in chronic illnesses is a most
basic level of health care for the elderly and the most important self-care strategy.

2 Technological Self-Care Pain Management Service Design
Process

2.1 Prospective Science and Technology

This prospective plan anticipates the use of mobile medical technology and applica-
tions, combined with various mobile and wearable devices equipped with relevant
hardware and software for information security and functional authentication. Mobile
medical care overturns the traditional health-care relationships. Its application is no
longer confined to face-to-face treatments at fixed locations or to computer terminals.
The development of mobile medicine is aimed toward overcoming the limitations of
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time and space, and combining mobile equipment with the hospital information system
(HIS) in order to implement mobile medical care. It will instantaneously provide
elderly patients with chronic diseases with all types of pain information, record-keeping
systems, and querying via the cloud infrastructure.

With the full development of key technologies, including WiMAX, RFID, Sensor,
and RF, the aim is to use these technologies to integrate all pain self-monitoring and
management systems. With the cooperation of remote care centers, the elderly popu-
lation can be offered comprehensive, instantaneous pain management care. Family
members can use remote medical care application software on their cell phones to
check on any facet of their elder’s chronic illness pain management status at any time
and place, even overseas. Families can then work together to promote the health of
their elders and improve family interaction.

2.2 Design Process

The design process included the following steps: design concept and scope, existing
product analysis, brainstorming and creative thinking, concept sketches, design concept
revision, and concept solidification procedures. Then, the design concepts were final-
ized and presented.

A. Design concept and scope
This stage of the design work was based on the basic goal and direction of the
design. Creative concepts were proposed according to the concept schemata derived
from lifestyle analyses and approved in order to fix the scope and direction of the
design (Fig. 1).

B. Brainstorming and creative thinking
After converging on chronic pain and lifestyles of the elderly, we conducted the
first-stage brainstorming and creative thinking session to identify forward-looking
design concepts and key words (Fig. 2).

C. Concept sketch
We sorted through the concepts generated in the previous step, narrowing down the
options and selecting the most innovative concept directions. We ended up with
three major conceptual directions for product development.

D. Design concept revision
After repeated proposals to amend the concepts, we invited a professional designer
to suggest improvements of the three conceptual products and to supplement or
correct any conceptual deficiencies (Fig. 3).

Fig. 1. Image board for the design concept and scope
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E. Solidification of the concepts
We further revised the three concepts from the previous steps and solidified their
details in this step. We used three-dimensional (3-D) software rendering to present
the integration of specific modes of operation, technology applications, visual
design, and aesthetic appearance.

3 Design Results

3.1 3 Concepts for the Technological Self-Care Pain Management Service

By using the convenience of intelligent, wearable devices; physiological detection
technology; wireless communications; and cloud-based medical care technology, we
devised products and information interface designs. Based on the physiological and
psychological needs of elderly patients with pain due to chronic illness, we innovated
the service design and constructed a series of pain management and service products,
which we called “The Pain Project.” The Pain Project includes the following:

Fig. 2. The outcome of brainstorming

Fig. 3. Design concept sketches
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(1) Pain Tracker – an integrated, intelligent, pain management ring and automated
pain self-mediated medication system.

(2) Pain Helper – an intelligent, prescription patch machine with touch-sensitive
patches for pain due to chronic illness.

(3) Pain Exerciser – an interactive, far-infrared, pain and health management device
with somatosensory motion instrumentation.

The Pain Tracker. The Pain Tracker is composed of an integrated, intelligent, pain
management ring and pain self-mediated medication system. At the onset of pain in an
elderly person with chronic illness, the ring measures the sympathetic physiological
signals created by the autonomic nervous system. It records the time of the onset of
pain, the frequency of pain, and the R-R high- and low-frequency changes. The elderly
person can also twist the ring to view a subjective pain index and record a vocal
description of the chronic pain symptoms. The information can be transmitted over the
cloud to an assisting physician for an accurate evaluation of the pain condition. This
combined with the self-medicated medication system can prompt the elderly patient to
take pain medications and activate the pain patches, and remind the patient to exercise
(Figs. 4 and 5).

The Pain Helper. The Pain Helper is an intelligent, prescription patch machine for
pain in chronic illness that is available in pharmacies. It offers intelligent pain-relieving
patches to elderly patients with different levels of chronic illness-related pain. When the
Pain Helper receives the pain signal from the Pain Tracker, the patient’s prescription
data is sent over the cloud, and the machine can immediately make an intelligent pain
patch tailored to the patient’s need. On the screen, it can display relevant health
education information. The machine has different built-in pain medications that can be
refilled or replaced. When the elderly patient pushes the sensing pad on the intelligent
patch, the chronic pain medication is evenly distributed onto the patch and the

Fig. 4. The framework of pain tracker service
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time-recording function is activated. This helps the patient use the patch correctly
(Figs. 6 and 7).

The Pain Exerciser. The Pain Exerciser is an intelligent device that offers hand and
foot exercises and far-infrared treatment to elderly people with chronic illness-related
pain. Through a 3-D floating laser projection technology, it creates images of different
sports themes. Paired somatosensory devices on the hands and feet detect posture and
control the projected image. It promotes peripheral blood circulation. Combined with
far-infrared treatment, it improves the oxygen supply efficiency of the body and the

Fig. 5. Prototype of pain tracker

Fig. 6. The framework of pain helper service
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effectiveness of exercise for the treatment of chronic illness-related pain. Relevant
exercise data are also simultaneously recorded by the Pain Tracker to provide the
physician with auxiliary clinical pain data for diagnosis (Figs. 8 and 9).

This research specifically aimed to emphasize the importance of understanding and
managing chronic pain among the elderly. It combined academic research with design
practice. Moreover, it supports interdisciplinary design creativity and exemplifies the
synergy between the humanities and sciences.

Fig. 7. Prototype of pain helper

Fig. 8. The framework of pain exerciser service
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4 Conclusion

This study has demonstrated that older adults will use and can benefit from a relatively
technological self-care pain management service that provides easy to use mind-body
self-care techniques. Such an intervention may empower older adults in chronic pain to
engage in self-care, focus on managing pain in a positive way, and integrate what they
learn into their daily routines. Thus, a technological self-care pain management service
intervention can be suitable for older adults who have various and multiple health
problems. Although this study targeted older adults, such interventions are also ame-
nable for use by adults of younger ages, as the techniques and exercises are not specific
to older people. Reaching those in chronic pain can be a challenge, as pain often limits
mobility and leads to social isolation and depression, thereby undermining motivation
to engage in self-care or attend educational sessions. Those who are unwilling or
unable to set to hospital or who are reluctant to learn techniques in a group setting may
especially appreciate the convenience and privacy of technological self-care pain
management service. Offering mind-body self-care techniques via the technology is a
promising strategy for complementing medical care and insight medication for older
adults and others in chronic pain.
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Fig. 9. Prototype of pain exerciser
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Abstract. Type 2 diabetes is a concern for older adults and an increasing
concern for society as the percentage of older persons rises across the globe.
Though potentially deadly, it is a disease that responds well to self-management
through behavior: adherence to dietary guidelines, medication regimens, and
exercise. However, older persons with type 2 diabetes tend to self-manage
poorly, despite educational initiatives. Based on a review of the challenges faced
by persons with type 2 diabetes and the state of existing highly rated diabetes
self-management applications, we propose a list of design practices and core
features most needed in mobile technologies designed to support the
self-management of diabetes in older adults.

Keywords: Older adults � Aging � Chronic health condition � Type 2 diabetes �
Mobile technology � App � Support

1 Introduction

In the United States and across the world, the number of older persons compared to
younger has reached a level never before seen in human history. The United Nations
has described the current trend in global population aging as unprecedented, pervasive,
and enduring, and has stated it will have profound implications for many facets of
human life (UN, 2001). In the United States alone the population of adults aged 65 and
older is expected to nearly double from 37 million in 2005 to 72 million in 2030 (He,
Sengupta, Velkoff, & DeBarros, 2005). With the benefit of extended lifespan comes a
longer amount of time when people may experience age-related health conditions.
Ideally, the extended years the current and future generations are expected to experi-
ence will be vibrant and marked by extended independence. However, to achieve this
goal society and technology will need to be adapted to the higher percentage of older
adults in the population, particularly technology that focuses on the management and
amelioration of age-related diseases and their effects on physical and psychological
health.

Chief among age-related diseases is type 2 diabetes, estimated to affect * 27% of
older adults in the United States in diagnosed or undiagnosed form (Cowie et al. 2009).
Furthermore, it is also estimated that an additional 40 % of older adults have predia-
betes (Cowie et al. 2009), a state of elevated blood glucose that does not yet qualify as
diabetes but indicates an increased risk of developing diabetes as well as an increased
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risk of heart disease and stroke. Due in part to diet and in part to the larger percentage
of older adults, type 2 diabetes is increasing worldwide, noted by the World Health
Organization as the “slow-motion catastrophe” of a rising trend in chronic, noncom-
municable disease (Chan 2011). It is currently the seventh leading cause of death in the
United States (CDC 2011). With two-thirds of the older adult population of the United
States estimated to either be at risk of diabetes or to already have the disease, it is one
of the greatest health concerns facing older adults today and in the foreseeable future.

Type 2 diabetes has serious health consequences if not managed and treated, as the
pancreas fails to regulate insulin in response to dietary sugars. Over time, elevated
blood glucose raises the risk of heart and kidney diseases, stroke, blindness, limb
dysfunction, amputation, and chronic pain as the result of nerve damage.
A four-community epidemiological study found that older adults with diabetes expe-
rienced substantial comorbidity with report visual problems, major physical disability,
and hospitalizations during the past year (Moritz et al. 1994). Low blood sugar levels
bring their own dangers as well, including high rates of Alzheimer’s disease and
dementia (Yaffe et al. 2013). Despite these dangers and side effects from the disease,
there is hope for those suffering from type 2 diabetes. Studies of self-management find
diabetes symptoms can be controlled and the onset of the disease delayed in
high-diabetes risk persons who keep tight control of their blood sugar levels through
diet and exercise (DPPRG, 2002; Lindström et al. 2003).

1.1 Challenges of Self-Management

However, persons with type 2 diabetes do not tend to control their blood sugar levels
well, including even the most health-literate older adults (Boren 2009; Klein &
Meininger 2004; Shigaki et al. 2010). A meta-analysis of * 10,000 patients found that
even after a self-management training program, improvements in blood sugar levels
were small - indicating that type 2 patients need more than education (Klein et al. 2013).

Problems with effective self-management appear to be both cognitive and moti-
vational in nature. Type 2 diabetes is notable because of the necessity for patients to
manage their own condition by actively engaging in self-management behaviors
(Skinner et al. 2006). These behaviors include self-monitoring of blood glucose via
at-home glucometers, medication adherence (including for some, administering insulin
shots as needed), adherence to a diet appropriate for the individual’s level of insulin
resistance and medication use, physical activity, and visiting healthcare practitioners
for diabetes-related health checks. Some of these self-management behaviors are
cognitively complex and involve processes like problem detection and identification,
sensemaking, decision making, and planning/replanning (Klein & Lippa 2008).
Because of these cognitive requirements, successful self-management is not an easy
rule-based procedure. It necessitates “the fitting of complex and sometimes contra-
dictory information into a coherent picture that generates a reasonable action strategy”
(Klein & Lippa 2012), a dynamic control task that patients are often unable to
understand and perform (Klein & Lippa 2008).

Persons with diabetes who experience trouble with this dynamic control task will
likely experience even greater trouble in the future due to the apparent causal link between
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poor diabetes control and cognitive decline. Poor diabetes control is associated with both
diagnosed and undiagnosed cognitive dysfunction (Munshi et al. 2006), and current
findings suggest that poor diabetes control precedes cognitive decline in older adults.
A four-year prospective study of cognitive change in older adults found that women with
impaired glucose tolerance at baseline had four times the risk of major cognitive decline
on a verbal fluency test after the four year period when compared to women with normal
glucose tolerance at baseline (Kanaya, Barrett-Connor, Gildengorin, & Yaffe, 2004).
Ameta-analysis of prospective studies of cognitive decline in personswith diabetes found
a 1.6-fold increase in the odds of future dementia (Cukierman, Gerstein, & Williamson,
2005). These findings suggest that poorly managed diabetes can rob patients of the
abilities most needed to manage their disease well.

Furthermore, because the patient must choose to engage in these behaviors on his
or her own, the emotional and motivational factors affecting self-management behavior
are especially important when considering how to improve diabetes management.
Major depression in persons with diabetes is associated with worse self-management,
including less physical activity, poorer diet, and lower rates of medication adherence
(Lin et al. 2004). This is particularly concerning since diabetes is in itself associated
with a higher risk of depression than that of the nondiabetic population (Anderson,
Freedland, Clouse, & Lustman, 2001; Peyrot & Rubin 1997). The stress of managing
diabetes may directly contribute to depression; more frequent blood glucose
self-monitoring can be associated with negative psychological well-being outcomes
including higher levels of distress, worries, and depressive symptoms (Franciosi 2001).
There is also some evidence that improving individuals’ capacity to cope with stress
can improve diabetes management. A randomized controlled trial found that teaching
acceptance coping strategies to adults with diabetes improved both self-reported
self-management behaviors and HbA1c values, an indicator of glycemic control over
time (Gregg, Callaghan, Hayes, & Glenn-Lawson, 2007).

2 Supporting Self-Management via Technology

The development and use of smartphone applications (“apps”) to assist with diabetes
self-management is a rapidly growing area, driven in part by increases in smartphone
adoption. Smartphone ownership has consistently increased since their introduction
and as of 2011, over 85 % of Americans owned one (Tran, Tran & White, 2012). As
adoption increases, smartphones have become more affordable and utilized across the
socio-economic spectrum (Liang, et al., 2010; Nundy, Dick, Solomon & Peeka, 2013).
Related directly to diabetes self-management, smartphones allow users to track and
manage their diabetes in a variety of environments. Indeed, users noted they would
rather use a mobile phone than be “tied down” to a home computer (Harris, et al.,
2010). Such immediacy of tracking encourages consistent and frequent measurements
for self-management (Baron, McBain, & Newman, 2012; Lyles, et al., 2011; Nundy,
et al., 2013). An additional benefit comes from the displays on these phones, as they
allow graphical and tabular displays of information, which can aid understanding of the
complex and dynamic system that is diabetes management (Årsand & Tatara, 2010;
Harris, et al., 2010). When compared to paper logbooks, a traditional method of
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self-management, smartphone users made fewer errors, were more likely to log
information, reported ease of noticing trends (Harris, et al., 2010), and found smart-
phones more motivational (Rao, Hou, Golnik, Flaherty & Vu, 2010). Smartphone
benefits are not exclusive to diabetes management with the FDA predicting that by
2015, 500 million people will be using mobile health applications (El-Gayar, Timsina,
Nawar & Eid, 2013).

Studies have shown smartphone apps improve diet and exercise (Tran, Tran &
White, 2012), increase the frequency of blood glucose logging (Lyles, et al., 2011), and
provide much needed feedback on a more frequent basis from healthcare providers
(Harris, et al., 2010). When feedback was provided automatically via smartphones,
users reported elevated motivation to self-manage (Nundy, Dick, Solomon & Peeka,
2013). The connection with health care providers works both ways, as there are fewer
needed appointments when communication of levels and management comes through
an app (Lyles, et al., 2011). However, despite the promise of smartphone apps to
improve diabetes self-management, a number of challenges remain regarding their use.
This is particularly true when considering older adult users, and the design of existing
apps often fails to take older users’ capabilities and limitations into account (Whitlock
& McLaughlin, 2012).

2.1 General Design Recommendations

It is possible to describe the desirable features of a technology to support the tracking and
management of blood glucose levels from a review of the literature. First, the technology
should be mobile and usable in a variety of environments, particularly environments
linked to eating and exercise. Designs should consider age-related changes in perception,
cognition, and movement control and be tested with a representative sample of the target
population. Second, the technology should provide accurate and up-to-date information
regarding available carbohydrates and their potential effects, medications, and blood
sugar historical trends. Third, the technology should encourage good self-management
behaviors beyond simply providing information to the user, reducing stress related to the
disease when possible. Fourth, the technology should provide or be a conduit of emo-
tional support during self-management decision-making. Last, the technology should
scaffold the user during decision-making in a complex and dynamic system. These
features can be broken down into specific recommendations for blood glucose tracking
applications on smartphones (“apps”).

In terms of content, the app must track blood glucose levels, nutrition, medication
use, and physical activity (Baron, McBain, & Newman, 2012; El-Gayar, Timsina,
Nawar & Eid, 2013; Liang, et al., 2010). Optimally, blood glucose levels would be
tracked in immediate form and historical data/trends would also be available. Nutri-
tional information should include tracking of foods eaten with amounts and a count of
the carbohydrates (Årsand & Tatara, 2010). Tracking of physical activity should be
detailed enough to assist with weight management but also provides inputs useful to
informing patterns of blood glucose levels. Tracked data must be displayed in
uncluttered, high-contrast graphical visualizations that allow the user to discern rela-
tionships and patterns between tracked variables and resulting blood glucose levels.
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In terms of education, adaptive training should be offered through the app. This
could be as simple as automated messages from health care providers (Harris, et al.,
2010) to connections with other users best able to answer specific questions in a timely
manner. This mimics the benefits that have been found for the use of online forums by
persons with chronic health conditions (Eysenbach et al. 2004).

It is also desirable that apps provide a support structure, both for emotional support
and decision support. One study found that among older adults with diabetes, those
who reported greater social support were likely to have fewer impairments on the
ADLs and IADLs, to have better self-rated health, shorter duration of diabetes, were
less likely to feel depressed and to have trouble with stress, and less likely to have had a
heart attack (Zhang, Norris, Gregg, & Beckles, 2007). The support structure should
include a reminder system that prompts the user for readings and tracking information
(Baron, McBain, & Newman, 2012; El-Gayar, Timsina, Nawar & Eid, 2013) but with
the understanding that reminders alone do not guarantee adherence (Brath, et al., 2012).
Support should extend beyond the app and social networks of the user and also allow
communication with health-care providers that are part of the team helping the user to
manage type 2 diabetes (Baron, McBain, & Newman, 2012; El-Gayar, Timsina, Nawar
& Eid, 2013; Liang, et al., 2010).

The app should motivate the user in the face of an ambiguous, complex, dynamic
task that offers few if any instances of immediate feedback. Elevated blood sugar levels
tend to be severe before symptoms are noticed by patients, meaning that an older adult
can be off optimal levels for long periods of time before acute symptoms act as
feedback. Time spent off optimal levels permanently damages the body. Thus, apps can
step in to provide the feedback and rewards not offered by the condition itself.

The last recommendations for app design center on usability. The app should be
adaptable to the changing health, knowledge, and performance of the user (Årsand
et al. 2012). To improve the mobility of the app, it should sync across devices as to be
readily available and accessible even when a smartphone is not. Usability should be
tested with older adults with type 2 diabetes throughout app development. Adherence
to older adult design guidelines assists in the initial designs and directions (Pak &
McLaughlin, 2010; Rogers, Fisk, Charness, Czaja, & Sharit, 2009) but there is no
substitution for testing representative and long-term tasks with the target population.
Pak and McLaughlin offer guidelines for usability testing with older adults (Pak &
McLaughlin 2010).

2.2 Analysis of Existing Apps

We examined three apps selected on the basis of published usability ratings identifying
them as among the most usable of diabetes self-management apps available on the
Android market (Demidowich et al. 2012). The three apps were Glucool Diabetes,
OnTrack Diabetes, and Dbees.com. Glucool Diabetes is available as both a free and a
premium ($4.99) version, with 126 reviews and an average user rating of 3.6 stars.
OnTrack Diabetes is available for free, with 5,455 ratings and an average user rating of
4.4 stars. Dbees.com is available for free, with 415 ratings and an average user rating of
4.0 stars.

The Design of Mobile Technology to Support Diabetes 215



A commonality shared by all of these apps was that each tended to offer major
features that users expect in current diabetes tracking apps, for example tracking
multiple variables (blood glucose, food, physical activity, etc.) and exporting data to a
spreadsheet. However, features were not always implemented in accordance with
usability principles. Graphs were sometimes cluttered (Fig. 1, right) and often did not
contain appropriate labels (Fig. 1, right; Fig. 3, right). For one app the website
implementation did not load correctly when viewed on the mobile device used for
testing (Fig. 2, right).

No app was designed using guidelines for the needs of older users, and older users
who experience physical or cognitive side-effects of diabetes are likely to find their use
especially problematic, e.g. reading tiny labels on graphs. Some apps provided both
tracking and up-to-date information on dietary choices, but none included information
analysis support to help users interpret causes behind trends in the data. No apps provided
the social support or communication with healthcare providers beyond data transfer that
is recommended in the literature. No apps provided emotional or decision support to the
user and showed no adaptation. No apps provided education during their use.

It is important to note that despite their occasional usability challenges, these apps
are highly useful to many users, as evidenced by their ratings and number of down-
loads. Many of them are the efforts of programmers highly invested in the management
of diabetes, who have dedicated a great deal of time to the features of these apps. We
are grateful for these efforts, as they are a first step toward diabetes management
applications created using a human factors and participatory design process.

Fig. 1. Glucool Diabetes app, with tracking input screen (left) and historical graphical summary
of blood glucose (right).
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Fig. 2. Dbees.com app, with daily summary screen (left) and failed attempt to view graphical
data on the integrated website on a Samsung Galaxy S4 mobile device (right).

Fig. 3. OnTrack Diabetes app, with daily summary screen (left) and historical graphical
summary of blood glucose (right).
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2.3 Future Directions

To advance the current state of mobile apps for diabetes self-management we advise
the development of features that lower the cognitive and time costs of making
better-informed decisions about self-management. Consider the scenario of a user with
diabetes going out to a restaurant for breakfast. Current apps require the user to
spontaneously remember to use the app to look up nutrition information before
ordering, placing an unnecessary burden on the user’s prospective memory. This may
be particularly problematic for older users given the tendency for prospective memory
to decline with age (Huppert, Johnson, & Nickson, 2001).

To address this problem, app developers could take advantage of smart phones’
GPS function to detect when users enter a restaurant and provide just-in-time inter-
vention Once the app detects users have entered a restaurant it could prompt them with
a push notification to view a restaurant-specific menu database (Fig. 4, left). Because GPS
detection is not guaranteed to be accurate, users should be able to correct the app when
its location information is wrong, and have it remember the correction for future visits
(Fig. 4, right).

App developers could also utilize crowd-sourced diabetes knowledge by allowing
users to rate restaurant menu items in terms of appropriateness for a healthy diabetes
diet (Fig. 5, left). Users can consult the ratings to quickly determine the best choices on
the menu. After selecting a menu item, users are given the nutrition information with

Fig. 4. Prototypes of push notification feature (left) and screen allowing user to choose to view
the menu or correct the GPS location (right).
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carbohydrate content highlighted, and can add it to their food log with a single touch
(Fig. 5, right).

Although accuracy of crowd-sourced information is a potential concern, a previous
study of a diabetes internet forum found that recommendations given by users on the
forum were in agreement with best practice clinical guidelines 91 % of the time
(Hoffman-Goetz et al. 2009). This suggests that user-sourced information in the context
of diabetes may reach high accuracy. Crowd-sourced menu ratings could also be
independently assessed for accuracy by professionals, e.g. nutritionists, or by “super
users” singled out for their high level of diabetes knowledge.

Features like these that reduce the cognitive burden of making informed
self-management decisions are likely to be particularly helpful for users experiencing
age- and diabetes-related cognitive decline. We furthermore recommend that devel-
opers utilize the lessons learned from building apps that track and display food,
exercise, and blood glucose levels to make apps that also:

• Are created using design guidelines for older adult usability
• Are tested with older users
• Allow two-way communication between users and healthcare providers
• Contain motivational features such as gamified rewards and social support
• Contain educational features, such as tutorials and online social networks of other

patients and healthcare professionals
• Provide just-in-time decision support when diet, exercise, or medication decisions

must occur

Fig. 5. Prototypes of crowd-sourced menu nutrition ratings (left) and menu item nutrition
information with carbohydrates highlighted (right).
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Abstract. According to the estimation of the US National Council for Patient
Information and Education, there is millions of prescription written each year,
but only half of them are correctly followed by patients. Non-compliance with
medicine prescription will result in higher medical cost, more hospitalizations,
more complicated pill dosage, and even a threat to life. In order to improve
elderly people’s medical compliance, a new approach that utilizes microelec-
tronics technology in wearable neckwear has been proposed. The sensors in the
neckwear are able to detect whether the user has actually taken the pill and
which pills the user has taken. During the design iteration, elderly participants’
medication related behavioral data and their opinions towards the neckwear
reminder concept were first gathered by interviews. The result has demonstrated
that wearable neckwear seemed to be a potential solution to improve elderly
people’s medication compliance. Then a set of physical (non-functional) pro-
totypes was created based on the initial survey input. Usability testing was
conducted in order to measure elderly people’s preferences in relation to shape,
comfort, desirability, ease of use and other factors. This paper documented the
development of this prototype and focused on the design challenges that have
been encountered, and how the problems have been solved.

Keywords: Medical compliance � Wearable

1 Introduction

Medical compliance, which is commonly defined as the degree to which a patient
follow the medical prescription [1]. Non-compliance with the medicine prescription is
becoming a major cost of the medical care in each therapeutic area. According to the
estimation of the US National Council for Patient Information and Education, even
though there is millions of prescription written each year, only half of them are fol-
lowed by the patients [3]. Among the patients who have difficulty in the compliance
with the prescription, the elderly people with kidney transplantation gains a special
concern. Because of aging, the elderly patients are commonly suffering the loss of their
physical dexterity, cognitive skills, and memory. In the meantime, they must take a
great amount of pills in different dosage, at different time everyday to keep their body
function properly [2]. The non-compliance with medicine will result in higher medical
cost, more hospitalizations, more complicated pill dosage, and even a threat to life.
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Theofilou [2] stated that the mental factors that caused the non-compliance are
depression, less structured daily life, and social isolation. And for the physical side, the
small label reading and understanding, child resistant container, and short-term
memory also prevent the elderly people from complying with the prescription.

In order to improve elderly patients’ compliance with prescription, different
interventions have been provided. A simple dosage regime along with reducing the
daily pill-taking frequency, and makes it easier for the patients to remember when to
take pills, have been proven to be effective. Special cues have been selected to help the
elderly patients memorize the time when they need to take pills. Increasing the com-
munication between the doctor and the patients also helps in educating the elderly
patients and reduce their depression. This paper mainly focuses on utilizing micro-
electronics technology to create a new way to reminder and monitor the pill-taking
frequency of the elderly patients, and conducting usability test about it.

2 Previous Work

With the development of the electronics, they have been using to improve the medical
adherence with a focus on reminding and monitoring. According to Cramer’s [4]
article, the development of the microelectronics has significantly affected the field of
medicine compliance, especially in the area of monitoring, and the electronic moni-
toring has been proven to be the most sensitive method available for measuring
medication non-adherence.

2.1 Category

Most of the reminding and monitoring technology above has been categorized as
automated detection and reminder system. It means that the patient in the system is a
passive receiver, he doesn’t need to interact with the system, instead, the system auto-
matically monitors and generates data. According to Granger’s [5] article, he pointed out
that there is no significant improvement by the automated detection/reminder itself.
A research project has been conducted by Christensen, which utilized a Pharmaceutical
database technology-a system working on filling and refilling pills, and transferring data
between the doctor and the patient. The research result has shown that the patients did not
react consistently to the technology, and only the automated system itself was ineffective
for improving the compliance with the medicine. Besides the automated detection and
reminder system, another main category is the in-person system in which the patient uses
a device as an assistant [5]. Some research results have shown that it also did not improve
patients’ adherence to medical prescription. For instance, an in-home telemonitoring
system has been used to allow the patients themselves to generate and respond to their
own medical data. The biggest challenge for in-person system is the user error, which
means users may report wrong data by mistake. Moreover, Christensen [13] concluded
that there was no big significance between the control group and the group with the in
person system in terms of medical adherence.
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Even though neither the automated system nor the in-person system has proven to
be effective in terms of improving elderly patient’s medical adherence, the combination
of both the systems has shown its advantage in improving the patients’ medical
adherence, generating better clinical outcome, improving patients and the caregivers’
satisfaction, and increasing patients’ awareness of their diseases. Floerkemeier [6] has
conducted a project that combined smart pill packages with mobile phones. There are
sensors and microcontroller on the blister pack, when a user remove a pill from the
pack, the sensors will detect the removal event, and it will send a message to the phone
and the caregiver, indicating whether the user has taken the pill. Besides reminding and
monitoring, he also stated that the smart package should have the function of warning
the user about a dangerous dose combination, or the pill is out of date.

2.2 Devices

According to Naditz’s [12] article, there are mainly three types of monitoring and
remaindering devices: the large, in-home units; a smaller, battery-powered pillbox that
can be put in the pocket; and the newly wearable devices. They each have their own
advantages and disadvantages.

Home-based microelectronic monitoring systems have been developed to organize,
distribute pills, monitor and remind the patients remotely. A mechanical device called
Compu-Med [4], is able to automatically distribute pills. It provides both audio and
visual reminder, and it is able to print out the data log on paper. Another device called
Dosing Partner has also been developed. It tried to improve the compliance by sending
the pill-taking data to the caregiver everyday. In this way, if a caregiver finds out that
the patient missed one dose or being significantly late for one time, he will commu-
nicate with the patient immediately. The features of home-based microelectronic
monitoring system, such as, recording the pill-taking behavior, and sending the
pill-taking data to the caregivers and family members has ensured the compliance with
medicine of the elderly people, and in the meantime, it significantly saved the cost of
nursing-home care. However, since the sizes of those facilities are relatively bulky, the
usage has been greatly limited.

In order to increase the usage of the microelectronics and to make the reminder
portable, nowadays, pill containers have shifted from regular plastic boxes to con-
tainers with process chips embedded in. The smart pillbox is able to record the time and
to count the open frequency by detecting the movement of the bottle cap or the inhaler.
Besides the regular beeping and flashing functions, now the smart pillbox also utilized
recorded voice, such as, the voice of the patient’s daughter, to reminder the patients to
take pills on time. In order to prevent overdosing and ensure the pill taking frequency, a
pillbox named uBox [9] was developed by Massachusetts Institute of Technology. It
records every opening time, when it’s not reach a certain time, the opener remains close
and it can’t be open by others. However, even though the smart pillbox becomes
smaller and portable, in terms of pill storage, it is impractical to store all the pills in a
container since some kinds of pills are required to be stored in a sealed blister.

Bleser [7] also conducted a usability test about a device called the Helping Hand. It
is a handheld device with a process chip, and it stores blisters inside. When the user
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needs to take pills, he moves the blister out of the device, take the pills and re insert the
blister into the device. The Helping Hand device provides both acoustic and visual
feedback to the users. It provides acoustic reminder to the user at the pill-taking time
and if the device detects that the user doesn’t follow the prescription, the light on the
device will change color. The pill-taking frequency data can also be printed out to let
both the caregivers and the patients see the pattern. Bleser’s usability testing mainly
focused on three aspects, user performance, user satisfaction, and acceptability. The
result showed that even though generally the participants tend to like the device, there
were three main obstacles. The first one was that some participants found that the
acoustic reminder was too light to hear. Second one was that it requires certain level
motor skill to manipulate the device, such as re inserting the blister back into the
device. The third obstacle was that the device can only store one kind of pills. It’s
useless for the users who have to take several kinds of pills per day.

Moreover, people tend to have social stigma with the hand held or in pocket
reminder devices. They don’t want other people to know they are taking pills; there-
fore, they fear to be away from home and refuse to use the pillbox in public, which
caused the noncompliance with the medicine.

In order to address the social stigma and shift from the outside the patients to the
inside of the patients, along with the development of wearable computing technology,
the existing sensors with the capabilities of physiological sensing, biochemical sensing,
and motion sensing were utilized in health care devices. They have been widely used in
the fields of medical monitoring and feedback system, monitoring social networking to
reinforce healthy behavior, and to early detect the symptoms of depression and
dementia [8].

Wristwatches have been programmed to remind the elderly people in a more dis-
creet way. Different approaches have been utilized based on the watch. One is pro-
viding audio to the elderly people to remind them to take pills. However, it turns out
that some elderly people are also suffering from the loss of hearing, and they may not
be able to hear the reminding audio. Moreover, because of the short memory issue,
under some circumstances, even people have heard the reminder, they will easily forget
about it after a few seconds. In order to ensure that the elderly patients read the
reminder, another approach has been developed. Instead of only producing audio
reminder, it displays a short message on the watch screen, indicating the required
medicine the users need to take. Also, it provides a more discreet reminder-vibration on
the user’s wrist, so the user can use it in public and others won’t be aware of it.
However, the performance of the reminder is unpredictable, since it does not imple-
ment monitoring system, so it cannot detect whether the users have followed the
reminding contents or whether the elderly patients have taken the right dosage.

One project about a memory glass has also been conducted by Pentland [8] in MIT
Thrill lab. The glass works as a personal memory assistant. It can store users’ data and
utilize sound and visual cues to remind the users under certain circumstance. He stated
that the difference between the glass and the other reminders is that the glass is a
context-awareness device. It means that the glass will react to different environment,
and also it is personalized. He also stated that since the main obstacle of the traditional
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reminder is that people naturally tend to resist being reminded to perform tasks, the
advantage of the glass is that it is able to provide subliminal cues directly to the users’
threshold of perception-eyes. Therefore, the users may react based on the cues while
they are not even aware of it. However, even though the glass has to some extent
addressed the context-awareness issue, and it works effectively in terms of reminding
people, there is still a social stigma about the head up device. Besides, it currently
doesn’t have the monitoring function, so it may be useless for the patients who require
special care and attention.

2.3 Previous Study

In conclusion, with the development of technology, the medical reminder is shifting
from an in-home bulky device to a smaller, portable device. The role of the patients
shifts from a passive receiver to an active manipulator. Many complicated issues, such
as, multiple dosage distribution, discreet reminding, require to be portable, and context
awareness, have been addressed by the current healthcare products. However, there are
still some issues remaining unsolved. For example, the biggest drawback of the current
reminder/monitor device is that it is able to remind the patient to take pills and to detect
whether the pills have been taken out of the pillbox; it is impossible to tell whether the
patient has actually swallowed them. Furthermore, the current products are not able to
tell whether the patients have taken the correct dosage.

• Patients tend to have social stigma with wearable products that show their diseases
to the public. Therefore, the new design of the wearable product should address this
problem by designing a user- friendly shape and material. In the meantime, it should
look appealing to both the user and others.

• The micro electronic device should be able to detect whether the user has taken the
pill, instead of the action of taking the pill out of the pillbox.

• There should be a smooth interaction between the user and the device, either
passively receiving information or actively finding information has been proven to
be less effective.

• The device should be portable, in order not to limit the activity of the user.
• The device should be able to identify different kinds of pills.
• There should be no special motor skill requirement for the user to manipulate the

device since most of the end users are elderly people, and they are losing their
motor skill as aging.

• The reminding approaches should be obvious enough for the users.
• The device should be context-awareness.

Therefore, based on the requirements, the author proposed a new combination of a
smart necklace and a smartphone application concept. Since the micro controller is
shifted from outside (bottles) to be on the users’ body, it does not require motor skill to
perform tasks any more. Moreover, compared with the head up device, the neckwear is
smaller and can be hided inside the collar.
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3 Data Collection

3.1 Interview

Based on the concept, interviews have been conducted among twenty elderly people.
The subjects aged from 66 to 96 years old. To gain their perspective views of the new
WEAMS (Wireless and Wearable Event Detection and Adherence Monitoring System)
concept [10], their medication regimen, the current reminder system they are using,
the usability issues they have, and their opinions towards the neckwear reminder, have
been gathered during the phone interview session. And all the phone interviews have
been recorded and transcribed for analyzing. The analyzed interview data demonstrated
the following facts.

• People tend to have fewer adherences with their medicine as time flies.
• Very few subjects have realized the importance of taking pills on time.
• A connection between the reminder system and their daily routine is essential for

elderly people to take their regimen on time. However, once the connection is
broken by travels or short days visits, it’s difficult for them to remember to take
pills.

• Even though most of the current reminders in the market utilize both visual and
audio feedback, half of the subjects reported that they only relied on their own
memory, and they thought they were able to feel the difference if they missed a
dosage.

• One big issue of the reminder system is that it should be integrated into the elderly
people’s daily life without making them look/behave different. Also the reminder
system should be able to distinguish different pill sources.

• As for the neckwear concept, the subjects seemed to appreciate the benefits from
wearing it, however, they did not regard their conditions as serious enough to wear
it. Besides, they also worried about their privacy, which meant that they were being
monitoring by their doctors all the time. Most of them also have social stigma, and
some of them even worried about the waterproof issue.

3.2 Initial Prototypes Testing

Since the interview results have indicated that elderly people tend to accept the WE-
AMS concept, several appearance conceptual models have been made to further gain
users’ perspectives. The appearance models of the neckwear are based on the analysis
of the phone interview data. Generally there is a locking mechanism on the neckwear,
which enables the user to put it on and take it off easily. It is intentionally made tiny,
which is used to reduce the social stigma the users may have. Also it is designed
lightweight to make the users feel comfortable.

Six devices have been tested in a controlled environment, half of the devices are
appearance models and the rest of them exist monitoring devices. The first appearance
prototype is called Adjustable. It utilized a clasp mechanism to fit for different sizes of
the neck. The shape of it is also designed to avoid resting on users’ collarbone, so it can
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reduce the discomfort when the user is wearing it. The Snap one utilized a slipcover
that there is a locking mechanism inside. The third one is called Magnetic, which used
small magnets for locking. The three exist devices are Jawbone Up wristband, MIO
alpha watch, and BodyMeida FIT armband.

Twelve subjects whose average age is 77.7 were involved in the test. The test
procedure consisted of two parts. The first part included the users’ current medication
evaluation, medication adherence, medication management, using wearable systems,
consumer preferences, and their physical strength. The second part included the device
evaluation and ranking. The three prototypes were evaluated first, and then the three
exist devices. All the devices have been evaluated in terms of ease of use, comfort, and
physical characteristics. Subjects were asked to wear it to perform several tasks, and
then evaluate each device via Likert Scale. In the ranking session, the subjects were
asked to rank the three prototypes and three exist devices based on their appearance,
comfort, and overall preferences.

The test result showed that Magnetic was significantly better than the other two in
terms of ease of usability field. There was no significant difference among the three
prototypes in terms of comfort and desirability. However, Magnetic was a slightly
better. As for the ranking, in terms of appearance, there was significant difference
among the three prototypes. Both Magnetic and Adjustable were preferred. In terms of
comfort, Magnetic was preferred over Snap. As for the overall preference, there was no
significant difference between Adjustable and Magnetic, but they both are preferred
over Snap. Magnetic clasping mechanism tends to be more intuitive to the user, and it’s
easy to use since it require less motor skill and strength. Even though in the comfort
and desirability fields, there was no significant difference among the three prototypes,
Magnetic concept is always ranking high. As for the appearance, the result has dem-
onstrated that the users preferred simply design features.

3.3 Limitations

Since the prototypes in the test were only appearance model, there were several lim-
itations of the data. First of all, the prototypes did not simulate the actual weight of the
final product. Since the final concept requires the neckwear to work for at least one
week continuously, the battery of the neckwear is relatively large and heavy. Besides,
the appearance model did not include the size and shape of the sensors. Therefore,
based on the initial testing data, a functional prototype was created.

4 Design

The design and fabrication of the working prototype was undertaken by a graduate
industrial design student. According to Jayaraman’s book [11], there were eight
principles for wearable product design; comfortable, no skin irritation, lightweight,
breathable, moisture absorption, easy to wear and take off, easy to access body, and
maintain range of motion. The design challenge for the necklace was how to arrange
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those electronics in the necklace to make it work effectively and efficiently, in the
meantime, appealing and comfortable.

4.1 Material

In order to make the necklace user friendly, several kinds of materials were considered
in the very beginning of project. Besides lightweight, since the necklace should fit
different users’ neck diameters, the material must not be too rigid. Also, since there are
sensors and batteries fixed in it, the necklace should not be too soft in case the
electronics would vibrate inside or the users would break it by accident. Moreover, it
should not hurt the skin since the users will wear it all day long. Finally silicone
material was chosen in this project since it is relatively light, rigid and skin-friendly.
Then different types of silicone have been tested. The number of silicone represents its
rigidness. Silicone with the rigidness of 30 was the first one to test and it turned out to
be too soft, it was difficult to maintain its shape after it became solid. Then silicone with
the rigidness of 60 was tested and the rigidness of it perfectly fulfilled the requirement
(shown in Fig. 1). Therefore, the silicone with the rigidness of 60 was used for the
necklace body.

In order to create a necklace that fits different users, the diameter of the neckwear
should be flexible. Therefore, a pair of connector that allowed the users to adjust the
size of the necklace has been made. Since the RFID sensor should go around the neck
with a closed loop, and all the other sensors in the front necklace body should connect
back to the power source and the main process chip, there are eight wires in total for
each side. Therefore, a pair of connector that works both as a clasping mechanism, and
connecting the wires inside, was created. To ensure the connector attach the silicone
body tightly, several “T” shape hooks were created on the connector. Therefore, all
these hooks were embedded in the silicone body before the silicone became dry.

4.2 Connecting Mechanism

To allow wires to connect each other, small conductors were used inside the con-
nectors. (Shown in Fig. 2) To make a stable connection, besides the conductor, extra

Fig. 1. It shows the difference between the silicone 30 and silicone 60. Silicone 30 is too soft to
stay on users’ neck.
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magnets have been used on the connectors, and a tilt connecting surface was used
instead of flat one. When the user attaches the male part to the female part, the magnet
on each part automatically attach to each other. And the tilt surface increased the
connecting interface. However, even though the attaching and detaching was easy, it
still required some motor skills to perform that action. Therefore, reducing the time that
users need to take it on/off is very important, which required a power source that was
able to last for one week. After testing, two AAA batteries were selected for the
neckwear.

4.3 Sensors

In order to collect the user’s throat movement and the sound of chewing, two bio
microphones and a flex sensor were used. Since the neckwear touches directly to the
user’s skin, it was able to provide vibration reminder besides audio and visual
reminders. The neckwear with radio frequency identification (RFID) and other sensors
aims at solving the dose personalization problem. Harmless RFID tags which are pre
programmed to contain several data, such as its type, dose, manufacturer and expire
date, were embedded in the pill capsule. An inert polymer based coating material is
used to protect the tag from decomposing in the process of falling in the user’s body
[10]. The RFID reader in the neckwear is used to detect the RFID tag to see whether the
pills go through the throat. Moreover, combining with a flex senor and a biotical
microphone that are used to detect the chewing sound and the movement of the throat,
the RFID reader is able to accurately detect whether the user has taken pills. The
neckwear also addressed the portable issue since users can wear it to wherever they go,
it read the pills directly and it didn’t need an extra carrier. A smart phone connected to
the neckwear can receive data. Therefore, both the patients and the caregivers will be
able to know whether the patients have taken pills on time.

4.4 Social Stigma

In order to address the social stigma issue, the necklace was designed light-weighed
and small. Both the batteries and the process chips were located in the back part of the
body, which was hidden behind the neck. (Shown in Fig. 3) To make the user feel
comfortable, the back part of the neckwear follows the contour of the user’s neck, and
the batteries are located in both side of the neckwear separately.

Fig. 2. It shows the connector with wires coming through and conductors inside
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4.5 Final Design

The final design of the neckwear is shown in Fig. 4. The front part of the neckwear was
used to hold the shape; the flex sensor and microphones were located directly to users’
necks. The connectors on either side ware used as both connecting mechanism and
conductor points. Two AAA batteries and a board sit in the back part of the neckwear,
which can be hidden by users’ necks.

5 Fabrication

5.1 Connector

Since the connector is still in the prototype phase, and it only required low volume
production, 3D printing technique was used. Therefore, the connector model was all
made of ABS plastic (shown in Fig. 5).

Fig. 3. It shows the connector with wires coming through and conductors inside

Fig. 4. It shows how the neckwear is assembled, and the location of each item

Fig. 5. It shows a 3D printed, plastic connector. The gears on the connector will be embedded in
the silicone model.
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5.2 Neckwear Body

In order to save time and the cost, instead of traditional way of silicone model making,
in design iteration phase, 3D printing method was used in this project. The 3D printed
plastic molds were used to replace the urethane molds, because a urethane mold
requires sixteen hours to become solid, and the material itself is too costly. The whole
silicone model has been divided into several parts to build. And since the inside of the
silicone model is hollow, each model part requires two mold pieces (one female and
one male) to create. And there were two holes of each mold pieces to let the air go in
and out (Fig. 6).

A small scale and a plastic beaker were used in the fabricating process. At first, 10
portion of the silicone rubber and 1 portion of the catalyst were poured into the beaker,
after they totally mixed up; the beaker was put into a vacuum chamber for degasing.
During the time when the air bubbles went out from the liquid, the universal release
was spray painted on the molds to avoid silicone rubber and plastic mold sticking to
each other. As soon as most of the air bubbles vanished, the silicone liquid was poured
into the mold slowly (Shown in Fig. 7).

After a piece of the female part mold was full of silicone liquid, the mold was
covered by its male part. Two clamps were used to tighten the two parts. Then after
16 h’ drying time, the silicone liquid became solid, and a piece of the model has been
created. This process was repeated again to create the other part of the necklace model.

Fig. 6. The picture shows the two pieces of the 3D printed mold and one connector

Fig. 7. The picture on the left demonstrates how the silicone was measured on the scale. The
picture on the right shows the process of filling the 3D printed mold.
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In order to keep the wires in position inside the model and make the connecting part
strong, the wires and the hook of the connector were seated in the mold before silicone
liquid was poured into.

After each body has been created, a silicone proxy was used to attach the two
pieces of the back part together. The finished silicone model is shown in Fig. 8.

5.3 Microphone Shell

Since the neckwear is in charge of telling whether the patient has swallowed the pills, a
bio-microphone and a piece of flex sensor are used. In order to better hold the electronic
devices, a piece of silicone shell is specifically designed (Shown in Fig. 9).

In order to make the flex sensor embedded in the shell, the flex sensor with all the
wires connected was pre positioned in the mold before the silicone gets dry. When
the silicone shell gets dry, two microphones are placed inside the two circles. To make
the silicone shell strongly attach to the front part, a “T” shape is made on both end
of the shell. Before the front part is made, the shell has been seated inside the mold,
with the “T” shapes stuck inside the mold. Besides, all the wires (microphone, RFID
wires, and the flex sensors) have been connected to the conductors.

6 Future Work

Limited by the electronic technology, the battery currently used in the prototype is
relatively big and heavy; this issue can be solved by the advancement of technology.
The connector in the neckwear is an existing product; it did not fit the neckwear well.

Fig. 8. The picture on the left shows a dissembled view of the fabricated model. The picture on
the right shows an assembled one.

Fig. 9. The picture shows a finished silicone part with flex sensor in it. The two holes on both
sides are for microphones.
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A customized connector may need to be developed. Moreover, the neckwear was only
fabricated, and was tested within real environment. Users’ perspectives about the
functional prototype need to be collected for further design iteration.
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Abstract. Information and Communication Technologies have spread rapidly
these last decades. The employment sphere has not been unaffected by these
technological developments. One of the greatest risks of computerization is the
rise of inequalities between two kinds of workers: those who have knowledge,
an easy practice of ICT and those who do not. Older workers constitute a major
part of this second kind of workers. They represent a group that is disadvantaged
by technological developments. How may the widespread use of ICT in the
workplace impact on older workers’ activity? In attempting to answer this
question, we will focus on the notion of skills obsolescence. The aim of this
article is to focus on methodological triangulation to understand the dynamic
construction of skills.

Keywords: ICT � Older workers � Skills obsolescence � Methodological
triangulation

1 Introduction

Current society is characterized by two major facts. First, since the 2000s, in France,
demographic development heads towards a massive aging of population. Indeed, a
better access to health care and quality of life leads to an increase in life expectancy [1].
The main consequence on the professional sphere is the necessity of extending people’s
working lives. Second, Information and Communication Technologies (ICT), imple-
mented in most of companies’ services [2], aim to augment productiveness: they are
expected to make companies more efficient and competitive. ICT require new pro-
fessional demands [3], practices and skills [4]. However, this demographic observation
leads researchers to question relationships between work, aging and ICT. Studies reveal
that older workers are disadvantaged when using ICT in the workplace [5–7]. In spite
of the available resources, older workers would not be efficient with ICT [8]. Another
well-known result refers to older workers’ ability to learn. These different facts and
stereotypes bring about questioning on the notion of skills obsolescence. It would be a
major risk for workers, including older people whose skills have been weakened.
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To sum up, the aim of this paper is to bring a psychosocial view on skills obso-
lescence. Indeed, it would be relevant to consider older workers real activity to bring a
new light to this notion, with mainly studies in the field of economics. For this research,
we set up various qualitative methods that will allow us to access working situations, in
their social, cultural and historical dimensions. Thanks to this methodological trian-
gulation approach, we will try to see if it is really possible to talk about skills obso-
lescence in the case of older workers activity. If necessary, does a transfer of skills exist
between younger and older workers?

2 Aging, ICT and Skills Obsolescence

2.1 Main Characteristics of Aging

Usually, aging is associated with weakening, loss and an ineluctable involution of
cognitive and physical performances. This pessimistic perspective presents a deterio-
ration of the individual’s different functional abilities (sensory, cognitive, breathing…).
In its biological aspect, aging is defined as the degradation of cells functioning. This
diffuse and uninterrupted phenomenon [9] manifests itself as a set of stable, abrupt and
ineluctable conditions. This slow degradation causes a restriction of human functioning
and more precisely of cognitive performances [10]. This decline of cognitive perfor-
mances influences information processing and especially the ability to inhibit infor-
mation [11]. Therefore, the capacity to realize produce relevant and coherent complex
tasks is limited [12]. This phenomenon reduces a person’s resistance and adaptability
facing context pressures. However human organism components are not subject to the
similar laws. Temporal evolution differs and the body development by cell multipli-
cation provokes an important inter-individual variability, which explains why at the
beginning decline is imperceptible. Such changes become detectable at the age of 40/45
and are obvious at 60. Concurrently to these biological phenomena, the individual will
develop skills, automatic reflexes and experience [12]. Whenever the situation makes it
possible adjustments enable individual to offset, even slow down, the effects of aging.
American developmental psychologists supported this perspective and developed the
lifespan developmental psychology [13]. Conceptual changing occurs with the notion
of development: according to these authors, development goes on even during adult-
hood. In conclusion, aging is defined as a nonlinear developmental process. It results
from an immutable interaction between cultural and biological dimensions [14].

2.2 ICT Effects on Older Workers Activity

ICT are considered as a factor of performance, modernity, progress and growth. They
have submerged the various professionals’ spheres [2, 15]. Beyond its economical
functions, ICT show a potential to improve working conditions and well- being at work
by extending human capacities [16]. This optimistic vision, related to new work
modalities, is balanced by a pessimistic vision, related to a loss of autonomy and
flexibility [17]. Indeed, ICT implementation has disrupted work organizations and
constantly requires developing new flexible and innovative professional practices
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[4, 18, 19]. Consequently, workers have to adapt their skills [20]. If new ICT do not
require specific skills, workers become machine-operators who only have to press a
button. He is subjected to a devaluation of qualifications [17]. This is how ICT may
also have deleterious effects on workers especially already weakened ones. Indeed,
many studies notice the diminution of adaptation abilities of older workers [21].
Beyond the use of ICT, it may appear that organizational changes, inducted by
recurrent developments, constitute a threat for the oldest workers [22]. In spite of
available resources, implementation of ICT leads older workers to a major negative
shock [6–8]. Therefore, qualifications suffer from an “encapsulation phenomenon” [23]
and would not protect older workers anymore [8]. This phenomenon causes informa-
tion to be segregated in particular areas. Skillfulness requirement also reconsiders older
worker’s experience [24], which gives them expertise, an advantage compared to
flexibility.

All of these analyses show that the risk of skills obsolescence appears to be major
among older workers. Continual modification resulted in rapid ICT evolutions, which
increased this risk. Workers have to constantly update their skills and knowledge to
remain employable [25]. Skills obsolescence is generally associated to deficiency and
decrease of human capital. This notion is defined in 1975 [26] « as negative changes in
capital values that are solely a function of chronological time. Obsolescence occurs
because stocks of knowledge available to society change from time to time » (p. 199).
Therefore, obsolescence is not only due to aging, innovations also contribute to this
process. Two main types of obsolescence have already been distinguished [27, 28]:
technical and economic. Technical skills obsolescence refers to the deterioration of
physical and cognitive skills associated to disease, weakening or aging. Economic
skills obsolescence manifests itself as irrelevance of previously required skills, which
lost their market value. Mainly studied in the field of economics, skills obsolescence is
evaluated by various methods. Four main methods have been observed [27]. Among
these, authors tell the difference between direct and indirect methods. On one hand,
direct methods refer to tests and questionnaires [29]. On the other hand, indirect
methods aim for productivity measure [28] and probability to be taken out of the
workforce. Even if these measures are robust, they do not allow us understanding the
dynamic interaction between older workers and ICT. Moreover, the probability to
remain employed in spite of skills obsolescence cannot be appreciated.

3 Research Question

As we have seen above, aging is a complex phenomenon that involves interactions
between biological and cultural dimensions. These characteristics’ main effect is to
increase inter-individual variability. ICT developments and its various repercussions
accentuate older workers’ difficulties. As soon as problems occurred, employment
retention was threatened. However, it is made possible by skills development. How-
ever, the risk of skills obsolescence is considerable, in particular for weakened people
such as older workers. Similarly, many studies have shown that aging increases the risk
of obsolescence. Developmental approach of aging leads us to question which methods
and models should be used to evaluate skills obsolescence. As a result of its biological
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and cultural dimensions, aging is a dynamic process. This means that older workers’
behavior does not only depend on intrinsic capacities. These workers also take into
consideration environment’s features, which influence the way they act. This psy-
chosocial approach of older workers defines each individual based on his capacities,
cultural affiliations, norms and the role he has in society. So, in this psychosocial
perspective, we can formulate our research question as follows: how can we understand
the construction of skills obsolescence during older workers’ actual activity? This study
will focus on the case of train dispatchers to determine whether they are affected by
skills obsolescence. Moreover, we will interest in the conditions that enable older
workers to continue to work with ICT.

Concerning the model used to give us some elements of answer: activity models
developed by Russian psychologists in 1920s appear to be relevant. One of the prin-
cipal contributions of activity theories is related to the role and place of the individual
who is considered as an actor, situated in the social, cultural and historical context of
fulfillment of his activity. In line with Vygotski, Leontiev and Luria’s research,
Engeström [30] developed the “activity system model” or “Engeström’s triangle” (see
Fig. 1.). Based on Leontiev’s notion of activity, Engeström adds a social and collective
dimension to the subject-object-instrument relation. According to this model, a per-
manent and dynamic process of development characterizes activity, which is not
limited to a space-time frame. Aiming to understand the developmental perspective of
activity, Engeström emphasizes on dialectical contradictions, which he considers as the
potential developmental origins of both activity and individual.

4 Methodology

4.1 Context of the Study

The current demographic context leads French companies to wonder about older
workers. Our study focuses on the case of the French railway company, which deals
with this situation in an intergenerational cooperation perspective. Moreover, massive
and continual deployment of ICT defines this company as an innovative one.

More precisely, this research (currently under development) concentrates on train
dispatchers and ticket inspectors. In this paper, we will focus on train dispatchers.

Fig. 1. The basic structure of human activity (Engeström, 1987, p. 78)
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These agents’ profession is about making sure that the train traffic is safe in the area.
The underlying objective to this activity is to avoid incident. For this purpose, their
work is based on knowing a set of very precise security rules. Agents do not have any
room for maneuver, which reduces with successive technical evolutions. We observe
that three ways to fulfill the required tasks are identified. The first consists in train
shunting. An agent is on the rails and turns the point to run the train. His or her job
designation is pointsman. The second way is automated shunting. In this case, agent is
situated in the signal box and has to press buttons to open railroad crossing and allow
train traffic. A certain number of railroad stations are still fitted with these two systems
in France. Finally, computerized shunting has been implemented in the earliest 2000s.
Train dispatchers have to enter codes, called “dialogs”, to realize inherent tasks of train
traffic. Using this system makes the work more complex but the physical load of the
profession has significantly reduced.

Therefore, we can see that technical developments lead to many changes in the
profession. Both naming and contents have evolved.

During our observations, we noticed that agents use four different tools. All of them
belong to computerized shunting. The perimeter extends on three other railroad sta-
tions, which are operated by remote control. Each tool has a particular function and
completes the others to insure the safety of the traffic. Agents must have to successively
juggle with these tools. The first one is an assistance computer. It allows agents to see
the time departure of trains in railroad stations on the two ends of the line. Another
computer enables agents to deal with a remote control station. To manage two remote
control stations and the one they are located in, agents use three other computers that
are equipped with system more recent than the other one. Finally, a computer enables
agents to enter stops, departures and arrivals of trains. Using these tools, agents have an
overall view of the traffic coming from and to their area. Once the train goes inside the
area, it can be accurately located. This way, agents may anticipate the opening of
signals to make the traffic easier.

Concerning our study’s population, it is constituted with six train dispatchers, a unit
director and a manager. The six agents work in two different railroad stations that are
similar in term of functioning. All of them are men and aged from 25 to 55. The choice to
question a unit director and a manager is related to complement agents’ profession view.

4.2 Description of the Methodological Triangulation

Many authors have already proved the contribution of methodological triangulation in
social sciences [31]. Described as “methods crossing” [32] rather than merely juxta-
position, triangulation enables researchers to understand the complexity of work situ-
ations. The various methods used lead to a certain level of quality and subtlety for data.
Triangulation confers qualitative methods scientific validity and, in fine, precision,
spread and depth [33]. Consequently, the originality of our study can be found in the
choice of methods that we will make triangulate. The objective is to combine pre-
scribed work and real work.

Research process has been thought in three phases. During each of them, we use
different methods.
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The first consists in the meeting with train dispatchers. Semi-structured interview
seems to be the most relevant to get to know well agents. This type of interview has
been chosen thanks to the possibility it opens about what thematic to broach. The
second decisive element in this choice is the freedom offered to the interviewee. Topics
proposed deal with agent’s career path, profession, difficulties and ICT connections.
Finally, this interview enables researcher to access to prescribed work.

Direct observation of activity and verbalizations [34] are at the heart of the second
phase. The interests of these methods combination can be found in the access offered to
the two parts of activity. On one hand, what is observable in activity and, on the other
hand, a part of mental activity leading to tasks realization. Researcher gave agents
instructions: he had to do his job as usual and if he wanted, he could clarify what he
was doing-. Beforehand, we checked the possibility to interrupt his activity to ask about
some actions or points that seemed relevant. These verbalizations are respectively
called simultaneous and interrupting. Therefore, real activity of agents, that means what
they really do in their work, is understood thanks to these three methods.

Finally, the last phase corresponds to clarifying interview technique [35]. It aims to
lead the individual to conceptualize his actions. However, conceptualization is not an
immediate process; this type of interview assists the individual in awareness. At this
moment, he is in an “invocation situation”. This enables him to access to implicit
dimensions relative to a pre-reflective level. Clarifying techniques allow researcher to
understand reasons and meanings of actions and make them comprehensible. More
precisely, a few days after observations, we met agents again. We suggested discussing
about some situations previously chosen. The selection was made regarding some
relevant standards and interests compared to the research question. In this case, we
focused on some tasks that involved distinct ways of doing according to agents. These
situations could reflect technical, practical or theoretical expertise. They also referred to
different types of incident. For example, it could be lateness, an opening of railroad
crossing that failed or even point’s dysfunction because of the frost.

5 Expected Results

5.1 Main Expectations

In a general way, the objective of this study is to understand the development of older
workers’ activity, using ICT. This study’s expectations are positioned at different
levels. Firstly, analysis of data should allow us to identify skills involved in activity.
Thanks to the crossing of methods, we will determinate three types of skills: prescribed
skills, skills we think we have and real skills applied. The first goal is related to an
individual perspective. Secondly, we aim to observe in what way the use of the
computerized system does not only depend on the agent, but also on interactions he
may have with other individuals in the company. This is a more collective perspective.
Finally, the third level is related to the impact using a computerized system on the
agent’s experience. It refers to a developmental dimension. These expectations should
be fulfilled by the methods we use in triangulation.

242 F. Cros et al.



5.2 First Analyzes

We can add some reflections based on the first analyzes made on the collected data.
Firstly, the objective of this research is to understand how skills obsolescence builds
up. This developmental approach leads us to consider the older worker as an actor of
his working situation. Aging is not intrinsically endured; it is the product of a continual
interaction between biological and cultural components.

Older workers may have at their disposal resources that enable them to work in
ICT-reliant environments. Considering older worker real activity, can we talk about
skills obsolescence? If not, what are the conditions that enable them to be skillful in
their profession, including through the use of ICT?

In spite of technical changes and aging, preliminary analyzes suggest a lack of
skills obsolescence. Two main dimensions appear to be relevant conditions to prevent
this process. Firstly, intergenerational cooperation is shown in a collective activity
form. It will lead us to explore more fully the role of the collective dimension in skills
development. The second factor refers to an abstract notion: “due course”. This sub-
jective characteristic defines the good time to enter dialogs to enable train traffic.
Differences observed between train dispatchers show in what way experience and sense
of activity is important in skills development.

As a consequence, these two dimensions seem to enable older workers to remain
employed in these ICT-reliant working situations. It must be noted that these results
emerged from preliminary analyzes. Confirmation of these results will depend on
finalization of data collection and an extensive analysis.

Intergenerational Cooperation. The first element that seems favorable towards skills
development is intergenerational cooperation. Few indicators have been noticed
during observations in railroad stations. The oldest workers know practical skills
thoroughly while the youngest ones have theoretical skills, which are related to
absolutely necessary and rigorous safety rules. Experiential knowledge, mainly pos-
sessed by older workers, refers to technical and complex cases. Moreover, we observed
that the oldest also possess theoretical skills. However, their ways of doing are more
often based on their experience than on safety rules. Indeed, during a complex situa-
tion, Mr. H., aged 55, had to regulate train traffic because of a delay. Therefore, he must
enter the correct dialogs to enable trains to cross each other. MR. H.’s verbalizations
indicated that the situation was problematic. There is a negligible risk of incident. He
adds he already had to face this case a long time ago. We assumed that he possesses the
solution to the problem. Mr. D., aged 39, interrupted his older colleague’s action by
saying “are you sure of this?” and checked security rules before approving his col-
league’s decision. Therefore, the skills necessary to traffic system’s use seem to depend
on an interaction between practical and theoretical dimensions. We can observe that the
knowledge of context variables is not sufficient for actions. The skills acquisition
related to the use of traffic system depends on interaction between these two dimen-
sions. We could say that a collective organization allows workers - young and older –
to become more skillful. On one hand, older worker’s skills are accentuated and
approved by current safety rules; on the other hand, younger worker’s skills are
expanded and illustrated by a real situation. Skills are constructed during the use of this
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technological traffic system. More precisely, collective skills [36] seem to take a major
role in the efficient use of the system. It would be relevant to look into collective skills
in depth in our further analyzes.

Do the Things in “Due Course”. The second piece of information that tends towards
a lack of skills obsolescence is the notion “due course”. Indeed, various ways of doing
have been observed during computerized traffic system’s uses. The expedient moment
to enter a dialog in the system is the origin of these differences. That is why we
observed three main ways to proceed. First, certain agents entered dialogs gradually.
Second, others got the dialogs ready and confirmed in “due course”. Finally, some of
them pre-empted by entering dialogs in a period of time considerably superior to trains
arrivals. This notion of “due course” emerged during interruptive verbalizations. We
aim to extend our understanding of this notion thanks to clarifying interview tech-
niques. The definition of this notion is different for each train dispatcher. It comes
under a subjective reading of security rules. Indeed, agents explained that these rules
only prescribe to enable train traffic. Being skillful in this profession means to be able
to line up a train without incident. This involves opening signals at the good moment,
allowing trains to cross each other, inserting delays in traffic … Since situations are
complex and variable, the expedient moment will be different, depending on the agent’s
interpretation of the situation.

For the most part of older workers, dialogs are entered gradually. According to Mr.
D, aged 52: “this way of doing allow us to avoid providing a safety procedure in case
of incident”. On the contrary, younger workers’ practices depend on two modalities.
The first one refers to an anticipated input of dialogs. In this case, the validation is done
only few seconds before train passage. The second corresponds to the complete input
during a specific timeframe. This method is used more often when there is not much
traffic. As Mr. C., aged 29 explains: “It is 3 PM o’clock, I enter until 5 PM o’clock like
that I can work on other things”.

Rooms for maneuver given by the safety rules allow worker to develop appropriate
skills to achieve their activity. Their ways of doing will depend on the knowledge that
one specific agent has of the system and variables of the situation. These ones are not
stuck in time; they progress thanks to their room of maneuver. From these observa-
tions, we highlighted the interest of the “due course” notion. Some authors studied the
role of these entities that allow professional activities to be effectively organized. They
are called “pragmatical concept” [37]. It would be interesting to question more pre-
cisely the role of this concept in older workers’ skills development in further analyzes.
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Abstract. Sleep inertia is a transitional state of decreased performance
or disorientation that occurs immediately after awakening [1]. We intro-
duce HAVAS as a potential prevention measure to sleep inertia. It is a
haptic audio visual alarm system that determines an optimal awakening
time by considering the sleep stages. It consists of two major parts: Smart
Bed Sheet and Smart Phone App. The design principles, methodology,
and implementation are explained in detail in the following pages. Addi-
tionally, a comparison is drawn between the proposed system and those
from similar studies. Moreover, the results of preliminary feasibility tests
are presented at the end.

Keywords: Sleep inertia · Sleep stages · Sleep monitoring

1 Introduction

Scientists have been studying sleep for several centuries but modern sleep research
started almost a hundred years ago when Berger recorded a human’s electroen-
cephalogram (EEG) during sleep for the first time. Loomis introduced Non-
Rapid Eye Movement (NREM) by documenting its EEG patterns in 1937. Next,
Kleitman and Aserinsky described the Rapid Eye Movement (REM) in 1953.
Furthermore, they proposed the existence of a correlation between dreaming
and the REM stage of sleep. Then, Kleitman defined a basic sleep cycle and the
all night sleep stage architecture. Since then, scientists have been studying sleep
disorders based on the properties of the stages of sleep [3,4].

The architecture of a normal sleep includes 5 or 6 cycles. Each cycle takes
approximately 90 minutes and follows a sequence of sleep stages. Figure 1 shows
the progress of sleep stages across a night in a normal young adult [5, Figure 2-7]
with 5 cycles that each of them has two phases: REM and NREM. While human’s
brain is active in REM phase, it relaxes during the NREM. NERM can be divided
into four stages. Stage 1 and 2 are considered to be “light sleep” and the other
two stages are called “deep sleep”.

However, people suffer from sleep disorders like “sleep inertia” which is a
transitional state of lowered arousal occurring immediately after awakening from
sleep and producing a temporary decrement in subsequent performance.” [1].
c© Springer International Publishing Switzerland 2015
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Fig. 1. The progression of sleep stages across a single night in a normal young adult
[5, Figure 2-7].

Recently, Santhi et al. studied the effect of morning sleep inertia in alertness
and performance [2]. Their results shows that although all cognitive processes
are impaired upon awakening, alertness and sustained attention are more affected
than working memory and cognitive throughput. Factors like abrupt awakening
can cause sleep inertia. Studies have proven that the stage of sleep in which
a person was engaged prior to awakening affects sleep inertia. Of the possible
scenarios, awakening during light sleep produces the least severe case of sleep
inertia while doing so during deep sleep produces the most severe one. Awaking
during REM leaves people in a middle ground. Sleep inertia can last anywhere
from a few minutes to 4 hours [1].

The present study introduces HAVAS, which is a tangible, portable and
embedded alarm system. The system is made of only two parts both of them
are light - which makes it portable. The first part is smart bed sheets that can
monitor sleep stages using a grid of pressure sensors. In addition, it has a grid
of miniature vibrotactile actuators in order to tickle the user at the designated
awakening time. The second part is a smartphone app, which controls the bed
sheet and provides audio and visual feedbacks. The following sections present
the details of the proposed system and results of feasibility test.

2 Related Work

There are many research studies and commercial products that monitor sleep
cycles in order to overcome sleep disorders. They can be categorized into four
groups: smartphone apps, accessories, cloths and mattresses/pads. A brief review
on them is presented here. Smartphone apps use the sensors inside the phone
to monitor the sleep stages [6]. Thus, the smartphone has to be kept on the
mattress all night. This may not be convenient for some users and it does not
work if two or more people share their bed. However, they are portable and easy
to use. There is also the possibility of embedding sensors into either accessories
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such as bracelets [7], watches [8], etc. in the second group or into clothing (e.g.
jacket [9]) for the third group. The second and third group are more accurate
than the first group since they attach the sensor directly to the user and they
are not affected by a third person in cases two or more people sleep on the
same mattress. However, most people do not like to wear accessories or extra
pieces of cloth when they sleep. The last group is mattresses/pads [10,11]. Since
people had already incorporated these items in their sleeping rituals, it requires
no adaptation to begin using one with sensors. Also, since they cover the entire
bed, they can distinguish between two or more people on the bed and monitor
their sleep separately except when they hug each other. However, mattresses and
pads are not generally portable.

3 System Design

To begin with, we designed a questionnaire to study some of people’s sleep habits.
34 people of an average age of 28.4 years (sd. = 2.87) participated in our study
with the following gender distribution: 59 % male and 41 % female. They were
university students and employees with different backgrounds in engineering,
science, economics, accounting, etc. Table 1 shows their answers to three of the
questions posed. Accordingly, 59 % of participants do not take their cellphones
to bed. Also, 94 % of people wear neither accessories (including bracelets and
watches) nor extra piece of clothing (e.g. jackets, etc.) while sleeping. As regards
the provided definition of sleep inertia and its symptoms, it was revealed that
94 % of participants experience sleep inertia at least once a month while 30 % of
them suffer from it on a weekly basis. These answers show two significant points.
First, this study suggests that a high percentage of participants suffer from sleep
inertia. Second, most of the aforementioned solutions reviewed in the literature
review would not help them without requiring a change in their sleeping habits
since the majority of participants do not take cellphones or wear extra pieces
of cloth and accessories when they go to bed. As a result, we decided to work
on a solution that uses a component from the bed; one that stems from the last
group of solutions in our literature review: mattresses and sleeping pads.

The most beneficial property of the final group of sleep-monitoring products
(mattresses and sleeping pads) is that almost everyone uses at least one of them
when they want to sleep so they do not need to adapt to an extra device or
gadget. However, the main drawback is that they are not portable. As such,
people cannot use them when they are away from their homes. To solve this
problem, we decided to use bed sheets since they are light and portable but also
offer the same convenience that comes with being commonly used when sleeping,
much like mattresses and sleeping pads.

HAVAS implements the proposed architecture of Collaborative Haptic Audio
Visual Environment (C-HAVE) with emphasis on haptic modality [12]. As Fig. 2
presents the architecture of the proposed system, it involves two parts that are
tied together via a Bluetooth connection. The smart bed sheet is responsible of
monitoring the sleep stages during the night and provides tangible feedback to
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Table 1. The answers to three questions of the user survey.

Question Answers

Do you take your Yes: 41 %

cellphone in the bed? No: 59 %

Do you wear any of these Accessories (e.g. bracelet, watch): 6 %

items when you go to bed? Extra Cloths (e.g. jacket, etc.): 0 %

None: 94 %

How often do you suffer Never: 6 %

from sleep inertia suffer Once a month: 35 %

from sleep inertia when Once in two weeks: 29 %

you get up? Once a week: 24 %

More: 6 %

the user at the designated alarm time. The smartphone application, on its end,
has two responsibilities. First, it stores the alarm time and controls the smart
bed sheets by sending it the commands. Second, it provides audio and visual
feedback to the user.

3.1 Bed Sheet Design

Bed sheets have two physical attributes: they are light and thin. In order to
keep both of these properties, the proposed solution embedded a grid of resistive
pressure sensors and miniature vibration motors in the smart bed sheet. These
sensors and actuators are spread out across the bed sheet to cover its entire area.
Said sensors are also connected to a processing and communication interface,
which receives the data they captured and controls the actuators.

Sleep stages are usually defined using EEG signals however several studies
indicate that there is a correlation between the amount of body movements and
sleep stages [13,14]. Equation 1 shows the all of the sleep stages sorted by the
amount of body movements taking place. Using the pressure sensors, the smart
bed sheet captures the body movements and monitors the sleep progress.

DeepSleep(S3, S4) < S2 < REM < S1 (1)

Algorithm 1 presents the steps of sleep monitoring. The processing unit of the
bed sheet captures the pressure sensor values and performs a pre-processing to
eliminate the noise in the data. Then, it counts the number of body movements
in 10 minute time periods. 10 minute time windows were chosen since each
sleep stage takes 10 to 20 minutes in a normal 90 minutes sleep cycle. After
counting the movements, their average is calculated. On average, the number of
body movements changes between 0.1 (deep sleep) and 0.4 (S1) movements per
minute [14]. Then, the current stage of sleep is updated. This value is used at
the alarm time. The other responsibility of the bed sheet is to provide haptic
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Fig. 2. The abstract architecture of the proposed system.

feedback at the alarm time. This is executed using the vibrotactile actuators.
Algorithm 2 describes the abstract alarm time algorithm, which is explained in
the following subsection.

Algorithm 1. The abstract algorithm of monitoring sleep stages.
1: while It is not alarm time do
2: Read the value of pressure sensors
3: Process the captured data and remove the noise
4: Compare the new values to the old ones to detect the movements
5: if There is a movement then
6: Update the number of movements
7: end if
8: Calculate the average number of movements in the last 10 minutes
9: Update the current sleep stage

10: end while

3.2 Smartphone Application

The second part to this sleep-monitoring system is a smartphone application
whose main responsibility is to manage the alarm system. Users set the alarm
time using this app and it controls the bed sheet at the designated alarm time.
The app also offers several other interesting features. It provides two types of
alarm sounds: the traditional and usually unpleasant sound of a buzzer and a
personalized audio message. The latter option allows users to select an audio
file and an avatar for the alarm from either their local or cloud storage (e.g.
Dropbox). As such, users can choose to be awoken with a recorded message
from a loved one instead of the annoying sound of an alarm. When the audio file
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ends, a recorded audio message of the important tasks of that day is played to
the user while the avatar is being animated on the screen. This reminder can be
an encouragement for the user to get out of bed. This application can also be
used without the bed sheet.

This application saves energy since it establishes the Bluetooth connection
to the bed sheet only at the beginning of the wake up time window. Algorithm2
shows different steps of the alarm time algorithm. The default value of time
window, tw, is equal to 15 min and the user defines the alarm time value, ta.
Then, the wake up time window, T , can be calculated.

T = [ta − tw, ta + tw] (2)

The first step of the alarm time algorithm occurs at the beginning of T and
consists of establishing the Bluetooth connection to the smart bed sheet. Next,
the app retrieves the current sleep stage from the bed sheet. If the user is in
a light sleep, it starts the alarm and sends the bed sheet the command that
makes it begin tickling the sleeper. If the user is not in a light sleep, it sends
the bed sheet the poke command. Poking the user is essentially a very gentle
and short tickle that stimulates the brain in order to change the sleep stage to
light sleep, so that the user can then be awaken in light sleep which will help
avoid sleep inertia. Then, it waits until ta. At that time, it checks the sleep
stage again. If the user is not in the light sleep, it pokes the user for the second
time to change the sleep stage, and waits until the end of T . At the end of T ,
which means the end of the time allowed by the user, whether the user is in
light sleep or not, it starts the alarm and haptic feedback on the bed sheet. It
turns them off only when the user leaves the bed. There exist some commercial
products similar to HAVAS that force users to leave their bed at the designated
alarm time. However, HAVAS has advantages over them. First, it does not need
extra space for chasing process (unlike products like Clocky Alarm [15]). Second,
people who have auditory diseases can feel the tangible feedback alarm and use
this system as well.

4 Implementation

We have built a functional prototype to evaluate the feasibility of the proposed
system. An Arduino Mega 2560 is used to process the captured data. Also, only
5 pressure sensors are embedded into this prototype. Each sensor was connected
to the supply voltage Vcc at one side, and it was connected to an Analogue-to-
Digital Converter (ADC) port of a microcontroller and ground via an offset resis-
tor (10kΩ) on the other side. Interlink Elec. FSR 406, which is a force sensitive
resistor, was selected as the pressure sensor. The vibrotactile feedback is embed-
ded into the prototype by using Precision Haptic C10-100 motors. BlueSMiRF
Gold was used to connect the Arduino board to the smartphone (Fig. 3). More-
over, we developed the smartphone application on the Android platform and ran
it on an Android phone to test the system. Figure 4 presents the personalized
message recording and the simple avatar pages.
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Algorithm 2. The abstract algorithm of awakening for the beginning of T .
Initialize the Bluetooth connection

2: while The user is in bed do
if (The user is in light sleep) or (It is the end of T ) then

4: Start the alarm and vibration
while The user is in the bed do

6: Increase the intensity of vibration and the volume of sound
end while

8: else
Poke the user

10: Wait for tw minutes
end if

12: end while
Stop the vibration and alarm

5 Results

The prototype device was used to conduct a few preliminary tests in order to
evaluate the feasibility of the proposed system. Portability of the system was one
of the main principles in our design. Thus, HAVAS was tested on three different
types of mattress in order to see whether the mattress can affect the functionality
of the system or not. We asked each person to lie on the selected mattresses with
the same posture. Table 2a shows the results of this test. The average values of

Fig. 3. The setup of the prototype system.
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(a) Select audio file page (b) Basic avatar at alarm time

Fig. 4. Two screen shots from the developed app.

captured data are on the same range. Hence, the proposed system is portable
and can be used on various mattresses.

Table 2. The results of the feasibility tests.

(a) The mattress type test

Mattress Type Avg. of ADC Value

Spring 598.95

Sofa Bed 545.05

Foam 642.36

(b) The bed state experiment

Bed State Avg. of ADC Value

Empty 0

Sitting 397.99

Lying 598.95

Table 2b shows the average of ADC values for three scenarios: empty bed,
sitting on the bed, and lying on the bed. Each participant performed these
scenarios on the same mattress (i.e. spring mattress). It is clear that the average
for the empty bed is much less than the other two while sitting values and lying
values are in different ranges.

Figure 5 shows the ADC values during body movement at 0.01 second time
intervals. In this experiment, the user turned from supine position to right log.
Using the changes on values, HAVAS counts the number of movements and
monitors the progress of the sleep cycle. The haptic feedback test was the last
conducted experiment. As Fig. 6 shows, the user experienced the vibrotactile
feedback in this order: two gentle short vibration pulses (0.5 second) at the



HAVAS: The Haptic Audio Visual Sleep Alarm System 255

beginning and middle of tw and one vibration of a continuously rising intensity
at the end of the alarm tw.

We discussed the sharing bed problem earlier, but there is another concern
regarding the proposed system. Bed sheets are usually washed frequently. How-
ever, it is not easy to wash objects that have electronic parts. This smart bed
sheet can be used as a mattress cover and placed under a normal bed sheet in
order to reduce the need to wash.

Fig. 5. The ADC values while a user is changing his posture from supine to right log.

Fig. 6. The vibrotactile feedback test result.

6 Conclusion and Future Work

We have presented a smart portable alarm system that can help eliminate sleep
inertia by addressing sleep stages. This system uses embedded sensors to monitor
the progress of the sleep cycles and finds an optimal awakening time during the
predefined time window. Then, it provides tangible, audio, and visual feedbacks
to the users in order to wake them up. Moreover, we conducted some prelimi-
nary tests to validate the feasibility of the proposed system and were met with
conclusive results. However, an extensive trial is needed to evaluate the accuracy
of sleep stage detection and study the effect of provided haptic feedback in long
term uses.
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Abstract. This paper presents an innovative virtual assistant system,
which aims to address older adults’ needs in a professional environ-
ment by proposing promising and innovative virtual assistance mech-
anisms. The system, named CogniWin, is expected to alleviate eventual
age related memory degradation and gradual decrease of other cogni-
tive capabilities (i.e. speed of processing new information, concentra-
tion level) and at the same time assist older adults to increase their
learning abilities through personalized learning assistance and well-being
guidance. In this paper we describe the overall system concept, the tech-
nological approach, the methodology used in the elicitation of user needs,
and describe the first pre-trials’ evaluation.

1 Introduction

Virtual assistance systems can play an important role for increasing the produc-
tivity in professional work environments where employees are engaged in complex
computerized tasks, which require an intensive cognitive effort and high levels of
concentration. Virtual assistance providing easy to understand and self-adaptive
guidance is paramount to increase the user’s efficiency when interacting with
computers. For older adults, aged 55 and above with expectations for an active
professional future, virtual assistance can provide even greater benefits [1].

Typically, when working in highly computerized environments, members of
this age group are required to attain new knowledge and adapt their capabilities
to cope with fast software changes in their organizations. This often results
in hesitating behavior and anxiety, which can cause long-term discomfort and
frustration at the workplace [2].

CogniWin proposes to continuously track different biometric measurements,
aiming to implicitly extract information about the user physiological status, such
c© Springer International Publishing Switzerland 2015
J. Zhou and G. Salvendy (Eds.): ITAP 2015, Part II, LNCS 9194, pp. 257–268, 2015.
DOI: 10.1007/978-3-319-20913-5 24
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as arousal states in stressfull conditions, while interacting with the computer.
Advanced monitoring is achieved combining data input from three devices: An
instrumented intelligent mouse, an eye tracker, and the Microsoft Kinect One
for Windows.

Besides acquiring real-time data from different sources, the system captures
information about the actions that are being performed by the user, and provides
a repository to store important user-related contextual information obtained a
priori, such as health profile and user capabilities. Thus, the system is able
to transmit knowledge for both existing and new employees and automatically
adapt and improve by capturing, saving and learning daily activities, as well as
contextualizing them.

Multi-sensor data fusion will drive advanced behavior analysis to aid in real-
time user interaction analysis and recognition of abnormal behaviors. This will in
turn trigger adequate personalized well-being advice actions, assisting the user
to quickly achieve predetermined goals and improve performance.

In order to address CogniWin’s objectives, the project tackles technological
innovation beyond the state-of-the-art in the following areas: (i) Development of
an affordable intelligent mouse integrating multiple sensors to measure physio-
logical parameters and corresponding software to analyze the collected data, in
order to provide personalized support to the user; (ii) Design and development
of a user profile based on specific metrics of cognitive processing parameters,
which greatly influence the execution of computerized tasks; (iii) Design and
development of adaptive and natural user interfaces based on user context and
on their related cognitive model; (iv) Development of innovative context-aware
ICT services for active and adaptive on-demand support and access to integrated
information, guidance and well-being advice, promoting increased performance
and problem-solving abilities to older adults with a minimum of support from
other people.

2 The CogniWin Architecture

The architecture can be broken down in four separate layers: hardware, which
is closely connected to the lower level components, including device drivers
and the database. The higher level components, used to analyze and store
data and finally user interface components, for user interaction.

The hardware and lower level components layer includes: (i) Knowledge
repository and database; (ii) Eye tracker; (iii) Intelligent mouse; (iv) Microsoft
Kinect One for Windows. The higher level components include: (i) Behav-
ioral analysis; (ii) Contextual recorder; (iii) Data fusion; (iv) Cognitive model;
(v) Application model. Finally, the user interface components include: (i) Well-
being advisor; (ii) Personal learning assistant. Figure 1 shows the overall logical
architecture of the CogniWin system.
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Fig. 1. The overall CogniWin architecture.

2.1 The CogniWin Components

The hardware integration and lower level software components comprise the
basic layer of the architecture. Lower level software components are usually
drivers (i.e. intelligent mouse, eye tracker, Kinect One) of the hardware com-
ponents which are connected to the PC. The database is the central place of
data storage in the CogniWin system. A special part of the database is the
knowledge base which contains and manages all the information about the
individual users performance. This component receives inputs from the contex-
tual recorder and the data fusion components. This last one combines data from
the eye tracker, the intelligent mouse and the Microsoft Kinect One. These two
components are in the higher software layer.

Microsoft Outlook [3] and Citard Active [4] (running in Google Chrome)
are the client applications currently supported by the application module. As
the CogniWin system should be usable with many more applications, each one
will need a custom application model. This model contains information about
all possible tasks as well as interaction points (buttons) and metadata, such as
the application name and version. The contextual recorder is able to detect the
active window and store the corresponding application name and version. By
searching through this metadata, the personal learning assistant is then able to
find a suitable application model.
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Fig. 2. CogniWin hardware components.

2.2 The Technology Used

The CogniWin system runs on a workstation, where all data recording and
processing as well as user input and output takes place. For the pre-trials, stan-
dard office Personal Computers were selected by the end-users partners to per-
form preliminarily testing with the system. This real world scenario intends to
demonstrate that the CogniWin system functions properly on existing computers
without the need to buy new expensive hardware. The Workstation requires at
least two free USB 3.0 ports to connect the eye tracker and the Kinect One for
Windows and one USB 2.0 port for the intelligent mouse. It should be a 64-bit
machine with a minimum of 4GB of RAM. Since the algorithms used by the
eye tracker and the Kinect One are computationally intensive, the workstation
should at least have a mid-range processor.

The Eye Tracker (Fig. 2a) is a product of “THEEYETRIBE” [5]. It has a
small form factor (20 × 1.9 × 1.9 cm) and can be used together with desktops,
laptops and tablets. It does not need a dedicated power supply, and it can even
be used on the go. The tracking works by illuminating the face of the user with
infrared LEDs and capturing video footage of it. The video is analyzed with eye
tracking algorithms which extract gaze related data. This technology is suitable
for most environments, but is best used indoors without direct sunlight on the
device. It supports screen sizes of up to 24 ′′ and has two sampling rates: 30 Hz
and 60 Hz.

The Intelligent Mouse (Fig. 2b) is developed in the scope of the CogniWin
project. It embeds sensors to measure the galvanic skin response (GSR), grip
force, heart rate, temperature, and trembling. It can be used to detect user
stress, anxiety, fatigue, lack of confidence and more, [6–8].

The Microsoft Kinect One (Fig. 2c) is a depth sensor device developed by
Microsoft, which has been intensively used in research lately, due to its use in
innovative natural human computing solutions across a variety of industries. It
encompasses depth sensing technology based in time-of-flight (TOF) of infrared
light, a built-in color camera, an infrared (IR) emitter, and a microphone array,
enabling it to sense the location and movements of people as well as their voices.

The CogniWin system supports the Microsoft Windows Operating System.
A relational database management system is used in connection with the
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knowledge repository as data storage. The knowledge repository works as an
abstraction layer, decoupling the database from all other components. This
enables the use of other languages than SQL to store data, since only the
knowledge repository deals with the database itself. CogniWin also makes use of
RabbitMQ 3.42, which is a message broker enabling communication between the
different components. For example the eye tracker component will send its data
asynchronously via RabbitMQ to the data fusion component, which will process
it and send it to the knowledge repository for permanent storage which can be
then requested by the well-being advisor.

Fig. 3. Behavior analysis component overview.

3 User Behavior Analysis

In order to provide personalized support to the user, the CogniWin system must
be able to perceive and contextualize the user behavior. Having this in mind,
several cues are extracted from the sensors and devices at the lower level of the
architecture, which are combined with user’s task performance data and prior
knowledge to assess the user’s state and trigger assistance (cf. Fig. 3).

When using the intelligent mouse endowed with an advanced embedded sen-
sor suite, the system will continuously monitor and measure physiological para-
meters [9], such as the galvanic skin response and sweat of the hand of the user,
gripping force, heart rate, temperature, and measurements of shaking or hand
trembling. Figure 2b illustrates the first prototype of the intelligent mouse based
on a common model from Microsoft. Additional measurements are provided via
the contactless eye-tracker, namely, eye gaze point, pupil size, blinking rate, fix-
ation rate and duration, saccades rate and duration, and maximum velocity.
Moreover, the Microsoft Kinect One [10] can eventually be leveraged to extract
other information, e.g. user’s posture, facial expressions, gesture interpretation,
and voice tone.

As seen above, user-related information can be extracted using the lower level
devices. However, it is also crucial to extract task-related information, therefore
enabling CogniWin to contextualize the user’s task, assess its performance and
infer on the user behavior. To this end, the Contextual Recorder component
will be responsible to log the user’s keyboard and mouse events, and identify
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which task, process or services the user is running so as to determine the context
according to the actions performed. This is based on log trails, screenshots,
mouse motion and key-loggers.

The Knowledge Repository will collect the data extracted by the Contextual
Recorder, and also retain the older adults’ know-how, as well as their health
profile. This will allow the system to learn and adapt to the user specificities, as
well as providing personalized assistance.

The user interaction with the system results in the combination of the out-
comes of the aforementioned modules via the Sensor Fusion component. By
means of advanced behavioral analysis and reasoning algorithms, considering
prior health, personal and cognitive characteristics, contextual data, and online
real-time monitoring of physiological parameters, several different user behaviors
will be recognized. Hence, the goal of the Behavioral Analysis component is to
identify the following user behaviors when performing a task: Normal state, Hes-
itation, Drowsiness, Vigilance, Fatigue, Cognitive overload, Stress and Anxiety,
and Frustration.

Finally, after the identification of the distinct user states, other modules are
responsible to trigger an adequate action to assist the user in a personalized way,
as seen in the next section.

4 User Support

The features of personalized assistance and guidance in the CogniWin system
are provided essentially by two components, respectively the Personal Learning
Assistant (PLA) and the Well-Being Advisor (WBA).

4.1 Personal Learning Assistant (PLA)

The PLA module provides personalized tips and advice (textual, video, audio)
on contextualized tasks based on the users cognitive characteristics, on the iden-
tification of the ongoing working activity and based on integrated indicators (e.g.
time per task, tasks organization, level of concentration, etc.) thus aiding the
user to achieve goals and improve performance. The PLA will intervene in case
of detecting abnormal user performance so as to provide adaptive support and
guidance services to reduce the anxiety and stress level of the user.

The PLA system addresses mistakes and hesitations of employees while per-
forming tasks by providing them a contextual help or a step-by-step procedure
for their tasks achievement. A common case is when the end users already know
how to use a system but find difficulty in certain tasks. It also provides sugges-
tions for recovering from mistakes or suggestions for performing options when
hesitations are detected.

The PLA is a top layer service working in close connection with the Knowl-
edge Repository, the Contextual Recorder and the end users’ cognitive model.
It compares at runtime, users activities with their specific record of tasks and
historical activities. The PLA will display a help invitation, once it detects:
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– First time Task
– Decreased performance
– On user request

These are taken into account in order to refine users preferences and their
corresponding cognitive model for upcoming tasks.

First Time Task (FTT). Based on the past recorded events (x,y mouse posi-
tion, active software, action) the system is able to detect if the user is doing
the associated task for the first time or not. In the first case, the system will
display a help invitation describing the action undertaken by the user and the
list of associated documents, videos or pictures stored in the Knowledge Repos-
itory. The user can either choose the most suitable form of help or decline the
invitation. Based on cognitive models the PLA will feature the most suitable
form of help. If the user chooses another form, the preferences will be taken into
account for the next PLA invitation. Since this is a FTT, no user personalized
metrics are yet associated with it. The basic comparison point will be the median
stored metrics (if any) resulting from different users while dealing with this task.
Otherwise, the user performance will be stored as reference and associated to
the task.

Example: The user places the mouse on x,y (screen spec) corresponding to
the “create an automatic reply” (Task) on outlook (active window) and clicks
on it (trigger). The help display window appears and invites the user to choose
between a tutorial, a video or some pictures showing different scenarios. Based
on the user’s cognitive model, the video will be the first link followed by the
pictures and finally the tutorial.

Decreased Performance (DP). The algorithm to detect DP assumes that the
user has completed the task previously and that there is a record in the database
associating it to the user. In this case (DP) the time between each click will be
longer than the median time stored in the database. Depending on the median
value, a minimal time should be specified for each task before considering that
the user needs help. For example, if it takes around 10 seconds to click on the
next link after having chosen “create an automatic reply”, the help invitation
will not be displayed immediately after the median time is exceeded. In order to
keep it friendly, we will display it only after the median time has been exceeded
by 15 seconds.

On User Request. During the user’s activity, the system is continuously mon-
itoring the active window and the mouse position. Once the user clicks on the
PLA icon, in the active task bar, the PLA will display help according to the
user’s current activity. As it can be difficult to determine exactly for which tasks
the help is being requested, the invitation will display all existing information
associated to the active window screen.
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4.2 Well-Being Advisor

The Well-Being Advisor (WBA) is a top layer component, along with the Per-
sonal Learning Assistant. It interacts with the computer users and provides
personalized advice to prevent unwanted age related health situations and to
alleviate eventual decrease of cognitive capabilities, thus effectively preserving
and improving the users well-being.

The WBA addresses unwanted situations that are known to substantially
reduce the users productivity such as tiredness, incorrect sitting position, anxiety
and stress, also preventing health related work absences. The WBA makes use of
the advanced monitoring sensors from the CogniWin system (e.g. the intelligent
mouse and the eye tracker). These devices measure several physiological and
visual parameters which in turn enables the WBA to analyze the output and
provide personalized support. The WBA also takes into consideration the users
health related characteristics by checking a profile previously stored in the system
database.

When the user is too tired the productivity will decrease. The Well-Being
Advisor will address user tiredness following two distinct approaches: promoting
regular work breaks, and actively detecting when the user exhibits tiredness
symptoms.

Promoting Regular Work Breaks. Tiredness symptoms can be partially
mitigated by promoting work breaks at regular intervals. This is based on the
idea that frequent breaks can improve mental agility [11] and prevent the user
from draining all its energies. One of the most well know time management
methods following this idea is the “Pomodoro Technique” [12] which uses a
timer to break down work into intervals, traditionally 25 min in length, sepa-
rated by short breaks. CogniWin implements this method allowing the user to
configure the work and pause intervals. Furthermore, we intent to combine this
static method with information from the active sensors to allow more flexible
decision making. For instance, we can anticipate a short pause if the sensors
detect tiredness or delay the pause if the system knows the user is concentrated
and being productive.

Active Detection of Tiredness Symptoms. Using information from the eye
tracker sensor it is possible to determine when the user is too tired for work or
even if the user has fallen asleep. The WBA continuously monitors the eye tracker
measurements, filtered by the Data fusion and Behavior Analysis components
and decides when to advise the user to take a break.

Anxiety and Stress. Anxiety and stress are two well-known factors responsible
for causing health and productivity degradations on workers [13]. Older users
can feel more anxious or stressed when dealing with frequent software changes or
when facing new computer tasks. The CogniWin system issues a warning message
proposing a short break or stress reducing exercises when it detects that the user
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is experiencing high levels of anxiety or stress. To perform this task, CogniWin
takes advantage of the physiological sensors continuously measuring the users
Galvanic Skin Response (GSR) which is a direct indication for the anxiety and
stress levels being experienced by the person, again filtered by the Data fusion
and Behavior Analysis modules [9].

5 Evaluation

The initial system evaluation will take place in the pre-trail phase of the project,
during February 2015. The Pre-trials evaluation will: (i) Provide feedback to the
CogniWin developers, on topics such as the validation of the architecture and
the specification of all individual modules. This will ensure that as early as pos-
sible in the project, we obtain invaluable insight about most of the concepts and
usability issues, which undoubtedly can make for much more robust final proto-
type implementations, (ii) Provide input to the CogniWin developers regarding
the user interface from the high-level modules (Personal Learning Assistant and
Well-being Advisor). We will analyze the users real interactions to determine if
the proposed assistance is well accepted and what adjustments will be needed,
(iii) Validate and provide feedback for the evaluation metrics themselves (both
automatic and user feedback). Adjustments to the evaluation metrics, method-
ology and tools will be made following the pre-trial results.

5.1 Pre-trials Installation

The pre-trial pilot hardware and software will be installed and evaluated at the
premises of Orbis Medisch en Zorgconcern, Netherlands [14] and ArgYou AG,
Switzerland [15], the two end-users organizations of the project consortium. In
the case of Orbis Medisch en Zorgconcern, the pre-trial systems will be tested
on two separate facilities, both situated in the city of Sittard-Geleen in the
Nederlands. One of the facilities is the Orbis Medical Centre (OMC), a general
regional hospital, built in 2009 and presently one of the most advanced hospitals
in Europe. The other facility is the Orbis Hoogstaete, a modern elderly care
center. For both, the pre-trials will be performed in conference-rooms and will
run on all-in-one PCs with mouse, keyboard and the eye-tracking device. The
target application is the Citard Active software, normally used by the admin-
istrative staff. Orbis participates with seven volunteer users that will have the
opportunity to test the system and also fill-in the questionnaire at the end of
the trial period.

The user group is composed by adults aged 55 or older, with or without light
physical or cognitive age related limitations, who are engaged in computerized
tasks that require an intensive cognitive effort and a high level of concentration.
For the Orbis Hoogstaete facility, this specifically includes care coordinators,
occupational therapists, and animation employees. For the Orbis Medical Centre
the users are office administrative employees.
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In the case of ArgYou AG, the pre-trial systems will be tested in the Cogni-
Win office at ArgYou AG in Berne, Switzerland. For the pre-trial, all-in-one PCs
with intelligent mouse, keyboard and eye-tracking device are available. Microsoft
Outlook software will be available on each PC. All the participants of the trials
are included in the following criteria: over 50 years-old and working with branch
specific knowledge (tourism, banking, hotel business, food and beverage indus-
try, insurance companies, etc.). All participants will sign an informed consent
which is specified by the project’s privacy protection plan.

Table 1. Overview of the evaluation objectives.

Goals Module Type Indicators

a. User improved the work

efficiency (decreased

performance)

PLA objective The number of executed computerized

standard tasks increases, i.e., more

tasks will be accomplished within the

same time period

b. User improved the work

efficiency (first time

task)

PLA objective The average duration of a computerized

task decreases, indicating that over

certain period of time the person

obtained help from the system and

managed to be more efficient for

subsequent similar tasks

c. The system provided

useful help

PLA, WBA objective The average number of times the

CogniWin modules were triggered and

that the person accepted the assistance

increases

d. The user perceived the

help as useful

PLA, WBA subjective The timing of the assistance is evaluated

as correct by over 60% of the end users

e. The user perceived the

help as useful

PLA, WBA subjective The appearance of the assistant is well

accepted (score > 6 at range 1 − 10)

f. The system improved the

user’s work wellness

WBA objective The average measured anxiety and stress

level reduces

g. The user perceived that

its work wellness

improved

WBA subjective The questionnaire responses indicate that

the user’s anxiety and stress level has

reduced

5.2 Evaluation Goals and Methods

After a initial preparatory phase, the CogniWin functionalities available for the
Pre-trial will be activated. During this phase the CogniWin system will collect
data and interact with the user to provide assistance. After the Pre-trial ends,
all automatically collected data will be analyzed to calculate the objective eval-
uation indicators. The user will be requested to fill an online questionnaire at
the end of the Pre-trial for assessing subjective evaluation aspects such as mea-
suring the user acceptance and satisfaction with the new input devices and the
CogniWin system.

Table 1 represents the evaluation goals and the corresponding indicators that
will be calculated for assessing the project objectives. We divided the evaluation
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into subjective indicators, obtained from the user’s responses to the online ques-
tionnaire and objective indicators, calculated from the stored data. At the time
of writing this article, the results of the pre-trials evaluation are not available
yet, and will be the subject of deep analysis in the short-term future.

6 Conclusion and Future Work

The paper presents the first prototype implementation of the CogniWin sys-
tem, an innovative virtual assistant to support and motivate older adults that
work on computerized activities, to remain active and productive by provid-
ing personalized learning assistance and well-being guidance. The consortium
recognizes the importance of supporting this target user group in their work
environment, and the CogniWin system is an answer to such challenge, aiming
to effectively enabling older adults to cope better with software changes in their
workplace and organizations. The paper describes in detail the different mod-
ules of the CogniWin system, as well as the methodology developed to evaluate
the first pre-trial tests performed with real end-users. It is also noteworthy that
our implementation is not restricted to a generic help functionality. The help
provided is adjusted to address the user’s preferences and to take into consid-
eration previous interactive sessions, where the user successfully completed the
planed tasks. Additionally, the measurement of physiological and performance
parameters, when using the CogniWin system, will help the user to obtain opti-
mized support as well as perform automated detection when unwanted situations
occur. During the second project year, we will focus on enhancing the system
with more functionality which has been planned in the scope of the project. This
implementation especially involves the implementation of more enhanced data
fusion and behavioral analysis components, as well as a cognitive model. These
components will enable the system to address the person’s needs in a more opti-
mized way. The aim is that the Cogniwin system gets self-learning functionalities
to provide the user (or user groups) the best and unobtrusive support possible.
In the cognitive model component we plan to group behaviors and preferences
of individual users but also user groups. Depending on these specifications also
new users will be supported in an optimized way. The cognitive model will take
the information into account gathered from the behavior analysis as well as the
contextual recorder. The first results have shown that a system like CogniWin
is appreciated by the user and can be helpful to support them in their daily
work with the computer. Especially when there is a difficult software systems
involved. Anyway we think that it will be very important to provide the user an
optimized support. Otherwise the system can easily be considered as annoying
and will not be used. To be able to provide this optimized support on individual
level, we first gather unobtrusive data (intelligent mouse, eye tracker, contextual
recorder) and on the other side provide high self-learning capabilities of the sys-
tem as well as a complex behavior and data analysis. Both facts are considered
as being helpful to provide a highly accepted system which will be used and is
efficiently supporting the older people at work.
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Abstract. In the population ageing society, the companionship and care of the
elderly, the medical system, and the consumer trend cannot be neglected. The
contact with the external and the ones caring about oneself is essential for
the elderly. This study aims to develop application with the functions of
healthcare and accompanying, and the accessibility design is included in the
interface, where virtual pets are the major communication media to assist the
elderly in using mobile application. The required functions and contents in
mobile application as well as the preference for the interface and models of
interaction for the elderly are investigated in this study. It aims to ease and
convince the elderly of the easy use. In the process of cultivating and training
the virtual pet mobile application, the elderly could be accompanied and reduced
the sense of loneliness; in the further use and interaction with virtual pet mobile
application, the physical and metal conditions of the elderly could be real-time
monitored and recorded to assist monitoring stations in managing the physical
conditions of the elderly and nursing personnel in periodical checks. This
research is preceded as following. First, literatures are reviewed. Second, Focus
Group Interview is utilized for concluding the application contents and functions
and the requirements and preference of the elderly for virtual pets. Third, an
application experimental prototype is designed according to such requirements
and preference. Fourth, the questionnaire, aiming to test the usability of the
elderly, is filled. Fifth, the principles and suggestions for mobile application
design suitable for the elderly are concluded based on the test results and anal-
yses. The research outcome would assist in and contribute to the accessibility
design of mobile application and the application to medical care by providing
possible solutions for insufficient caring manpower in ageing societies and
uneven distribution of medical resources.

Keywords: Mobile application � Virtual pet � Virtual elder care � Accessibility

1 Introduction

According to the research of World Health Organization, population ageing is a global
problem in the 21st century. Taiwan has stepped in the ageing society since 1993 and
the aged population above the age of 60 was 17.4 % of total population in 2013. The
Executive Yuan estimated that the ratio would reach 37.5 % by 2056 [4]. In the
population ageing society, the companionship and care of the elderly, the medical
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system, and the consumer trend cannot be neglected. The contact with the external and
the ones caring about oneself is essential for the elderly. Jive Software, a famous
software company in the USA, indicated in 2011 that the probability of the elderly
suffering from dementia in poor social networking environment was 60 % higher than
the others in active environments [7]. To solve the problems of senses of accompanying
and security, a lot of people choose pets to be the companions. Plenty of research on
animal-assisted therapy has been studied in the world. In addition to real pets, the
application and development of virtual pets could also be transferred into an option of
senior care. To solve insufficient medical human capital and resources, the software
which allows the elderly applying the mobile application to the medical network
real-time interaction software is developed to observe the physical and mental condi-
tions of the elderly. It could be a kind of highly feasible nursing in the future. Inte-
grating virtual pets to replace inflexible machines or nursing personnel allows
developing handy mobile application contents for nursing and accompanying the
elderly.

The elderly healthcare in Taiwan has become critical as the aging society is
forming. Nevertheless, the uneven distribution of physicians between rural and urban
has resulted in the lack of medical resources in remote areas [2]. According to the
physical conditions of the elderly, it is not easy for them leaving houses for health
checks. Besides, the elderly loneliness is caused by the children not being able to take
care of their parents because of work or residence in different places. The elderly with
self-care functions could effectively reduce the health problems and enhance the health
and welfare [6]. For this reason, a virtual pet-based mobile application for caring for the
elderly with the functions of self-care and company is developed in this study. It allows
the elderly knowing the health conditions, real-time sharing the results with friends and
relatives through smartphones, and reducing the loneliness by raising virtual pets. The
mobile application prototype is designed, according to the elderly characteristics, for
the experimental test to discuss whether the user interface and functions conform to the
elderly demands. In this study, the interface characteristics of satisfaction, memora-
bility, error rate, and efficiency are discussed.

2 Literature Review

2.1 Mind and Body Functions of the Elderly

Lee [8] concluded the degenerating functions of the elderly with the age as below.

• Motive function: Easy to fall due to reducing strength, low balance, longer oper-
ation time for the elderly than for the youth, but less errors because the elderly
request higher operation accuracy than operation speed; however, the antagonistic
relationship between operation speed and accuracy could not be used for explaining
the reason of the elderly being sluggish.

• Perception function: (1)Vision. By increasing the time, the errors increase in the
green-blue area, especially with low illuminance, while the error rate is lower in the
red-yellow area. The elderly perceive narrower chroma that the color discrimination
is worse when the color value is close. (2) Hearing. The elderly do not comprehend
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the computer voice, cannot distinguish the location of high frequency and tempo-
rary sound, but could distinguish low frequency and temporary sound. 3) Haptic
perception. Convex marks are more easily recognized than concave marks with
haptic perception.

• Cognitive function: The elderly could reduce the dependence on work memory
through practice. The use of event-oriented prospective memory interface could
enhance the compatibility between interface elements.

2.2 The Principles of Mobile Application Interface Design

Shneiderman [9] proposed this collection of principles that are derived heuristically
from experience and applicable in most interactive systems after being properly refined,
extended, and interpreted. (1) Strive for consistency. (2) Enable frequent users to use
shortcuts. (3) Offer informative feedback. (4) Design dialog to yield closure. (5) Offer
simple error handling. (6) Permit easy reversal of actions. (7) Support internal locus of
control. (8) Reduce short-term memory load.

2.3 The Usability of Interaction Design

Based on Nielsen [2], the usability is defined as the following. (1) Learnability: has to
do with how quickly and easily users can begin to do productive work with a system,
which is new for them. Learnability is how quickly and easily users can reach a level of
proficiency in using the system. (2) Efficiency: Efficiency is the number of tasks per
unit of time that the user can perform using the system. (3) Satisfaction: is the sub-
jective opinion that users form about the system (or about some parts of it). It is the
most elusive usability attribute, as it is completely dependent on subjective opinion
of users. (4) Error rate: This refers to the errors made during the use of the system and
how easy it is to recover from them [2]. (5) Memorability: This refers to the ease of
remembering the way a system must be operated. Nielsen [2] describes this as
the characteristic of a system that allows the user to return to the system after some
period of not having used it, without having to learn everything all over again.
According to above statements, the mobile application prototype of virtual pets for
caring and accompanying the elderly is constructed. The application interface is further
tested to conform to the demands of the elderly in Taiwan. The user interface char-
acteristics of satisfaction, errors, learnability, and efficiency are tested in this
experiment.

3 Methods

The methods are introduced as following. First, literatures are reviewed. Second, Focus
Group Interview is utilized for concluding the mobile application contents and func-
tions and the requirements and preference of the elderly for virtual pets. Third, an
mobile application experimental prototype is designed according to such requirements
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and preference. Fourth, the questionnaire, aiming to test the usability of the elderly, is
filled. Fifth, the principles and suggestions for application design suitable for the
elderly are concluded based on the test results and analyses.

3.1 Focus Group Interview

Focus Group Interview is utilized for concluding the elderly demands and preference
for the mobile application functions and virtual pets. Six elderly participants (aged
above 65) are living in Taiwan. From the Focus Group Interview results, the elderly
need to tell the mobile application from other programs that pop-up windows are better
for the reminder. In regard to the preference for virtual pets, most elderly prefer dogs
and cats, especially small dogs with big eyes and big ears. In terms of functions, the
reminders of medication and exercise records are favored, and menu records are
convenient for the elderly rapidly finding the demands. Most elderly are satisfied with
the function to contact the friends and relatives and expect virtual pets to present the
functions of looking after the house, security guard, and emergency treatment.

3.2 Constructing Mobile Application Prototype and Questionnaire
Design

The prototype of mobile application is constructed and the questionnaire is designed
according to the elderly demands and preference in the previous step. Figure 1
shows the application test structure. The test in this study combines care records
with pets.

Fig. 1. Mobile application structure
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When starting using the application, the major function is divided into communication,
games, and care record, where the pet is the helper of such functions.

• Communication: After accumulating for a period of time, it would remind the user
to contact with the friends and relatives.

• Games: The brain training games are utilized for slowing down functional
degeneration.

• Care record: It is classified into four categories.

(1) Pharmaceutical Dispensary/Medication: It is used for selecting the variety of
medication and recording time. Pet feedback would be acquired after com-
pleting the task (Fig. 2).

(2) Exercise and Hiking: It is used for selecting exercise or pet walking and
recording time. Pet feedback would be acquired after completing the task
(Fig. 2).

Fig. 2. Mobile application prototype
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(3) Health Record: It is used for inputting personal health record, and pet feedback
would be acquired (Fig. 2).

(4) Amusement: It is used for selecting amusement and recording time, and pet
feedback would be acquired (Fig. 2).

3.2.1 Task Assigned
Total eight tasks are executed by the participants. A testing staff would inform the
participants about the tasks, while the other testing staff would record the process. All
the tasks are preceded by time and count (Table 1).

3.2.2 Questionnaire Design
The users are requested to answer the following questions after completing the tasks so
as to understand the user’s subject opinions with the prototype. Likert Scale, containing
the options of Extremely Agree, Agree, Uncertain, Disagree, Extremely Disagree, is
applied.

– Q 1. Is the typeface clear?
– Q 2. Is the typeface large enough?
– Q 3. Is the button which you intend to use easy to find?
– Q 4. Do you like the figure design of pets?
– Q 5. Does the button icon look comfortable and understandable?
– Q 6. Are you comfortable with the comprehensive picture?
– Q 7. Is the menu input in the test convenient?
– Q 8. Would you consider it more convenient to save sound, through speech, as the

record?
– Q 9. Do you think it being less boring to interact with virtual pets?
– Q 10. Would the design of virtual pets have you be willing to use the software?
– Q 11. Would you increase the use intention by recording the medication habit and

enhancing the pet friendship?

Table 1. Task assigned

Task 1 Please try to find the “Care Record” page
Task 2 Please try to find the “Medication/Dispensary” button
Task 3 Please try to find the medication “Antiallergic”
Task 4 Please try to find the “Exercise” button
Task 5 Please try to finish the exercise “Jogging”
Task 6 Please try to find the “Pause” button
Task 7 Please try to find the “Health Record” button
Task 8 Please try to find the “Log out” button
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– Q12. Would you be happy when the pet learns new skills (sitting down, shaking
hands, and so on)?

– Q13. Hence, would you be more motivated to use the application program?
– Q14. Could the pet reminder help you remember to take medicine?
– Q15. Do you think the reminder function being convenient?
– Q16. Do you need the pet reminder function?

3.3 Participants in User Test

Among the total 12 participants, 2 of them are below 60-year-old and 10 are above
65-year-old. The average age is 66.5. All of the elderly live in Taiwan, and 6 of them
have the experiences in using smart phones, while the rest 6 do not.

3.4 Results of User Test

Table 2 shows the test results of efficiency and learnability. For Task 1, the carebutton
is searched with text explanation. The tested interface efficiency reveals the average
speed 3.1 s, with certain efficiency. Tasks 2–7 contain the horizontal menu with the
same information structure that the operation procedures are similar. From Table 2, the
time for the participants executing from Tasks 2–3 to Tasks 4–6 and then Task 7
decreases obviously. It presents the easy learnability of the interface system for the
participants learning the standard procedure in the similar operations. Task 8 relates to
the testing efficiency, from which the average speed appears 15.6 s, and most partic-
ipants could not immediately find the log-out button, because the icon does not show
additional text explanation. Additional texts or icon improvement therefore are required
for the low readability.

Table 3 displays the test results of error rate and learnability. No error appears on
Task 1, revealing that a button with icon and text is the optimal design. Horizontal
menus with the same information structure are used for Tasks 2–7 that the operation
procedures are similar. Errors merely appear on Tasks 2–3, but not on Tasks 4–7 that
the learnability is also proven. Merely icons, without text explanation, are shown for
the buttons in Task 8 that the error rate is high. Comparing Task 1 and Task 8, text
explanations might be as important as icons for the elderly.

Table 2. Analysis of user task by time

Subject
01

Subject
02

Subject
03

Subject
04

Subject
05

Subject
06

Subject
07

Subject
08

Subject
09

Subject
10

Subject
11

Subject
12

Average

Task 1 1 1 1 5 6 1 1 6 9 3 2 1 3.1

Task 2 9 12 4 5 4 4 9 17 6 5 6 11 7.7

Task 3 1 2 1 2 2 2 6 1 2 2 2 2 2.1

Task 4 10 12 2 7 5 5 6 4 5 3 9 5 6.1

Task 5 2 1 2 1 1 2 4 2 1 1 1 1 1.6

Task 6 2 1 1 1 1 1 1 1 1 1 1 1 1.1

Task 7 1 2 6 5 1 1 2 2 2 1 1 1 2.1

Task 8 6 9 8 12 3 30 56 10 12 5 16 20 15.6
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Table 4 shows the questionnaire result, which is divided into usability and inter-
active emotion. Questions 1–7 in the first part are related to usability (typeface, button,
pet figure, icon, comprehensive picture, and menu input), while questions 8–16 in the
last part are related to interactive emotion (demands for sound record, pet interactivity,
and pet reminder). With Likert 5-point Scale, the questions are scored 1–5 for the
options of Extremely Disagree to Extremely Agree for the satisfaction. Overall
speaking, the average score is above 4, presenting that the mobile application conforms
to the elderly demands and satisfaction.

4 Discussion and Conclusion

After the test, the experimental result and the predicted effect are generally satisfactory.
It is found that images marked with texts are more easily recognized by the user to
enhance the efficiency of interface use. As a result, texts might be more important than
images for the elderly. When preceding tasks with the same model, the time spent would
be reduced and the error rate is also decreased, showing that the mobile application
prototype interface conforms to the elderly demands and preference. The overall

Table 3. Analysis of user task by count

Subject
01

Subject
02

Subject
03

Subject
04

Subject
05

Subject
06

Subject
07

Subject
08

Subject
09

Subject
10

Subject
11

Subject
12

Task 1 1 1 1 1 1 1 1 1 1 1 1 1

Task 2 2 3 2 2 2 2 2 2 2 2 3 2
Task 3 1 1 1 1 1 1 1 1 1 1 1 1
Task 4 2 2 2 2 2 2 2 2 2 2 2 2
Task 5 1 1 1 1 1 1 1 1 1 1 1 1

Task 6 1 1 1 1 1 1 1 1 1 1 1 1
Task 7 1 1 1 1 1 1 1 1 1 1 1 1
Task 8 1 1 2 1 1 2 2 2 2 1 1 1

Table 4. Analysis of overall questionnaire result

Question
No

Subject
01

Subject
02

Subject
03

Subject
04

Subject
05

Subject
06

Subject
07

Subject
08

Subject
09

Subject
10

Subject
11

Subject
12

Mean

1 4 4 4 4 4 4 4 4 4 4 4 5 4.1

2 4 4 4 4 5 4 4 4 4 4 4 4 4.1

3 4 4 4 4 4 4 4 4 4 4 4 5 4.1

4 5 4 4 4 5 3 4 4 5 4 4 4 4.2

5 5 4 4 4 4 4 4 4 4 4 4 4 4.1

6 5 4 4 4 4 4 4 4 5 4 4 5 4.3

7 5 3 4 4 4 4 4 4 5 4 4 5 4.2

8 5 4 4 5 5 5 4 4 4 4 4 4 4.3

9 4 4 4 4 4 4 4 4 3 4 4 5 4.0

10 5 4 4 4 4 4 4 4 4 4 4 5 4.2

11 5 4 4 4 5 5 3 4 4 4 4 5 4.3

12 5 4 4 4 4 4 4 4 4 4 4 5 4.2

13 5 3 4 4 4 4 4 4 5 4 4 5 4.2

14 5 4 4 4 4 4 4 4 4 4 4 4 4.1

15 5 4 4 4 4 5 4 4 5 4 4 5 4.3

16 5 4 4 4 4 4 4 4 4 4 4 4 4.1
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learnability is high. Having the participants look for images without texts, it is found that
the elderly can hardly recognize the function of such images that the error rate is high. It
is suggested that image should be added texts in the successive interface design to
decrease the error rate. The overall questionnaire survey reveals high satisfaction of the
participants with the interface. Besides, the designed image of the visual pet is friendly
that it indeed could enhance the participants’ pleasure using the interface.

According to the experimental result, the participants commonly consider voice
records or direct use of button being more convenient than text input. Pet interactivity
could enhance the participants’ use motivation. The questionnaire data show the
demands for the prompt function of medical treatment, exercise, and contact which
therefore could be completed. In regard to the final suggestion, the elderly in Taiwan
reveal distinct opinions about pet functions, with which looking after the house,
security guard, and emergency rescue could be combined. The experimental results
reveal that the design of virtual pets actually could enhance the elderly willingness to
use the mobile application, and the elderly indeed have the demands for caring and
contact functions. The elderly preference for pet image and interactivity could be
further developed and designed. Besides, the elderly in Taiwan can correctly identify
the buttons with texts on mobile phones. The research results could help designers and
design developers develop interactive interface for the elderly.
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Abstract. This paper provides insights from our experiences that would guide
the implementation of home- and community-based intervention studies, in
particular field tests of technology in older adults with varying degrees of
cognitive impairment and their informal (family) caregivers. Critical issues
include recruitment in a vulnerable and frail population, intervention and pro-
tocol design, environmental and technology-specific barriers to implementation,
and facilitators of success. Our experiences and recommendations should be
relevant to a broad range of longitudinal field tests, particularly those with older
adult populations.

Keywords: Assistive technology � Caregivers � Dementia � Seniors � Disease
management � Caregiver burden � Recruitment � Retention � Applied research �
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1 Introduction

The SimpleC Companion (‘Companion’) is a behavior and symptom management
technology designed specifically for older adults, yet also suitable for younger indi-
viduals who have an assistive need. Assistive needs may be defined as behaviors,
symptoms or routines that are suboptimal and can benefit from an intervention such as
reminding, redirecting, calming or stimulation. Common Companion interventions, for
example, include scheduled reminders to take medications, drink water, eat something
(healthy), complete an exercise routine, or get ready for important events such as
paying bills, doctors visits or activities of daily living (ADL, e.g., getting up, getting
dressed, oral hygiene, toileting, bathing). These reminders are embedded in a salient
sequence of audiovisual stimuli that typically include a combination of images, music
and voice recordings of trusted individuals. The different media reinforce what the
person should do or accomplish, for instance showing people exercising together in a
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gym or class to prompt someone to exercise. Pleasing music and an introductory,
personal message help the person gently orient, be reminded and motivated to take
action. Similarly, many common behavior and mood symptoms, such as depression,
apathy, agitation, and sleep difficulties can be mitigated by music and pictures that are
positive and personally relevant and that calm, redirect or engage (e.g., a beautiful
beach scene paired with the sound of rolling ocean waves to help induce sleep). The
‘shows’ play for a period of time (e.g., 30 min).

Companion interventions are based on individual needs, preferences, and routines,
and are used by healthy older adults as well as persons with mild cognitive impairment
or dementia. The interface is simple and intuitive in its design to accommodate users
with limited computer literacy and/or impairments common in late life, such as altered
vision, hearing, motor and cognitive function.

2 Intervention Goals and Overview

We set out to test the Companion technology and concept in a home- and
community-based environment to prepare for serving the unique market of older adults
or others with assistive needs living at home. Although the Companion has been a
commercial product since 2009 and is used by more than 650 residents of retirement
facilities across eight U.S. states, it was never tested in-home with individual families
and persons in need of support. We were particularly interested in determining whether
the physical environment of the home (multiple rooms, floors, and occupants) would be
conducive to a wellness technology like the Companion; whether similar or different
user needs existed in this market; and whether a mobile, tablet-based platform is
preferable in this market. Specifically, we aimed to assess the usability of the Com-
panion across different levels of cognitive impairment (none, mild, moderate), and its
usefulness to care recipients and caregivers. Given this focus, several small samples of
caregiving dyads were selected.

Within dyads, the care recipient (CR) was defined as the person for whom the
Companion was personalized; the caregiver (CG) was defined as the spouse, partner or
adult child taking prime responsibility for or interest in the wellness and/or care of the
CR. In all three studies (A, B, C), dyads completed a telephone screen, a baseline
assessment (in-home) and a life story and needs interview (in-home) prior to receiving
their personal Companion. Once installed in the home, dyads used the Companion 3 or
12 weeks on a large, stationary touch screen or tablet (Table 1). During the intervention

Table 1. Study characteristics

A B C

Duration 3 weeks 12 weeks 3 weeks
Touch screen stationary, 21″ stationary, 21″ tablet, 10″
N (dyads) 7 5 7

Implementing the SimpleC Companion 279



period, participants were contacted regularly (weekly) to answer questions, address
problems and accommodate user requests for changes, if any. Post-intervention, the
CGs and CRs completed technology adoption questionnaires and a goal attainment
scale, and were interviewed.

Protocols were reviewed and approved by an independent institutional review
board (Sterling IRB, Atlanta, GA). All participants gave written informed consent or
assent if unable to sign consent.

3 Recruitment

3.1 The D-word: Dementia

Although there is a great need for studies that evaluate the usability, feasibility, and
efficacy of technology-based interventions for persons with dementia (PWD) and mild
cognitive impairment (PMCI), these individuals are often excluded from participation
given their impairment and the ethical and methodological questions it raises: To what
extent can they provide consent, answer questions and properly follow directions? By
explicitly recruiting them into our studies and making accommodations to ensure our
methods were ethical and would yield valid and valuable results, we were excited as a
scientific team to approach PWD and PMCI and offer them a role and voice in our
work. Implicitly, we expected dyads to be excited too and eager to participate, espe-
cially because we offered a solution and help free of charge. Instead, we met many a
cold shoulder. As we quickly learned, dementia is surrounded by stigma, misconcep-
tions, and uncertainty and may have legal ramifications, all of which are barriers to
recruitment. Dementia is the D-word.

To many people, dementia implies ‘losing your mind’, your identity, your dignity
and indeed that is often how the disease is portrayed even by professionals who know
the syndrome well: It is scary and robs you of everything. What many fail to see or do
not know, is that it may take years or decades before advanced impairment sets in and
even then, there are vast individual differences in how the disease manifests itself and
abilities are lost. Meantime, technology and other resources can help maintain or train
functions so as to mitigate disease progress and relieve care recipients and caregivers
alike. Early on however, that is not what people know or want to hear when they have
received a diagnosis or are coming to terms with one. In essence, you as a researcher
are a messenger and reminder of bad news, which nobody likes no matter how good
your story or solution is. This makes it particularly difficult to recruit healthy and
pre-symptomatic older adults, who fear the prospect of dementia and do not want to
hear or think about it. Ironically, it is this demographic that may benefit most from early
intervention. The implication is to carefully craft your message and materials. Focus on
common problems and concerns, such as sleep, nutrition and exercise, in higher
functioning individuals who still feel strong, capable and unimpaired. Once you caught
their interest and eye, they may volunteer information that conveys the real need, and
chances increase you discover other needs in a non-threatening manner. In lower
functioning individuals, the same probes may be given with different details: in this
group, the concern is not so much whether grocery shopping and cooking is completed

280 C. Kerssens et al.



independently and regularly, but rather that prepared meals are consumed 3 times a day
and the person is motivated to come to the table and participate in meals. Either way,
both groups are struggling with nutrition, maintaining weight and healthy routines.
This can be addressed respectfully and appropriately when you know your audience
and the difficulties they or their families commonly face.

In the absence of a diagnosis, it may also not be clear that a problem is a problem.
Consequently, people may not identify with your recruitment message and efforts even
when it applies to them and they are good study candidates. We all forget to turn off the
light sometimes and may have trouble remembering a face or name. When do we call it
or recognize it as a problem? In the face of slow but gradual decline, it may be
particularly difficult for older adults to decide that something is wrong and they or a
loved-one need help. Not uncommonly, a crisis or adverse event is the wake-up call to
seek guidance, advice or help. In our experience, many seniors are reluctant to discuss
their needs or difficulties or will dismiss or ignore tell tale signs. Our own studies
included several individuals who tested positive for MCI or dementia using a quick
screening tool, without having an official diagnosis. This reality and grey area raises a
host of ethical questions and should caution researchers to tread carefully: do not
assume people know they have a problem or want to know. Researchers should also be
creative and flexible in their approach: Develop several narratives (use cases) that allow
different target users to self-identify, to recognize the potential merit of your technology
or intervention, and to develop an interest in participating. We found that a focus on
activities and concerns rather than on a diagnosis or disorder was more palatable to
participants. Describe common struggles or omissions, such as paying bills on time and
getting up a decent time every morning. Many older adults, especially when they are
retired and/or have lost their life companion and live alone, struggle with these routines
that have the potential to become a real threat to health and wellness. PWD face these
struggles too, but by focusing on the activity and routines (or lack thereof) rather than
the disease, everybody can self-identify in one way, shape or form, and join the
conversation without risking stigmatization.

In the continuing care retirement communities (CCRCs) where we initially
recruited amongst independently living residents who tend to be relatively healthy, we
felt a reluctance to discuss assistive needs with us because admitting to such needs may
alter the level of care a couple receives from the CCRC, increase their monthly costs,
and possibly force both or one of the partners to move to a higher level of care, outside
the home. Even when we explained that all data were and would be treated confi-
dentially, and study participation was unlikely to have negative consequences, there
was a palpable reluctance to discuss assistive needs. Researchers should attempt to
understand the dynamics that are at play in the communities where they recruit, be it
financial, social, legal, or otherwise, before they start recruiting. This will help avoid
painful errors and save time in the end. Having community advocates or informants,
preferably inside the target population, will help to get started and to develop narratives
and support. Organize regular ‘wine & cheese’ events to build rapport, observe the
dynamic and group, and identify individuals who may help your cause and those who
will not. Engaging both groups of stakeholders (the Pros and the Cons) is vitally
important as they each inform what makes or breaks a successful field trial. In one of
our communities, for instance, the residents were unhappy about the rollout and cost of
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Internet services. When we came in and prided ourselves on being ‘wireless’ and
mobile, many residents scoffed and had a bad taste in their mouth fully beyond our
control. Identifying the gems that will help your effort or the ways around local barriers
is essential to a good, successful trial. Subsequently, focus groups can help identify
themes and narratives further.

3.2 Two More D-S: Deficits and Decline

Although a focus on dementia can make it extra difficult to recruit study participants, as
discussed above, the notion of assistive technology (AT) itself implies something is
‘off’ and needs ‘correcting’. Whereas this may not be a problem for individuals with an
obvious and/or relatively harmless impairment or disability, it can be an unpleasant
surprise or raise concerns or suspicions in someone who is not aware of a problem or
who does not perceive their behavior or functioning to be problematic. In many ways,
our work as AT researchers and developers implicitly sends a message that the user is
in need of support, which may be at odds with the user’s perception, belief system, and
functional status. Throughout our studies with older adults living independently at
home, we sensed a desire in users to focus on health, wellness and independence, as
opposed to deficits and decline. This implies that our message and solutions should be
positively phrased and framed. In a high-functioning but older user, for instance, a
reminder may be referred to as a ‘Note to Self’, which sounds less dysfunctional and
stereotypical of this age group. Instead of talking about problems, disease, and
symptoms, one can inquire about ‘wellness concerns and needs’, which many of us
have regardless of age and health status. In addition, our technology solutions and
interventions should offer a range of self-improvement options so users can envision
improvement and set personal goals, if need be in consultation with others including
AT and clinical teams. Even in households where dementia or other disorders such as
Parkinson’s disease were evident, caregivers and care recipients in our studies
invariably wanted to improve functional status, not merely maintain it. In many
instances this is feasible too and thus should be encouraged and supported using AT
interventions. Our message and support should be realistic yet optimistic.

3.3 Gender Differences in Coping May Affect Sample Composition

The older demographic we targeted in this research behaved very much along ste-
reotypical gender lines where men tend to avoid discussing personal problems or
experiences, whereas women will. The net result of this dynamic is that women tend to
reach out for help more than men, which skews samples and data: Our caregivers
tended to be female (71 % overall) and our care recipients male (53 %), which is at
odds with the statistic that women are more likely to develop dementia, and that the
majority of our participants were traditionally married couples. As such, we expected
more female CR and more male CG. Although women may traditionally be more
inclined to assume the caregiver role, for instance for parents, our observations do raise
the issue that female CRs and male CGs are underrepresented in our studies and data,
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and hence our product development and design. One way to avoid this is to recruit in a
non-random fashion, which has its own set of limitations but may be worthwhile
depending on the size of the sample and research aim(s).

3.4 Frailty and Distress

Older adults inherently are more likely to have (chronic) physical ailments and
impairments such as limited eyesight, hearing, mobility and altered motor function.
These add up to lesser or larger degrees of frailty, which should be factored into our
research designs and approaches. In our studies, we screened (per self-report) for
chronic conditions, vision, hearing, mobility and fine motor impairments, and capped
their occurrence and extent in both caregivers and care recipients. However, that did
not prevent samples from being frail or having major functional obstacles that stand in
the way of successfully completing studies with participants once enrolled. At an
average age of 72 for caregivers (range, 49–89 yrs) and 82 for care recipients (range,
60–90 yrs), visual impairments were common (CG: 82 %–CR: 94 %), walking diffi-
culties were common (24 %–71 %), hearing difficulties were common (18 %–35 %)
and fine motor problems were not uncommon (6 %–24 %). These rates are typical of
the general population, which means that a good number of your older participants will
wear or use assistive devices to compensate for functional loss, such as glasses, hearing
aids and canes, all of which may affect the adoption and usability of your AT product
or solution. In our case, for example, people must be able to hear and see our inter-
vention shows, which are useless otherwise.

Frailty also affects the cadence of recruitment and completion of implementation
studies, especially in research that involves repeat assessments and home visits. Each
visit may take longer depending on frailty and the time between visits may be longer
than expected or desired. We had to reschedule many appointments due to illness,
adverse events (e.g., falls), and unexpected surgeries. This can create serious practical
challenges and delays when assessments depend on more than one member of the
research team who each have busy calendars. Additionally, frailty is a risk factor for
attrition and loss to follow-up, which was significant in our sample despite screening
precautions: In our first two studies (A, B), attrition approached or exceeded 50 % (1 in
every 2 dyads that had been screened, evaluated and included), which is a huge loss of
effort, resources and data. In response, we became much more vigilant and open about
potential problems and red flags, such as distress and frailty, and more straightforward
and strict in our decisions not to include particular dyads. In many instances, the study
was simply not a good fit given the circumstances of interested dyads and the demands
of the study. Even though we did not require participants to come our office and made
home visits instead, participating in a study takes time and effort. Some dyads, we
sensed or it was clear, would not be able to comply with those demands and expec-
tations, and the study would be a burden on all rather than source of support and relief.
In those circumstances, researchers should be open and honest with themselves and
study candidates that participation is not a safe or the study a good fit, even when all
formal recruitment criteria have been met.
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In addition to frailty, families or households dealing with dementia quickly face
considerable distress. Young caregivers, such as adult children, tend to work (fulltime)
jobs and/or have children of their own, which creates a lot of pressure across the board.
Caregiving in and of itself is also very distressing given the limitations it places on time
and movement, and is a big source of distress in young and old family caregivers alike.
Older caregivers, however, may have been taking care of their loved-one for years and
experience physical and other limitations themselves, which adds to their frailty and
exhaustion. In our studies we curtailed the level of distress experienced by caregivers,
per self-report and formal measures, yet this did not prevent samples from being
distressed, worn-out and desperate. Our caregivers on average scored in the bottom 25
to 50 % of the distress scales, and formally were deemed “mildly distressed”, yet many
struggled with making themselves available to us, and frequently were in an unpre-
dictable or low mood. Researchers in-field need to be aware of this and be able to show
and experience compassion by being kind, cordial and patient time and time again. This
is difficult and therefore, not a job for just anyone. Team leads should pay close
attention to their ‘field officers’ and the (life) experience and personality they bring to
the table.

4 Intervention and Protocol Design

4.1 Efficacy vs. Efficiency

In helping families manage chronic disease and challenging symptoms and behaviors in
daily life, in particular dementia, individualized interventions are more effective than
one-size fits all approaches [1]. Music, for instance, can mitigate agitation or apathy in
PWD extremely well, but more so if it is tailored to the individual and pleases or moves
him or her. Likewise, reminders for key routines or events depend on personal
schedules. The SimpleC Companion, therefore, was expressly developed with per-
sonalization in mind. Not only are interventions tailored to match individual prefer-
ences and schedules, the scope and focus of interventions entirely depends on the
specific area(s) of need or interest: Is it sleep, behavior, mood, an ADL, exercise or a
combination that is in need of support? Accordingly, a ‘therapy menu’ is created and
tailored to meet individual preferences, schedules, and needs. This individualized
approach is associated with great adoption and efficacy in longitudinal studies of the
Companion at home, proving the concept that AT can successfully deliver
non-pharmacological interventions and help manage complex diseases, but the
approach also depends on the input from key stakeholders.

For the Companion, we need information about the symptoms and needs, about
preferences and routines. Although not difficult to provide in essence, the time it takes
families or facilities to gather and relay this information can create a bottle-neck and
barrier to implementation. Research protocols in general should weigh the need for
personalization or information against the demands it places on the informant(s). This
holds especially for longitudinal research in older, frail adults.

After several participating dyads recanted in rapid succession one month, we
streamlined our protocol in several ways:
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• We became bolder in our screening and recruitment decisions, as discussed;
• We limited the number of phone calls or emails about a particular piece of infor-

mation we needed to two, thereby giving participants room and time to respond
while putting the onus on them rather than us. Although unnerving at first, loos-
ening the reigns and putting responsibility in participants’ hands, the strategy by
and large worked really well and no dyad recanted since;

• We limited the number of home visits prior to installing the Companion to two, and
limited the overall number of hours per visit to two. This put a clear boundary on
our imposition and intrusion of peoples’ homes and time, which is a good practice
in general and forces research teams to make choices about what is essential vs.
desirable.

• We developed ways, in part as a business, to work with limited information on
individual needs, preferences and routines to deliver a ‘minimum viable interven-
tion’. This comes down to focusing on top priorities and using the information you
do have wisely. For instance, whereas personal photos and videos are always more
effective than generic in engaging people, it is still better to put together an album or
video on a topic of interest using generic material than to have no album or video at
all. Rarely if ever were participants disappointed in the initial result or therapy menu
we offered them, and no adverse reactions ever occurred.

• Rather than trying to address all user requests and needs early on, we allowed
ourselves to make changes after the initial install, thereby tweaking the intervention
to tailor it further without necessarily changing its essence or goal. This removed a
lot of stress to deliver upfront on both our end and the participants’.

5 Barriers to Implementation

5.1 Environmental Barriers

For AT solutions like ours that depend on the Internet to send and receive information
to devices in the field, such as therapy updates and therapy usage information, the
limited availability of Internet or spotty network reception in remote and rural areas can
be a problem. In our sample of private homes, 1 in 4 households did not have a wireless
internet connection, which we subsequently provided using a router or by establishing
a cellular Internet connection through a provider with good local coverage. Research
teams need to plan for the added cost of setting up and maintaining these connections
as well as the optimal data plan.

Introducing a piece of technology to the home also raises the question where it will be
placed, and whether existing furniture can accommodate it. If not, the research team may
have to provide new furniture. In two of our studies that used a 21″ touch screen as
opposed to tablet to deliver interventions, we provided different types of side and coffee
tables because existing ones were inadequate (e.g., flimsy, too low). Equipment place-
ment and requirements depends on where and how the technology will be used, which
may depend on user needs. If sleep is a concern, for instance, the device/intervention
should be available in the bedroom. Needs sometimes compete (e.g., in addition to sleep,
a person should hydrate and eat better which calls for the intervention to be available in
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the living room), but mobile applications and technologies render such situations less and
less problematic fortunately.

Not unique to our or AT studies, but a common barrier to study progress and
completion are the holidays, especially towards the end of the year. Teams should plan
on scheduling difficulties and changes, and associated delays. In one particularly
memorable holiday experience, a caregiver asked us to remove the Companion from
her living room, which ended the trial and the couple’s access to the intervention
despite the husband’s enjoyment and benefit, because the wife needed the spot for the
Christmas tree. One cannot argue with that…

Environmental barriers also include people’s daily habits and routines and how they
spend their time and where inside the house. We asked the question where and when
people tend to relax while at home to gauge where something like the Companion would
best be used for personal enjoyment and engagement. Other technologies, such as
computers and television, compete for time and interest and are a common distractor and
thus barrier to adoption and use of a new technology-based intervention. After mapping
a typical day and week, couples may have to be advised on ‘wellness scenarios’ that
include recommendations on how and when to use the (AT) intervention ideally.

Finally, we consider household dynamics an important barrier to implementation
that must be considered and addressed. In some cases we decided not to include
couples or dyads because their expectations were unrealistic, their problems and needs
were excessive, or problems and needs could not be addressed by an intervention like
ours. One wife was tired of picking up after her husband and wanted us to help with
that (which we could), but also that he speak to her more openly and often after many
years of marriage. We could not help with that. In a few other instances, couples
disagreed on what the problem was and how to move forward. They had to be excluded
from further participation for lack of common ground and focus. When dealing with
human subjects, especially more than one, for extended periods of time and addressing
personal needs and issues, researchers must be prepared to recognize and draw a line.
Being open, honest, and realistic as a team early on about the risk:benefit ratio of study
participation, helps.

5.2 Technology-Specific Barriers

Many older adults perceive new technology such as tablets as gadgets that serve
entertainment, not daily function or wellness. This premise creates an instant discon-
nect between the AT developer and user that must be overcome through education
(e.g., recruitment materials) using relevant yet simple everyday use case scenarios that
resonate with many older users and that ‘disarm’ and spark curiosity.

Older adults may also give up more easily on trying a new technology or learning
how to use it, thinking they are natural misfits when their actions are not immediately
successful. This lack of confidence or ‘self-efficacy’ in using new technologies is
reinforced by watching others, often younger generations, use new technologies
effortlessly and constantly. Repeat training and positive reinforcement is essential in
making older adults feel at ease with new technologies such as the Companion, even
when the design interface is relatively simple and intuitive.
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This generation is used to physical buttons and not necessarily familiar with the
notion of touch screens. Consequently, many are intimidated by touch screen tech-
nologies. Not only are they afraid to break the surface, they are very reluctant to simply
touch the screen, which may go back to the days when glass surfaces (television,
cameras, windows) were not to be touched. When first introducing a touch
screen-based technology to a user or audience, therefore, it helps to bring demo devices
along so people can touch and play with it to get familiar and comfortable with the
basic notion. Additionally, researchers should plan on explaining and practicing basic
touch screen operations, such as touching (using one finger as opposed all five of one
hand at the same time) swiping (in a straight as opposed to diagonal line), tapping
(lifting one finger up and down relatively quickly but not too quickly, as opposed to
holding a finger down on the screen or waiting too long between repeat touches), and
enlarging or zooming if applicable. In many instances training and reinforcement of
‘good touch screen behavior’ is required, even in high-functioning, unimpaired older
adults.

The good news is that in our experience many impaired older adults, including
those with advanced dementia, quickly develop motor memory for these simple
operations and can learn to navigate a touch screen technology and menu like the
SimpleC Companion. We have several very impaired users who keep themselves busy
and positively engaged for hours per day using the Companion. This, in turn, relieves
caregivers, and gives them joy and peace of mind that something meaningful is going
on while they are not there or cannot attend to their loved-one. The value of this cannot
be overstated.

Conditions such as Parkinson’s disease may further keep older adults from using
touch screen technologies effectively, and screening for such conditions and other,
more common, physical impairments is advised, as already discussed.

One immediate implication of these barriers is that trials should allow sufficient
time for older or unfamiliar users to warm up to the technology, its application, and its
regular, daily use. Most of our “3-week” trials were extended to give people more time
to use the technology as intended and to experience its usefulness properly. Fortu-
nately, once people experience the benefit and/or joy, they are staunch adopters and
advocates.

5.3 Facilitators of Success

One overarching theme that was a challenge for all studies was attrition. In addition to
some of the strategies already discussed, we recommend the following for successful
recruitment and retention of a diverse, representative sample of community-dwelling
older adults for (AT) field studies:

• Focus on symptoms and needs rather than specific diagnoses. People may not have
a diagnosis and a diagnosis does not necessarily matter. What matters is the
symptom and the everyday need or challenge it creates.

• Be aware that counting symptoms or disease burden using standardized measures
may underestimate the level of impairment and caregiver burden. Frailty and
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distress are much more than a simple addition of physical ailments and should be
sampled through direct interaction with dyads.

• Consider the overall challenges faced by the specific dyad. Additional consider-
ations include comorbidities, other family members to help out, jobs, social and
financial support, and interpersonal dynamics.

• Minimize the added burden of study participation. No more than two visits prior to
implementation.

• Have contingency plans for unexpected circumstances, such as a care recipient who
does not want to participate or couples disagreeing at various points in time, to
augment dyad participation and retention. Have options and narratives available to
assessors in the field.

• Incorporate flexibility in the protocol design. Enable assessors to stop an assessment
prematurely or exceed time restrictions if suitable and appropriate without jeopar-
dizing the essence and goal of the intervention.

• Allow time for pilot testing the intervention in a representative environment with
representative participants, to develop the right messages and identify advocates.

• Work with your local and state government representatives (e.g., local county senior
services centers) to spread the word about your work, and to get invited to com-
munity events. The goal is to get in front of as many people as possible.

• Identify community outreach coordinators at local governments and universities to
help recruit amongst minority populations.

• Capitalize on existing community networks for recruitment.
• Hire an ethnically-diverse research staff to maximize your connection with different

constituents on all levels (language, customs, routines, ethics, etc.).
• Have a dedicated person for home-visits and office phone calls.
• Keep interactions with the team as consistent as possible so rapport can build and a

relationship between the research team and the participants can develop.
• Develop a method to assess the characteristics of the home and peoples routines,

especially for technology interventions.
• Select and train assessors/assessment team on how to put people at ease and reduce

stress (e.g., entering the home, sensitivity training).
• Plan for a best case scenario timeline and add in a factor 1.5 to account for

unforeseen circumstances that are likely to occur.
• Develop meaningful and intervention-specific outcome measures. Standardized

outcome measures will underestimate the benefits and gains following an individ-
ualized intervention. Goal attainment scaling is an individualized outcome measure
that assesses individual gain meaningfully. For various applications, see [2, 3].

6 Conclusions

Field studies are desperately needed and can have tremendous positive impact, but are
also challenging. Our goal in this paper was to provide lessons learned from our
experience but in a general enough way that others can implement the strategies that we
found helpful. Over 50 % of participants are using the SimpleC Companion long after
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their trial ended, demonstrating the criticality of the technology and concept for quality
of life and well-being.

Although the experiences and recommendations provided herein were derived from
experiences with our particular system, they have broader relevance to field studies
with assistive technologies in general, as well as older adults and those with physical
and/or cognitive limitations.
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Abstract. This paper gives the first results of basic researches to identify
parameters and requirements for the development of a vibrational interface in
shoe soles. This interface is an integral part of a system to support orientation
and navigation of elderly in new and/or unfamiliar environments. To meet the
requirements of the later users it is necessary to know the restrictions, basics and
needs of this new technology. For these analyses a test bench was developed to
examine the sensitivity of the user’s foot sole to vibrational stimuli, and to
determine the amount of information which could be transmitted. Another result
of first test runs is the possibility to decrease the number of vibrational actuators
beneath the foot sole.

Keywords: Foot sole � Vibro-tactile stimuli � Mechanoreceptors � Vibrational
interface for orientation � Elderly

1 Motivation

The change in the demographical pyramid is one reason for the increasing number of
age caused diseases. Therefore it is reasonable to develop new devices to help the
elderly to obtain quality of life and independence.

In the last years researches more and more focused on vibro-tactile stimulation,
especially in the field of interface design. Throughout the years more improvements were
achieved due to different studies on the devices used, the target group and the application
area on the human body. Initially, the actuators were embedded in a belt [1, 2]. This
stimulation zone provides a large contact area with the actuator, and consecutively the
capability to realize a high information load. Due to the density of receptors this solution
delivers a usable device for many target groups, but not for elderly people.

Another area for the application of vibro-tactile stimuli has been considered to be
helpful, the foot sole. In the study of [3] a vibro-tactile prototype shoe was designed for
examination of navigational skills, only with the aid of those stimuli. The addressed
group described in [3] mainly were blind people. The LECHAL shoe (shown in Fig. 1
[4]), a commercial solution for navigation by vibrational stimulation, was also first
dedicated to blind people, now it can be used for sports and wellness, for tracking
activities and vital parameters.

© Springer International Publishing Switzerland 2015
J. Zhou and G. Salvendy (Eds.): ITAP 2015, Part II, LNCS 9194, pp. 290–299, 2015.
DOI: 10.1007/978-3-319-20913-5_27



The present study concentrates on the interface in the foot sole. The main reason is
the familiarity with the device. For the target group of elderly people, who may have a
starting memory disorder, it is important to use a device which they are already familiar
to, and which is used on a daily basis. To realize the given requirements the imple-
mentation of the interface in a shoe sole was the best option to ensure the usage for
elderly people. To realize a user fitted device it is necessary to research the basics.

The aim of the study was the fundamental research concerning the vibro-tactile
sensibility of the foot sole in loaded condition and the possible transmittable infor-
mation for an user fitted device.

2 Propaedeutics

The human skin is not only the largest organ but also the largest sensory system of the
human body. It integrates four different senses with the responsible receptors: thermal
perception (heat and cold) are sensed by thermoreceptors; perception of pain (noci-
ceptors), and mechanoreceptors, sensitive for mechanical stimuli (necessary for haptic
and tactile perception). Tactile perception mainly is aroused by vibration and/or
pressure and shear forces. Haptic perception beyond that always has an active com-
ponent and additionally uses kinesthetic receptors (proprioceptors) in muscle fibers and
tendons (e. g. Golgi tendon organ).

As vibrational stimulation is a mechanical stimulation we focus on the mechano-
receptors embedded in the skin, valuable for tactile perception. There are four types of
mechanoreceptors, each has its own anatomical structure and physiological function.
They are classified in two categories. The first is their adaptivity to the stimulus, the
second is the size of the receptive field [3, 6–8].

The receptors are fast or slow adapting. The fast adapting receptors are sensitive for
texture and vibration, and the slow ones for dynamic pressure. The size of the receptive
field is defined as that skin area which is allocated to one receptor. There are two types
of mechanoreceptors with different receptive fields called type I and II. Receptors of
type I are small and have defined boundaries, while type-II receptors have large
receptive areas with diffuse boundaries. In summary four types of mechanoreceptors
can be found: fast adapting I (FA I), fast adapting II (FA II), slow adapting I (SA I),
slow adapting II (SA II). The FA I and FA II receptors are sensitive for vibration within
different frequency ranges. FA I are mainly aroused between 10 Hz and 100 Hz, while
the FA II mechanoreceptors are most sensitive in the range of 100 Hz–300 Hz [7, 8].

Fig. 1. LECHAL (Hindi for “bring me home”), left: version as a whole shoe with integrated
vibration sole; right: sole-only version to integrate vibration stimuli into any kind of shoe [4].
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Figure 2 shows, that there is no exact border between the main zones of different
types of mechanoreceptors at the foot sole, which makes it difficult to define a receptive
field for an exclusive stimulus. In conclusion there always more than one type of
receptor is aroused by a given stimulus, and it is difficult to directly arouse a specific
receptive field.

To develop an interface which gives adequate stimuli to the foot sole it is necessary
to know the range of frequencies as well as the allocation of receptors in the foot sole
skin. The following tests focus to provide corresponding data.

3 Design of Experiment

In dependence on anatomical and physiological conditions we used a flexible design of
vibro-tactile actuators shown in Fig. 3. The four vibro-tactile actuators used in the study
can be arranged in order to anatomical varieties of the volunteers (foot length and
width). Additionally they are aligned in those areas which are in ground contact during
rolling motion of the foot. The actuators can stimulate the mechanoreceptors in the
range between 100 Hz and 225 Hz, because the addressed receptors are of FA II type.

3.1 Design of the Test Bench

The test bench (shown in Fig. 4) is a base body made from alloy with 14 holes for the
embedding of the actuators, so the foot is placed plantar on the base body of test bench.
It is possible to adapt the test bench for each foot size from 36 to 45 (European Sizes)
by switching of alloy distance plates. A back stopper ensures that each subject takes the
same and adequate position above the actuators.

The control of the actuators has been realized via USB-6008 from National
Instruments®, and by LabView®. The current work bench is controlled by an Arduino
Mega™ and an electronic conductor board with drivers for each actuator. The con-
troller gets its program from a PC-based software with internal database via I2C bus.

The vibration actuators used are eccentric rotating mass (ERM) motors in coin
format (pancake motors Pico Vibe 10 mm) from Precision Microdrives™ [9]. The
working range is given by the performance characteristics according to Fig. 5.

Fig. 2. Position of the receptive fields of the four different receptors on human foot sole [6]
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To validate these characteristics we also determined the real vibration frequencies
by a measurement of the resulting noise, and a following frequency analysis. The main
spectral part in FFT was the vibration frequency of the motors evoked by the rotating
mass.

For a better control of the test bench and also a better administration of the later
experiments a software program with a graphical user interface (GUI) shown in Fig. 6
was developed and tested. With this program it is possible to change all the parameters
of each actuator, to combine them to sequences and save this combination for later

Fig. 3. Schematic array of the 14 actuator
positions with the four actuators used marked
in black.

Fig. 4. Test bench with four actuators on right
foot, two NI USB-6008 for each side; left side
has no foot size adaptation (that means size 36),
right sight is adapted for size 40.5

Fig. 5. Performance characteristics of the used ERM coin motors (own image after [9])
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experiments. If a special set-up of parameters already exists the user will give a hint. By
that it is possible to execute a broad variety of tests within a short time.

Pretests had shown that actuators placed directly next to another had a poor spatial
resolution, so we reduced the number of actuators in the final tests to only four. These
four actuators used were placed, as shown in Figs. 3 and 4, beneath theHallux (pos. 13),
right and left side of the ball (pos. 8 and 11) and under the heel (pos. 0).

3.2 Participants

To prevent results from other effects all test persons had to use thin socks which do not
damp vibrational stimuli. In all tests only the right foot was stimulated. No information
about handedness was surveyed, but in references no information about any correlation
between handedness and sensitivity is given.

The psychophysical experiments were participated by 25 volunteer students, 10
females and 15 males with an average age of 23.8 years. The group was chosen with
some criteria. Inclusion: the availability at the university, age between 20 years to 30
years; exclusion: no known neuropathic diseases or diabetes. Also subjects with very
hard skin on foot soles were excluded from the experiments.

We chose that small variability within the group to eliminate varieties in anatomy
and physiology or aging factors, which could possibly cover the results. To ensure the
requested criteria each participant had to complete a form which retrieved the necessary
information.

3.3 Sensitivity Tests

With regard to the development of the information interface it was primarily important
to get a better knowledge of the spatial resolution of the sensitivity of vibro-tactile

Fig. 6. Screenshot of GUI of software to control the test bench
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stimulation of the foot sole. Therefor three experimental tests were designed and
performed. All data underlay tests of normal distribution (Kolmogorov-Smirnoff-test)
and tests of significance (Student’s t-test) performed.

Experiment 1. The purpose of this first test was to examine the spatial resolution of
the foot sole. One actuator stimulated the corresponding receptive field at a frequency
of 150 Hz. The participant had to recognize at which position the mechanoreceptors
were arousen.

To apply the stimulation the test person had to place both feet on the test bench, so
its weight was equally applied at both feet. After its verbal answer another motor was
started, while the first shut down. The experiment was repeated three times for each
actuator. The main questions to be answered through this experiment were, if there are
differences between males and females, and how do the volunteers feel the arousal at
their foot soles. The focus of interest here is, if they are able to differentiate the diverse
stimuli (spatial and time discrimination).

Results. There was no significant difference between men and women. But the results
show, that the rate of identification at the heel was significantly worse than the rate of
the other three points (see Fig. 7, P0 and Fig. 8). A probable explanation might be the
thickness of the callus at the heel, which has influence on the stiffness of the skin and
changes the modulus of elasticity. This influences the perception of the pressure to
lower degrees and consequently the stimulation of the mechanoreceptors. In addition
the stimulated FA II receptors have barely any receptive field on the heel (see Fig. 2),
so the sensitivity for frequencies in the chosen range may be lower compared to those
on the forefoot.

The results of differences between left and right side of foot are not comparable to
other studies. This might be eliminated by further tests with a larger amount of pro-
bands, the current results not explainable at this time.

Experiment 2. As a second test only one actuator was focused on in each trial.
Whether the one at Position 1, Position 2 or Position 4. Position 3 was negligible
because of the rather similarity with Position 2. The aim in this experimental set was to

Fig. 7. Comparison of correct identification of given stimuli beneath the foot sole (male –

female, different points of stimulation, cf. Fig. 6).
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analyze if the subjective perception of different frequencies matches the law of
Weber/Fechner and Stevens (and of course matches the readings in literature).

Two frequencies, one after the other, were applied to the actuators. The participant
gave a verbal response which of the two compared frequencies is, subjectively, the
more intensive vibration. The distance between the frequency steps were 25 Hz, 50 Hz
and 75 Hz. The frequency range was between 100 Hz and 225 Hz. The order in which
the different frequencies appeared was subject of the random principle.

Results. Step 25 Hz: At the frequencies of 150 Hz, 175 Hz and 225 Hz the sensitivity
from the lower to the higher frequency was better than the difference up to down, but
significant differences only occured at 150 Hz (see Fig. 9).

Step 50 Hz: Within the test set the results were similar, but the hit rate at a
frequency of 225 Hz was not as good as it was by the step size of 25 Hz. The first test
set compared the sensitivity at 200 Hz with the sensitivity at 225 Hz. Because of the
poor recognition of the lower frequency it was easier to feel the difference in the second
test set. Within the second set the compared frequencies were 175 Hz and 225 Hz.

Fig. 8. Observed frequency of wrong recognition at different areas of foot sole

Fig. 9. Test results of experiment 2 (alteration of frequencies upwards and downwards)
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Both showed in the first set a similar recognition rate, so it is more difficult to dis-
tinguish between these two frequencies.

The results for a frequency of 200 Hz (3.5 V) were significantly “worse” than the
other results (level of significance: α = 0.05). This single effect does not match with the
expected result, and also with results in other references, in which the maximum of
sensitivity reported is at 200 Hz. Thus the right diagram in was drawn without data at
3.5 V (≙200 Hz).

Probably this is a summation of several physiological effects. One of these might be
the pressure on the foot the participant felt in this study (provoked by own weight),
which surely changes the sensitivity, due to the pre-stress of the arches of the foot and
the exciting effect on other receptors.

The participants also claimed that the surface of the device used was very (to) cold.
With a change of the temperature, a change of the sensitivity threshold goes along. The
sensitivity of mechanoreceptors is closely coupled with the ambient temperature. If the
temperature decreases, also the sensitivity decreases but the threshold of sensitivity
grows [5].

Step 75 Hz: In the last test set the effects were similar to those described in the first
two step sizes. Most evident is again the loss of sensitivity at a frequency of 200 Hz.

Experiment 3. The last test was supposed to examine the relation between spatial
resolution capacity and the changing of frequencies on the foot sole. Therefore the three
most outstanding frequencies in the pretests were used (100 Hz, 150 Hz and 200 Hz).
Two actuators were applied at the same time with the same frequency and had to be
differed. Similarly to the other experiments the participants’ feedback was verbal.

Results. As shown in Fig. 2 the actuator at Position 13 (P13) in combination with the
one at Position 11 (P11) had the best spatial resolution capacity, as well as the com-
bination of P13 and P8 where the results were only a little worse. The combination of
P11 or P8 with P0 resulted in poor values. A possible explanation can be the lack of
FA II receptors at the heel or a combination of multiple effects which provoked a
crosstalk of mechanoreceptors and as a result of this the sensitivity decreased. The
combination of P13 and P0 showed comparatively bad results. As in test run 1, in the
individual tests a transmission occurred from the heel to the toe, this also might explain
the outcome. The thicker epidermis causes a stronger attenuation. This results in a
superposition of various effects, which may be an explanation for the decline of the hit
rate. As mentioned before, also the temperature and the irritation of the other receptors
could be the reason for these effects. Another point mentioned by the participants was
the unpleasant and uncomfortable kind of standing on the device for the duration of the
experiments.

4 Conclusion and Outlook

The results provided give an overview of the basic research on the sensitivity of foot
soles to a vibrational stimulation. A second experimental pass is currently processed
with varied parameter sets. The load on the foot sole is minimized to that the foot sole
only comes in contact with the test bench surface (and actuators), so the resolution
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capability might increase because of the reduced or totally missing pre-stress of the foot
sole.

Furthermore, the duration of one test set is shortened to the minimum length
possible, and the cold metal plate is covered by a thermal isolating felt mat to avoid an
influence of the temperature on the receptors in the foot sole.

To gain the necessary information for elderly people a third test set starts with the
participation of people in the age between 70 years and 80 years with none or slight
memory disorder. With this group of respondents we will also perform tests to
determine the amount of information which can be transferred by the vibrational
interface.

Pretests had shown that actuators placed directly next to each other had a poor
spatial resolution capacity, so consequently the placement of two actuators will be used
to increase the intensity of the stimulus. The number of motors can be reduced to at
least ten (five at each side) vibrational actuators. The frequency range chosen showed
results and effects which need to be evaluated. The difference between hit rate of men
and women was also investigated, but a significant disparity could not be proven and
won’t be considered in further experiments (level of significance: α = 0.05).

Another result of these first tests is that it is not possible to give vibrational stimuli
during stand phase (not exceeding then unspecific vibrations for warning), so an
intermediate change of vibrational stimuli from left to right side and back has to be
realized. The foot contact can be detected with pressure sensors in the shoe soles, and
the available time for information delivery can be calculated as a function to gait
velocity (time of rolling motion of one foot is given by different references via gait
diagrams).

The foot sole provides a good alternative for a stimulation area for the transmission
of information on the human body. Because of various limitations e.g. the small
useable space on the foot sole (and inside of shoes), or the decrease of sensibility
during aging process, the design of a useful device for elderly people is still a great
challenge.
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Abstract. In the Human Robot Interaction field, developers choose among
different solutions to portray a face, ranging for mechanical solutions, or avatars
displayed on screens attached to the robot’s body. Those designs are commonly
displayed separately, being a mechanical head and a tablet size screen, or a
screen with the avatar’s face and a different one for the Graphical User Interface.
The user interactions with the avatar and the GUI are noticeably divided by
screen, and interaction designers can make use of design guidelines for com-
puter systems during their design process. However, when the Avatar and
Graphical User Interface are displayed together in the same screen, visual and
interactive features compete for user’s attention, increasing the complexity and
affecting users’ impression of the robotics system.
It is known that prior knowledge affects older user’s interactions, and navi-

gation structures for can be applied trying to elicit that prior knowledge.
However, when it comes to robots and elderly people, interaction designers
should consider a robot’s embodiment as a variable in the interaction equation,
whether they are making decisions for the avatar or the GUI.
Designers have little empirical research to guide them in creating such

combined models for robotics interfaces and older adults. The fashion in which
the visual interfaces of a robot are designed could make the difference in how
often and ease individuals use that technology. The true challenge in designing a
robotic interface for a system that displays an avatar and a Graphical User
Interface in the same screen is representing a GUI Interaction structure without
affecting the state of the embodied agent or avatar.
The present research approaches this issue. Different Robotic Interfaces

designs for Avatar + GUI with older adults as users are analyzed. The study
reported in this paper, implements a robotic female Avatar and Graphical User
Interface of our own design. Both designs share the same screen on Homemate,
a consumer robot developed to assist the elderly with errand services, com-
munication, entertainment capabilities, and that employs a screen instead of
head, allowing us to explore whether these design considerations of Ava-
tar + GUI produce any effect in older adults impressions of an assistant robot.
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1 Introduction

There have been numerous studies about how the interfaces should be designed for
older adults. A good portion of those studies are oriented to web based applications or
operative systems.

The ageing population is a global concern that affects all the aspects of the tech-
nological development [1, 2], and in the robotics field, increase the demand for new
and improved robotics systems and applications designed to support older adult’s
needs.

Robots that are developed to be used for regular consumers, Consumer-robots,
alternate from mechanical heads to animated visual elements displayed on screens to
portray a face. Those visual elements that animated represent facial expressions and
information, are commonly known as conversational agents and avatars [3].

Since those agents or avatars, could play a very important role in how people
interact with technology, require to be designed in a proper way.

In the design field, while avatars and customized images are a common terminology
as on-screen representations of social presence in mobile technology or Internet. The
problematic related to the older adults’ technological use of graphical user interfaces is
a core theme to be investigated [4, 5].

Nowadays, the vast majority of the available Interaction design guidelines for
Graphical User interfaces are for web based and mobile applications, which results in
interfaces that bring interaction challenges to designers developing for robotic systems.

This discovery motivate us to research into the conception of Interaction design
considerations for robotics interfaces in which two different design solutions, avatar
design and GUI design conciliate in the same display portrayal. In the interface design
for a robotic system, design decisions represent the state of embodied agents or avatars
and the Graphical User interface that allows the user to command and interact with the
robot itself.

2 Literature Review

Several researchers have conducted studies regarding the use of new technological
interfaces by the older adults [6–8]. In our research, we focus on the design of a
structure that integrates the display of an avatar and a GUI in the same screen for a
robotic interface, the possible design structures, and the resultant perceptions of the
elderly towards the robotics system.

Prior to the study, researchers demonstrated that embodied agents and avatars are
interpreted to have social presence for users [9]. Furthermore they also have investi-
gated about the effects of graphic representation level.

Avatars can be designed in a wide range of possibilities; however, in the case of a
humanlike avatar to mediate the human-computer interaction, the social aspects of
interaction become more explicit. The entire visual design of the avatars (form features,
clothing, facial expression, and gestures), express information and reflect contents in
the same way as human–human social interaction [10, 11].
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HCI studies have examined how new technology can be integrated in older user
lives. From Internet searching [12], game play in tablets [13], smart TVs [14] to Social
networking, a set of guidelines were provided to build applications aimed to help older
adults interaction experience [15–17]. However, in Human Robot Interaction, designers
lack sufficient guidelines to ensure that avatars and GUI design decisions will play an
efficient role in the user experience and the general impression of the robot. And the
designs of those interfaces bring even more complicated interaction challenges to users
aged 65 and above.

Very interesting things were found while reviewing previous research, but many
questions are still there. For instance, although different design considerations for the
elderly have been explored in HCI, none of these studies have explored the applica-
bility of those considerations for robotics interfaces and, more specifically, the possible
resultant interactions of a Graphical User Interface integrated with an avatar as the
robots face.

The advents of interaction with robotics systems express the need to specify
effective, reliable and consistent design guidelines for robotics interfaces. There is little
research to guide the creation of avatars and robotics graphical user interfaces for
interaction designers. In our case, the findings of the following research contribute into
the interaction design guidelines for “Homemate”, an assistant robot developed for the
Korus Tech project in the Intelligent Systems Research Institute.

2.1 Research Question and Hypothesis

The primary purpose of this study is to demonstrate that interaction decisions, in terms
of how an avatar and a graphical user interface are displayed in the same screen, affect
user’s positive or negative impressions towards the robotics system. In our case, being
the users, older adults.

Hence our main research question can me summarized as follows: For older adults,
controlled by the type of interface design, what is the relationship between the ava-
tar + GUI design and the level of engagement, learnability of the interface and avatar
recognition as a robotic agent.

Therefore, we hypothesize:

• H1: Interface Design with visual dominance of the avatar will allow the users to
perceive the robot as an agent and not merely as a user interface.

• H2: Interface Design with visual dominance of the GUI, displaying the totality of
the system of icons, will allow older users to identify an icon task with more
efficiency.

• H3: Since icons offer strong visual and spatial cues and it is much easier to learn
them and to remember their location in the interface structure, and older users have
age–related vision complications, the no inclusion of textual elements will allow us
to create a less complex visual interface helping from visual attention to icons
recognition.
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• H4: Interface Design with categorization of robot’ tasks, will allow a visual dom-
inance of the avatar and a simultaneous display of GUI with animated menus.

3 Method

A number of methodologies can be used when involving the elderly in the Interaction
design process. For instance, focus groups, surveys, interviews, observational studies,
and controlled experiments have all been used to study older users experience with new
technologies. Many of those methodologies are applied into the participatory Design
(PD) approach, which facilitates interaction evaluation to collect and to analyze
feedback from intended users, and makes possible their integration through all the
interaction design and development process, rather than finishing an interface design
and conducing a posterior user testing on it.

Four interface structures were applied to the design of Homemate robot interface
during the time of approximately eighteen months. Focus groups of older adults from
the Jogno Senior Welfare Service Center interacted with the first stages of the robotic
interface design in a controlled scenario.

Asking older adults what they prefer as part of a usability test may offer important
information about their subjective response to a given design. However assigning
simple interaction tasks, allow us to do a much better job of collecting missing
information and helping to achieve consensus on design decisions.

In our prior experience, older adults were in some way reluctant to participate in
paper and pencil questionnaires, and to recruit participants for more elaborated
experimental designs could be a time-consuming task without a meaningful difference
in the outcome given the characteristics of the study. Therefore we decided to
implement a reaction card method [18] during the testing of the last two versions of the
robotic interface, followed by a series of interviews to the participants and video
recordings for a posterior observation and analysis.

Since the participants have no English fluency, the cards were previously translated
to Korean language by a Korean native speaker.

3.1 Reaction Card Method

Developed by Microsoft, the Reaction Card method was originally designed to collect
the information related to the emotional response and desirability of a design or
product. This method is commonly used in the field of software design.

The older adults are asked to describe the robotic interface using any number of 118
words, targeted in a 60 % positive and 40 % negative/neutral balance. Below is an
example of these cards “Fig. 1”.

Each word is placed on a separate card. After viewing a design or product the
participant is asked to pick out the words they feel are relevant. The moderator would
then ask the participant to describe their rationale for their selection in a short
interview.
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3.2 Participants and Stimulus Materials

Twenty four participants from the Jongno Senior Welfare Service Center in Seoul,
South Korea were recruited to participate in the Reaction Card Desirability test. N = 24
(8 Males, 16 Females).

Since the robot for this study has a small screen size, the two elements of the
avatar + GUI were designed to fit screen dimensions and a good legibility on distance.
We should keep in consideration that most of the Korean older adults tend to get very
close to the screen regardless the use of eye glasses (Fig. 2).

Fig. 1. Example of reaction cards

Fig. 2. Homemate robot from inteligent systems research institute (Left) and Robotic interface
evaluated (Right).
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For a better understanding, we can describe the Robotic Interface designs layout for
visual dominances “Fig. 3”.

3.3 Manipulation/Independent Variables

Type of Interaction Design:

• GUI dominance on avatar. (full system of icons at once)
• Avatar dominance on GUI
• Intercalating Avatar/GUI
• Avatar dominance and GUI displayed in categories

3.4 Measurements/Dependent Variables

• Perceived Efficiency of the interface
• Perceived Complexity of the Interface
• How intuitive is the interface (Icons recognition, Interface ease of use and learning)
• Recognition of the embodied agent (avatar)
• Desirability

Fig. 3. Robotic interface design structure types
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3.5 Procedures

A controlled scenario was prepared in one of the coffee areas in the elderly center.
Context was designed to reduce distractions and allow free interaction with the robot
and the interface.

The participants for each condition were introduced with Homemate robot avatar.
The robot approaches the participant and the experimenter briefly explains the capa-
bilities of Homemate: Delivery service, entertainment, video chatting, etc. Experi-
menter used the same short discourse in both conditions for each older adult that
participates in the experiment. Each participant had 1 min to explore the interface. After
the initial exposure to the interface, the researcher gives the following instructions to
the participant:

– Please touch the online services icon
– Please select the icon that you think is for watching pictures
– How can I do if I want to watch more pictures?
– Do you know how to exit?
– Please touch the entertainment icon in the interface.

Then the participants were invited to give an interview about their impressions of
the robot. We included questions such as: Do you find it easy or complicated? How old
do you think the robot is?; Robot’s gender; Do you know what is this ___ icon for?…

4 Results

4.1 Based on Interviews and Observational Analysis of the Interaction

Information of great value was collected during the interviews and the observation of
the interaction videos. How the participants referred to the robot, whether as a machine,
computer or robot. Depending on the applied interface they change their behavior
towards the robot having a friendlier attitude with the avatar dominance or stressed
attitude with the GUI dominance.

Participants were willing to interact with the robot for longer periods of time when
the robot was displaying the Avatar and the categorized GUI structure. Older adults
were enthusiastic about trying it again but found complicated to learn and remember
what each icon was for. It could be solved by adding task-descriptive text, but then it
will bring more elements to the screen that can make complicated the visualization of
the avatar.

Auditory feedback was also included for each interaction, but we found it not
relevant for the recognition of the icons.

However we found that the inclusion of fading textual information during the
touching gesture could help in the recognition and recalling of the icons tasks. This was
a very important finding for our design process, allowing us to take advantage of
textual aids without keeping them present during all the time of the interaction.
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4.2 Based on the Reaction Cards Method

Positive Card Selections:

In general, participants expressed very positive opinions about the two last versions
of the robotic interface designs. Selections such as Attractive, Exciting, Usable, Fun,
were very popular Avatar dominance on GUI with categories “Fig. 4”. However, while
the inclusion of textual fading elements help into making more valuable, fast, time
saving and efficient the interface, negative impressions for complexity and confusing
interface also increase “Fig. 5”.

Negative Card selections:

Fig. 4. Avatar dominance on GUI with categories and No textual aids compared with Avatar
dominance on GUI with categories and with textual aids.

Fig. 5. Avatar dominance on GUI with categories and No textual aids compared with Avatar
dominance on GUI with categories and with textual aids.
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4.3 Hypotheses Testing

The results from our observations indicated that interaction structures for robotics
interfaces are judged to inherently affect the positive impressions of older adults
towards the robots. Those interaction designs, combining Avatars and Graphical User
Interfaces, can have an important effect on the user’s perceptions of robot’s capabilities
or the complexity of the robotic system.

• H1: Interface Design with visual dominance of the avatar will allow the users to
perceive the robot as an agent and not merely as a user interface. This hypothesis
was greatly supported by our analysis of the interactions and interviews. Partici-
pants assigned a gender and age to the robot and several gestures interacting with
the robotic systems were possible like touching and talking to the robot.

• H2: This hypothesis was not supported, based on the participants reactions. They
found the interface to be too complex and almost overwhelming. This interface was
graphically displayed in a similar fashion of a smartphone interface. The participants
needed more time to see each icon and understand how to interact with the interface.

• H3: This hypothesis was not totally supported by our analysis of interviews and the
reaction cards information. Although a more simple and clean interface was
designed by no including textual information. The participants faced complications
to identify and remember some of the icons that represented complicated robot
capabilities or services. This could be due to that level of affordance required for
those icons representations is difficult to achieve.

• H4: This hypothesis was supported by our analysis of interviews and Reaction
Cards information. By keeping the avatar full screen but presenting a GUI in
categories, we found a more intuitive way for the elderlies to interact with the
interface without losing the robotic agent sense.

5 Discussion

5.1 Theoretical Implications

In Human Robot Interaction field, interaction designers of robotics interfaces should be
aware of the user’s impressions toward the interface designed for the selection of
appropriate representations, affordances, icons size, feedback, sounds, behaviors and
visual cues. These interfaces structure adoptions might have a crucial effect on the user’s
judgment of the robotic system complexity and the perception of the embodied agent.

In this study, the way how a user interface structure is designed to allow the
coexistence of an avatar and a GUI, represent valuable information about the behaviors
and expectations of the elderly in the human robot interaction scenario.

5.2 Practical Implications

Interaction Design studies for Robotics Interfaces, offer tremendous valuable infor-
mation for designers of interfaces for the elderly. How a scenario in which an avatar
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and a GUI share the same screen can be structured for the better performance of the
system and an intuitive interaction experience. Considerations such as the use of fading
elements to reduce the visual load on the learner in reading text can guide interaction
designers in the process. These quick exposures of fading text can help ensure that
needed material that may otherwise get excluded from an overtaxed visual modality is
processed. Similar considerations are equally important as occurs with less complex
interfaces in terms of amount of icons shown in the interface.

The present study contributed in the development and interaction design for a
cognitive consumer robot “Homemate” from the Korus Tech Project in the Intelligent
Systems Research Institute In Sungkyunkwan University. Homemate tobot displays an
Avatar + Interface in a screen instead of head. This robot has a female voice and gives
assistance to the elderly for different scenarios such as Errand service for water, bev-
erages, etc. facilitates communication through video chatting, entertainment such as
games and karaoke, health assistance and online services such as Facebook photo
albums.

Additionally, while in HCI Interaction Guidelines concerning interface design for
the elderly, there is not a deep understanding whether the same principles can be
applied for HRI and interfaces involving Avatars and Graphical User Interfaces.

Furthermore, with the aging of our society, older adults have been becoming in one
of the one of main targets for the robotic industry, therefore investigate which is the
more reliable way to achieve user expectations about robots, from the interaction
design to the technical and engineering implications that it conceives is strongly
needed.

5.3 Limitations and Future Research

The findings in this current study could provide a set of design considerations to help
guide interaction designers in creating effective robotic interfaces for older adults, but
still are there some concepts to be tested regarding affordances and user learning avatar
or GUI assistance.

In robotics systems, task analysis plays a very important role for early input into the
design process designing for older adults. Such analysis can help into identify infor-
mation needs and expectations, visual and auditory requirements, focused attention
elements and aids for retaining information. This information provides a starting point
for identifying problems that older users could face during the interaction with the
robotic interface.

In addition, we can consider a comparative study with American older adults,
customization of the system of icons and perhaps conduct a future experiment con-
sidering senior adults with cognitive disabilities and applying a similar reaction card
methodology.

Few limitations of the study should be acknowledged in order to interpret its
findings effectively. First, while there are several assistant robots for older adults, our
focus in this study was on Homemate Consumer Robot that has only one screen which
plays the role of robot’s head. Second, the subjects were Korean older adults without
including individuals with serious physical or psychological disabilities.
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Abstract. In the last years introducing measures to face age discrimination and
increasing work safety in production environments have become crucial goals.
The present research proposes an innovative user interface exploiting Aug-
mented Reality techniques to support frail people, mainly elderly, in everyday
work on complex automated machines. It adapts its functionalities according to
the user skill, tasks, age, and cognitive and physical abilities thanks to a set of
knowledge-based configuration rules. A case study is described to illustrate the
methodology to manage the complexity of configuration rules and the resulting
developed platform.

Keywords: Human-computer interaction � Accessibility � User-centred
design � Adaptation � Augmented reality

1 Introduction

Numerous studies claim that in 2050 more then one-third of the European population
will be over the age of 65 and around half of workers will be aged over 50. The
participation rates of older workers in production and operative roles will have an
impact on economic growth and manufacturing efficiency because the mild deficiencies
they are usually affected (e.g. reduction in sight, mobility, force, concentration,
memory) can significantly decrease their performance and increase the risk of injury
[1]. As a consequence improving the job quality, introducing measures to face age
discrimination, increasing ergonomics and work safety have become crucial goals.
Moreover, today processes in manufacturing become more and more automated and
machines more and more complex to achieve short cycles and customized goods. Most
of them embed computer-based and web interfaces. Despite the advantages, user
interfaces (UIs) could represent a barrier for computer laymen and elderly people,
acting as inhibitors to usage rather than facilitators as they are generally not appro-
priate, unfamiliar and acceptable for elderly [2].

In this context, the present research aims at developing an assisted production
environment to support frail people working on complex machines by using an
innovative human-computer interface that adapts its functionalities according to the
user skill, tasks, age, cognitive and physical abilities. The implementation of set of
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knowledge-based configuration rules guarantees adaptation and easy information
access. The interface is context-sensitive thanks to the implementation of Augmented
Reality (AR) techniques to display the right digital information according to the
workspace and the machine the user is in front of and to the tasks he/she has to
perform.

The design of the Adaptable User Interface (AUI) follows a user-centred design
approach, that starts from the identification of target users and the classification of their
frailties, then analyses the context of use and the external events affecting
human-computer interaction, correlates the identified user frailties with the UI elements
to properly configure their features. Multiple interlinked 3D matrices are used to
manage the complexity of the configuration variables. The overall system architecture
is then defined and implemented. A preliminary system prototype is developed. Pre-
liminary tests to demonstrate the AUI usability are carried out on a particular case study
represented by tasks to control a wood working machine and perform ordinary
maintenance on it.

2 Related Work

Nowadays usability and ergonomics issues have become crucial for manufacturing due
to the increasing age of technical operators as a consequence of the aging trend of the
global population [3, 4]. Contemporarily machines are becoming more digitalised and
technologically advanced requiring high mental abilities that inevitably decrease with
age [5]. In technological-oriented sectors the deterioration of health and functional
status can strongly affect the job performance [6]. For instance, reduction in sight and
memory can highly affect the user performance when high reactivity is required and the
hard working conditions obstacle the use of glasses or the closing up to the target items.
On the basis of literature review, four classes of frailties can be identified for elderly:
visual, auditory, motor and cognitive. For each class, some accessibility problems can
be defined and some solutions offered by traditional systems can be found in literature
[6]. However, when machines are complex and require a very high-skilled interaction,
the proposed solutions seem not be easily integrated in such machines and not
appropriate for the elderly. In this context, the introduction of assistive technologies
based on adaptable and adaptive user interfaces can positively benefit Human-Machine
Interaction (HMI).

Adaptive User Interfaces (AUI) are defined as “systems that adapt what they displays
and available actions to the user’s current goals and abilities by monitoring the user
status, the system state and the current situation” [7]. They allow improving HMI mainly
by offering a set of functions supporting the user in its own tasks in respect of usability
design principles [8]. Practically, AUIs generally facilitate the user performance, mini-
mize the need to request of assistance, help users in dealing with complex machines and
avoid cognitive overload problems by conveying the right information to the user, both in
case of able-bodied and impaired people. In the context of HMI, being adaptive means
that the system is able to automatically adapt its features to the user in a transparent way
[9]. In all cases the basic and distinctive characteristic of an AUI is its capability to
dynamically tailor itself to the abilities, skills, requirements and preferences of the users,
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to the different contexts of use, as well as to the changing characteristics of users, as they
interact with the system [10]. In order to be adaptive, the interface has to support the
various “special” input and output data and dynamically reconfigure its main elements:
(1) layout (colors, fonts, graphical compositions in general); (2) contents (information
and data provided andmanaged at different levels of detail); and (3) feedback (interaction
way to provide alerts and notifications). A good classification of AUI patterns and a deep
analysis of adaptation mechanisms is provided by Nilsson [11].

A tool to make AUI context-sensitive is represented by Augmented Reality (AR),
whose advantage is to overlays computer-generated information (e.g. textual data, 3D
models, simulations, etc.) on the real world environment, enhancing the person’s
performance in and his/her perception of the world [12]. The displayed information and
overlaid image are context-sensitive, which means that they depend on the objects
recorded and recognized by a camera embedded into a portable and wearable device
(e.g. web camera, Smartphone, Head-Mounted Display). Chi et al. [13] classified the
AR enabling technologies in cloud computing environment for data management,
localization technologies to identify the postures of subjects, portable devices and
ubiquitous applications and finally natural user interface for the manipulation of digital
contents avoiding communication via indirect input devices. One of the strongest and
most promising application domains is actually manufacturing. AR can actually assist
and enhance both manufacturing and product development, leading to shorter
lead-time, reduced cost and improved quality. AR-aided manufacturing can be clas-
sified according to the activities connected with the production of an artefact (i.e.
factory layout planning, robot control and programming, machine tools, measuring,
testing and diagnose of parts, product assembly/disassembly, manipulation, transport
and store devices, machine maintenance) [14]. Nee et al. [15] proposed an extensive
overview of AR applications in manufacturing. The main critical aspects in AR-aided
manufacturing concern both the technology and the application. Despite recent
advances in technology, most of AR systems are laboratory-based implementations.
Crucial technological challenges regard real-time tracking and computation, synchro-
nization and related latency between real and virtual worlds, realisms of displayed
objects, the performance of mobile devices and the usability of current HMD [15].

3 The Adaptable User Interface: From Design to Prototyping

3.1 The Interaction Design Approach

The proposed approach derives from the findings of Lee et al. [16] that successfully
used a Quality Functional Deployment (QFD) correlation method to map the UI design
components with the user needs of able-bodied persons. However, in the present
research the correlation has an additional degree of complexity due to the elderly
frailties to be taken into account and to the operational context that is represented by
production machines. To solve this problem correlation is set into a 3D space made of
the three main elements characterizing Human-Machine Interaction. These elements
are the User, the Interface and the Environment. They lie respectively on x-y-z axes
(Fig. 1). Each dimension is then the result of further correlations among elements
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defining them. For instance, the User dimension is achieved by relating the user frailties
with the individual profile determined by his/her skill, education and age. The Envi-
ronment dimension is defined by the context of work and the tasks to be performed.

The combination of the three dimensions results into a set of configuration rules
able to adapt the interface features in a dynamic and interactively way. Rules derive
from the correlation among user characteristics (e.g. age, frailties, skills, education),
context of use (e.g. machine control, maintenance, assembly, training) and machine
environment (e.g. tasks, position, external events). They are logical relations able to
dynamically set the interface item characteristics and their degree of freedom consid-
ering the interaction style, graphics, dynamics and semantics (e.g. colour, icon and text
size, shape, relative position, audio feedback). In this way when the operator posture
and its position are recognized by the AR localization technologies, the system is able
to link the tasks to be executed and as a consequence the contents to be displayed and
then to infer which items of the interface will be used and reconfigured to be appro-
priate for use.

As mentioned before, a set of matrices are used to decompose the problem into
different steps, each of which manages a set of data that are related each other by means
of a specific correlation matrix as summarized in Fig. 2.

The first step regards the definition of the User characteristics dimension (i.e.
x-axis). For that purpose it is necessary the fulfillment of Matrix 2, correlating the user
profile, set in Matrix 1, and his/her frailties. A user profile is determined by his/her
skill, education and age. Each kind of information is categorized into a 5-point scale,
where 1 is the lowest level and 5 is the highest level, according to the Likert scale
method [17]. The categories proposed in this study are described in Table 1.

The next step is the correlation between the user profile and his/her frailties (i.e.
Matrix 2). Frailty classification is based on the model proposed by Clegg et al. [6] that
consists of four classes: visual, auditory, motor and cognitive. The frailty classes and
categories considered for this study are shown in Table 2.

Fig. 1. User-interface-environment space for AUI
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The second step regards the definition of the Environment elements (i.e. z-axis).
The environment is determined by the context of application (e.g. layout planning,
maintenance operations, machine control, assembly) and the specific location of the
operator in the factory, in front of the machine and its parts, within specific areas of the

Fig. 2. Research approach for AUI in manufacturing

Table 1. User characteristics categorization

User
characteristic

Categories
1 2 3 4 5

Skill Difficulties in
using digital /
web
interfaces ad
interacting
with
technology

Basic use of
digital /
web
interfaces
(only)

Medium use
of digital /
web
interfaces
(with low
knowledge)

Good
knowledge
and use of
digital /web
interfaces

High familiarity
with
technological
devices and
digital /web
interfaces

Education Elementary
school

High school
/college

Master /
degree

Technical
master /
degree

Master /PhD in
technical
disciplines

Age Over 70 65–70 55–65 40–55 18–40
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plants, etc. Both data are useful to the definition of the tasks the operator has to carry
out and the information he/she needs for task execution. The localization technologies
used in AR applications can be used to identify the user position in the factory. An
example of localization technologies that can be exploited for the research purpose uses
optical tracking and AR makers. AR markers are two-dimensional symbols that can be
placed on key surfaces in the factory (e.g. on the wall, on an assembly bench, on the
floor, etc.). They allow a camera generally mounted on a certain operator’s equipment
(e.g. protection glasses) or embedded in the tablet or Smartphone an operator has, to
determine position and rotation relative to a surface. These data are then used both to
define the user location and at the same time to superimpose 3D models or digital
information at the AR marker. The fulfillment of Matrix 3 with the above-mentioned
elements allows the determination of the z-axis. The last step regards the definition of
the Interface components (y-axis).

A human-computer interface and in general a UI refers to the modalities through
which people interact with computational technologies. These include different data
input and output devices [18]. Input is how a person communicates his/her needs to the
computer (e.g. keyboard, trackball, finger for touch sensitive screens, gestures, voice
for spoken instructions). Output is how the computer conveys the result of its com-
putations and requirements to the users (e.g. display screen, sound and haptic displays).
Due to the variety and complexity of means for communication, the analysis of the
main interface components is limited to Graphic User Interfaces (GUI) for web
applications [16, 19], as follows:

Table 2. Frailty classification

Frailty Classes /Categories
Visual Auditory Motor Cognitive

Long-sightedness Minor hearing
loss (26-40 dB)

Minor reduced
mobility of
legs

Anxiety disorders

Short-sightedness Medium hearing
loss (41–55 dB)

Medium-High
reduced
mobility of
legs

Memory problems

Far-sightedness
& Astigmatism

Medium-High
hearing loss
(56–70 dB)

Minor reduced
weight lift
(<25 kg)

Difficulties in concentrating
and processing large
amounts of information

Contrast
Sensitivity

High hearing loss
(71–90 dB)

Medium
reduced
weight lift
(<15 kg)

Color-blindness Sever hearing
loss (>90 dB)

Highly reduced
weight lift
(<6 kg)
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– Interaction style, which is the method by which the user and the computer com-
municate each other. Among them, three have been selected: (i) command line - it
requires the user to press a function key into a designed entry area on a screen;
(ii) menu selection - it is a set of options or choices from which the user must
choose by using a pointing device or keystroke. Labels must be meaningful and
understandable to be effective; and (iii) form fill-in - it is useful for easily entering
and collecting information.

– Graphics, which refers to styling fonts, size and distribution of elements, colours and
shape of icons and their relative position in the graphic interface area. In particular
among graphics the research focus is on the following elements: Menu, Frame,
Navigation bar, Icons and buttons, and Text. They can differ in terms of colours, size
and arrangement.

– Semantics, which comprehends the used language, metaphors and meaning of the
words in texts.

– Dynamics, which concerns the sequence of displaying a series of icons, texts as well
as the modality to navigate across the information hierarchical structure.

According to the adopted I/O devices, the interaction style, graphics and dynamics
can vary. For instance the frame of graphics will be different in case of touchpad or
mobile phones. This variation is expressed according a 0–1-3–9 scale according to the
following meaning:

0 – functionality not available;
1 – functionality implementation at low level;
2 – functionality implementation at average level;
3 – functionality implementation level at high level.

Such correlation is presented in Matrix 4 (Fig. 2). When the technology is defined, such
features can be established and mapped on the y-axis in Matrix 5. Once identified the
patterns of Matrix 5, the definition of the knowledge-based rules can start. Rules
consider that the interface can be described by means of its logical sections or pages
and, for each of them, a set of items are defined. The rules will indicate how such items
will be adapted when certain conditions will occur according to the usual syntax of the
if-then-else logics, which are common across many programming languages. For
instance, the interface can be described by its main pages and page sections, and items
can be changed according to specific conditions. The mechanism to define the set of
adaptive rules is described in Fig. 3.

For a specific user with a particular role located into certain environmental, each
interface item will be configured by a set of rules describing:

– type of contents to be presented by the interface (i.e. text, video, pictures, acoustic
messages, etc.), that mainly depends on the specific task to be executed, the operator
skills and role, the specific content of application and scopes, user frailties and
finally the interface semantics;

– quantity of contents shown by the interface (i.e. full details, partial or minimum
level of detail), that depends on the task to be executed, the user profile, the specific
content of application and scopes;
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– information to be displayed, that consists of data to be shown to the user depending
on his/her role and education profile, the specific context and the tasks;

– interface characteristics for each specific item of the interface, that refer to how the
interface features are configured in term of font, text, icons, color, navigation way
(i.e. bigger font, higher contrast, red color, round shapes). They are mainly influ-
enced by the specific user physical and cognitive frailties.

3.2 The AUI Architecture and the Preliminary Prototype

The overall system architecture is reported in Fig. 4. It implements the proposed
methodology for UI configuration. It allows the reader to focus on the research
objectives and to identify the main system modules.

Fig. 3. Rules for the definition of the interface feature

Fig. 4. Overall system architecture
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The main modules are:

– a machine main board, that collects and sends data about the specific machine to a
server by web services;

– a monitoring system board, that collects data about the manufacturing environment
thanks to a dedicated sensor network and sends those data to a server by web
services;

– a RFID tag placed on the operator, that monitors the user behaviours and sends data
to the central system engine on the server;

– a web-based UI visualized on tablet, that represents the HW-SE user interface where
adaptivity is enabled;

– an AR application based on Java to manage the tablet webcam and the Augmented
Reality contents on the tablet interface;

– an Augmented Adaptivity Intelligence on the server side, that allows the data
collected from the other modules to be managed, the knowledge-based rules to be
created according to the proposed method and the interface features to be then
configured. It exploits a Java Virtual Machine and web

– a Java Virtual Machine (JVM) to merge data and create/configure the web-based
interface visualized by the tablet.

According to such architecture, a preliminary AUI prototype is developed. It is a
web-based interface running on tablets that includes a commercial AR application, used
by operators in manufacturing context. The system uses RFID tags to identify the
specific operator and recover information about its characteristics (i.e. skills, age,
education and frailties). In the case study, the machine tool is a machine dedicated to
wood processing; it is composed by a loading-unloading area where the operator can
load/unload the piece of wood to be processed, and a closed area within which the
piece of wood is processed. All data coming from the machine are stored in the
machine tool main board. A set of sensors are embedded in the machine to measure
vibration and noise, smoke, and dust. All these sensors send data via wireless con-
nection to the machine main board and the monitoring system board located close to
the machine; from the boards data are sent via web-services to the central server. The
Java Virtual Machine (JVM) on the server side accepts those data and interprets them
through XML files that are parsed and stored into database. As soon as the interface
webcam is activated and recognizes the AR marker, specific information about the
position on the machine and/or the task to be performed are sent to the JVM. These
data, combined with the user profile, are used by the augmented adaptivity intelligence
to generate specific rules, select proper contents and configure UI features. These new
data are sent back to the Augmented AUI trough XML and/or JSON files.

4 A Use Case to Assess the AUI Performance

An industrial case study offered by a large-sized company producing machines for
working wood, metal and glass is presented in the paper to demonstrate the approach
applicability, validity and potentiality. The industrial partner aimed to realize an AUI
integrated in a pilot machine that assists operators with frailties in everyday task
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execution. In particular, the pilot machine is represented by a woodworking machine,
which is living a rapid technological evolution but where the age of the operators is
increasing due to the lack of new generations involved. According to the proposed
method, the case study is described in terms of:

• context: machine control and basic operations for windows furniture production;
• tasks: tasks mainly consists of machine loading and unloading, labelling of the

machined piece of wood and monitoring of the working conditions;
• target users: we consider an operator with a basic role (i.e. Op1), who takes care

about the load and unload of the machine, machine status monitoring and alert
identification. In our case he is a man of 60 years old (3) with a medium level of
education (3) and high skills (5). About its frailties, he is long-sighted and cannot
lift more than 25 kg;

• interface features: the features to be designed and adapted are described in Table 3.
A set of sections are defined and, for each of them, a list of items to be configured in
their graphics, dynamics and semantics when possible.

Table 3. Interface features to be adapted

Interface sections Interface features

Header F1. Multicolour status bar for environmental parameters
F2. Multicolour status bar for machine parameters

Load /Unload main page F3. Loading minutes
F4. Information about the part processed
F5. Part volume
F6. Part weight
F7. Load button
F8. Unload button
F9. Information about parts that have been already loaded
F10. Label to be put on the part processed

Detailed information page F11. Information about parts to be loaded next
F12. Information about running process

Video control panel page F13. Video about manual lading information
F14. Video about automatic lading information
F15. Video about machine internal movements
F16. Video about machine external locking clamps

Detailed diagram pages F17. Diagram of dusts
F18. Diagram of steams /fumes
F19. Diagram of sound pressure
F20. Diagram of vibrations
F21. Diagram of internal noises
F22. Combined graphs

Multi-level pages F23. Multi-level information
Alert F24. Alert and warning messages
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In order to preliminary demonstrate the AUI usability and acceptability, preliminary
usability tests are carried out. 5 sample users aged from 60 to 65 are involved. At the
beginning the machine is properly programmed; the users are asked to execute their tasks
about Op1 functions. It means that they are asked to perform tasks such as (T1) Read the
status of the environment, (T2) Read the status of the machine, (T3) Load/unload the
parts, (T4) Read the next part label to be loaded, (T5) Supply staples and labels, (T6)
Recognize an alert and its typology. During task execution a set of metrics are measured
and ad hoc questionnaires submitted to the sample users. Quantitative metrics are as
follows: execution time, number of errors or percentage, task completion. Qualitative
metrics regard perceived simplicity in use and provided information comprehensibility.
Judges are expressed according to 1–5 scale. Figure 5 shows a user involved in the
experimental testing using the AUI on the tablet and collecting information about the
tasks and environment by pointing the AR marker. As soon as the webcam of the tablet
recognizes the AR marker (highlighted in the red circle), the system is able to auto-
matically recognize if and when the operator has to load/unload a new piece of wood and
help him/her during the operation by providing additional information (i.e. how to load
or unload the piece in the right way, check to verify).

From the results of the experimental phases, it can be stated that introducing assistive
technology can really bring advantages to both operators and companies. Operators can
work more safely and with better performances, and the company can benefit of the
improved productivity. Table 4 shows the average results on all tasks for Op1.

Fig. 5. Experimentation: AR application reading the marker positioned on the machine tool
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5 Conclusion and Future Work

The paper presents an approach for designing AUI to support elderly in using machines
in manufacturing. The key element of this approach is the use of a set of 3D correlation
matrices able to link the User, the Interface and the Environment and define then some
knowledge-based rules to configure the AUI components. The proposed approach
enables the interface to change itself on the basis of the user demands, his/her cognitive
and physical abilities and the tasks he/she has to perform. The approach has been
applied in case of wood working machines. A software platform has been developed
and preliminary tested. Future work will be focused on the demonstration of the
approach reliability by collecting further case histories and on the analysis of the
platform usability and acceptability.
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Abstract. This paper proposes a concept of combining the techniques of classic
animation and robotic design to create a simple robot capable of interacting with
older adults, denominated “caricature robots”. A caricature robot can be
described as “a non-humanoid robot that can show simplified humanoid motions
in exaggerated ways”. To achieve that illusion, three key elements should be met
in a caricature robot: functionality, simplicity in motion and personality. While
interaction for every older adult can be different, users are allowed to personalize
their caricature robot by creating their own set of motions and personas that suits
their personal taste. This is made possible through the “Body Cerebellar and
Brain” control structure and the MotionClips software developed in this
research. MusicMouth is used to exemplify caricature robots. Through the
advantage of customization and personalization, caricature robots present a
range of scenarios.

Keywords: Interaction � Caricature robots � Robotic motion design

1 Caricature Robots

From the appearance design, robots can be divided into humanoid robots and nonhu-
manoid robots. Humanoid robots are designed to imitate human-like appearance and
movement. For example, Honda’s Asimo in Fig. 1(a) contains basic setup of trunk, hips,
upper and lower limbs and head. Its movement implementation intends to emulate human
motions, including basic walking, grabbing things, arm movement and even dancing.
Many non-humanoid companion robots are designed to resemble pets. For example, Paro,
described by Guinness world records as the “world’s most therapeutic robot of its kind”
www.parorobots.com has a pet-like appearance. As shown in Fig. 1(b), it is designed as a
seal covered in soft fur like a stuffed animal.

These robots are designed to have a personality, which is expressed by their robotic
motion. Paro for example, shows soothing movements and eye blinking which denote a
“cute” personality. Asimo, in contrast to Paro, presents more aggressive movements
that show a jovial personality, a younger, almost childlike spirit. For robots like Paro,
their “personality” or set of motions have been embedded in it, a set of reactions that
are triggered by the users to simulate interaction. The limitation with this embedded
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personality is obvious when trying to distinguish one Paro from another, due they will
all be the same and could not be adapted to the different needs or requirements to each
individual person who would interact with it. Over the past few decades, robotics has
been moving forward in aiding older adults in their daily tasks. Modern medicine as
well has been using robotic assistance for several tasks in homecare and medical
applications.

There are some important needs for older adults and dementia care that robotics can
cover, as numbered below:

• Reminiscence therapy: Therapy based on recollecting past experiences or events
through an audio-visual experiences [2, 3].

• Memory aid: Through audio-visual reminders and assets to keep the oriented while
doing their daily tasks [2].

• Communication: Research has shown that demented patients have express they feel
lonely [4, 5], although this problem is not exclusive for demented patients but also
between the elderly population of the world.

The work presented in this paper describes a new approach using caricature robots
for interaction with elderly people. A caricature robot as “a non-humanoid robot that
can show simplified humanoid motions and emotions in exaggerated ways.”
A lab-based evaluation, in which 16 older adults aged 52 to 80 interacted with the
facilitator through a caricature robot, showed positive results on acceptance of the
caricature robot. The levels of anxiety of the older adults were low while interacting
with a caricature robot based on their heart rate; also the level of concentration while
interacting with caricature robot is high based on the record from an eye tracker. This
evaluation was carried internally at the Gerontechnology Research Center during the
process and development of the caricature robot concept, these results will be published
in an upcoming paper. This paper presents the development of “caricature robots” and
how they can become part in the daily lives of older adults.

2 Method, Materials and Concepts

This research intends in a simplistic way to present personalities in caricature robots
that can be adapted to the different older adults who come across interacting with them.
While interaction for every older adult can be different, users are allowed to personalize

Fig. 1. (a). Asimo http://asimo.honda.com (b). Paro
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their caricature robot by creating their own set of motions and personas that suits their
personal taste. This is made possible through the “Body Cerebellar and Brain” control
structure and the MotionClips software developed in this research. A set of “rules” or
elements were defined for the creation of caricature robots, these elements we defined
as the “key elements” that every caricature robot must contain to be denominated as
caricature robots. These key elements are Functionality, Simplicity in motion and
personality. To be able to explain these key elements we will use the Music Mouth
project in this paper to aid us not only in the definition of our concept of caricature
robots and their key elements, but the scenarios in which it can be used and how it can
be included in the daily lives of older adults for interaction.

2.1 Three Key Elements for Defining a Caricature Robot

Caricature robots, while being non complicated robots; they achieve interaction and can
become part of households due to their unique characteristics, that do not rely on the
esthetics only but on their core function and motion design to be able to express
emotions through simple mechanisms. These key elements combined in a caricature
robot are:

Functionality. The first element of a caricature robot is its functionality, which is the
crucial factor of determination on how to include a caricature robot into a household.
This is what will determine where the robot will be placed, how it will be used and how
it can aid in one way or another. The inherent functionality, for example, photo frame
holders, trashcans, lamps and more, brings a full range of possibilities on how to
include caricature robots to our daily lives at home.

Simplicity in Motion. In a caricature robot, the mechanisms added to the original
functionality to facilitate robotic movements are expected to be simple but allow
movements for expressive motions. In contrast with most humanoid robots that contain
sophisticated mechanisms to achieve humanoid movements, a caricature robot intends
to use a small amount of degrees of freedom to achieve expressive motions.

Personality. The personality of a caricature robot relies mainly on the design of
motion. In particular, the movement exaggeration is a crucial part to show the per-
sonality of a caricature robot. The design of motion can be fully based on principles of
cartoon character design used by animators and artists around the world. “Disney
Animation: The Illusion of Life” [6], considered in the industry as the “Bible” of
animation, describes the motion and animation principles for cartoon characters, that
could be combined in a robotic body to achieve almost life-like expression in the
non-humanoid robot. These principles are:

• Squash and stretch
• Anticipation
• Staging
• Straight ahead and pose to pose animation
• Follow through and overlapping action
• Slow-out and slow-in
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• Arcs
• Secondary Action
• Timing
• Exaggeration
• Solid drawing
• Appeal

Through the design of motion, caricatures are able to give life to unanimated
objects like lamps, carpets [7] and even a toaster [8]. Of all 12 principles above, the
“solid drawing” principle is the only one that cannot be fully applied to a mechanical
body yet can be used in the facial expression design.

2.2 Music Mouth for Illustrating the Characteristics of a Caricature
Robot

“MusicMouth” shown in Fig. 2 is used as an example to illustrate the three charac-
teristics of a caricature robot. MusicMouth’s core functionality is to be a speaker,
which is a common appliance in many homes. Simple elements of motion were added
to this speaker, including an up-and-down motion that simulates the “mouth” and the
side-to-side motion that turns the “body” around. These two degrees of freedom keep
this robot simple but are enough to express personality. Personality was added through
the motions and visual elements added to the robot. MusicMouth opens and closes its
mouth when an audio input is detected. By taking an ordinary object as the speaker and
converting it into a caricature robot, more scenarios are possible. This speaker now can
use its personality and motions to be a more life-like speaker, an in-call avatar, or just
and “interactive partner” which converts digital source into physical motion. This first
step on developing this caricature robot was to find a basic common element in a home
that wouldn’t be invasive, that would be functional and that could be inserted in homes
easily. The conversion of the ordinary speaker into a caricature robot was based on a
simple design process of the addition of servo motors and controllers that would react
to the input received and, along with the speaker generate an output that could give this
“illusion of life” through the key element number 3 described before in this paper,
Personality. We recently finished the real prototype Fig. 3 of MusicMouth in which we
could test the different features that can help us create user scenarios in which such
caricature robot can be used to interact with older adults.

Fig. 2. Musicmouth with different visual aids to define personality
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3 Software Development and Discussion

While interaction for every older adult can be different, users are allowed to personalize
their caricature robot by creating their own set of motions and personas that suits their
personal taste. This is made possible through the “Body Cerebellar and Brain” control
structure and the MotionClips software developed in this research.

3.1 Developed Software – The “Body, Cerebella and Brain” Control
Structure

MusicMouth is based on the “Body, cerebella and brain” control structure that keeps
the whole set of commands and instructions on the software of the system yet not on
the hardware. MusicMouth’s input can be from music, a Motionclip file or any other
audio input available into the application and a micro processing unit controls it, which
is ready to receive and execute the different commands from the input application. This
allows customization to happen inside the application for persona creation and intensity
of interaction. This can also allow easy update on the system without the need of
changing anything on the hardware. To facilitate this customization to the users, an
application to go along with these caricature robots has been created called Motionc-
lips, which allows the user to create audio and video files with a set of motion com-
mands assigned by the end-user to fit his needs and ways of interaction (Fig. 4).

Fig. 3. Musicmouth first prototype
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MotionClips is an application that allows the end-user to create and send custom
video and audio content with e-motions (electronic motions) through a caricature robot.
This content is saved in a “video + motion” and “audio + motion” format that caricature
robots recognizes. This format setting is simply a video or an audio file that carries
along with it a command file that will trigger motions of the robotic body of the
caricature robot to play along with the video and audio content. MotionClips can also
be employed to share audio content with motions through MusicMouth. This simple
case-scenario takes two users living afar. MotionClips allows the creation of custom
animated motions to accompany an audio clip. When this audio + motion is shared to a
caricature robot, the robot will reproduce those motions predetermined by the remote
user during while the audio clip is being reproduced.

3.2 Music Mouth and Usage Scenarios for Older Adults

MusicMouth as a caricature robot can be used in many different scenarios based on the
features that were added to this home speaker, now transformed into a robot. Music-
Mouth was created and designed to give life to the sounds emitted by the speaker,
bringing a new way to not only hear the intensity of the sound interaction but also add a
visual value of such intensity. We will now discuss a couple of scenarios where
MusicMouth is used for interactivity. Not only presenting himself as an interactive
music speaker which as shown in the image converts the audio input received from a
smart device through Bluetooth and converts it to motion and expression while also
amplifying the sound signal. MusicMouth does the opposite of what current technology
trends are doing; MusicMouth converts a digital input into an analog output. In the
second scenario we hold two ends in this “visual equation” in which the caregiver can
communicate with the older adult through MusicMouth. This scenario is being applied
to older adults who by many different circumstances live in solitude and are not able to
keep constant communication with their caregiver, family members, friends etc. Using
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Bluetooth com-

munication KUSIP 
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Fig. 4. Control structure of MusicMouth
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a caricature robot like MusicMouth as a gate of communication can aid to the lone-
liness feeling that many older adults that live by themselves struggle with [9]. Opening
a gate of communication between older adult and caregiver, that has the added value of
interaction through motion, MusicMouth is also a telepresence robot. Reduced to a
very simplistic approach in which the monitor or screen used in telepresence robots are
replaced by motions and emotions expressed through the caricature robot itself;
MusicMouth becomes a real life avatar.

MusicMouth also presents the possibility of adapting itself into different circum-
stances and needs to the different potential users. MusicMouth can be used to remind
them the different daily activities they have on their schedules. The personality and
appearance of MusicMouth will not be the same one to another not only through the
customization of input it receives but also through the different accessories Music-
Mouth can have to change its appearance without affecting the functionality. The user
should be able to define the personalities and interaction of their caricature robots.
MusicMouth can be an aid to elders living alone, not only being a gate of commu-
nication with their caregivers or family members but also being a personal reminder for
their daily chores and important tasks as taking medication and more. These reminders
and tasks can be programmed by the caregiver or family into their own smart device
which is connected to MusicMouth, keeping a simple yet interactive way of commu-
nicating with their loved ones.

4 Conclusions

Caricature robots open up the possibility to engage older adults in an interactive way of
communicating with their loved ones. Caricature robots are defined by three elements,
functionality, simplicity in motion and personality, all of the above based on the main
objective that the creators of caricature robots desired for this project, to have a useful
robot that can be put in homes without being complicated to build or operate. Cari-
cature robots are not intended to be complicated robots or robots with a humanoid
behavior, they are simple robots that are capable of expression. The video + motion and
audio + motion format created for caricature robots allow users to interact remotely
with their loved ones. Customization and persona creation allows caricature robots to
differentiate themselves from other available robots allowing the user to define how and
where these caricature robots interact with them. The interaction with older adults
through caricature robots goes beyond the local scenario. These robots intend to be an
open gate of communication between families or caregivers with simple robots that are
not invasive and can be included at homes. For our future works we are to implement
MusicMouth and other Caricature Robots in home environments designed for elders
suffering with dementia in Taiwan, opening a gate of communication between them
and their families that usually are separated in great distances due work locations and
more. Caricature robots are now in development but they represent a new option in
robotic design for households where older adults live, by being daily use objects by
themselves through their functionality element of design, we wouldn’t present objects
that are unfamiliar to them. We can take a picture frame, a speaker, a phone holder and
more common objects and add these key elements of caricature robots as shown with
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MusicMouth and turn them into robots with personalities. The “cute” factor of their
design is a non-threatening one, which allows older adults to feel more relaxed around
them as shown before in the lab-based experiment. Caricature robots not only intend to
be a feasible and sensible option to include robots at home, but also intend to be the
gate of communication and interactivity that is absent in many households where older
adults reside alone. MusicMouth and other Caricature robots have been 3d printed,
being this, a gate of possibilities for many to be able to obtain customize and print their
own, cutting down the costs of production to a minimal, making it affordable and
reachable even in places where technology is not an option due to lack of financial
resources. Knowing that not every older adult gets acquainted easily with new tech-
nology, caricature robots allow a wide range of possibilities in customization, allowing
the users and caregivers to adapt them to their own needs and taste. We believe that
caricature robots are a good open door to finally allow robots into our daily lives
without being intrusive or obsolete “toys” without functionality. Caricature robots do
not intend to denigrate our older adult community by designing technology “specially
for them”, we believe that older adults are an active community that like to play with
technology as well, and caricature robots is technology for everyone to use, that is
simple yet we kept the “Fun” factor on them for everyone to enjoy. Caricature robots as
mentioned before, are to be useful in homes, are to be non-threatening and reachable to
anyone who would like to own one to have a home care system through a simple
“robotic friend”, caricature robots.
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Abstract. The aging process carries important implications for the design of
human-computer interfaces. Decreases in vision, motor control and muscle force
combined with a higher vulnerability to musculoskeletal disorders and to
degenerative diseases should be taken in consideration when designing and
selecting computer input devices for the elderly. This study reviews the recent
research literature on computer input devices and their adequacy to the elderly
user. Significant findings from evaluative studies are summarized, and recom-
mendations are provided.
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1 Introduction and Significance

The fast aging of many western and eastern societies and their increasing reliance on
information technology create a compelling need to reconsider older users’ interactions
with computers. Computers are critical for productive and independent living (Char-
ness 2001). Older adults are increasingly using computers (Ball and Hourcade 2011),
but they often face challenges and lag behind younger users (Ji et al. 2010; Czaja and
Lee 2003). Barriers include lack of familiarity, feelings of inadequacy, declining visual
and motor skills (Carpenter and Buday 2007; Mann et al. 2005). Computers allow the
elderly to stay employed, informed, intellectually active, and socially integrated
(Taveira and Choi 2009).

Older adults often use computer input devices in different ways when compared to
younger ones. These differences in usage style can be attributed to aging effects as well
as to limited familiarity with computers. Hsiao and Cho (2012) studied healthy young
and older adults performing a series of mouse tasks. A three dimensional motion
capture system and electromyographic analysis were used to obtain kinematic and
kinetic data. Compared with young adults, the older users had greater amplitude of
muscle activity in forearm, and greater cranial-cervical angle and neck flexion (forward
head posture). Consequently, the older adults might be at greater risk of developing
musculoskeletal disorders (Hsiao and Cho 2012).

Many older adults suffer from vision reducing eye disease (Leonard et al. 2005),
and less efficient visual processing. Age-related changes affecting computer usage
include reduced muscle strength and range of motion (ROM), difficulty executing fine
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movements, as well as increased incidence of arthritis and neurological disorders
(Jochems et al. 2013). Size constraints in handheld devices further aggravate these
issues (Díaz-Bossini and Moreno 2014; Zhou, Rau and Salvendy 2012).

The purpose of this review is to synthesize the available research on computer input
devices from a perspective of older users, with an emphasis on mitigation and
accommodation to musculoskeletal disorders (MSDs).

2 Methods

Using a systematic approach to literature searching, the authors first defined an initial
set of keywords to guide the identification of relevant studies. Two librarians were
engaged in the process of identifying and searching appropriate databases. The search
was conducted primarily using electronic sources, supplemented by books and other
printed materials retrieved from a network of libraries. Studies published in English
were drawn from peer-reviewed journals, conference proceedings, edited books, and a
variety of web-based sources.

3 Discussion of Results

Input devices sense physical properties of the user (e.g., motions, touch, voice, etc.) and
convert them into predefined signals to the computer. Input devices must comply with
the users’ anatomic, biomechanical, perceptual, and cognitive needs and capabilities.
Epidemiological studies have associated long hours of computer use with elevated rates
of MSDs in the arms and neck (Gerr, Marcus, and Monteilh 2004). Furthermore, since
the prevalence of several MSDs increases with age (Woolf and Pfegler 2003), addi-
tional caution in the design and selection of input devices for this population is jus-
tified. Older adults are in general slower in movement and make more submovements
(Hertzum and Hornbaek 2010; Nichols, Rogers, and Fisk 2006) when operating input
devices.

3.1 Keyboards

Although the association between typing and MSDs is somewhat mixed (Gerr et al.
2004), the conventional QWERTY keyboard design affects upper limbs postures
(Rempel et al. 2007; Swanson et al. 1997). Typing postures are also influenced by the
nature of tasks performed and the workstation configuration.

Older adults are slower typists, particularly novices, but not necessarily less
accurate (Bosman and Charness 1996). Users with rheumatoid arthritis, a common
illness among older adults, tend to apply high force keystrokes. They move their hands
to strike keys and tend to maintain their wrists and fingers in a fixed position. These
keyboarding styles appear to reduce typing productivity and have the potential to put
stress on joints already affected by the disorder (Baker, Gustafson and Rogers 2010).
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Mann et al. (2005) found that “larger keys” was the most common improvement
request among older users. Scarce evidence exists on the benefits of alternative key-
board designs on MSD prevention, although there is some evidence that users suffering
from hand-wrist pain may experience improvement in soreness and function with a
split keyboard geometry (Tittiranonda et al. 1999). For handheld computers older
adults prefer a physical keyboard to on-screen ones (Zhou, Rau and Salvendy 2012).

3.2 Pointing Devices

Pointing devices allow the user to control cursor positioning and to select, activate, and
drag items on display. Web interaction, for example, involves frequent pointing and
selecting tasks, commonly surpassing keyboard use. The pointing device design and its
operational characteristics, along with the workstation configuration, and the nature,
duration and pace of the tasks, affect body postures. General concerns relating to the
usage of pointing devices by the elderly include prolonged static postures of the back
and shoulders, frequent wrist motions and excessive forearm pronation and wrist
deviation.

Mouse. The mouse is the most commonly used non-keyboard input device with
desktop computers (Atkinson, Woods, Haslam, and Buckle 2004). Intensive mouse use
has been associated with increased risk of upper extremity MSDs, including carpal
tunnel syndrome (Keir, Bach, and Rempel 1999). Various aspects of mouse control
such as moving, clicking, fine-positioning, and dragging may be difficult for older
people due to declining motor control and coordination. Increased susceptibility toward
disabling conditions, such as arthritis, compounds the problem. Sandfeld and Jensen
(2005) indicated that the combination of small target sizes and high mouse gain
reduced performance severely, as measured by working speed and hit rate, and this was
especially pronounced in the elderly group. In addition, muscle activation levels were
found to be generally higher among older users. Mouse usage speed was found to be
negatively affected by age, as well as by age-related impairments (Baker and Rogers
2010)

Touchpad. A touch pad is a flat panel that senses the position of a finger or stylus, and
is commonly found as an integrated pointing device on portable computers such as
laptops, notebooks, and PDAs. For older adults using portable computers, the small pad
dimension poses some challenges due to the size mismatch with the screen. Elderly
users may also experience difficulty with the complex motor skills involved in tapping
the touch pad (Wood, Willoughby, Rushing, Bechtel, and Gilbert 2005). Armbrüster
et al. (2007) showed that older users were significantly slower than younger ones when
executing touchpad tasks. Hertzum and Hornbaek (2010) comparing young (12–14
years), adult (25–33 years), and elderly (61–69 years) participants’ performance in
pointing tasks with mouse and touchpad concluded that all three age groups were
slower and made more errors with the touchpad than the mouse, but the touchpad
slowed down elderly participants more than young participants, who in turn were
slowed down more than adult participants.
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Trackball. Users with low strength, poor coordination, wrist pain, or limited ROM,
may prefer a trackball to a mouse (Wobbrock and Myers 2006). Trackballs need little
space in which to operate, unlike mice, which have large desktop footprints. Trackballs
can be embedded in consoles or keyboards, making them suitable for public terminals
since they cannot be easily removed (Wobbrock and Myers 2006). Chaparro et al.
(1999a) concluded that the trackball might be better for the elderly when performing
prolonged and repetitive actions. Chaparro et al. (1999b) suggested that the mouse may
be a better device than the thumb-controlled trackball, but that a finger-ball design may
offer benefits to the elderly.

Touchscreens. Touch screens allow direct user input on a display. Input signals are
generated as the user moves a finger or stylus over a transparent touch-sensitive surface
placed over the display. Older adults generally have positive opinions about touchsc-
reens (Mitzner et al. 2010, Chung et al. 2010), but are less likely to use them (Fisk et al.
2012). A performance study by Findlater et al. (2013) found that older adults were
significantly slower than younger adults in general with the touchscreen reduced per-
formance gap relative to the desktop and mouse. Indeed, the touchscreen resulted in a
significant movement time reduction of 35% over the mouse for older adults, compared
to only 16% for younger adults. Error rates also decreased for the touchscreen. Finally,
Chang, Tsai, Chang, and Chang (2014) found that performance on touch panel oper-
ations was much worse among elderly users as compared to that of young users. The
authors also indicated that touchscreen size had a significant effect on operating per-
formance, with elderly users having difficulty performing drag and scale tasks on
smaller screens.

Trackpoint. A trackpoint, a small isometric joystick placed between the letter keys G,
H and B on the computer’s keyboard, is a common input device in laptop and notebook
computers. It senses force from the fingertip, which results in a cursor movement
specified by a non-linear transfer function. Research has shown that for older adults the
trackpoint seems to be quite challenging to master and rather difficult to operate
(Armbruster, Sutter, and Ziefle 2007).

3.3 Hands-Free Input

Voice. Voice input may be helpful to older users in a number of situations, either as
the sole input mode or jointly with other control means. Speech based input may be
appropriate, when the user’s hands or eyes are busy, when interacting with handheld
computers with limited keyboards or (touch) screens, and for users with perceptual or
motor impairments (Cohen and Oviatt 1995). Jastrzembski et al. (2005) reported that
speech recognition was preferred over light pens although with longer response times.
No age effects within device type were found (i.e., voice versus light pens). In con-
junction with other input modes voice can reduce errors, facilitate corrections, and
increase flexibility of handheld devices (Cohen and Oviatt 1995). Speech recognition
may enable older adults to interact effectively with a number of computerized appli-
ances, and eliminate, reduce, or supplement the use of keyboards or other physical
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input devices. Voice input seems to be appropriate when quick user input is required
for descriptive information, and when minimal training is possible. However, vocal
fatigue may be a concern (Welham and Maclagan 2003).

Eye Tracking. Eye-tracking devices employ a camera or an imaging system to
visually track some feature of the eye and determine the location of the user’s gaze.
Eye-tracking devices allow the user to look and point simultaneously, with item
selection achieved typically by eye blinking. These devices free the hands to perform
other tasks, nearly eliminate device acquisition time, and minimize target selection
time. This technology might benefit older users with limited manual dexterity. Sig-
nificant constraints to its wide application include cost, need to maintain steady head
postures, frequency of calibrations, portability, and difficulty to operate. Other relevant
problems include unintended item selection and poor accuracy, which limits applica-
tions involving small targets (Oyekoya and Stentiford 2004). Morris, Saponas and Tan
(2010) indicate that eye tracking technology, which can be incorporated in handheld
devices, holds significant potential not only for motor-impaired users, but also for
collecting information about a user’s attention. Significant challenges remain to dis-
tinguish between gazes signifying attention to a target from the ones intended as
deliberate inputs.

Gestural Input. Gesture controlled user interface (GCUI) affords realistic opportu-
nities for specific application areas, and especially for users who are uncomfortable
with more commonly used input devices (Bhuiyan and Picking 2009). Using Natural
User Interfaces, more specifically using gestures or movements on a multi-touch
device, can be a good alternative to overcome these difficulties (Loureiro and Rodri-
gues 2011). Gestural input can address difficulties found in the keyboard and mouse
and improve accessibility (Loureiro and Rodrigues 2011; Bhuiyan and Picking 2009).
Stößel, Wandke, and Blessing (2010) investigated whether finger gesture input is a
suitable input method, especially for older users (60+) with respect to age-related
changes in sensory, cognitive and motor abilities. They found that older users are a
little slower, but not necessarily less accurate than younger users, even on smaller
screen sizes, and across different levels of gesture complexity. This indicates that
gesture-based interaction could be a suitable input method for older adults.

4 Conclusions

Increasing numbers of older adults are engaged with computers, but these users still
trail the rate of participation of younger individuals and they often meet with difficulties
in their interactions with this technology. The smaller and less efficient usage of
computers by the elderly can be potentially attributed to the inadequate design and/or
selection of input devices. Aging is commonly associated with a number of decrements
in perceptual, biomechanical and physiological capacities, which can affect
human-computer interaction. Reductions in vision, fine motor control and strength
coupled with an increased susceptibility to musculoskeletal disorders and overall
incidence of degenerative disorders must be considered when designing and selecting
input devices for the older user. Evidence suggests that conventional keyboards with
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larger keys are preferred. Older users may find computer mice challenging to operate,
and lower mouse sensitivity (speed) and larger icons (targets) are recommended.
Trackballs may offer an alternative for the elderly performing continued and repetitive
pointing tasks. In laptops touchpads may reduce performance among the elderly, but
are still preferable to the trackpoint, which is not recommended. Voice input has the
potential to improve computer interaction among older users, either as a sole or a
supplemental mode. Other forms of input such as gaze and gestures hold great promise
but limited evidence exists as to their adequacy to the elderly user.
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Abstract. Vocal command may have considerable advantages in terms
of usability in the AAL domain. However, efficient audio analysis in smart
home environment is a challenging task in large part because of bad
speech recognition results in the case of elderly people. Dedicated speech
corpora were recorded and employed to adapted generic speech recog-
nizers to this type of population. Evaluation results of a first experiment
allowed to draw conclusions about the distress call detection. A second
experiments involved participants who played fall scenarios in a realistic
smart home, 67 % of the distress calls were detected online. These results
show the difficulty of the task and serve as basis to discuss the stakes
and the challenges of this promising technology for AAL.

Keywords: Automatic speech recognition · Aged voices · Home
automation · Vocal command · Distress call · Ambient assisted living

1 Introduction

Life expectancy has increased in all countries of the European Union in the
last decade. In the beginning of 2013, 9 % of the people in France were at least
75 years old. The number of dependent elderly people will increase by 50 % by
2040 according to INSEE institute [12]. The notion of dependency is based on the
alteration of physical, sensory and cognitive functions having as a consequence
the restriction of the activities of daily living, and the need for help or assistance
of someone for regular elementary activities [7]. While the transfer of dependant
people to nursing homes has been the de facto solution, a survey shows that
80 % of people above 65 years old would prefer to stay living at home if they lose
autonomy [10].
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The aim of Ambient Assisted Living (AAL) is to compensate the alteration
of physical, sensory and cognitive functions, that are cause of activity restric-
tions, by technical assistance or environmental management through the use
of Information and Communication Technology (ICT)1 as well as to anticipate
and respond to the need of persons with loss of autonomy while AAL solutions
are being developed in robotics, home automation, cognitive science, computer
network, etc.

We will focus on the domain of smart homes [6,11,25] which are a promising
way to help elderly people to live independently. In the context of AAL, the
primary tasks of the smart homes are the followings:

– to support disabled users via specialized devices (rehabilitation robotics, com-
panion robot, wheelchair, audio interface, tactile screen, etc.);

– to monitor the users in their own environment at home thanks to home
automation sensors or wearable devices (accelerometer or physiological sensors
recording heart rate, temperature, blood pressure, glucose, etc.);

– to deliver therapy thanks to therapeutic devices;
– to ensure comfort and reassurance thanks to intelligent household devices,

smart objects and home automation.

It is worth noting that, within this particular framework, intelligent house
equipment (e.g., motion sensors) and smart leisure equipment (interactive com-
munication systems and intelligent environmental control equipments) are par-
ticularly useful in case of emergency to help the user to call his relatives, as well
as transmitting automatically an alert when the user is not able to act himself.
At this time, an other research domain related to energy efficiency is emerging.

Techniques based on very simple and low cost sensors (PIR)[13] or on video
analysis [19] are very popular, however they can not be used for interaction
purpose unless they are completed by a tactile device (smart phone), while Vocal-
User Interface (VUI) may be well adapted because a natural language interaction
is relatively simple to use and well adapted to people with reduced mobility or
visual impairment [27]. However, there are still important challenges to overcome
before implementing VUIs in a smart home [36] and this new technology must
be validated in real conditions with potential users [25].

A rising number of recent projects in the smart home domain include the
use of Automatic Speech Recognition (ASR) in their design [4,5,9,15,16,22,26]
and some of them take into account the challenge of Distant Speech Recogni-
tion [23,34]. These conditions are more challenging because of ambient noise,
reverberation, distortion and acoustical environment influence. However, one of
the main challenges to overcome for successful integration of VUIs is the adap-
tation of the system to elderly. From an anatomical point of view, some studies
have shown age-related degeneration with atrophy of vocal cords, calcification of
laryngeal cartilages, and changes in muscles of larynx [24,32]. Thus, ageing voice
is characterized by some specific features such as imprecise production of conso-
nants, tremors and slower articulation [29]. Some authors [1,37] have reported

1 http://www.aal-europe.eu/.
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that classical ASR systems exhibit poor performances with elderly voice. These
few studies were relevant for their comparison between ageing voice vs. non-
ageing voice on ASR performance, but their fields were quite far from our topic
of automation commands recognition, and no study was done in French language,
except for pathologic voices [14].

In this paper, we present the results of our study related to a system able to
detect the call of elderly for emergency when they are in a distress case.

2 State of the Art

A large number of research projects were related to assistive technologies, among
them House n [18], Casas [8], ISpace [17], Aging in Place [31], DesdHIS [13],
Ger’Home [41] or Soprano [39]. A great variety of sensors were used like wear-
able video cameras, embedded sensors, medical sensors, switches and infrared
detectors. The main trends of these projects were related to activity recognition,
health status monitoring and cognitive stimulation. Thanks to recent advances
in microelectronics and ICT, smart home equipments could operate efficiently
with low energy consumption and could be available at low prices.

Regarding speech technologies, the corresponding studies and projects are
in most cases related to smart homes and assistive technologies. Table 1 sum-
maries their principal characteristics2. Among these projects, Companionable,
Companions and DIRHA, while aiming at assisting elderly people, mostly per-
formeded studies including typical non-aged adults; the greatest of the Sweet-
Home studies were related to adult voices but some aged and visually impaired
people took part in one experiment. Automatic recognition of elderly speech was
mainly studied for English by Vipperla et al. [38] and for Portuguese by Pellegrini
et al. [26]. These two studies confirmed that the performances of standard recog-
nizers decrease in the case of aged speakers. Vipperla et al. used the SCOTUS
speech corpus which is the collection of the audio recordings of the proceedings
of the Supreme court of the United States of America. This corpus allowed them
to analyze the voice of a same speaker over more than one decade. By contrast,
Aladin, homeService, and PIPIN considered the case of Alzheimer’s voices,
which is a more difficult task than for typical voice because of the cognitive and
perceptual decline affecting this part of the population since it may impact the
grammatical pronunciation and flow of speech which current speech recognizers
can not handle.

Figure 1 describes the general organisation of an Automatic Speech Recogni-
tion systems (ASR), the decoder is in charge of phone retrieval in a sequence of
feature vectors extracted from the sound, the simplest and more commonly used
are Mel-Frequency Cepstral Coefficients (MFCCs) [40]. Phones are the basic
sound units and are mostly represented by a continuous density Hidden Markov
Model (HMM). The decoder tries to find the sequence of words ̂W that match
the input signal Y:

̂W = arg max
W

[p(Y|W ) p(W )] (1)

2 The correspondence between project number and reference is given in Table 2.
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Table 1. Speech recognition technologies in smart homes for assistive technologies

Project or
study

Users Characteristics of
the voice

Conditions
of record

Studio or
smart
home

Vocabulary

S1 [21] Adults Neutral: vocal
command
(wheelchair)

Close Boston
Home

Large

S2 [26] Elderly Neutral: ageing
well

Close MLDC
corpus

Large

S3 [38] Elderly Professional:
defense speech

Close Supreme
Court
(US)

Large

P1 [15] Dysarthric Realistic: vocal
command

Close Studio Short and
adapta-
tive

P2 [23] Adults Neutral: vocal
command

Distant SmH Large

P3 [5] - Neutral: Dialog
companion

Close - Large

P4 [22] Adults Neutral: control
of appli-
ances/devices

Distant
home

DIRHA Large

P5 [9] Dysarthric Neutral: vocal
command
(assistive
technologies)

Micro-
phone
array

- Short

P6 [16] Adults Neutral: alarm
confirmation

Micro.
phone

- “yes”/“no”

P7 [4] Dysarthric Realistic:
environmental
control

Close UA-speech
corpus

Short

P8 [34] Adults/
elderly

Neutral: home
automation

Distant DOMUS Medium

P9 (This
study)

Elderly Neutral/expressive
call for help

Short Medical
institu-
tions

Short

The likelihood p(Y|W ) is determined by an Acoustic Model (AM) and the prior
p(W ) by a Language Model (LM). Aladin is based on principles radically dif-
ferent from those of classical ASRs and uses a direct decoding thanks to Non-
negative Matrix Factorization (NMF) and does not use any AM or LM.

ASRs have reached good performances with close talking microphones (e.g.
head-set), but the performances decrease significantly as soon as the microphone
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Table 2. Studies and projects related to speech recognition of aged people

Proj. Principal author or acronym Ref.

S1 Li, W. [21]
S2 Pellegrini, T. [26]
S3 Vipperla, R. [38]
P1 Aladin [15]
P2 Companionable [23]
P3 Companions [5]

Proj. Acronym Ref.

P4 DIRHA [22]
P5 homeService [9]
P6 PERS [16]
P7 PIPIN [4]
P8 Sweet-Home [34]

P9 CIRDO (This study)

is moved away from the mouth of the speaker (e.g., when the microphone is set
in the ceiling). This deterioration is due to a broad variety of effects including
reverberation and presence of undetermined background noise. Distant speech
recognition is the major aim of DIRHA, Companionable and Sweet-Home.
The Sweet-Home project aimed at controlling an intelligent home automation
system by vocal command, and a study done in this framework showed that
good performances can be obtained thanks to Acoustic Models trained on the
same conditions as the target model and using multiple channels [35].

Feature
extraction

Feature
vectors

Y

"Au secours"Decoder

Speech Word sequence

W

Acoustic 
models

Pronunciation
dictionnary

Language
models

Fig. 1. Architecture of a classical ASR

Studies in the Natural Language Processing (NLP) domain require the use
of corpora which are essential at all steps of the investigations and particu-
larly during the model training and the evaluation. To the best of our knowl-
edge, very few corpora are related to ageing voices in French [14]. The different
available corpora are stems of projects related to the study of French language
like the “Corpus de Français Parlé Parisien des années 20003”. This corpus is
made of recordings of inhabitants of different districts of Paris in order to study
the influence of French spoken language over France and the French speaking
world. The “Projet Phonologie du Franais Contemporain4” is a database of
records according to the region or the country. The records of 38 elderly people
(above 70 years old) are included, each record is made of a word list, a small text
and two interviews. Other available sources come from videos of testimonies of
Shoah survivals and recorded in the framework of “Mmorial de la Shoah5” which
3 http://ed268.univ-paris3.fr/syled/ressources/Corpus-Parole-Paris-PIII.
4 http://www.projet-pfc.net/.
5 http://www.memorialdelashoah.org/.

http://ed268.univ-paris3.fr/syled/ressources/Corpus-Parole-Paris-PIII
http://www.projet-pfc.net/
http://www.memorialdelashoah.org/
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collect testimonies and organize conferences. These videos are not annotated.
This corpus is then a collection of interviews and spontaneous speech.

As no study was done with the purpose of facilitating the communication and
the detection of distress calls and given that no corresponding corpus exists in
French, the first challenge was to record speech corpora uttered by aged people in
order to study the characteristics of their voices and explore ways to adapt ASR
systems in order to improve their performances for this population category. The
second challenge was related to the evaluation of the usability and the acceptance
of systems based on speech recognition by their potential users in a smart home.

3 Corpus Acquisition and Analysis System

Therefore, in a first step, we recorded two corpora AD80 and ERES38 adapted
to our application domain. ERES38 was used to adapt the acoustic models of
a standard ASR and we evaluated the recognition performances on the AD80
corpus. Moreover, we drawed some conclusions about the performance differences
of ASR between non-aged and elderly speakers.

The first corpus ERES38 was recorded by 24 elderly people (age: 68-98 years)
in French nursing homes. It is made of text reading (48 min) and interviews (4h
53 min). This corpus was used for acoustic model adaptation.

The second corpus AD80 was recorded by 52 non-aged speakers (age: 18-
64 years) in our laboratory and by 43 elderly people (62-94 years) in medical
institutions. This corpus is made of text readings (1h 12 min) and 14,267 short
sentences (4h 49 min). There are 3 types of sentences: -distress calls (“I fell”),
-home automation commands (“switch the light on”) and -casual (“I drink my
coffee”). The distress calls are the sentences that a person could utter during a
distress situation to request for assistance, for example after he fell. The deter-
mination of a list of these calls is a challenging task. Our list was defined in
collaboration with the GRePS laboratory after a bibliographical study [2] and
in the prolongation of previous studies [36].

This corpus was used firstly for ASR performance comparison between the
two groups (aged/non-aged) and in a second step to determine if acoustic model
adaptation could allow the detection of distress or call for help sentences. It was
necessary to assess the level of loss of functional autonomy of the 43 elderly
speakers. Therefore, a GIR [30] score was obtained after clinicians filled the
AGGIR grid (French national test) to classify the person in one of the six groups:
GIR 1 (total dependence) to GIR 6 (total autonomy).

The last corpus is the Cirdo-set corpus [3]. This corpus was recorded in the
Living Lab of the LIG laboratory by 13 young adults (32 min 01 s) and 4 elderly
people (age: 61-83 years, 28 min 54 s) which played 4 scenarios relative to fall, one
to blocked hip and two True Negative (TN) scenarios. These scenarios included
calls for help which are identical to some of the corresponding sentences of AD80.
The audio records of the Cirdo-set corpus were then used for evaluation purpose
of call for help detection in realistic conditions. These are full records, therefore
the speech events have to be extracted thanks to an online analysis system. This
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process will be presented in Sect. 4. Moreover, the recording microphone was set
in the ceiling and not as usual at a short distance in front of the speaker but in
Distant Speech conditions.

The corpora were processed by the ASR of the CMU toolkit Sphinx3 [20]. The
acoustic vectors are composed of 13 MFCC coefficients, their first and second
derivatives. The Acoustic Model (AM) is context-dependent with 3-state left-to-
right HMM. We used a generic AM trained with BREF120, a corpus made of 100
hours of French speech. The language model was a 3-gram-type LM resulting
from the combination of a generic language model (with a 10 % weight) and the
domain one (with 90 % weight). The generic LM resulting from French news
collected in the Gigaword corpus was 1-gram with 11,018 words. The domain
LM trained from the AD80 corpus was composed of 88 1-gram, 193 2-gram and
223 3-gram.

The target is that only the sentences of interest could be recognized by the
system (i.e., not when they are receiving a phone call from their relatives) [27].
Therefore, only two categories of the sentences are relevant to the system and
must be taken into consideration: home automation commands and calls related
to a distress situation. The other sentences must be discarded and it is therefore
necessary to determine whether the resulting output from the ASR is part of
one of the two categories of interest thanks to a measure distance. This measure
is based on a Levenshtein distance between each output and typical sentences of
interest. In this way, casual sentences are excluded.

4 Adaptation of the System to Elderly Voices and
Detection of Distress Calls

To assess ASR performances, the most common measure is the Word Error Rate
(WER) which is defined as follows:

WER =
S + D + I

N
(2)

S is the number of substitutions, D the number of deletions, I the number of
insertions and N the number of words in the reference. As shown in Table 3,
when performing ASR using the generic acoustic model on the distress/home
automation sentences of the AD80 corpus, we obtained an average WER of
45.7 % for the elderly group in comparison with an average WER of 11 % for the
non-elderly group. These results indicate a significant decrease in performance
for elderly speech and we can notice an important scattering of the results for
this kind of voice as well as a higher recognition rate for women as supported by
the state of the art. It is thus clear that the generic AM is not adapted to the
elderly population and then specific models must be used.

Thanks to a Maximum Likelihood Linear Regression (MLLR), the text read-
ings of the ERES38 corpus were used to obtain 3 specific aged AMs from the
generic AM: AM G (men and women), AM W (women) and AM M (men).
Table 4 gives the obtained results and indicates a significant improvement of
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Table 3. WER using the generic acoustic model AM

Subject Non-elderly Elderly Difference

Women 10.4 % (27 speakers) 40.3 % (32 speakers) +29.9 %

Men 11.7 % (25 speakers) 61.3 % (11 speakers) +49.6 %

Average 11.0 % 45.7 % 34.7 %

Standard deviation 6.4 % 16.8 % 10.4 %

the performances. An ANOVA analysis allowed us to conclude that: (1) there is
no significant difference between generic and specific models for non-aged speak-
ers; (2) the difference between generic and specific models is significant; (3) there
is no significant difference between the specific models (AM G, AM W, AM M)
and thus the use of a unique global model is possible. In the case of aged speaker,
the dispersion of the performances is very important whatever acoustic model
is chosen (e.g., WERAM G = 17.4% and σAM G = 10.3%). This dispersion is
due to bad performances encountered with some speakers, they are those who
suffer of an important loss of functional autonomy (GIR 2 or 3) and then are
less likely to live alone at their own home.

Table 4. WER using the specific acoustic models (∗∗∗ : p < 0.001)

Subject AM (generic) AM G (global) AM W (women) AM M (men)

Non-aged women 10.4 % 7.6 % 7.3 % -

Non-aged men 11.7 % 11.1 % - 11.8 %

Elderly women 40.3 % 14.6 %∗∗∗ 15.4 %∗∗∗ -

Elderly men 61.3 % 25.7 % ∗∗∗ - 22.3 %∗∗∗

As reported in Sect. 3, only sentences related to a call for help or home
automation management have to be analysed, the other one (i.e., casual) being
rejected. Every sentence whose distance to the distress category was above a
threshold th was rejected.

For our study, we considered the sentences of AD80 uttered by elderly speak-
ers, namely 2,663 distress sentences, 434 calls for caregivers and 3,006 casual sen-
tences. The ASR used AM G as model. The threshold th of the filter was chosen
in such way that the sensibility Se and the specificity Sp were equal (th = 0.75,
Se = Sp = 85.7%). It should be noted that, due to the WER, 4 % of the selected
sentences were put in the correct category but did not correspond to the sentence
as it was pronounced. Regarding the distress sentences and calls to caregivers,
18 % were selected with confusion. Consequently, the main uncertainty concerns
above all the way in which the call must be treated.
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5 Evaluation of the Detection in Real Conditions with
the Audio Components of the Cirdo-Set Corpus

For the evaluation of the detection of distress calls in situ, we used the Cirdo-set
corpus which was recorded in a Living Lab. In order to extract the sentences pro-
nounced by the speakers during the scenarios, we used CirdoX, an online audio
analyser in charge of detecting the audio events and discriminating between noise
and speech. The diagram of CirdoX is presented Fig. 2. CirdoX is able to capture
signal from microphones or to analyse previous audio records on 8 channels, we
used it in a mono-channel configuration. The detection of each audio event is
operated online thanks to an adaptive threshold on the high level components of
the wavelet transform of the input signal. Each audio event is then classified into
speech or noise. The GMM classifier was trained with the Sweet-Home corpus
[33] recorded in a smart home. The ASR was Sphinx3 as mentioned above.

CirdoX detected 1950 audio events including 322 speech events, 277 of them
were calls for help. 204 were analysed as speech and 73 as noise mainly due to
a strong presence of environmental noise at the moment of the record. Because
of the distant speech conditions, the acoustic model was adapted with sentences
of the Sweet-Home corpus recorded in similar conditions [33]. Regarding the
calls for help sent to the ASR, the WER was 49.5 % and 67 % of the calls were
detected. These results are far from perfect but they were obtained under harsh
conditions. Indeed, the participants played scenarios which included falls on the
floor and the participants generated a lot of noise sounds which were often mixed
with speech. Therefore, the performances would have been better if the call were
uttered after the fall.

Distress call
filtering

Noise
/speech
discrimination

Microphones
or
multiwave

Recognition hypothesis
‘‘Je suis tombé’’

(I fell)
ASR

Audio
event
detection

Fig. 2. Architecture of the CirdoX online analyser

Moreover, these results were obtained using a classical ASR as Sphinx but
significant improvements were made recently in speech recognition and incorpo-
rated in the KALDI toolkit [28]. Off line experiments were done in this frame-
work on the “Interaction Subset” of the Sweet-Home corpus [35]. This corpus
is made of records in a smart home equipped with a home automation system
including more than 150 sensors and actuators. The home automation network
is driven by an Intelligent Controller able to take a context aware decision when
a vocal command is recognised. Among other things, the controller must choose
what room and what lamp are concerned. The corresponding sentences are home
automation vocal commands pronounced by participants who played scenarios
of the everyday life. They asked for example to switch on the light or to close
the curtains while they are eating breakfast or doing the dishes.
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The speech events, for instance 550 sentences (2559 words) including 250
orders, questions and distress calls (937 words), were extracted using PATSH,
an online audio analyser which is similar to CirdoX. The original ASR perfor-
mance with a decoding on only one channel was WER=43.2 %, DER=41 % [34],
DER being defined as the Detection Error Rate of the home automation com-
mands. Thanks to 2 more sophisticated adaptation techniques, namely Subspace
GMM Acoustic Modelling SGMM) and feature space MLLR (fMLLR) signifi-
cant improvement were brought which led to WER=49 %, DER=13.6 %. The
most important contribution to the DER was due to missed speech utterances
at the detection or speech/sound discrimination level. This significant improve-
ment from the experimental condition was obtained in off line conditions and
the most important effort must be related to adapt and integrate these new
techniques in an online audio analyser, i.e. CirdoX.

6 Conclusion

Regarding the technical aspect, our study showed first of all that thanks to the
record of a short corpus by elderly speakers (ERES38, 48 min), it is possible to
adapt the acoustic models (AM) of a generic ASR and to obtain recognition per-
formances in the case of elderly voices close to those of non-aged speakers (WER
about 10 % or 15 %), except for elderly affected by an important level of loss of
functional autonomy. Therefore the detection of distress sentences is efficient and
the sensibility is 85 %. Our experiment involving the Cirdo-set corpus recorded in
in-situ conditions gave lower results due to the harsh conditions, the participants
falling as they called for help and only 67 % of the calls were detected. However
new adaptation techniques may improve significantly the results as soon as they
will be integrated in an online audio analyser.

People who participated to the experiments were excited and wanted to use
such a technology in their own environment, as it was reported in some studies
[27]. However, the use of a short vocabulary is necessary in order to obtain good
performances, so an important difficulty is related to the difficulty of defining
which sentences would be pronounced during a fall or a distress situation. Thanks
to the collaboration with the GRePS laboratory some of those were incorporated
in the AD80 corpus but it is not sufficient for a real application. There is no
adequate corpus and the potential users exhibit great difficulties in remembering
the sentences they pronounced in such situations. Therefore an important effort
will consist in the necessary adaptation of the language models (ML) to the user
in the long life term.
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dépendance, Rapport du groupe de travail sur la prise en charge de la dépendance.
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Abstract. Population developments raise expectations of an aging working
population. These create new challenges for the working world. One is to deal
with age-related impairments such as hearing impairment which impacts per-
formance due to impairment of speech comprehension, memory performance
and can lead to safety risks. In order to compensate this proactively a basic
question has to be answered: Are problems in auditory processing and memory
performance due to deficits in peripheral hearing or due to age-related or sec-
ondary deficits in central processing components? Two studies were conducted
to check the role of peripheral factors. Young normal hearing participants have
to perform a verbal memory task under different hearing conditions that simulate
hearing impairment. The results show significant effects of induced hearing
impairment and provide further evidence that verbal memory performance
deficits of hearing impaired are based on a peripheral hearing loss/early pro-
cessing stages and maybe less on central processing components.

Keywords: Aging working population � Hearing impairment � Verbal memory
performance

1 Introduction

The population developments in Western industrialized nations raise expectations of an
aging of the working population. These create new challenges for the working world.
One of the challenges is to deal with age-related impairments such as loss in hearing
capacity. The results of a Finnish survey study [1] with participants aged from 54 to 66
years show that 37 % of the participants reported hearing difficulties and 43 % reported
difficulties in following a conversation under noisy conditions. Furthermore, it was
shown that self-reported hearing loss can be strongly associated with the audiometric
measurement in the range of audibility of 4 to 8 kHz. Data of the WHO suggest that
53 % of the people which are 45 years old and older are hearing impaired [2]. This
underlines the importance of research in this area for the working world that will be
increasingly shaped by older employees.

Various studies have shown that hearing impairment impacts not only the quality of
life of the concerned person itself [3–6] as well as all persons with whom the concerned
person communicates [7], but also the (job) performance of those affected [8] due to
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impairment of speech comprehension and memory performance. Furthermore, uncor-
rected reduced hearing can lead to safety risks in everyday situations as well as in the
workplace e.g. because warning and/or information signals or environmental noises
cannot be heard well enough [9] or instructions are misunderstood. The National
Academy on an Aging Society [5] reports that in America only 67 % of the
working-age population with impaired hearing is employed whereas, 75 % of the
working-age population without hearing impairment is employed. Also, hearing
impaired people are often employed in jobs like farming, craft and repair, machine
operators or transportation and fewer of them are employed in occupations like
administrative, professional, service and/or sales. Furthermore, 18 % of Americans
with hearing impairment aged between 51 and 61 are retired whereas only 12 % of the
normal hearing Americans go into retirement the same early. In addition hearing
impairment can be the result of occupational noise exposure (e.g. in airfield personnel,
military personnel) [10].

Impairment of speech comprehension [11] is accompanied by impaired short-term
memory, and by more recent theories the transfer from short-term memory to long-term
memory, a partial function of the working memory due to losses in the acoustic
perception [12–15]. Boxtel et al. [12] suggest “(…) that verbal memory function may
be underestimated in individuals with mild to moderate degree of hearing loss.”
(p. 152). Also, selective attention seems to be impaired by hearing difficulties [16].
Performance comparisons of normal hearing people and people with hearing impair-
ments show performance penalty of selective attention already in mild hearing
impairment from 17.5 dB [17].

A number of studies suggest that information processing of people with hearing
impairment can often be executed without error, but the information processing is
associated with significantly increased effort. McCoy et al. [18] use the so-called
“effortfulness hypothesis” [19] to explain deficits in memory performance of hearing
impaired people: A hearing impaired must expend a higher performance effort
respectively more cognitive resources to achieve the same perceptual performance as a
normal hearing person, which leads to lower available process resources to encode the
content. The argumentation of McCoy et al. [18] bases on the results of Rabbitt’s
experiments [20] with noise masked spoken digits. Normal hearing participants showed
a poorer recall frequency for digits that were noise masked than for digits without
noise. Also, the recall of the first half of a digit list, no matter if they are presented with
or without noise masking, was significantly better if the second half of the list was
presented without noise masking than with noise masking. Rabbitt [20] explained the
results by an increase of effort that is necessary to discriminate between the spoken
digits and the noise which leads to less available information processing resources to
rehearse and memorize the digits. Also, differences in memory performance between
normal hearing and mild hearing impaired participants were shown, even if hearing
impaired participants were able to initially recall the used words. McCoy et al. [18]
were able to experimentally proof the hypothesis of additional efforts which are needed
by hearing impaired. They investigated the recall performance of sets of three words of
two different hearing groups: a “better hearing group” (pure tone averages less or equal
to 25 dB in the better ear; max. mild hearing impairment) and a “hearing loss group”
(pure tone averages greater than 25 dB in the better ear). The results of the serial
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reproduction task show no memory deficits for words at the final position but for words
at the antepenultimate position, and only if the words had low semantic similarity.
Thus, the result provides an argument not only for the “effortfulness hypothesis”, but
also for the “top-down” compensation of such deficits through long-term memory
processes. Wingfield, Tun and McCoy [21] emphasize that the effect of the effort must
be very powerful because of influencing the memory performance of a really short set
of three words.

Frisina and Frisina [22] tested the speech recognition performance of younger (18 –

19 years old) and older adults without hearing impairment and older adults with
hearing impairment (three groups: graded degrees of mild high-frequency hearing loss,
presbycusis; older adults: 60–81 years old) in quiet and in noisy conditions. Under
quiet conditions, younger and older normal hearing adults do not differ in their speech
recognition performance. Concerning the four groups of elderly participants the results
show that the performance of normal hearing older participants was significant better
than the performance of all three elderly hearing impaired groups. Also, the group with
the least hearing impairment did perform better than the two other groups with more
degree of hearing impairment. But the results look different if noise was added to the
presented words: For noise conditions a significant age-affect can be shown for speech
recognition performance. In the noise condition younger normal hearing participants
perform significant better than older participants without hearing impairment. In
addition the performance advantage under quiet conditions of normal hearing older
adults compared to older adults with hearing impairment (three groups) disappeared for
spondee words and for target words in sentences with supportive context. Only for
target words in sentences without supportive context, a better performance of the
normal hearing older adults than of all three hearing impaired groups can be shown.
Frisina and Frisina [22] point out that the performance differences under noise between
normal hearing younger and older participants cannot be explained on differences in
peripheral hearing loss. Due to the absence of performance differences between the two
normal hearing groups under the quiet conditions they suggest a brainstem auditory
dysfunction. The performance deficits of the hearing impaired groups under noise
condition can be interpreted as result due to a peripheral hearing loss, a central auditory
processing dysfunction due to age and a peripheral hearing-loss induced plasticity
occurring at brainstem and cortical levels.

Wong et al. [23] found a neurophysiological proof of the “effortfulness hypothe-
sis”: In a word identification task younger and older adults had to identify words in a
quiet and two noise conditions (multi-talker babble noise). In comparison to the
younger group, older adults show a decreased activation in the auditory cortex but an
increased activation in areas that are associated with attention and the working mem-
ory, especially under conditions with minor signal-to-noise ratio. Unfortunately, the
degree of hearing impairment was not explicitly included resp. not reported in the work
of Wong et al. [23].

Often, studies with participants suffering of hearing impairment do investigate
samples which consist of elderly people but the results of different research groups
indicate that the association between hearing acuity and the performance in a verbal
memory task was not dependent on the age of the participants [e.g. 12].
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Complementary to the investigation of performance differences of hearing impaired
people, some research groups study the impact of hearing aids. Their results give a first
indication that the correction of peripheral hearing loss with a hearing aid leads to an
increase of working memory capacity [e.g. 24].

Eckert et al. [25] tested 15 normal hearing participants aged from 21 to 75 years in a
voice recognition task. To simulate hearing conditions of people with high frequency
hearing loss and to vary word intelligibilities, four different low-pass filter conditions
were investigated. The results show that the correct word recognition was equivalent
across age but did very between the four hearing conditions (% of correct word rec-
ognition for low pass filter frequency cutoff 3150 Hz > 1600 Hz > 1000 Hz > 400 Hz).

The findings presented above indicate that different processes contribute to the
performance deficits associated with hearing loss. It is necessary to develop a clear and
detailed picture of the processes involved to cope with problems that might be asso-
ciated with reduced hearing proactively. Preventive interventions, training and reha-
bilitation that improve technical aids have to be developed. For the willingness to use
them, and the provision of technical assistive devices, a basic question has to be
answered: Are problems in auditory processing and memory performance primarily
due to the peripheral hearing loss/early processing stages or are they basically caused
by age-related or secondary deficits in central processing components/higher cognitive
functions (physiological and/or anatomical changes) of hearing impaired people.
Despite many studies, the question has not been definitively answered. Therefore, two
studies were carried out: A laboratory experiment and a group study. In both studies
young normal hearing participants have to perform a verbal memory task under dif-
ferent hearing conditions that simulate hearing impairment (induced hearing impair-
ment). Young adults were chosen in the first instance to exclude a possible age-effect
on information processing (see also [12]).

Both studies tested two research questions: (1) Can differences in the verbal
memory performance of normal hearing young adults be shown, depending on different
simulated impaired hearing conditions (quiet, interrupted, distorted, background noise)
and normal volume (loud = control condition)? (2) If differences in the verbal memory
performance exist, which of the four different simulated hearing conditions do lead to
which performance difference?

If significant differences in the verbal memory performance of normal hearing
young adults can be shown due to induced hearing impairment, this would be a strong
indication for a central role of peripheral hearing impairments/impairments of early
processing stages. In this case, the use of (well adapted) hearing aids could really
improve the situation of hearing impaired.

2 Method

2.1 Study 1: Laboratory Experiment

A laboratory experiment with repeated measures was chosen for Study 1. The study
was conducted in an experimental laboratory of the department of psychology of the
University of Graz, Austria.
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Participants. In total, 31 young adults participated in Study 1. The sample consists of
18 women and 13 men aged between 20 and 31 years with an average age of 24.00
years (SD = 2.22). All study participants have a higher level of education (24 with a
general qualification for university entrance, 7 with a university degree). The partici-
pation in the study was voluntary and all participants provided an informed consent.

Materials. To measure the verbal memory performance five different word lists of the
German version [26] of the Auditory Verbal Learning Test (AVLT) [27, 28] were
presented via headphones (AKG K240 studio headphones). The Auditory Verbal
Learning Test has been successfully used in a study of Boxtel et al. [12]. Every used
word list consists of 15 different nouns with low phonetic and semantic similarity. The
used playback interval was two seconds per word. The verbal memory performance
was operationalized with two performance measures: number of correctly reproduced
words and number of errors (frequency of called words that were not part of the
particular word list).

Overall, five different hearing conditions (within factors) were investigated in
Study 1: four conditions of hearing impairment induced by e.g. reduced volume or
additional noise with the levels: quiet, interrupted, distorted, background noise and one
control condition (not reduced, loud). To induce these different conditions of hearing
impairment the audio files of four of the five word lists have been modified with the
help of the software Audacity®. The word list used for the “quiet condition” (induced
conductive hearing loss, simulation of the auditory impression of a person with mild to
moderate hearing loss) has been reduced in volume on 7 % of the base volume which
was used for the word lists of all other conditions. This leads to a sound pressure level
of 39 dB for the “quiet condition” and of 65 dB for all other conditions (measured at
the headphones, sound pressure level meter SL-100, Voltcraft®). A sound pressure
level of 65 dB can be described as normal conversational level. To create an effect of
masking of parts and interruptions within of the presented words (“interrupted con-
dition”), 20 % of the total word duration was masked by a silence sequence for each
word of the word list of the “interrupted condition”. Care was taken not to remove
important parts for proper word recognition to avoid malapropisms. For the “distorted
condition” (simulation of an age-related change in the periodic encoding) one of the
five word lists was divided into two separate audio tracks. With the help of the software
Audacity®, the frequencies of the two audio tracks were modified. All frequencies of
the first audio track were enhanced by 12 % and all frequencies of the second audio
track were reduced by 12 %. After that, both tracks were reassembled into a single
track, which leads to a distorted hearing effect. To simulate hearing conditions that can
be found in everyday situation, background noise typical for a situation when two
persons meet in a café were added as a second audio track to the word list used in the
“background noise condition”. The two different audio tracks of the “background noise
condition” were presented dichotic which means that each audio track was presented at
one of the participant’s ears.

Procedure. The participants were asked to reproduce all 15 words of the heard word
list immediately after the presentation of the whole list. For this, they had a maximum
reproduction time of two minutes. Each participant has to hear and reproduce all five
tested word lists (five trials/hearing conditions) during the laboratory experiment
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(repeated measure). The order of the five word lists was permuted over all participants.
In order not to make the experiment too strenuous a short break (three minutes) in
which the participants could recover, was inserted between the trials.

Statistical Analysis. Analyses of variance with repeated measures were performed for
calculating the results. A significance level of 5 % was adopted for the results.

2.2 Study 2: Group Study

Study 2 was planned as replication of Study 1 and was conducted as group study as part
of two different courses for undergraduate students at the Hochschule Ruhr West -
University of Applied Sciences in Bottrop, Germany.

Participants. The sample of Study 2 consists of 30 participants with normal hearing
abilities. Overall, 6 women and 24 men aged between 19 and 29 years (M = 21.73,
SD = 2.33) take part in this study. The participation in the study was voluntary and all
participants provided an informed consent.

Materials. In order to ensure that Study 2 replicates Study 1, the materials used in
Study 2 were, with the exception of the presentation of the word lists, not different from
the materials described under the material section of Study 1 (see 2.1 for more details).
Due to the execution of Study 2 as group study, the audio tracks of the five different
word lists were presented via loudspeakers and not via headphones. Also, the pre-
sentation via loudspeakers leads to a change in the presentation mode of the “back-
ground noise condition” from a dichotic presentation (Study 1) to a binaural
presentation.

Procedure. Study 2 replicated the procedure of Study 1 (see Study 1 for more details).
Due to the execution of Study 2 as group study the verbal reproduction of the words
after hearing each word list used in Study 1 was changed into a written one.

Statistical Analysis. Analyses of variance with repeated measures were performed for
calculating the results. A significance level of 5 % was adopted for the results.

3 Results

3.1 Study 1: Laboratory Experiment

Correct Word Reproduction. An analysis of variance with repeated measures shows
that the number of correctly reproduced words was significantly better in the “control
condition (loud)” than in the “distorted condition”, F(4, 27) = 3.67, p = .041 (post-hoc
test: Sidak, p < .05). No significant differences can be shown for all other hearing
conditions. The mean values of all five conditions are shown in Table 1.

Number of Errors. To show differences of the five hearing conditions in the second
verbal memory performance measure, the numbers of errors which is defined as fre-
quency of called words that were not part of the particular word list, an analysis of
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variance with repeated measures was calculated. The result show no significant number
of error differences for the five different hearing conditions, F(2.78, 83.31) = 1.89, ns
(see Table 1).

3.2 Study 2: Group Study

Correct Word Reproduction. The result of an analysis of variance with repeated
measures shows that there are some significant differences in the verbal memory
performance measured by the number of correctly reproduced words for the five dif-
ferent hearing conditions, F(4, 26) = 36.55, p < .0001. Post-hoc analyses (Sidak,
p < .05) show that the number of correctly reproduced words was significantly better in
the “control condition (loud)” than in the three conditions “interrupted”, “background
noise” and “quiet”. Also, the number of correctly reproduced words was significant
higher in the “distorted condition” than in the two conditions “background noise” and
“quiet” and significant higher for the “interrupted condition” than for the two hearing
conditions “background noise” and “quiet” (see Fig. 1).

Table 1. Study 1: Mean correct word reproduction and mean number of errors per each hearing
condition.

Hearing condition
Quiet Interrupted Distorted Background

noise
Control
(loud)

Correct word
reproduction

M
(SD)

8.19
(3.05)

8.90
(2.75)

8.35
(2.68)

9.16
(2.19)

9.45
(2.92)

Number of errors M
(SD)

0.97
(1.11)

0.45
(0.57)

0.61
(0.88)

0.55
(0.81)

0.58
(0.99)

Note. * … p < .05, Sidak 

Fig. 1. Study 2 – Mean correct word reproduction of the five hearing conditions
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Number of Errors. An analysis of variance with repeated measures shows that the
number of errors (frequency of called words that were not part of the particular word
list) was significantly higher in the two conditions “quiet” and “background noise” than
in the “control condition (loud)”, F(4, 26) = 4.37, p = .008 (post-hoc test: Sidak,
p = .041, see Fig. 2).

4 Discussion

In both studies an effect of induced hearing impairment on the verbal memory per-
formance of normal hearing young adults can be shown. Whereas in Study 1 only a
significant better number of reproduced words in the “control condition (loud)” com-
pared to the “distorted condition” (simulation of an age-related change in periodic
encoding) and no differences in the number of errors made by the participants can be
shown, Study 2 resulted in more differences between the varied hearing conditions. The
three conditions of induced hearing impairment “interrupted” (masking effect),
“background noise” (everyday situation) and “quiet” (simulation of the auditory
impression of a person with mild to moderate hearing loss) results in a poorer verbal
memory performance (correct word reproduction) of the participants than the “control
condition (loud)”. Also, the number of errors was significant higher for the two induced
hearing impairment conditions “background noise” and “quiet” than for the “control
condition (loud)”. Overall, the results show that quantitative effects (“loud”, “quiet”) as
well as qualitative effects (“distorted”, “interrupted”, “background noise”) of hearing
impairment on the verbal memory performance can be simulated for normal hearing
young adults.

The results show that the association between hearing acuity and performance
found by Boxtel et al. [12] using the same verbal memory task can be shown for normal
hearing young adults under simulated hearing loss, too. For this reason, the results of

Note. * … p < .05, Sidak 

Fig. 2. Study 2 – Mean number of errors of the five hearing conditions
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the two studies provide further evidence that differences in the verbal memory per-
formance can be attributed to a peripheral hearing loss/early processing stages and not
primarily on central processing components/higher cognitive functions. Also, they are
consistent with the results of Eckert et al. [25] which were able to show an impact of
simulated hearing conditions (by low-pass filtering) on the percentage of correct word
recognitions in normal hearing participants.

Furthermore, the results support the “effortfulness hypotheses” [18, 19] that addi-
tional effort is needed by hearing impaired people (conditions: “distorted condition”,
“interrupted”, “background noise”, “quiet”) to achieve the same perceptual perfor-
mance as normal hearing people (“control condition (loud)”). Interestingly, the effect
that can be shown for the “distorted condition” in Study 1 cannot be shown in Study 2
and the effect for the conditions “interrupted”, “background noise” and “quiet” in
Study 2 cannot be shown in Study 1. Since care was taken to use the same volume
levels in both studies (measured at the headphones/the outer ear of the participants), it
is possible that the presentation via headphones supports the simulation of impairment
in the “distorted condition” but was not realistic enough to give the participants the
same impression than with the presentation via loudspeakers for the other three
conditions.

Frisina and Frisina [22] reported significant performance differences between three
groups of hearing impaired elderly participants in a speech recognition task. The least
impaired group did perform better than the two groups with more degree of hearing
impairment. The performance differences that can be shown for the “distorted condi-
tion” and the two conditions “background noise” and “quiet” as well as between the
“interrupted condition” and the two conditions “background noise” and “quiet” in
Study 2 may reflect this too. An interpretation of these effects can be that the “back-
ground noise condition” and the “quiet condition” both simulate hearing conditions of
greater hearing loss than the two conditions “distorted” and “interrupted”. These results
indicate that the concomitants of hearing loss in speech perception are due to complex
distortion of perception and not only to volume factors.

To sum it up, the results of the two studies provide further evidence that differences
in the verbal memory performance are due to a peripheral hearing loss/early processing
stages and not primarily on the impairment of central processing components/higher
cognitive functions. The exclusion of possible age-related effects by investigating only
young adult participants supports this. The results provide an opportunity to simulate
hearing impairment and learn more how to develop new ways of interventions, trainings
and rehabilitation as well as for the development of future human-machine-interfaces
and technical assistive devices. Also, the research of Lehrl et al. [24] supports the
importance of future research in the field of hearing aid design and the fitting of hearing
aids. However, the results support the well-known fact on the subject of hearing
impairment: A hearing aid that just increases volume/the sound pressure level will not
be efficient and may potentially result in discomfort rather than in better performance.
As the results of qualitative changes indicate, sound perception is an important sec-
ondary component, which also might be primarily due to early process stages of speech
perception. Therefore, more research is needed to understand how memory performance
demands of hearing impaired people can be improved with the help of new and modern
hearing aids. To increase the possibilities of employment of hearing impaired, future
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studies have to think about occupationally specific hearing conditions to characterize
them and to improve the fitting of hearing aids in these special situations. This may have
a big impact on employees in working environments like open-plan offices, jobs with
customer contact, consulting, teaching and so on as well as for employees in working
environments with sound emission (e.g. construction areas, machine operator, airfield
personnel,…) or acoustically difficult rooms (e.g. classroom, auditorium, conference
room,…). A better fitting of hearing aids may also help to increase the willingness to
wear them and improve the present situation that many hearing impaired people do not
use a hearing aid or do not use it regularly (see also [5]).
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Abstract. In this paper, we synthesize research on the different emerging
Ambient Assisted Living (AAL) sensor-based technologies and examine the
spatial parameters that are used in these systems. Different lenses in examining
the AAL literature are considered, such as the chronological development in
sensor-based AAL and the human factors in the design of sensor-based AAL in
various contexts. Relevant metrics and standards in AAL design are highlighted.
A comparative prospective of these metrics and how they are applied in recent
studies and systems are also discussed. The paper presents a categorization of
those technologies based on their selection of the spatial information to obtain a
clearer understanding of the relationship between spatial modeling and the
accuracy of these technologies. Implications for the design of AAL and situated
interaction in AAL contexts are discussed.

Keywords: AAL sensors � AAL human factors � Spatial metrics

1 Introduction

Technologies in every aspect of daily living have been evolving to adapt to smarter
environments [1]. One of the main goals of smart environments is to provide adequate
support and improve the abilities of its occupants and give the users the ability to live
an independent life. Ageing involves progressive decline of cognitive, sensory and
physical abilities. This consequently has led to a proliferation of Ambient Assisted
Living (AAL) research as it became more viable and important for a growing popu-
lation. Recent studies have shown the impact of AAL technologies on the quality of life
for people with visual impairments [2], and with mobility impairments [3]. According
to the aging statistics that are provided by the Administration for Community Living
(ACL) in the US [4], the older population (persons 65 years or older) represented
12.9 % of the U.S. population; i.e. around 40 million. However, the ACL is expecting
that in 2030, there will be about 72.1 million older persons, more than twice their
number in 2000. An increase in aging rates is also accompanied by an increase of
dependency levels and of life expectancy levels that increase complexity of ageing
issues [3].
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AAL technologies have the potential to provide ageing populations with autonomy,
mobility, and independence and consequently improve their quality of life. Smart
environments could be the most useful solutions for elderly people who need assistance
in their Activities of Daily Living (ADL) by alleviating the caregivers from the burden
of some responsibilities and simplifying the tasks executed by the elderly [5]. In this
context, evidence suggests potential contribution via technology solutions and the need
to develop cost-effective solutions for improving care for the elderly in a non-intrusive
way, which can, in turn, improve their independent living in their own environments at
home [3].

Ambient Assisted Living (AAL) is a term that includes concepts, products, and
services, which improve the interaction between technical and social systems to
increase quality of life in all areas. AAL solutions mainly aim at supporting people with
special needs through technology. AAL technology intends to accomplish that via
intelligent interaction with surrounding environments mediated by devices [3]. These
systems are important for physically impaired and elderly people to maintain an
independent living in their own homes. They help in improving their living in several
domains: sensing, reasoning, acting, communication, and interaction. Therefore, AAL
is an important application of the emerging Smart Homes field. Information and
Communication Technology (ICT) provides several solutions for improving daily life
and health condition [6]. Some of these solutions are technologies that monitor the
elderly and aim to enhance their sight and hearing senses [7], reduce the risk of falls
and detect falls while navigating [8, 9], provide a social network platform for the
elderly [10], assist in sleeping [11, 12], and track their daily routine [13].

In the context of AAL for the elderly, this paper examines the different emerging
AAL sensor-based technologies studies and proposed systems, concentrating on the
selection of spatial parameters that are used in those studies. A synthesis of human
factors in the design of sensor-based AAL in previous work is also reported. Relevant
metrics and standards to this field are presented; for example, the sensor type, patient
dependence level, sensor detection range, and number of sensors. A comparative
prospective of these metrics and how they are being followed in recent studies and
systems are also discussed [14]. Further, the paper presents a categorization of those
technologies based on their selection of the spatial information to get a clearer
understanding on the importance of carefully deciding spatial information and their
impact on the accuracy of the study’s results [15, 16]. Implications for the design of
AAL and situated interaction in AAL contexts are discussed.

2 Sensor-Based AAL Technologies

In recent years, varied approaches have been reported for categorizing sensor-based
technologies designed for the elderly. The authors in [17] summarized the state-of-
the-art AAL technologies, techniques, and tools. In their paper, they categorized the
main AAL technologies into: ambient sensors used in smart environments, assistive
smart home projects, mobile and wearable sensors and assistive robotics. They orga-
nized nine ambient sensors in a table based on measurement (e.g. motion, identifica-
tion, and pressure) while taking data format (e.g. numeric, image, and sound) into
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account, whereas assistive smart home projects were arranged according to the edu-
cational institution where they were first employed; for instance, CASAS project at
Washington State University, DOMUS project at the University de Sherbrooke, and
House_n project at the MIT. Wearable and mobile sensors that are equipped in AAL
technologies were categorized in the paper according to the measured properties. The
required data rate used to detect activities is also shown in the wearable and mobile
sensors categorization tables. For example, accelerometer and gyroscope capture
acceleration and orientation; therefore, a high sampling rate is needed to detect
activities such as running while other physiological measurements such as body tem-
perature will not change abruptly so occasional data sampling will suffice. In addition,
assistive robots were categorized into three categories in the paper; robots assisting
with ADL activities, robots assisting with instrumental activities of daily living
(IADL), and robots assisting with enhanced activities of daily living (EADL). The
authors also reviewed the different computational techniques that support AAL tools
such as the activity recognition and context modelling techniques.

Innovative AAL designs included monitoring sensors and spatial wireless moni-
toring solutions. Most of the wireless sensors operate using communication standards
such as WiFi, Bluetooth, and ZigBee. In addition, there are a few proprietary solutions
that were spatially adopted for biomedical monitoring applications (e.g. [18]). Infor-
mation and communication technologies (ICT) are being developed continuously to
meet the challenges that emerge in medical, healthcare or social contexts. The authors
in [19] described the methodological considerations for wireless sensor networks
(WSNs) in AAL environments by detailing the following sections: specification of
open distributed systems, specification of requirements, and development and evalu-
ation process. The authors also concluded that applying distributed and open paradigm
to a distributed biomedical sensor network paradigm will result in improving the power
autonomy without affecting the system operations. Research has shown that AAL
systems can provide some independence and autonomy for individuals with impair-
ments to make their lives much easier. Different approaches could be adopted to
develop AAL systems that involve the use of multi-sensor data fusion techniques.
Other research projects (e.g. [20]) were examined ambient sensors solutions that are
used in AAL environments by considering spatial-temporal aspects. In [20], the authors
discussed the challenges of estimating the accuracy of user’s position in environment.
They provided a novel approach to solve this issue using an advanced system. This
paper focused on RESIMA system, which assists people with sensory disability and
those who suffer from visual impairment in indoor environment in particular. RESIMA
system, which is an intelligent assisted system based on several sensors those were
used to monitor user’s status and position. In addition, this system exploited tech-
nologies and tools such as Wireless Sensor Network, user-environment interaction
(UEI), user-environment contextualization (UEC), decision support system (DSS), and
graphical user interface (GUI). They were adopted in order to establish RESIMA
system. They aim to manage the interaction of user by sending notification to the user
about obstacles or services existed, along with high spatial resolution.

In examining recent additions to the extant knowledge base in AAL sensor tech-
nologies, we first considered categorizing the AAL technologies according to the
services provided by each technology. Two questions guided the enquiry: ‘What are
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the main issues reported in the literature with regards to AAL sensor technologies in
general and to the elderly in specific?’ and ‘What insights have emerged in AAL sensor
technologies for the elderly?’

A number of services emerged as distinct categories in this domain (listed in
Table 1):

• Cognitive reinforcement services that enhance the cognitive functions of the user.
• Patient-specific home care services include social reinforcement services, services

capable to detect abnormalities, and services capable of monitoring several disease
risk factors.

• General home care services include medication reminder services, information
services, notification systems for emergency response and intrusion, as well as
alarm services in cases of abnormal health conditions

One lens in examining the literature is to look at the chronological developments in
the field over the past two decades. In this field, it is interesting to note that AAL
research has appeared in journals and conferences related to other fields as sub-research
topics in consumer electronics [1, 28], mechatronics [22], medicine and biology [11]
[21], artificial intelligence [26, 29], multimedia [24], pervasive computing [9], and

Table 1. Categorization of AAL sensor-based services

Project/System Services/Application Domains Reference
Cognitive
Reinforcement

Patient-Specific
Home Care

General
Home Care

HERA ✓ ✓ ✓ Spanoudakis [21]
AALISABETH ✓ Culmone [22]
Fall Preventive iTV
Solution

✓ Aal [8]

UMBS ✓ Walsh [11]
eWatch ✓ Maurer [23]
EMERGE ✓ ✓ Stelios [24]
GERHOME ✓ Zouba [25]
Autominder ✓ ✓ Pollack [26]
Maya MedMinder ✓ Alzheimer’s

Association
[27]

Distributed Vision-Based
Analysis System

✓ Aghajan [9]

RGB-D Camera ✓ Jungong [1]
Smart House ✓ Barger [28]
SOPRANO ✓ Klein [29]
Health Informatics
System

✓ ✓ Suryadevara [16]
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sensor technologies [16, 18, 23]. Other AAL research for the elderly was included in
conferences related to technologies assisting people with special needs such as the
International Conference on Computers Helping People with Special Needs. AAL
research matured as a standalone discipline and started appearing in conferences and
journals in 1994. The first conference that was conducted to explore the use of com-
puting and information technologies to help persons with disabilities and older adults
was the ASSET’94, the International ACM/SIGCAPH Conference on Assistive
Technologies and it was in 1994. Around a decade later in 2003, other conferences
were started such as the AAATE 2003 by the Association for the Advancement of
Assistive Technology in Europe. Another conference is the International Conference on
Ubiquitous Computing and Ambient Intelligence UCAml, which was first launched in
2005 in Spain. Also, the first Smart Objects and Ambient Intelligence conference was
held in 2005, and it explored AAL tools and techniques for augmenting environments
with smart, networked, interacting objects [30]. The PErvasive Technologies Related to
Assistive Environments (PETRA) conference focuses on computational and engi-
neering approaches to improve the quality of life by providing solutions for the
in-home care of the elderly as well as for the care of people with Alzheimer’s, Par-
kinson’s and other disabilities or traumas. PETRA was first conducted in 2008. Further,
the first volume of the Journal of Ambient Intelligence and Smart Environments was
published in January 2009. The journal covers broad areas such as sensors, human
cantered interfaces, and societal applications within the field of smart environments and
ambient intelligence. Recently, several research groups have been established to tackle
AAL issues such as Ambient Intelligence Group CITEC in Bielefeld University [31],
AMBIT research group in Artesis University College of Antwerp [32], AmIVital [33],
iAMEA International Ambient Media Association [34], and NTT [35].

Of particular interest to the AAL community for the elderly are new insights related
to human factors and ergonomics. Early AAL technologies for the elderly focused on
providing cognitive, physical, and assistive home services to the elderly. Many of the
early-developed technologies overlooked the human factors and issues involved. For
example, lack of privacy and security of the elderly or their caretakers, usability of
these technologies, user-friendliness, personalization and obtrusiveness were among
the issues that emerged from using the AAL technologies. The sensitivity of these
technologies and responsiveness needed have called for further research into the field to
resolve the issues. A development in maturity of awareness within different stakeholder
groups and a development of interest in research in the AAL sensor-based technologies
field can be observed. Finally, for the professionals interested in issues of spatial
modelling factors, limited effort has been reported. The review of existing literature
about AAL sensor-based technologies revealed that spatial modelling factors are still
vastly unexplored. The following section examines these factors in more depth.

3 Relevant Metrics and Standards in AAL

The research is designed to propose a categorization of the AAL sensor-based tech-
nologies based on their spatial information to obtain a clearer understanding on the
importance of considering spatial information in AAL design, and their impact on the
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accuracy on the systems. The research is exploratory in nature. The following process
is followed: first, the collection of archived papers to collate the spatial design con-
siderations in AAL. A synthesis of human factors in the design of sensor-based AAL in
previous work is reported and the implications for the design of AAL and situated
interaction in AAL contexts elaborates described.

When deciding to localize AAL system, we should consider some metrics
addressing accuracy, efficiency, and result optimization. In this section, we discuss the
metrics observed from the surveyed research papers and the properties related to each
metric (summarized in Table 2). The distance is a one of the metrics that must be taken
into consideration. The distance value varies based on the purpose of designing the
AAL system. For example, an AAL system that allows the elderly to avoid collisions
requires different distance measurements than a system designed for localization sen-
sors nodes aim. In this matter, there have been experiments reported in [20] which were
conducted to test the system performance in collision avoidance and to test the services
exploitation. The authors observed that successful result of collision avoidance is
proportional to the distance between the user’s position and obstacles. They concluded
that in this case the optimized result is 86 % in 0.75 m. On the other hand, they noted
that the successful result of services exploitation is optimized for a specific distances
between the service and user’s position. These specific values are appropriate to the
user and service positions that assure that the positioning is within an appropriate
range. The overall result of both tests illuminated that the reliable UEI functionality
when the value of compatible distance between user’s position and obstacle/service is
(∼ 1 m) and the optimized resolution of the localization system is (∼ 4 cm). In addition,
the authors considered other metrics to conduct their experiment such as the distance
between two nodes, area size, height of nodes, and the number of nodes used based
upon the area size.

With regards to the distance between a user and a node, research has shown that the
accuracy of distance between the user and nodes could have an influence on the system
accuracy for estimating the user’s position [36]. The sensor’s range and coverage
ability are important factors to be considered when setting the sensors’ position [36].
This also affects the number of sensors placed in a specific area. The range of coverage
for sensors is also an important factor in design. Sometimes, the radio frequency wave
cannot pass through barriers so designers/architects increase the number of sensors in
that area [36, 37].

The distance, area size, and height metrics play a role that is emphasized in AAL
research papers. The authors in [24] specified the exact position measurements for the
sensors in order to evaluate the suggested localization platform for ambient assisted living
in an indoor environment, this platformwas part of the EMERGE system. Therewere four
Ubisense sensors (Ubisensors) positioned on the ceiling of ordinary office with an area
dimension of 6.5 m × 13.45 m × 2.70 m. The coordinates for the first, second, third,
fourth sensor were (5.25 m × 0.70 m × 2.75 m), (5.24 m × 12.53 m × 2.52 m),
(0.55 m × 11.86 m × 2.52 m), and (5.25 m × 0.70 m × 2.54 m) consecutively with battery
powered tags (Ubitag) attached at a height of 1 m. Thus, in this paper the authors con-
sidered the area size and high metrics.
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There are several IEEE 802.15 standards that can be used to transmit data from
sensors located on the user’s body to a handheld device. The communication between
sensors located on user’s body and the device is known as inter-BAN communication.
According to [17], some of these standards and the suitable range for the inter-BAN
communication are: IEEE 802.15.1 protocol (Bluetooth) and IEEE 802.15.3 protocol
(WiMedia) with a range less than 10 m, and IEEE 802.15.4 protocol (ZigBee) with a
range less than 20 m.

Table 2. Metrics of sensor-based Ambient Assisted Living technologies

Metric Purpose Properties Optimized value

Distance Collisions avoidance/Services
exploitation

- Distance between user’s
position and
obstacle/service

∼1 m

- UEI algorithm
Distribution of sensor nodes Distance between two

nodes
∼4 m

Accuracy of localizing user position Distance between the
user and node

Data transition (Inter-ban) - Distance between
sensors located on
user’s body and the
device

> = 10 m

- Inter-Ban
communication using
Bluetooth or WiMedia
protocol

- Distance between
sensors located on
user’s body and the
device

> = 20 m

- Inter-Ban
communication using
ZigBee protocol

Number
of
nodes

Accuracy of determining the user
position and ensuring to cover the
operating range of the user

Relying on area’s size,
and sensor’ range
ability

7 nodes

Area’s
size

Accuracy, and homogenous
performance of the localization
system

Considering the width
and length of area

8.60 m × 7.10 m
6.5 m × 13.45 m

Height Localization of nodes/energy Nodes ∼3.0 m
Energy (Ubitag) 1.0 m

Sensor’
Range

Coverage range of the sensors Depending on sensor type ∼5 m
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4 Conclusions

This paper presented insights from the different lenses in examining the AAL literature
and categorizing the technologies based on their selected spatial metrics. Challenges
and trends in AAL technologies have become apparent and need to be considered by
developers prior to designing spatial configurations for AAL environments and inter-
action design of such spaces (e.g. social interaction [38]). And one of the important
challenges that the designers of an AAL environment must address is privacy. The
reason is that in order to achieve context-awareness, adaptability and anticipatory
behavior in an AAL environment, it needs to contain historical and current data about
individual’s daily activities and preferences [39]. The perception of privacy violation
varies according to factors such as age, cultural background, and level of support an
individual requires in order to live independently [40, 41]. Along with privacy comes
security; an issue of how to secure the AAL environment from malicious attacks and
hacks [42]. This paper aids developers in understanding the spatial design consider-
ations for creating AAL environments for ageing populations, and contributes towards
future research in spatial modeling and simulations for AAL.
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Abstract. A little if not rare work has been considered empowering the PWD
with smart universal assistive technologies at the workplace. Most researches
focus on specific or single impairment condition such as smart solutions for blind
or low vision persons, physically disabled persons (PDP), deaf or mute persons,
and mostly with home or building places. This paper present the models of
interaction and control of a universal interface solution for PWD, called
SMARTUNIVERS. The SMARTUNIVERS is currently being developed within
the of SMARTDISABLE’s research project activities implemented at the Riyadh
Techno Valley, King Saud University, Riyadh, KSA. IT includes two smart
interface modules: Smart Help (SMARTHELP) and Smart editor (SMARTED-
IT). The SMARTHELP module provides personalized smart help and commu-
nication services for the PWD at workplace. The SMARTEDIT module is a
multimodal editor interface that provides the capability for wide spectra of PWD
groups (11 groups with various combination of disabilities) to edit documents
using multi-model ways of interactions and commanding through use of speech
recognition engine, text-to-speech, Mic, virtual mouse/keyboard and Braille
keyboard. We shall present in this paper the high level design of the SMART-
UNIVERS and the two smart component modules, together with the interaction
models and scenarios for some typically covered PWD groups. The SMART-
UNIVERS provides a flexible dynamic interface that adjusts itself according to
the impairment conditions associated with the eleven supported groups of PWD.
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1 Introduction

The recent advances in Ambient Assistive living technologies [1] bear great potentiality
for realizing effective and efficient social inclusion of peoples with disabilities (PWD).
Instead of being a heavy burden on the nations’ economy and society, they can become
productive through designing adequately smart workplace environment full of intelli-
gent devices and interfaces in order for these PWDs to smartly access, control and
interact with these objects and carry out normal person’s office tasks. This can be
achieved through smartly integrating advanced human computer interaction
(HCI) technologies within all objects of the workplace environment.

In fact, one important justification of this article and its related previously linked
research efforts from the authors, is that, in spite of its significance on the nation’s
economy and its social dimensions, the issue of inclusion of PWDs with workplaces
environment have not been tackled in previous researches concerned with developing
smart environment for disable persons. Most work have focus on home or outdoor
assistive technologies. But still obvious neglection of significance of social inclusion of
PWDs at workplace. Over and above, most developed smart solutions and assistive
technologies were not comprehensive, as they address specific or combination cases of
disability, such as smart solutions for blind or low vision persons, physically disabled
persons (PDP), deaf or mute persons, and mostly with home or building places.

This paper is organized as follows. In next section, we cover the literature review of
relevant technological solution for PWD. Section 3, presents and describes the
SMARTUNIVERS interaction and control liked to its interface module windows. Then
in Sect. 4, we describe the major guidelines and standards of interface design process
upon which the design of SMARTUNIVERS is based and their realizations, and finally
a conclusion is given in Sect. 5.

2 Literatures Review

In this section, we review the literatures relevant to smart solutions for PWD, with
particular focus on the data and information models developed for smart applications.
Workplace environment Related to the utilization of assistive technology to aid persons
with neuromuscular disabilities, Chang et al. [2] used a location-based task prompting
system to assess the possibility of training two individuals with cognitive impairments
in a supported employment program. They concluded that data showed that the two
participants significantly increased their target response, thus improving vocational job
performance during the intervention phases. Hakobyan et al. [3] conducted a research
on making mobile phones and other handheld devices accessible via touch and audio
sensory channels for the visually impaired persons. Kbar & Aly [4] proposed smart
assistive technologies at the workplace consisting of an integrated and connected set of
smart software and hardware technologies to empower the Physically disabled persons
with the capability to access and effectively utilize the ICTs in order to execute
knowledge rich working tasks with minimum of effort and with sufficient comfort level.
Their proposed technology solution for PWD includes smart help and smart editors
through using voice recognition that enables them to edit and document their work
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smartly through animating of the mouse cursor movement to track the editing without
the need to use their hands. It also enables PWD to get help from the network using
smart help engine that is based on voice recognition.

Relevant to the utilization of smart software to empower the PWD in the work-
place, Chang et al. [5] assessed the possibility of training three people with cognitive
impairments using a computer-based interactive game. They designed a game to pro-
vide task prompts in recycling scenarios, identify incorrect task steps on the fly, and
help users learn to make corrections. The results showed that the three participants
considerably increased their target response, which improved their vocational job skills
during the intervention phases and enabled them to maintain the acquired job skills
after intervention. Angkananon et al. [6] focused on designing accessible mobile
learning interactions involving disabled people using a newly developed Technology
Enhanced Interaction Framework. Their framework was developed to help design
technological support for communication and interactions between people, technology,
and objects particularly when disabled people are involved.

Lancioni et al. [7] built a computer aided telephone to help person with motor and
visual disability to make phone calls to his work college or his family. The system
communicates with user through voice commands to select the person he want to call,
the user activate a micro-switch by his hand to perform a call or to hang up the call. The
system help visual impaired individuals to perform calls with no need to press numeric
keypad which could cause miss typing of phone number. However, the system was not
portable and requires the use of hands to control the micro-switch. Halawani Zaitun [8]
built a software system that help deaf. The system captures the speech through speech
recognition system, and digitizes the speech then converts it to Arabic sign language.
The Arabic sign language output is a pre-saved images of equivalent avatar for each
alphabet and words in the recognized language. Addressing the needs of motor dis-
ability, Peixto et al. [9] designed and implemented a voice control system to a
wheelchair movement, the author used voice commands such as go to start chair
movement and measure the frequency of humming to change the chair speed, also for
controlling chair rotation user could say turn left command and then use humming to
control the rotation angle. Yang et al. [10] designed a system to help people with motor
disability to use blinking to control virtual keyboard. The scanning keyboard was
designed to be controlled by blinking left eye and right eye simultaneously. The pseudo
electromyography (EMG) signal generated from a user’s blink was acquired by a
Bluetooth headset and transmitted to a PC through wireless transmission. Hawley et al.
[11] built a prototype of voice-input voice-output system that helps individuals with
speech disability to improve the conversation with other individuals. The system
receives the keywords such as ‘want’, ‘water’, ‘drink’ from the user then user press a
button that allow system to generate a speech output which will generate “can I have a
drink of water please.” The final phrase is then spoken by speech synthesizer. Con-
sidering visual impaired individuals the research is targeting indoor navigation systems
such in Jain [12] built a wearable device that consists of wall modules deployed in
building and, user end comprising of a waist-worn device coupled with a mobile phone.
The network of infrared-based wall units retrofitted at specific locations in the building.
The sensors transmit the unique IR tags corresponding to their location perpendicular to
the direction of motion of the user. All the information is conveyed to the user via the
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Text-to-Speech (TTS) engine of the mobile application, and also displayed in a large
font size to provide for someone with partial vision. Vibration alerts are used to provide
continuous feedback for being on the right track. Addressing the needs of individuals
with speech impairment, Padmanabhan & Sornalatha [13] presented an artificial
speaking system, the system depend on wearable flex sensor and accelerometer that
measure the finger angles and tilting angle of hand while making the gestures (i.e.,
English alphabets gestures). The system recognizes the gestures and translates it to
speech through a speaker output. In 2014, Jamil et al. [14], developed eye tracking
system to control powered wheel chair to support impaired people who cannot drive
wheel chair manually or unable to move joy-sticks because of lack of physical ability.
User’s eye moments were translated to screen position through a camera. Once user
moves his eyeball, the wheel chair will follow the direction according to eye move-
ment. Also, relevant to this research is the work done in [15] concerning adaptive
interactive solutions, and proposed adoptive interaction support to adjust level of
interaction based on quality of context, in ambient aware environment. Another related
work is the development of RFID-based multi-media system [16], which involves
design and experimentation of RFID-based magic stick for children use in interacting
with environment for learning and game playing.

The above literature reveals that indeed, a very few if not rare work has been
considered empowering the PWD with smart universal assistive technologies at the
workplace. Most researches focus on specific or single impairment condition such as
smart solutions for blind or low vision persons, physically disabled persons (PDP), deaf
or mute persons, and mostly with home or building places.

In this paper, we will explain briefly the high level design of the universal interface
called SMARTUNIVERSE that covers several kinds and combinations of disabilities.
The user interface, interaction and control of the developed SMARTUNIVERS is
described in the following sections.

3 Interactions and Control of SMARTUNIVERS

In this section, we introduce the interaction and control of the SMARTUNIVERS.
The SMARTUNIVERS is currently being developed within the of SMARTDIS-
ABLE’s research project activities implemented at the Riyadh Techno Valley, King
Saud University, Riyadh, KSA. IT includes two smart interface modules: Smart Help
(SMARTHELP) and Smart editor (SMARTEDIT). The SMARTHELP module pro-
vides personalized smart help and communication services for the PWD at work ser-
vices. The smart help services mainly enable the PWD to get help information about
the locations, directions, building information, etc. The smart communications enable
the PWD to make a call using Voice over IP (VOIP) with colleagues and other persons
in building to ask for help or intervention. In addition the SMARTHELP also support
Auto Emergency Response to assist PWD in getting immediate help through Auto
Emergency server as well as getting personal assistant from caregiver.

The SMARTEDIT module is a multimodal editor interface that is provides the
capability for wide spectra of PWD groups. The SMARTUNIVERS and its two
component modules will make use of voice and speech recognition engines, text to
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speech, virtual mouse/keyboard and Braille keyboard to cover the requirements of wide
spectra of PWD defined groups with various combination of impairments, including
physically disabled persons (PDP), partially blind or low vision, deaf, mute and
combinations of these kinds of capabilities or disability together, in a customized
adaptive way. PWD user profile setup is a common part for the SMARTHELP and
SMARTEDIT that supports user initial and customized profile setup and adopt the
interface display parameters (color, fonts, etc.) and environments (speaker volume, Mic
volume, virtual mouse, and virtual keyboard) according to the requirements of the
PWD based on the predefined and stored profile.

Developing a unified interface that is relevant for many users especially for People
with Disability is a challenging task as it requires knowing the needs for different group
and adjust the interface accordingly. We have identified 11 groups that are relevant for
PWDs to support a combination of different impairment conditions including visual,
hearing, speaking, and motor impairments. Different interface parameters will be
modified to satisfy these conditions including Mic and Speaker volume level, font type,
color and size, window background and foreground color, and Window size for
command and displaying result. Table 1 presents the 11 groups according to different
impairment conditions, where some of the combination has been eliminated as user
must see or partially see as we don’t target the blind group in this project. For each
group, following the PWDs group standards guidelines, a set of defined interface
design parameters including text type, size and color, volume level, and window color
will adjust dynamically according to different group.

3.1 SMARTUNIVERS’ User Interaction and Flow of Control

Figure 1 illustrates the Use Case diagram of the SMARTUNIVERS. As indicated,
There are five use cases that constitute the SMARTUNIVERS modules: Enter user

Table 1. The identified 11 groups of various impairments
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profile, Customize environmental set, Start SMARTHELP, Start SMARTEDIT, Get
use help. The user triggers the five use cases (red lines) and the application Admin
interacts with the three use cases out of them to provide help and support to the user,
and in some cases assist in user profiling and pre-established environmental
setup. The SMARTUNIVERS interface communicates with an integrated speech rec-
ognition engine. It also interacts with the RFID which add automatic identification of
user profile. The SMARTUNIVERS’s database contains all use cases related entities.

3.2 The Flow of Control of the Unified Interface

The following flow chart at Fig. 2 describes the interface of users to setup his/her
profile and the environment. Where users supposed to have an account in order to use
the system, and for the first time the system requested him/her to enter their details
which will be used for the user profile as shown in Figs. 3, 4, 5 and 6. Once the user
enters his/her details she/he can login in the system and use it according to default
environment setup that will be done according to group he/she belongs to. In addition
to the dynamic interface setup, security has been considered in the interface to allow
authenticated user to use the program and connect to the network as shown in Figs. 7
and 8, where user can be authenticated through 3 different methods. User will be
authenticated using RFID and optional security keyword, normal login with password,
and Voice recognition (Figs. 4 and 5).

3.3 Main Unified Interface

The main user interface is shown in Fig. 7, where user can customize his/her user
profile as well as environment setup as shown in Figs. 8 and 9. In window 8, (Fig. 8),

Fig. 1. Use Case of PWD user’s interaction with SMARTUNIVERS functions

382 S. Aly et al.



the common interface is to service on the two applications (Smart Help and Smart
Editor) which identifies the user and the group of that user and the setting needed by
that group to be able to use the applications.

Common Interface Components:

User Profiler. Contains user information like (name, phone, age …) and the PWD
group that user belong to and if the user will use the default setting to its group or not.
Through this module window 8 (Fig. 8) we can do these options:

Start

Voiced “Open” 
recognized?

Display and 
say: “Speak or 
touch keypad 

Letters”

An active 
RFID 

detected?

Valid User name/ 
password?

Yes

Yes Enter 
keyword

Valid 
keyword?

No

Yes

New user?

No
No

Yes

Create New 
user account

(Windows 5&6)

Forget password/
keyword?

Re-enter 
username/
password

No

Retrieve 
password/
keyword 
dialogue

Yes

Yes

Get 
Environment 
setup data

Go to Main 
Window

(Window 7)

Main SMARTUNIVERS functions
• Open Smart Help
• Open Smart Editor
• Edit user profile (Window 8)
• Environment Setup (Window 9)

End

Identify user 
group

(Window 1)

Customize 
environment 

setup
(Windows 2&3)

User accepts 
default? valid?

No
Yes

Send Login 
error SMS to 

Admin

No

Store login & 
setup data

Display “The user 
will be notified 
with 24 hours”

Fig. 2. The control flow chart of user interaction

Fig. 3. Defining user basic user group
window

Fig. 4. Adjusting font size options
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Fig. 5. Adjusting speaker level

Fig. 7. The unified universal interface main control window

Fig. 8. User profiler module window

Fig. 6. User login via RFID detection and
keyword
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• Add a new user profile
• Edit current user profile

Environment Setup. Contains the setting that help the PWD group to use the
application like (Input volume level, output volume level, enable input through mike,
enable output through speakers, font size, and font color) as shown in Window 9 Fig. 9.
For each group there will be a default setting and user can customize one for him, but at
any time if the user needs to return to default setting can do this throw the button
Restore Defaults in the Environment setup Window.

Smart Editor. Used to open Smart Editor application in another window and still
running and send the user id to smart editor application to get all information and
setting about that user from database throw it.

Smart Help. Used to open Smart Help application in another window and still running
and send the user id to smart editor application to get all information and setting about
that user from database throw it which has been covered by Kbar & Aly in [15]

Help. Used to open a document describe how to use the common window and its
function. The user can read this document or listen to it according to its need.

Close. Used to close the common window itself.

4 Considerations for the Designed SMARTUNIVERS

In order to optimize our universal interface design, several considerations and standards
for the design of user interface has been taken into account [16]. Among these sig-
nificant considerations are the usability:

• Usability testing with real PWD users. Giving typical users some tasks to perform
and recording what they do and what they think of the resource.

Fig. 9. Environmental setup module window
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• Usability evaluations of SMARTUNIVERS by experts. They might make use of
formal guidelines, checklists or questions (e.g. ‘usability inspections’ or ‘heuristic
evaluation’)

• Gathering PWD user feedback. These approaches involve seeking feedback from
users after they’ve used the resource.

• Usage logging. A lot of useful information is recorded automatically by the server
or software used to deliver your resource.

Pertaining to the above usability requirements, our design is based on flexible
dynamic interface that adapts to different impairment conditions that would satisfy the
needs of PWD users. In addition, extra consideration of usability has been addressed
through expert in disability. We also use the login method to track the performance of
the interface and optimize the design to satisfy PWD requirement conditions, where
different logging statements will be recorded to track the performance of the system as
well as collecting automatic feedback from users to further analyze them and improve
the interface.

On the other hand, we considered also, ISO 13407 which focuses on the processes
involved in developing a high-quality and usable interface. It advocates four main
steps:

• Specify the context of use. Understand who will be using the resource and how they
will be using it.

• Specify user, organizational requirements, and the tasks that must be supported.
• Produce design solutions to meet the requirements identified in Step 2.
• Evaluate designs against user requirements. Check that the development does in fact

meet the requirements and targets you have identified in earlier steps.

Responding to the above requirements, we have considered the four guidelines for
high quality user interface as specified by the ISO 13407. Where the whole design
interface has been done according to the need of PWDs to satisfy their requirement
conditions at the workplace as has been described in the next previous section. We are
planning to involve PWD users to evaluate the interface and give us their feedback, in
addition to involve them in testing the interface once a prototype has been built. This will
allow us to improve the design to satisfy PWD needs. Note that our design support 11
groups with different impairment conditions with adaptable unified interface that adjust
the interface environment setup according to user group conditions as well as the working
environment conditions associated with floor location, weather and day conditions.

A most significant issue that we considered also, is ensuring accessibility of the
developed SMARTUNIVERS. The Disability Discrimination Act gave certain rights to
people with disabilities in the areas of employment, housing, and access to goods or
services, but it excluded education.

Taking accessibility requirement, actually, our design is considering accessibility
for PWD at the work environment through considering both desktop and smart phones.
The interface will be dynamically setup according to user and group profile. In addi-
tion, PWD users can customize the environment setup according to his/her preference.
Two main programs will be supported to maximize the accessibility of users at the
work environment which are Smart help that allows users to search for relevant
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information at the workplace such as location, building information, and employee’s
information. In addition PWD users will be able to communicate with other users and
care giver as well as setting up personal note and reminder to remind him/her about
future activities. The Smart help and Smart editor can be driven by users through voice
control, mouse, and keyboard.

5 Conclusion

The proposed universal interface paves a great road toward inclusion of various groups
of disables persons with different combinations of impairments. We have presented the
SMARTUNIVERS, which is a smart universal interface that suits eleven groups of
persons of various kinds of disabilities. It provides two main smart solutions. The smart
help (SMARTHELP) and smart editor (SMARTEDIT). We have focused only on the
interaction and control of the SMARTUNIVERS. The SMARTUNIVERS will make
use of voice and speech recognition engines, text to speech, virtual mouse/keyboard
and Braille keyboard to cover the requirements of wide spectra of PWD defined groups.
The proposed solution will smartly identify the PWD user profile and adopt the
interface display parameters (color, fonts, etc.) and environments (speaker volume, Mic
volume, virtual mouse, and virtual keyboard) according to the requirements of the
PWD based on the predefined and stored profile. Finally, the SMARTUNIVERS sat-
isfy the usability, accessibility requirements of the defined PWDs groups.
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Abstract. While previous research examining digital inequality among older
adults has exposed factors that prevent older adults from using information and
communication technologies (ICTs), less has been done focusing on factors that
may contribute to ICT discontinuation. This investigation uses data from a
randomized controlled intervention study to examine possible predictors of
discontinued ICT usage among older adults in assisted and independent living
communities. Survival analysis shows that participating in a non-technology
activities intervention can increase the odds of stopping the use of ICTs over
time. In addition, an increase in the number of instrumental activities of daily
living (IADLs) an individual needs assistance with was associated with
increased odds of discontinuing ICT use. Results suggest that those promoting
continued usage of ICTs among older adults in assisted and independent living
need to address the social activities that may prevent use and account for the
increasing frailty of residents over time.

Keywords: ICTs � Aging � Assisted living � Independent living � Digital divide

1 Introduction

With the increase in prevalence of information and communication technologies
(ICTs), such as Internet-connected computers and smartphones, in everyday life as well
as the increase in research that suggests ICTs may benefit individual users with regards
to health [1–4], researchers have turned their attention to addressing the so-called
“digital divide” – the inequalities in access and use of ICTs. By addressing multiple
levels of the digital divide, applied researchers can ensure that all populations will be
able to reap the potential benefits of using ICTs. One particular population that is at risk
of experiencing the negative consequences of the divide is that of older adults aged
65+ [5]. Although the number of older adults who are using ICTs is increasing [6], their
usage levels pale in comparison to younger groups. While research examining the
digital divide has focused on the factors that prevent older adults from using ICTs or
the attitudes that may dissuade initial use [7–15], less has focused on the factors that
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influence a previously using older adult to discontinue ICT use, particularly older
adults who reside in continuing care retirement communities (CCRCs) such as assisted
and independent living communities. Using data from a longitudinal study that cen-
tered on examining ICT use in older adults in CCRCs, the purpose of this investigation
is to identify predictors of discontinued ICT use for this special population. Results
may provide insight on measures applied researchers and CCRC staff may take in
promoting continued ICT use so that older adults in these communities can continue to
reap the benefits of their use.

1.1 Background

ICTs have the potential to enhance the health of users. Applications provide users with
tools to help manage, cope with, or even treat a variety of physical and mental health
issues such as diabetes, asthma, weight control, smoking cessation, and depression
[1, 2, 16]. In addition to providing tools to assist in managing health, ICTs have also
been found to have a more direct impact on health and quality of life. For older adults,
ICT use has been found to have a significant association with decreased depression [3]
and decreased loneliness [17]. Yet while older adults may potentially benefit from ICT
use with regards to health and quality of life, the percentage of older adults who report
using ICTs is much lower compared to other cohorts. The Pew Research Center reports
that while the percentage of older adults who go online has increased between 2001 and
2013 from 15 % to 59 %, it trails in comparison to the general population where 86 %
report using the Internet [6, 18].

Researchers of digital inequality have identified various facets of the “digital
divide” that help to explain why older adults are less likely to use ICTs despite the
potential benefits of use. These go beyond simple explanations of access and also focus
on attitudes towards technology and aging. A sample of the reasons older adults do not
use ICTs include perceived lack of relevance, perceptions of being too old to learn,
embarrassment of abilities, cognitive declines, and issues with vision/hand dexterity
[7–15]. As such, some applied researchers looking to explore and potentially decrease
the digital divide and enhance the well-being of older populations have attempted to
address these through the use of intervention-based investigations [19, 20].

While a considerable amount of literature is devoted to the training of older adults
to use ICTs and examining trends in usage, less has focused on examining discontinued
ICT use. What motivates an older adult ICT user to stop using a computer and/or the
Internet? Previous work suggests that attitudes towards computers such as interest,
utility, and control have a significant relationship with discontinuation of ICT use [21]
as well as demographic characteristics, as those with low incomes and racial/ethnic
minorities are more likely to stop using ICTs [20]. However, to our knowledge no
study has examined trends in ICT discontinuation and possible predictors of discon-
tinuation in the context of CCRCs. Residents of CCRCs, specifically assisted and
independent living, are a unique subset of the older adult population in that they are
typically more physically and cognitively impaired than the general older adult pop-
ulation [22] and they are at risk of lower levels of social support and higher levels of
loneliness and social isolation [23, 24].
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The focus of this investigation is to determine what factors may predict discon-
tinued ICT use among older adults in assisted and independent living. We focus our
attention on factors that are especially salient to residents of these communities: social
support and relationships (as residents are at a risk for decreased social contact) and
health and functional limitations (as residents tend to have increased physical
and cognitive impairments) [22–24]. We hypothesize that individuals in assisted and
independent living with decreased levels of support and worse health will be more
likely to stop using ICTs over time. We also hypothesize that individuals who take part
in a technology-based intervention designed to teach assisted and independent living
residents the basics of using a computer and the Internet will be less likely to stop using
computers over time.

2 Method

Data for this investigation come from the ICTs and Quality of Life Study, a multi-site
randomized controlled intervention study designed to assess the effect of ICT use on
the quality of life of older adults residing in assisted and independent living. Nineteen
CCRCs located in a medium-sized metropolitan city within the Deep South of the US
were randomized into one of three study arms: an ICT arm wherein study participants
were given an 8-week training course in the basics of using desktop/laptop computers
and the Internet; an Activities Control (AC) arm wherein participants engaged in
recreational activities with study personnel such as musical sing-alongs and trivia
games; and a True Control (TC) arm wherein no intervention was conducted at the
CCRC. Potential participants were screened for cognitive impairment using the
Mini-Mental State Examination [25]. Initial recruitment yielded a sample of 313 par-
ticipants: 101 in the ICT arm, 112 in the AC arm, and 93 in the TC arm.

Participants in the ICT arm engaged in an 8-week introductory course of using
computers and the Internet. Two 90-minute classes were held in the CCRC each week
using a portable computer lab, along with an additional optional 90-minute “office
hours” session where participants could receive more one-on-one instruction with the
instructors. The ICT classes started with the basics of using a computer – how to turn
one on and off, how to use the keyboard, how to use the mouse, how to open a program
– and increased in difficulty over time to cover topics like using email, searching for
information online, using social networking sites (e.g. Facebook, Twitter), and using
video/recreational websites (e.g., Hulu, Youtube). Each class was led by a graduate
student instructor who was assisted by at least one additional graduate student,
oftentimes two or three depending on the size of the class. Instruction was supple-
mented with a custom-made training manual that contained all the lessons covered in
the classes that participants could keep. Desktop computers were provided at each
CCRC and installed in common areas for participants to use once the classes were
complete should they not own or have access to a personal computer (one desktop
computer per every five participants).

Both qualitative and quantitative data were collected over the course of the study,
although for the purposes of this investigation the analysis is limited to the quantitative
data. Quantitative data were derived from a series of surveys conducted with each
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participant in-person with a member of the study team. Five surveys were administered
over the course of approximately 14 months. After baseline, a survey was administered
after the intervention (in the case of the ICT and AC arms) or approximately eight
weeks after the initial (in the case of the TC arm) and then at 3-, 6-, and 12-month
post-intervention follow-ups. Survey questions covered a number of topics, including
participant health and well-being, social support and social life in and outside of the
CCRC, ICT use, and basic demographics, among others.

2.1 Analytic Technique

The purpose of this investigation is to determine what factors may contribute to an
older adult’s decision to stop using ICTs. We employ survival analysis as an analytic
technique to track ICT usage and identify these factors among the participants of the
study. Survival analysis was designed for longitudinal data on the occurrence of an
event or a discrete change from one state to another [26, 27]. In general, longitudinal
data cannot be analyzed using conventional multivariate methods such as linear
regression. The endpoint of the time period of interest or duration is usually
right-censored for the occurrence of an event; in other words, the event of interest has
not occurred during the period of observation and all that is known about the duration
is that it exceeds the observation period [28]. Given the design of the ICTs and Quality
of Life Study, the survival analysis examines when the participant stopped using ICTs
and what predicts the event of interest.

Cox proportional hazards regression is commonly employed to model survival data.
However, the introduction of time-dependent covariates into a Cox regression model
will result in non-proportional hazards. Moreover, there are further concerns about the
complexity involved in the practical interpretation of the resulting coefficients and in
the robustness of the models. Therefore, we employ the flexible parametric model
estimation procedure in Stata developed by Lambert & Royston [29]. The advantages
of the flexible parametric model estimation over the Cox model are the ease with which
smooth predictions can be made, the modeling of complex time-dependent effects,
investigation of absolute as well as relative effects, and the incorporation of the
expected event for relative survival models [29, 30].

2.2 Measures

Event of Interest. Responses to two questions were used to create the event indicator
that a participant stopped using an ICT device. First, participants were asked if they
ever use a computer at least occasionally (response options were “yes” or “no”). The
value of the response options were recoded to a dichotomous indicator (0 = yes,
1 = no). Second, participants were asked how many times in the past week they used a
computer/Internet to search for information. A response value of zero (0) was recoded
to a value of one (1) and all response values greater than zero were collapsed and
recoded as zero (0). The dichotomous response values for both items were cross
tabulated to correctly assign whether the participant continued to use an ICT device
(i.e., 0) or if the participant stopped using ICT devices (i.e., 1) for the five time periods.
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Independent Variables. The study arm (i.e., ICT, AC, and TC) variable was recoded
into three separate variables with dichotomous indicators (i.e., 1/0). In the analyses, the
TC group is the excluded or comparison category. The social support measure uses a
modified version of the MOS Social Support Survey [31] but without the items
assessing help with meals and support with chores as these are addressed elsewhere.
Response values were averaged across 18 items and higher average values indicate a
higher level of social support. The participant’s age was recorded at her/his last
birthday. Participants were asked marital status and the response options include:
currently married, widowed, divorced, separated, and never married. Marital status was
recoded into a dichotomous indicator for either currently married or not (i.e., 1 = cur-
rently married, 0 = widowed, divorced, separated, and never married). Participants

Table 1. Descriptive statistics

Mean S.D. Minimum Maximum

ICT Group 0.33 0.47 0.00 1.00
AC Group 0.37 0.48 0.00 1.00
TC Group 0.30 0.46 0.00 1.00
Age 81.96 8.38 51.00 102.00
Social Support Scale
Time 1 3.72 0.80 0.94 4.72
Time 2 3.75 0.77 1.17 4.72
Time 3 3.74 0.80 0.94 4.72
Time 4 3.78 0.78 0.94 4.72
Time 5 3.80 0.83 0.22 4.72
Currently Married
Time 1 0.14 0.35 0.00 1.00
Time 2 0.13 0.33 0.00 1.00
Time 3 0.13 0.33 0.00 1.00
Time 4 0.12 0.33 0.00 1.00
Time 5 0.11 0.31 0.00 1.00
Self-Reported Health Status
Time 1 3.11 1.04 1.00 5.00
Time 2 3.08 1.02 1.00 5.00
Time 3 2.98 1.00 1.00 5.00
Time 4 2.94 0.99 1.00 5.00
Time 5 2.99 0.98 1.00 5.00
IADLs Scale
Time 1 3.33 1.34 0.00 8.00
Time 2 3.33 1.37 0.00 6.00
Time 3 3.38 1.22 0.00 8.00
Time 4 3.06 1.32 0.00 7.00
Time 5 3.22 1.29 0.00 7.00

Source: ICTs and Quality of Life Study. N = 313
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were asked to rate their health with the response options: excellent, very good, good,
fair, and poor. The corresponding response values were recoded so that the highest
value indicates an excellent level of self-reported health. To assess the participants
Instrumental Activities of Daily Living (IADLs), participants were asked if they
received eight types of assistance at their living facility. The eight types of assistance
include: medicine management, transportation, meal preparation, household chores,
sitting services, financial assistance, shopping, or other not listed. Responses were
recoded into a dichotomous indicator (i.e., 1/0) for each type of assistance. Affirmative
responses to the eight types were summed so that higher values indicate a higher level
of assistance needed.

3 Results

3.1 Descriptive Statistics

Table 1 displays the descriptive statistics for all predictors in the analysis. At baseline
there were a total of 313 participants who began the study. Approximately 33, 37, and
30 percent of participants were assigned to the ICT, AC, and TC arms, respectively. On
average, participants were 82 years of age. The average value of the social support
scale increased from 3.72 at Time 1 to 3.80 at Time 5. The percent of respondents
currently married decreased from 14 percent to 11 percent over the course of the study.
The average value of participants self-reported health status decreased during the
course of the study, although the score was relatively high as the range of 2.94-3.11

Table 2. Flexible parametric survival analysis. Hazard ratios for stopped using ICT devices

Model 1 Model 2 Model 3

ICT Group 0.731 0.857 0.792
(0.153) (.180) (0.169)

AC Group 1.351 1.644 ** 1.471 *
(0.253) (0.312) (0.284)

Social Support 0.835 0.908
(0.083) (0.095)

Age 1.012
(0.009)

Currently Married 0.853
(0.209)

Self-Reported Health
Status

0.944

(0.077)
IADLs 1.269 ***

(0.078)
LR chi-square 10.44 * 14.72 ** 34.49 ***

Source: ICTs and Quality of Life Study. * p < 0.05, ** p < 0.001,
*** p < 0.0001. Standard errors reported in parentheses.
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corresponds with good/very good health. While self-reported health declined, the
average number of IADLs residents reported needing assistance with was relatively
stable over the five points in time.

A series of flexible parametric regression models are presented in Table 2. The
coefficient for each predictor is the hazard ratio or rate that a participant stopped using
an ICT device during the 14 months. Therefore, a significant positive coefficient
increases the hazard rate that a participant stopped using ICT devices, while a negative
coefficient decreases the hazard rate and increases expected duration that the participant
will continue to use an ICT device. In Model 1, the ICT and AC study arm groups are
not significant. The social support measure enters Model 2 and the hazard rate for the
AC group is significant. Participants in the AC group have a 64 % higher rate that they
will stop using ICT devices compared to the TC group. Model 3 adds the participants’
age, current marital status, self-reported health status, and IADLs scale measures.
Participants in the AC group have a 47 % higher rate that they will stop using ICT
devices compared to the TC group. Moreover, as IADL level increases participants
have a 27 % higher rate that they will stop using ICT devices.

4 Conclusion

While research examining the digital divide has explored the factors that may con-
tribute to preventing an older adult from using ICTs [7–15], far less has focused on the
factors associated with discontinuing the use of ICTs over time, particularly in the
context of CCRCs. This investigation sought to identify factors that could potentially
predict whether or not an individual living in assisted or independent living would
cease using ICTs. We hypothesized that social support and relationships as well as
health considerations may contribute to a resident’s decision to stop using a computer
or the Internet. Our results suggest that while health in the form of functional limita-
tions may motivate residents to discontinue ICT usage, social support may have less of
an impact than we thought. Moreover, we had an unexpected finding in that residents in
the AC group of the study had increased odds of discontinuing ICT use.

Regarding the unexpected finding, it is possible that the significantly higher rate
that a participant in the AC group will stop using ICT devices is a result of engaging in
activities with other participants. AC group participants engaged in recreational
activities with study personnel such as musical sing-alongs and trivia games. Therefore,
AC group members may have lost interest in using ICT devices given the level of other
activities they engage in. A previous investigation using data from this study found that
participating in any activity, regardless of whether it was an ICT activity or a recrea-
tional activity, was associated with increased quality of life [32]; as such, participants in
the AC group may have been taking advantage of the benefits of participation (whether
these benefits were social or psychological in nature) to the point that they did not
perceive a need or simply did not want to engage with ICTs.

Self-rated health was not found to be a significant predictor of discontinuing the use
of ICTs. However, as a respondent’s number of IADLs that required assistance
increased, so too did the likelihood that the respondent would stop using ICTs. This
shows that while a subjective measure of health (self-reported health) did not serve as a
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significant predictor, a more objective measure of functional limitations did. This
indicates that while an individual residing in assisted or independent living may feel
healthy, limitations that prevent them from being able to carry out IADLs without
assistance may also be contributing to their inability to use ICTs. It could be that these
increased limitations translate into a direct physical or cognitive complication of using
ICTs (e.g., an individual who requires assistance with household chores may also find
it difficult to use a keyboard or a mouse), or it could be that the limitations suggest that
the respondent refocuses their energies on activities they find more important to their
daily life.

Research has shown that there is potential for older adults to use ICTs to better their
health and well-being [1–3], [16, 17], and thus it is important for applied researchers to
not only identify what factors are preventing older adults from getting online initially
but also what factors may motivate them to sign off. The investigation using data from
a longitudinal intervention-based study suggests that participating in recreational/
non-technology-related activities and increased functional limitations may contribute to
discontinued ICT use among older adults in assisted and independent living. As such,
applied researchers and CCRC staff looking to bridge the digital divide and keep these
residents online will need to account for these factors.
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Abstract. Due to the global aging of population, fatal domestic accidents
increase. In this paper we describe a user-centered design process of a new
pervasive technology (CIRDO). The aim of this technology is to empower the
elderly people by the detection of their physical falls and to alert family or
caregivers. Two different studies were performed. First, we analyzed the actual
risk situations. Second, social acceptance was investigated for the different
stakeholders involved. Altogether 63 older adults and 38 other stakeholders
were subjected to interviews, focus groups, and were observed in user tests.
Falls are mostly due to environments, internal factors, external resources, and
social factors. Falling scenarios were identified to configure the future device.
All stakeholders proved to have different views as to the acceptability of CIR-
DO, depending on previous experience, trajectory, needs and objective (support,
assistance, care, prevention…) Therefore they have specific expectations and
fears with regard to the system.

Keywords: Pervasive technology � Social acceptance � Domestic activity �
Elderly people � Risk situations

1 Introduction

Our society is experiencing an aging of its population, explained among others by the
increase in life expectancy. In parallel, lifestyles change, involving new living condi-
tions for the elderly People (EP) and their families. New needs in terms of dependency
care and support are to be elaborated [1]. Indeed, because of the psychological, social
or financial costs incurred by the institutional placement of EP, many of them prefer to
stay at home, despite physical, psychological or cognitive difficulties. According to a
study by ALTIVIS [2], fear of falling ranks second after that of dependence. The
consequences of falling are serious, including motor and psychosocial levels [3, 4]. The
possibilities offered by gerontechnologies suggest innovative solutions in support of
EP. Besides home-care and home-hospitalization as well as the development of
autonomy, gerontechnologies aim at rehabilitating or mitigating some deficiencies
[5, 6] and improving elderly people’s quality of life [7–9].
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Ambient technologies are less intrusive than conventional remote support or
monitoring systems, and tend to blend into the living environment [1]. Indeed, they are
able to anticipate users’ needs by using environment data and then propose appropriate
solutions [10]. Moreover, these technologies have been proved less stigmatizing since
they do not need to be worn, unlike telemonitoring bracelets, which equate subjects
with their handicaps and weakness; Caradec [11] called them ‘‘old age markers”.

The CIRDO research project (funded by ANR and CNSA1) is part of this
socio-technical context. It gathers several scientific and industrial partners and aims to
develop an ambient technology that fosters keeping dependent EP at home, by means
of the automated analysis of their activities.

CIRDO means in French “Compagnon Intelligent obéissant au Doigt et à l’Oeil”,
that is to say, a device that obeys your every word.

1.1 Presentation of the Technological Device CIRDO

The objective of CIRDO is to provide a relatively discreet technological prosthesis to
solve the problem posed by the home-care of very elderly persons faced with the risk of
falling.

Technically, the device is composed of a camera(s) and microphone(s) dispersed in
the domestic space, and is based on the detection of human activities via video and
audio sensors. For practical purposes, the sensors are exclusively located in the living
room. The system evaluates in real time and independently (without external human
intervention) abnormal, dangerous or risky (falls, immobility, calls for help, accidents)
domestic situations and is able to automatically alert family or caregivers if necessary.

1.2 The Theoretical Framework

Defined as “the fact of unintentionally coming to rest on the ground or other lower
level” [2], a fall entails a phenomenon that is difficult to comprehend. The studies by
[3] show that the elderly underestimate the risks they face. The bias in this
self-assessment may be due to a sense of superiority, optimism or the illusion of
invulnerability. This denial can influence how the elderly perceive the usefulness and
relevance of protection devices such as CIRDO. Findings from the study [12] carried
out by INPES2 show that fall risks are significant. Almost a quarter of people aged
between 65 and 75 years old had fallen in the last twelve months prior to the study.
These falls represent almost 80 % of everyday life accidents. They are involved in over
60 % of domestic accidents and are responsible for approximately 9300 deaths each
year among persons aged 65 years and above. However, these data are generally
underestimated as the elderly often forget that their falls [13]. Moreover, age, gender
and health status can affect the type and severity of the fall [4]. Falling leads to limited

1 ANR : (French) National Research Agency
CNSA : (French) National Solidarity Fund for Autonomy.

2 National Institut of prevention and health education.
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outings and increased isolation, and drives elderly people into a state of relative
dependence. They are drawn into a dangerous spiral that makes it difficult for them to
remain at home and increases the deleterious effects of aging [14].

However, these impairments are neither ineluctable nor irreversible if the elderly
are in an environment that is safe and suitable for them and their relatives. This implies
that a different perspective must be contemplated in the process of senescence among
the elderly. The onset of disability does not reside in the individual alone. It also
depends on the interaction between individuals and their environment and specifically,
on the incompatibility between the living conditions of the environment and the needs
of the vulnerable people. If the environment is not modified to adapt individuals with a
“impairment”, then they will be faced with an impediment. Such a situation would be
non-existent if the environment was adapted to them [15, 16].

Two models can be distinguished in this perspective [17]. The first is the “inte-
grative” model in which reducing disability involves working on the individual through
rehabilitation or equipment. The second is a “participative” model where the envi-
ronment compensates for an individual’s shortcomings and therefore transforms the
situation into a source of development and autonomy. Naturally, the CIRDO project
falls within the second approach as it seeks to adapt the life environment to the risk
situation of the dependent elderly. This pervasive technology seeks to transform a
situation with obstacles into a suitable situation. We will now turn to this by analyzing
the contributions of technology.

New ways in which aging can be supported and falls prevented are necessary to
enable the elderly to maintain their autonomy and delay institutionalization. Possibil-
ities opened up by gerontechnology suggest that innovative solutions to assist elderly
persons exist. Besides maintenance, hospitalization at home and autonomy develop-
ment, gerontechnology also aims at rehabilitating, attenuating some deficiencies [5, 6]
and improving the quality of life of the elderly [7–9].

Pervasive assistive technologies are less intrusive than conventional systems of
remote assistance or surveillance as they tend to blend into the living environment [1].
They are thus able to anticipate the users’ needs using data from the environment and
propose an appropriate solution [11]. Moreover, these technologies are less stigma-
tizing because they do not have to be worn, unlike remote surveillance bracelets known
as “markers of old age” [12] which equate subjects to their shortcomings and to some
form of weakness.

In the second part of this research, we assume from the theory of the Engeström
system of activities [18], that the integration of CIRDO in elderly people system of life
would not be trivial and would lead to a major reconfiguration of the system of activity
(SoA) in presence, each registering as develops Engeström: (i) a community (composed
of the elderly and their peer but also family carers, professional speakers), each
(ii) rules universe (what to do or not do at home, tasks to do or delegate, safety
instructions to follow …) and may be related to (iii) some division of work (who does
what,, who intervenes when and with whom to help the elderly, to assist the cure).

Engeström has also identified three tension levels within these SoA and on which
we can rely to better identify potential reconfigurations caused by the implementation
of CIRDO : (i) tensions within each element of SoA; (ii) tensions between some
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elements of the SoA. (iii) tensions between different interacting SA (the EP, the family
caregiver who crosses the professional caregivers system at home ….) (Fig. 1).

If these three tension levels have effects on the activities and the final acceptance of
CIRDO, they nevertheless constitute the real source of the development of the SoA,
based on its dynamic innovation and evolution.

Referring to the SoA for our prospective analyzes seems essential and allows us to
direct the research problem on two levels of analysis:

– Firstly, in the domestic environment: we assume that the analysis of the activities of
daily living (ADLs) -in elderly people and the associated risks (inventory situations
falls) provides information essential for the design of the device, its methods of
introduction in the domestic sphere and the adjustments to be made.

– Secondly, in terms of socio-domestic environment of the elderly: we seek to
evaluate how the activity, as well as the forms and quality commitment of family
carers and professionals can be disrupted by the introduction of the device. Indeed,
on the basis of the AS model, it is expected that this may not necessarily be the
same purposes of the system or the same practices that are perceived /expected by
each player at home.

Ultimately, the tensions, the risk of non-convergence between activity systems
should therefore be designed, worked so CIRDO can really fit in and be accepted by the
various stakeholders.

To carry out this study, we developed a method, through a methodological trian-
gulation approach: the first study aims to understand and model the processes of
domestic falls, from a description of EP’s daily activities. Finally, a second study
explores the conditions of the system acceptance by the elderly, the family and the
caregivers.

Fig. 1. Model of the activity systems (According to Engeström, 1987)
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2 The Methodology Implemented

2.1 Approach to Understand Falls and Risk Factors for the Elderly,
at Home

We have first interviewed 65 elderly people (average of 85 years old, 90 % women) to
know their backgrounds and living conditions, in terms of autonomy, needs, isolation
and social links with the environment. We also asked them to accurately describe a
typical day. The critical incident method [19] was also used to identify the specific
circumstances of incidents (causes, modalities) and their consequences.

Then, we focused on actual observations of risk situations. From these 65 elderly,
we have selected six seniors with most representative falls descriptions. These people
were able to physically and mentally replay their falls, filmed by “tripod” and
“embedded” (subcam) cameras. After re-reading him or her the circumstances of the
fall, we asked the person to re-act the scene and verbalize simultaneously what they
did, said and felt when they fell. We also intervened (via interruptive verbalization) to
ask them to specify actions, words or circumstances of the fall (What did you say at the
time? What did you do once on the ground).

Finally, we asked them to comment the different scenes previously filmed, by
consecutive verbalization.

2.2 Approach to Explore the Device Social Acceptance

In order to identify how each home-care stakeholder perceived CIRDO’s contributions
and potential risks from the perspective of its own activity system, we developed a
methodology that enable us to have the richest and most varied data possible about
these experiences.

We added to the first observations and interviews (with the elderly people),
semi-structured interviews and focus groups that were conducted with home-care
stakeholders (19 professional caregivers, nurses and 19 family members, from 19 years
to 62 years, 80 % of women) to better understand their activity (what they had to do,
what they did, what they could not do /no longer do), the difficulties to perform their
activity, as well as the way they understood how their own activity is connected with
the other stakeholders’. Finally, after presenting them the aims of CIRDO, we sought,
through focus groups, to see how the device could become a resource or a constraint to
their activities, including the issues that had been raised before. All these interviews
lasted one hour on average and were conducted, whenever possible, either in the
elderly people’s homes (in a discrete secluded room), or in caregivers’ professional
organization. They were recorded and fully transcripted to facilitate subsequent
analysis.

Based on these interviews, activity assays were performed on the more specific
craft of professional home-caregivers. We have conducted an initial series of three field
analyzes to better understand this activity and grasp the nature and diversity of tasks
performed (operational /relational tasks, contacts with family, with others
stakeholders…).
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We also “monitored” the activity of two EP equipped with telecare devices
(medallion and bracelet). They had to complete a self-reported grid of activities – for 7
days, from sunrise to sunset indicating nature, duration, difficulty, location and time of
their domestic, relational and recreational activities. They also indicated the conditions
of use of the remote alarm device. Ultimately, we asked them to comment each of these
episodes. Finally, we resorted to another technique, the Wizard of Oz method, in order
to evaluate the conditions of use of a CIRDO demonstrator. We presented it to 6 elderly
persons in their homes. These were asked to simulate an incident (i.e. stuck on the
couch with a blocked hip) and interact with a demonstrator that detected a hazardous
situation (e.g. “I detect an abnormal situation. Do you need help?”). We developped
this prototype in the form of a webcam and a microphone connected to a computer.
Prerecorded alert sentences were triggered by the researcher, based on the EP’s
behaviors and calls. This approach has enabled us to evaluate users’ reactions in almost
real situations

3 Results

3.1 Understand and Specify the Process of Falls

This study aimed at understanding the falling process (by analyzing daily activities
within elderly people’s homes), in order to:

– identify the different nature of Activity of Daily Living,
– define the different falling profiles
– identify the factors involved
– develop falling scenarios to set parameters and test CIRDO (for further analyses in

the second study)

All these objectives aim to gather data for adjusting all the parameters of the device,
both videos and audios.

In fact, we were able, using behavioral (key postures) and verbal (key words)
descriptors to define much more parameters of automatic detection of falls by the
CIRDO system.

The factors involved in understanding ADL and the risks faced by the elderly.
The first part of the study consisted in identifying the different activities of daily

living to determine how these situations could turn into a fall. We analyzed the factors
that could transform an activity that a priori was normal, into an abnormal and dan-
gerous situation. The analysis enabled us to identify 8 major ADL groups that indi-
viduals perform over the course of their day: household activities, food, recreation, rest,
mobility, care and hygiene, communication and health. Carrying out these domestic
activities requires the mobilization of two types of resources: intrinsic (dispositional)
and extrinsic (situational). While intrinsic resources involve the specific characteristics
of the elderly, extrinsic resources refer to what the environment provides to enable an
individual to achieve a given objective. The interaction between these two conditions
defines the context in which the action takes place.
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ADL can become “risky” if at least one of these two conditions is absent. This is
notably the case when internal functions (motor, perceptual…) of the elderly fail due to
a natural (generalized fatigue, hip problems) and/or provoked (taking sleeping pills)
weakness. This is what happened, for instance, to one person we studied, a 83 years old
woman who fell in her kitchen. Conscious but unable to alert her relatives or trigger the
remote alarm device that was in her bedroom, she remained immobilized for close to
36 h. It is her cleaning lady who finally found her. “At home, I had taken my sleeping
pills and I was taking my juice bottle to the fridge. I was wearing my nightgown then as
I approached the kitchen door, I felt myself slip; I said ‘oh, you’re falling’. I felt my
head explode as it touched the ground. I didn’t quite feel my leg at the time. I felt, but
later when I wanted to move it, I suffered too much. I couldn’t turn, I couldn’t go
anywhere, the phone was close by, it was in the entrance hall and so was I…”.

The physical resources of the situation can also be limited (insufficient lighting) or
inappropriate (dented carpets, high stairs) and can thus be dangerous. These resources
thus become obstacles to the normal carrying out of activities and create a second
example of risk situations as the case of our 89-year-old woman who fell in her kitchen
shows. After her slipper caught on a screw protruding from the parquet floor, she
remained on the floor for a long time, stunned, before managing to get up after several
attempts: “I caught on something. There was something protruding, a screw. Inci-
dentally, it’s still slightly protruding because it was fixed askew. So I was eating there,
I had my tray and as I was passing, I had soles with laces, so the tip of the sole caught,
and I found myself lying down, I glided against the doorpost”.

Moreover, the social circumstances that include individuals’ trajectories and the
experiences of the elderly persons and their entourage can also have an impact on
falling. They can condition risk taking or on the contrary, restrict it. Consequently, if a
fall is experienced or shared with a third party, some elderly persons can implement
strategies to avoid or prevent falling. This was the case of an 88 years old woman who
got rid of all visible cables in her home following a friend’s accident.

Accidents can also occur due to non-compliance with the allocation of chores at
home. The elderly person takes the task of the absent professional helper, exposing him
or herself to risk. This was the case with a 78-year-old woman who decided to move
the plants in her living room because her helper was late; she got knocked out against
the edge of her fireplace.

Finally, elements in one’s personal and social history can also increase the risk of
accidents as the following example shows. An 80-year-old woman who wanted to clear
the table got her foot caught in the stairs leading to her bay window and fell, cracking a
rib. As she mentioned in the description of her story, she could have let go of the plates
she was carrying in order to recover her balance. However, she preferred to protect the
plates as “they were part of the family history, passed down from generation to gen-
eration”. This fall thus stemmed from situational circumstances (stairs too high, pile of
plates reducing mobility), dispositional conditions (reduced motor skills, lack of
attention linked to fatigue) and social circumstances (do everything to preserve family
assets). Here, social data took precedence over the woman’s own safety and protection.

The comparative analysis of 28 falling situations (selected based on spatial and
social criteria: see method) revealed three broad categories of falls: Falling (flopping
onto the ground from a static posture, whether standing or lying on a couch), slipping
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(loss of balance as one is moving) and stumbling (loss of verticality induced by
stumbling on an obstacle – a cane, carpet or stairs).

Falls primarily occurred in the living room (13 falls), as this is where various
activities were centralized (meals, rest, recreation, relaxation, telephone). Frequent
actions and displacements also took place in this room. Other falls (7) occurred in
transitional spaces (corridors, stairs or the door between the living room and kitchen or
balcony) that had to be crossed and required mobility. This confirms the fact to evaluate
CIRDO only in living rooms. The “falling” situations account for more than half of
risky situations (57 %). Slipping (17) and stumbling (19) are quit equal. These results
provide some interesting insight into the kind of falls that we have to analyze and
formalize to allow CIRDO to detect them.

Situational conditions were the most common factors responsible for falls (19
implications). Only 8 cases were related to personal weaknesses. These results suggest
that accidents are more the result of the inadequacy of the environment than individual
weaknesses. Respondents spoke of their behavior and their level of consciousness after
the accident. In 13 of the cases reported, the elderly people were quite conscious and
active. They crawled, attempted to get up, cling onto furniture or call for help. In such a
context, CIRDO would be able to identify this behavior and engage in dialogue with
the person in need (via a microphone). In 5 cases, the elderly persons were rather inert
and unconscious. This would entail visual detection and a CIRDO diagnosis with an
automated alert. Finally, in 11 situations, the people were able to immediately get up
without any specific repercussions or traumatism. In this case, CIRDO would be able to
detect that the fall had no harmful effects on the person and/or make the person orally
validate that he or she is ok.

Based on the falling simulations by the 6 subjects, we were able to develop 12
scenarios of falls according to the Personas method. On one hand, we described the
conditions of the fall, (the person’s characteristics, the activity performed, the location,
the circumstances of the fall…) on the other hand, the modalities of the fall. We paid
particular attention to the different limbs mobilized in the fall (upper/lower limbs), the
direction and the magnitude of each movement (arm lifted upwards/downwards, body
to the right/left…), the speed (speed and direction of the body), the elderly person’s
reaction while on the ground (trying to get up, crawling…) and the approximate time of
(in)action (duration immobilized on the ground). Phrases of alarm were also identified
at different moments of the fall “Damn, what’s happening to me, Oh no…). For
example, this is the scenario of falls using the Personas method (brief):

“She gets up in the middle of the night to drink a glass of water in the kitchen. She is walking in
the dark when suddenly her foot slips on the floor. She loses her balance and her whole body
swings backward. She exclaims “ouaahhhhhhh!!!” Her body bends to the right side. First her
right knee hits the ground forcefully, then her whole body. She finds herself on her back, arms
extended behind her head.”

These scenarios were used for two types of application. Using falling scripts, the
first scenario sought to provide specific details on the different actions and postures that
lead to falls. We defined this as “key postures”. We also identified the “key words”
spoken. The designers used these indicators to calibrate CIRDO’s video and audio
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sensors. All these descriptors are clues which enable the camera and microphone to
identify and distinguish fall situations from normal behavior.

The second application was used to replay the scenarios with 22 voluntary actors
including the elderly and younger voluntary adults equipped with an old age simulator.
This device hampers mobility and reduces vision and hearing when worn.

The simulations were conducted on an experimental platform similar to a living-lab
(the Domus platform at the Université de Grenoble). Equipped with audio and video
sensors and a two-way mirror, this room was configured to resemble an independent
living community. We were thus able to reconstruct the scenes of incidents by adapting
the living environment to the different scenarios that we sought to simulate (dented
carpet, falling from a sofa…). The purpose of these experiments was also to test the
first version of the CIRDO demonstrator in order to improve the parameters of
detection and validate the detection algorithms.

3.2 Acceptance of the Device by the Elderly and Their Social
Environment

The reading grid offered by Engeström’s system of activity has shown an ambivalent
positioning by these different actors: based on their experiences, their career and needs,
each of them (elderly, professional counselors, family) has a different view of the object
of their activity (support, help, care, prevention, control), and therefore has specific
expectations and fears (Fig. 2).

The Seniors: Self-activity statements made on the use of remote alarm systems by EP
indicate contrasted positions for the seniors.

First, the remote alarm system can be used according to a subjective estimation of
risk: in that, it becomes dangerous because the elderly could put themself in danger

Fig. 2. Model of the activity systems integrating these different actors (According to the
Engeström’s Model, 1987).
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more often for there is a device ready to ask for help. In this context, CIRDO would
provide a continuous and discrete supervision, able to overcome the erroneous judg-
ments associated with risk taking.

On the contrary, the elderly could feel less freedom at home, and would do nothing
in order not to trigger the alarm. This assessment itself is not risk-free, as falling is
unpredictable. Even though the senior does everything to not fall, once more, the
device doesn’t prevent from falling.

In a second case, the elderly is extremely dependent on the medallion and cannot do
anything without wearing the system. Here, the discretion and non-intrusiveness of an
ambient environment like CIRDO may paradoxically cause rejection, because people
would feel insufficiently protected. How can the senior know that the device is still on
and be sure that his family will be aware of what would happen?

Simulated uses of CIRDO with the Wizard of Oz method also indicate seniors’ fear
to make their homes more accessible and losing control in case of accident; particu-
larly: who to warn after a fall? Who should be involved and how? Indeed, these Seniors
are alone and not only dread an internal domestic risk (falls and accidents), but also fear
outside intrusion (thieves, salesmen) “Firefighters, well, er, they will break down the
door, won’t they? What will they do? I don’t want to have my door broken!” or “If they
(firefighters) break down the door and they take me away, I cannot just leave my house
opened to intruders “The new device may forces the elderly person to redefine com-
promises about security, domestic and protection priorities.

But, on the other hand, from experiences with their devices and experiences, such
as medallion, seniors have described new potential uses of the devices. For example,
the devices can be a new way to prevent themselves from intruders or discourage the
latter to “harm” them. Indeed, when the elderly activate the medallion, an agent calls
the elderly: it’s audible and loud. When a senior feels uncomfortable with a situation,
this call can reassure by indicating to the assumed intruder that the senior is not alone.

Because it also has the ability to reveal what the elderly would rather keep secret,
the system can weaken the elderly person’s social position with her relatives. It may
provide them facts that betray her vulnerability and potential inability to live alone. “I
fell in the street and told no-one, apart my friend. But otherwise, I did not say anything
to my family.” (86years old woman). CIRDO must therefore address the challenge of
securing seniors’ physical, but also psychological and social protections.

Professional Caregivers: Activity analyses reveal that caregivers’ work is to perform
technical tasks (cleaning, cooking, healthcare…) but is also based on great emotional
and relational work to meet the seniors’ psychosocial needs (support, listening,
attention, assistance…). Caregivers question the possible intensification and
re-engineering risks of their activity, with the new system. They imagine their work
being supervised by it, forcing them to make a choice between technical tasks (the
prescribed tasks of the job, the Cure), and the empathic accompaniment of people (the
actual service activity, the Care). They also fear a reduced scope of action (a system
substitution for regular visits or diagnoses).

Coordination appears to be essential to face the multiplicity of professionals and the
scattering of their interventions over time. In this context, CIRDO could have an
important role to play in providing a digital liaison diary role by facilitating and
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enhancing cooperation, ensuring the best possible articulation and continuity of the
care process.

Our interviews and focus group also show that CIRDO creates an ambivalent
feeling among caregivers: stakeholders assume CIRDO will allow better recognition of
their activity by making its reality, complexity and difficulty more visible to the eyes of
the family or their own managers. It could also protect them from their “client’s”
abusive behavior as much as by their own corporation.

In contrast, the CIRDO project could help raise the status of the home help pro-
fession. These stakeholders may well contribute to setting the system more finely
during its implementation, thanks to their intimate knowledge of EP’s habits, risks and
practices (e.g. which types of video and /or audio-sensors to install, in which room and
at which angle). Likewise, they could be more involved in the definition of the digital
liaison notebook: its nature, function and recipient(s). In addition to using their
expertise, these professionals can also develop upstream an essential mediating func-
tion to get EP and families to accept the device.

Thus, these inputs would contribute significantly to repositioning this exchange,
through enriching and expanding their activities (system setup, support to change,
usage tips, besides mere operational tasks). But that would require a parallel rise in
qualifications and training.

Analysis of the Conditions of the Acceptance of CIRDO by the Family. Notwith-
standing its so-called “natural” feature, aid is time-consuming for many, or even, for
some, a serious burden because some of the providers could themselves be resorting to
such support (some “children” are 65 years old, indeed).

Families deem CIRDO as a potential “competitor”: automatic alarm triggering
deprives caregivers of their ability to assess the severity of the incident and the ade-
quate alert level that should ensue. They also feel guilty of not being constantly present
to assist, support or reassure their loved ones. These concerns can also be interpreted as
the fear of being replaced by these devices, even though the caregiver system would
not be changed and /or altered by the introduction of CIRDO.

CIRDO would be useful to caregivers by constantly watching over EP and release
caregivers of their perpetual burden. Seen as prosthesis, it would reassure everyone,
family and relatives. In this sense, CIRDO might well meet one of family caregivers’
needs: to be protected from their own failure to be present and intervene.

4 Conclusion

The purpose of the article was double. We have shown how psychology can help and
lead the design of a new pervasive technology, by scrutinizing the causes and conse-
quences of falls and by exploring the social acceptance of the elderly system of life.

The approach we used presented first, daily life activities and falls at home, and
secondly how each home stakeholder considers the impact of this new device on their
respective trade systems and between them.

We have shown that, depending on their experience, backgrounds and needs, each
stakeholder in the home (EP, professional help and family) has a different vision of the
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purpose of their activities (support, help, care, prevention, control…) and therefore has
specific expectations and fears vis-à-vis the system. The function and purpose of the
latter are (implicitly) heterogeneous since various stakeholders interpret them differ-
ently. Their perceptions may be partial, conflicting, or partially contradictory [20]. The
whole difficulty in CIRDO design and implementation is a matter of adjusting to a
socio-domestic system that is different every time, given (i) the diversity of EP’s at risk
activities [21], and (ii) the differing interests of the various stakeholders. The latter also
turn out to be powerful mediators in the eventual use and adoption of the system.
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Abstract. Falls are particularly detrimental and prevalent in the aging popu-
lation. To diagnose the cause of a fall current medical practice relies on
expensive hospital admissions with many bulky devices that only provide
limited diagnostic information. By utilizing the latest wearable technology, the
Wearable Multimodal Monitoring System (WMMS) presented here offers a
better solution to the problem of fall diagnostics and has the potential to predict
these falls in real-time in order to prevent falls or, at least, mitigate their severity.
This highly integrated system has been designed for real-life long-term moni-
toring of movement disorder patients. It contains multiple wearable and wireless
biosensors that simultaneously and continuously monitor cardiovascular, auto-
nomic, motor, and electroencephalographic (EEG) activity, in addition to
receiving critical patient feedback about symptoms. Initial pilot data show that
the system is comfortable and easy to use, and provides high quality data
streams capable of detecting near-falls and other motor disturbances.

Keywords: Wireless electroencephalography � Skin conductance response �
Electrodermal activation � Heart-rate variability � Blood pressure �Wearability �
Fall prediction

1 Introduction

One in three adults aged 65 and older fall each year [1]. Older adults are hospitalized
for fall-related injuries five times more often than they are for injuries from other causes
[2]. With the population aging, the number of falls and the related costs will increase.
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Falls are more frequent in patients with advanced Parkinson’s disease (PD) and they
occur at even earlier stages and more frequently in patients with atypical parkinsonian
disorders [3–5]. About half of PD patients who fall will require medical care for
fall-related injuries, and many never recover to their pre-fall motor and independence
baseline [4, 6].

Current medical practice for diagnosing falls relies on expensive hospital admis-
sions to determine if cardiologic, blood pressure, balance, gait, or seizure disturbances
caused a fall. Patients are connected for short periods to bulky, single-function devices
that can provide only limited diagnostic information as this information is confined to
the hospital setting after a fall has occurred. Currently, advanced technologies may
allow using inexpensive and wearable multisensor devices on outpatients to determine
the causes of their near-falls and falls as well as collect other critical diagnostic
information in a daily life setting.

Only recently has technology evolved to allow scientists to continuously record
multiple data streams from the body in everyday life in a comfortable and unobtrusive
way. This technology has been used for real-world applications such as stress moni-
toring [7], as well as gait and vital sign assessment and fall detection (see review [8]).
The Wearable Multimodal Monitoring System (WMMS) improves upon previous
technology by integrating and synchronizing multiple data streams in real-time while
also recording valuable patient feedback via a smartphone. The system is an extension
of on-going work to build a Multi-Aspect Real-world Integrated Neuroimaging
(MARIN) system to study stress [9, 10]. The WMMS takes advantage of the original
MARIN system architecture by utilizing some of the same devices, and also includes
new devices and mobile applications specifically engineered for the study of falls in
movement disorder patients. Our multimodal monitoring system is aimed to diagnose
the causes of falls and near-falls so appropriate treatments can be undertaken to prevent
subsequent occurrences.

2 The Wearable Multimodal Monitoring System (WMMS)

The Wearable Multimodal Monitoring System (WMMS) is a highly integrated system
designed for real-life long-term monitoring of patients susceptible to falls. It uses
several state-of-the-art microelectronics and communication technologies in a mobile,
wireless data collection and computing platform with multiple, wearable biosensors
that simultaneously and continuously monitor cardiovascular, autonomic, motor, and
neurological activity in the daily life environment. We chose these modalities as they
can capture the most common causes of intrinsic falls unrelated to accidents. In
addition, the system requests and receives critical patient feedback about symptoms
and other outcome measures. It is envisioned that the data collected by this system will
be suitable for the creation of algorithms that can go beyond diagnosis, to the pre-
diction of falls. These algorithms could then be implemented in next-generation
systems to alert the patient when conditions and behaviors exist that increase their risk
of falling.
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2.1 Components

Peripheral Monitoring Devices. The WMMS contains five commercially available
devices (Fig. 1). (1) The Zephyr Bioharness 3 is a chest band that is capable of
monitoring heart rate, EKG/R-R intervals, respiration rate, posture, and 3-axis accel-
erations. The data will allow us to determine whether abnormal heart rhythms or heart
ischemia cause patient symptoms (lightheadedness or syncope) and/or falls. (2) The
Empatica E3 is a small wrist-worn device containing a 3-axis accelerometer and optical
temperature sensor, as well as an electrodermal activity sensor and a photopletis-
mography sensor, which measure physiological arousal that will be used to determine
autonomic disturbances. (3) The MINDO 4-channel wireless EEG Headset is a
4-channel wireless EEG monitoring system equipped with dry electrodes to monitor
syncope-related decrease or seizure-related increase in brain activity. The headset can
provide up to 256 samples per second from each EEG channel. (4) The BodyDyn
10-DOF Wireless Body Motion and Posture Monitor is the prototype of a wearable
body motion and posture monitoring system that will be used to determine if gait
disturbances are the possible cause of a fall or near-fall. It will be also used to deter-
mine whether motor disturbances such as tremors, dyskinesias, dystonia and freezing
are possible causes of falls and near-falls. Each device can provide up to 100 samples
per second of 3D linear accelerations data points, 3D angular acceleration data points,
3D magnetic flux, and barometric pressure. These small, unobtrusive sensors will be
affixed to clothing or other devices at locations including the wrists, chest, waist, back,
and ankles. While the four devices outlined above stream data wirelessly to the
smartphone in real-time, (5) the HealthStats BPro ABPM Watch records data locally
and those data are then added to the other datastreams post hoc. The BPro is an
ambulatory blood pressure monitoring (ABPM) system in the form of a wristwatch
used to measure blood pressure (BP) and heart rate (HR) and to determine whether
drops in BP or HR can cause falls and near-falls (orthostatic hypotension). It uses
modified applanation tonometry to measure the pressure pulses detected at the radial
artery in the wrist every 5 to 15 min.

Handheld Electronic Device. An Android smartphone serves both as the data hub for
the sensors and the graphic user interface for the patient. The WMMS uses several
Android-based applications. The main widget provides an event monitoring panel which
allows the patient to log notes for salient events and answer related questions. Addi-
tionally, the WMMS includes three interactive applications designed to assess symptom
severity and a suite of inventories that gauges non-motor functions (i.e., mood).

Event Monitoring Panel. The event monitoring panel is a widget that is available to the
patient when the phone is turned on. It includes six different buttons that the patient can
select to log salient events (right center of Fig. 1): falls and near-falls, medication, loss
of consciousness, meals, dizziness, and tremors or dyskinesias. When selecting a
button, the patient is directed to answer questions about the event. Each button follows
a pathway of questions designed by clinicians to capture important associated infor-
mation in a uniform way. This information will be helpful in the development of fall
prediction algorithms, because it provides subjective information that adds context to
the continuous physiological data streams.
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Applications. In order to collect data about symptoms throughout the day, we have
developed three interactive apps that can be easily accessed by the patient. The first app
is our mobile version of a force transducer based tapping task. The parameters replicate
those of a study of Huntington’s Disease patients where outcome measures (variability
of tapping intervals and tap frequency) were found to be sensitive enough to distinguish
between carriers (pre-manifest) and age-matched healthy controls [11]. This task has
also been performed with PD patients with success [12]. The task is performed via a
touch screen and does not utilize a force transducer; however, we expect that this

Fig. 1. The Wearable Multimodal Monitoring System (WMMS)
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mobile setup will still be sensitive enough to quantify motor impairment. We will
compare this new app with the Movement Disorder Society-United Parkinson Disease
Rating Scale (MDS-UPDRS) tapping score. The second app developed for the WMMS
is a Baseline Measurements App that guides the user visually and verbally through a
series of movements taken from clinical motor scales. It then creates an output file that
time stamps each movement start and end to allow for easy data analysis of the time
synced multimodal data streams. The third app is an Everyday Activity App which
follows the same design as the Baseline Measurement App, but it asks the user to
perform everyday activities such as walking around a room and typing on a keyboard.
Both of these movement apps will allow us to explore how the time-synced multim-
odality data tracks motor function in the clinic and at home during clinically relevant
and everyday actions.

Inventory Suite. The Inventory Suite contains questionnaires validated in the literature
for the study of non-motor symptoms such as mood. These inventories have been
translated to an easy to use mobile format. The suite will be deployed at least once a
day, but some shorter inventories will be repeated throughout the day. It contains the
Stress Visual Analog Scale, Fatigue Visual Analog Scale, Self-Assessment Manikin,
Pittsburgh Sleep Diary, Beck Depression Inventory, and Spielberger State Anxiety
Inventory. The data collected from these questionnaires will be used to relate different
perceived states with physiological data and will provide potentially important pre-
dictive information for falls.

3 Pilot Study Results

To show feasibility and to evaluate the WMMS we collected preliminary data from six
healthy young controls (36 ± 9 yrs.) at the U.S. Army Research Laboratory (ARL).
Participants spent three hours interacting with the software developed for the WMMS
and four hours of their normal work day wearing the system. We also collected pre-
liminary data from three patients and one age-matched healthy control participant
(65.2 ± 7.6 yrs.) recruited at the UCSD Movement Disorder Center. These participants
interacted with the software and received clinical evaluations over a three hour period
under close supervision. Participants at both sites signed informed consent before
entering into the study.

3.1 Comfort Ratings/Ease of Use

To determine ease of use we employed the well-established Visual Analog Scale
(VAS) [13, 14] to assess comfort of the whole system and of individual sensors
separately. The Android handheld device calculated a number from 0-100 corre-
sponding to the location of the cursor as placed on the line by the participant. The three
patients and one age-matched control at UCSD rated the WMMS at 90 ± 7 % of the
perceived comfort visual analog scale (PC-VAS), and this rating did not after three
hours of wear (Fig. 2). Healthy young adults at ARL rated the system initially as less
comfortable (75 ± 12 % of the PC-VAS; compared to patients), but these ratings also
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did not change over seven hours of wear. These preliminary results indicate that the
system’s high comfort level was maintained even while being worn over extended
durations. All pilot users were asked if the system was comfortable upon first place-
ment, and all users replied that the system was comfortable. Therefore, we believe that
healthy adults and patients have different thresholds for comfort that is in turn reflected
in different initial PC-VAS ratings. All participants also reported that the WMMS was
esthetically acceptable, unobtrusive, and easy to use.

3.2 Quality of WMMS Data Compared to Medical Instruments

One of the goals of the pilot study held in the clinic was to compare the quality of data
collected from the WMMS to data collected from gold-standard medical instruments.

Heart Rate and Rhythm. There were no substantial differences between the EKG
readings (heart rate, rhythm, and waves) from the Bioharness and the EKG machine
(Illustrated in Fig. 3 for two patients).

Blood Pressure. Figure 4 shows an example of the BPs obtained from the WMMS and
a standard cuff BP machine for two patients. While the BP fluctuated throughout the
day, the blood pressure taken by the machine at intermittent intervals (three times for

Fig. 2. Comfort Ratings (from the PC-VAS) at intervals during the pilot study

Fig. 3. Comparison of simultaneously recorded EKG traces from the standard wired EKG
machine and the wireless chest strap (i.e. the Bioharness) of the WMMS.
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Patient 1 and twice for Patient 2) was very close to the reading given by the wristwatch
device (i.e. the BPro). It is important to note that the starting value for both devices is
the same because the wristwatch requires an initial calibration value from the blood
pressure machine.

3.3 Capturing Relevant Events

During the time while patients were in the clinic, any relevant events were noted on the
smartphone, so that those events were timelocked to the physiological data streams.

Tremor. During the pilot study in the clinic one patient displayed behavior that was
identified clinically as tremor at rest typically observed in parkinsonism. The accel-
erometer outputs (from three devices) that corresponded to this time period can be
found in Fig. 5 (right panel). Compared to normal movement without tremor (left
panel), the tremor is shown by the regular oscillation in the leg and hand in contrast to
normal movement patterns where acceleration increases and decreases without an
oscillation pattern.

Fig. 4. Comparison of recorded blood pressure readings from the BPro wristwatch (solid lines)
and the standard machine (black diamonds and circles) in the clinic for two patients.

Fig. 5. Accelerometer data streams for one patient during normal movement with no tremor (left
panel) and a resting tremor (right panel).
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Near-fall. One patient experienced two near-falls due to balance impairment, and these
events were captured in the multimodal data stream. Figure 6 compares the acceler-
ometer streams for one of the near-falls (left panel) with the same ten second time
period where the patient sat down and stood back up again according to instructions in
the Baseline Measurements App (right panel). The near-fall created a large but brief
increase in peak acceleration values from the chest sensor (where the patient sat down
abruptly to catch the fall). This brief but sharp increase is not seen when the patient sits
down and stands up normally. These data demonstrate that the WMMS can distinguish
between different types of actions, including distinguishing falls and near-falls from
normal actions. Moreover, the lack of simultaneous or preceding EKG and blood
pressure abnormalities (not shown) excluded the cardiovascular and autonomic systems
as potential causes for the near-fall and pointed to postural instability as a cause of this
near-fall.

4 Fall Prediction Algorithm Development

Successful fall detection algorithms have been developed using acceleration data col-
lected from various parts of the body utilizing techniques such as less sensitive simple
threshold based algorithms [15] or more complex and precise machine learning algo-
rithms [16] including the use of Bayesian models [17]. While a wide literature has
established that basic fall detection is a relatively simple process requiring only
acceleration data from a few sites on the body, fall prediction algorithms have not yet
been attempted on real-world data. Moreover, to our knowledge diagnosing the mul-
tiple causes for a fall has not been attempted. The WMMS offers an integrated view as
it will utilize real-world continuous multimodal data streams collected on healthy
controls and fall-prone subjects to begin to build prediction profiles for the various
causes of falls. These profiles could be used for the prediction and intervention of falls
in this population and the ageing population at large. We will use the recently validated
definition of near-falls by Maidan et al. [18]: A stumble event or loss of balance that
would result in a fall if sufficient recovery mechanisms were not activated. At least two
of the following mechanisms should be activated to be determined as a near-fall:

Fig. 6. Accelerometer data streams for one patient during a near-fall to sitting (left panel) and
during normal standing to sitting (right panel).
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(1) unplanned movement of arms or/and legs; (2) unplanned change in stride length,
(3) lowering of the center of mass, (4) unplanned change in stride velocity and
(5) trunk tilt.

Once fall and near-fall events are identified via user input and/or basic fall detection
algorithms, we will then utilize the rich multimodal dataset (including those data
obtained through the pathways, questionnaires, and motor apps) to probe for which
preceding features are predictive of falls. We will do this by applying recent ground-
breaking machine learning techniques [19–23] to these multimodal data streams.
Techniques include but are not limited to fuzzy logic [24] and Bayesian probability
models [17]. The techniques will not only mine physiological and physical activities
from multimodal sensors, but also handle context awareness, and subject specific
models and personalization. Once an optimal fall prediction algorithm has been cre-
ated, it will then be deployed in real-time on the smartphone and will trigger questions
for the user or an emergency call to the study coordinators or 911 if questions are left
unanswered or the patient reports an injury.

5 Conclusion

This paper has described a novel multimodal system designed to study falls in
movement disorder patients. Overall the WMMS functioned well during the short pilot
study. Patients and younger healthy adults found the system to be comfortable and easy
to use throughout the study. The system provided continuous high-quality datastreams
from a variety of users (from young healthy adults to older movement disorder
patients). These datastreams were of high enough quality to be comparable to
gold-standard medical equipment and to discriminate between events of interest and
normal movement patterns. Moving forward, we aim to continue to collect data for the
pilot study and to incorporate any advances in technology in order to update the sys-
tem. For example, we chose the HealthStats BPro to measure blood pressure because it
is the best non-cuff semi-continuous blood pressure device available on the market.
However, during the pilot study we noted that the device lacked sufficient data col-
lection frequency to accurately measure sudden blood pressure drops. New emerging
technology utilizing Pulse Transit Time (PTT) [25, 26] may provide an alternative
option. The WMMS employs a very flexible architecture and can be modified to
incorporate new sensor technology as it becomes available. With continued improve-
ment and data collection, we can deploy fall detection algorithms and initialize fall
prediction algorithm development. We believe the WMMS holds the promise of safer
and more independent living, not only for movement disorder patients but also for the
ageing population at large.
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Abstract. Textile user interfaces for smart homes offer novel intuitive input
gestures and may lower acceptance barrier for technophobic or elderly people.
To understand the users’ requirements of smart textile input devices, an
Adaptive Conjoint Analysis with the attributes wearability, functionality, haptic,
location, and components was carried out with 100 participants. The attributes
were rated with different importances. Users request non-wearable textile input
devices with no noticeable electronics for the living room. Gender, but no age
effects were identified, as women prefer health applications, whereas men prefer
media control. In summary, the device needs to be individually tailored to the
user’s requirements to achieve high acceptance.

Keywords: Smart textiles � Technology acceptance � Design space � User
centered design � Conjoint � Smart home

1 Introduction

Marc Weiser’s vision of Ubiquitous Computing [1] is slowly becoming a reality. As
early as in 1991, Weiser envisioned the appearance of different smart input devices in
form of walls (table-size displays), pads (tablets), and tabs (smart phones) and smart
appliances that can be controlled via a network. The envisioned input devices already
penetrated the market and smart appliances currently spread in domestic, commercial,
and industrial environments. Television and other media, lights, or smart heating
control, washing machines and refrigerators are just some of many devices that are
increasingly connected to the “Internet of Things” and that are accessible via tablets or
smart phones, or by other smart appliances nearby.

While the road to the future may seem straight ahead, one should not forget about
our past. In human history textiles have been used for over 30.000 years [2, 3] and
accompany us every day since then [4]. Textiles are typically perceived as warm,
fashionable, and pleasurable and come in uncountable forms, materials, functionalities,
sizes, and colors. Still, textiles have rarely been used as input or output devices for
computing machinery, leaving the field to inflexible and cold devices of plastic, metal,
or glass.

Using textiles as input devices is an innovative research field [5, 6], at least out of
two reasons. One reason is methodological by nature: Creating a novel input device or
even a set of input devices that combine smart sensors and actuators can be seemingly
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integrated in textiles surfaces, such as in pillows, blankets, or in couches. Contrary to
currently available computing technology, these devices ought to be soft and smooth,
and may be cuddled – technology characteristics that could open out into a completely
positive connoted devices. The second reason refers to novel application contexts,
which go much beyond he traditional field of applications of input devices. Also, new
user groups currently not interested in computing technology could be addressed [7]. In
particular, smart textile user interfaces may be a way for reaching social inclusion of
elderly and technophobic people and allow them to handle technology with a
well-known material (fabrics) in their personal home environment [8, 9].

1.1 Smart Textiles as Input Devices

Textiles are defined as smart, if they have intrinsic properties that are not normally
associated with traditional textiles and can respond to environmentally stimuli. In
contrast to that, the term functional textile refers to textiles that have specific functions
added by specific materials or coatings. Distinguish characteristic is the integration of
electronics in the textile architecture. There are three distinct hierarchical categories of
smart textiles depending on the closure between fabrics and electronics: Textiles made
of fibers and yarns to reach wearable computing, textiles with woven or embroidered
fabrics and yarns to: The first category contains textiles that are made of fibers and
yarns that build a single functionality in combination with conventional components
(e.g., wearable computing). With textiles of the second category functions are achieved
by the use of the textile itself resulting from a closer connection (embroidery and
weaving) between fabric and electronic components. Third categories textiles are
developed to offer functions on the fiber level by implementing the electronic device
deep into textiles fabrics. Current challenges are mechanical flexibility, washability,
power supplies and product development and commercialization [10]. Due to flex-
ibility, closeness to human body and the possibility of very discreetness, smart textiles
can apply to a very wide range of tasks like health, security and smart homes [11].

Karrer et al. [12] created PinStripe, a poloshirt with electric sensors in a sleeve for
measuring a continuous value based on grasping and deforming. Possible applications
were seen in controlling mobile devices or music, but also in safety-critical contexts.
From a technical and or electronic point of view, the development of smart textiles is at
an advanced stage [13, 14]. Current research discussions are directed to the integration
of novel sensors into smart clothing [15] and wearables [16]. Also, [12, 17] are
focusing on novel interaction technologies.

Because of their closeness to human body, smart textiles can also react to implicit
input like temperature and breathing frequency. Najafi [18] created SmartSox, a pair of
socks that can measure temperature, pressure and hallux range of motion to avoid
diabetic feet. All patients perceived the socks as comfortable and had no problems
while walking with them.

Smart textiles are increasingly used for different application scenarios, as e.g.
motion sensing [19] or sports [20] or even within the education context [21], in which
efforts were made to tailor teaching anatomy and physiology to children with smart
wearables. Stark [22] developed SnapToTrace, a textile component kit that can be used
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to learn computational systematics and coherences for youths by rearranging textile
input- and output components on a base mat. Also, smart textiles find their way into
caring and health monitoring contexts ([5, 23, 24]).

1.2 The Missing Keystone: Usability, User Diversity and Acceptance

While the potential of textiles in different application domains is widely acknowledged
still the research and technology development is mostly technology driven. Yet, the
impact of user requirements and the general acceptance of devices in close distance to
persons did not adequately receive attention. Sparse knowledge is known about the
impact of user diversity on acceptance of textiles [5, 25, 26]. However, the integration
of users in the technology development is indispensable for the success of textile input
devices and therefore a mandatory requirement for sustainable solutions.

Recent research directed to personal medical devices revealed that user diversity –

in terms of gender, technology generation and technical self-confidence – is impacting
not only the ease of using devices but also the degree to which users are willing to use
technology in their home environment. Especially the perceived barriers when con-
fronted with novel technologies and the prevailing aloofness towards consequences
when using technology in the close environment is much higher in women compared to
men [27, 28]. Age and technology generation is especially sensible to the perception of
the usefulness of the novel technology and the susceptibility to stigmatizing by device
design, as elderly feel being marked as old and ill [29]. Another meaningful outcome in
this context is that devices implemented at home are very differently accepted
depending on the respective location and the room [30].

Another critical issue is the way of how technology acceptance is assessed [7, 31].
To gain knowledge about users preferences and the acceptance of the technology,
conventional methods like conceptualization of dimensions like “importance of place-
ment on the human body” or compositional traditional technology acceptance models
[32, 33], reach their limits due to functional dependencies within a possible design space
of textile input devices. What is needed for the question regarding the acceptance of
smart textiles in the home environment is a holistic evaluation of ecologically more valid
decision scenarios, in which different single factors are weighed against each other, and
the possibility of direct simulations. That’s why we took usage of an adaptive conjoint
analysis, a methodology where incompletely described concepts are compared with each
other to calculate part-worth utilities of every possible attribute. As far as we know, this
is the first approach to evaluate technology acceptance using ACA using technology
decomposing attributes and levels (in comparison see [34]).

2 Method

2.1 Measuring Technology Acceptance via Conjoint-Analysis

Conjoint analysis in general is a multivariate analysis method for measuring customer’s
preferences in a decompositional way: well-defined concepts of products are compared
against each other to decompose their part-worth utilities for every level and relative
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importances for every attribute of a product or service. In this context, attribute is a
property of a product or service and level is a concrete manifestation of an attribute, i.e.
green would be a level of the attribute color. Because of the similarity to a real buying
situation Conjoint Analysis is very widespread in marketing disciplines to perform
trade-off analysis and market simulations.

The Adaptive Conjoint Analysis (ACA) method used in this study consists of
several steps. In contrast to other conjoint methods, ACA is a hybrid method consisting
of a compositional part also. The ACA is made up of four steps, the first two being
compositional, the third being decompositional and the forth being for calibration. In
the first step, called ACA Rating, every level of an attribute is rated from desirable to
undesirable. In the second step, called ACA Importance, the importance of these
ratings is measured by rating the importance of the difference between the most desired
level and the least desired level from ACA Rating. During these steps, relative
importance are created and updated with every given answer. In the third step, called
ACA Pairs a comparison between two products takes place on a 9-Point rating-scale,
while the amount of levels starts at two and increases to an upper limit. During this
step, part-worth utilities and are created and updated with every given answer. The
concepts presented to the participant are assumed to have nearly equal desirability. In
the last step, called ACA Calibration, fully described concepts are rated from 0 to 100
to calculate the predictive value of the method [35].

Besides marketing analysis, Conjoint Analysis can be used to provide decision
criteria or concrete practical guidelines for designers of technical systems [36]. ACA
was chosen for this study to avoid cognitive or creative overload that could occur in a
comparison of fully defined concepts. In addition to that underestimation of pricing and
bad mimicry of buying situations does not matter in this context, indeed we assume that
a gradually decision between two concepts fits better in this context of technology
acceptance [34].

2.2 Characteristics of the Sample

Overall 100 people aged 18 to 73 years (M = 31.8; SD = 11.5) participated in the study
(41 % of female, 59 % male).

Self-efficacy in Interacting with Technology (SET): Participants reported an average
SET of M = 3.8/6 points max (SD = 1.2). A two-way analysis of variance with age and
gender as independent variables and SET as dependent variable yielded in a significant
effect of gender on SET (F1,99 = 16.7, p < .001) with men reporting considerable higher
technical self-efficacy (M = 5.3, SD = .9) than women (M = 4.4, SD = 1.2). No age
effects on technical self-efficacy were found.

Liking of Textiles: The index for assessing the linking of textiles achieved a moderate
internal reliability of α (100, 4 items) = .635. On average, participants reported an
affinity of M = 3.27 (SD = 0.94). Again, a two-way ANOVA with age and gender as
independent variables and the textile index as dependent variables revealed a significant
effect of gender (F1,99 = 8.3 p < .05, η2 = .079), but no effect of age (F1,99 = .417,
p = .520 > .05, ns.) on liking of textiles. Specifically, women reported a higher affinity
towards textiles (M = 4.5, SD = .8) than men (M = 3.9, SD = 1.0).
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Experience with textiles: 73 % of participants had heard or read about smart textiles and
15 % had actual experiences in any form with smart textiles. Interestingly, there is a
significant relationship between persons with smart textiles experience and technical
self-efficacy (F1,98 = 7.4, p < .05,), with experienced persons having higher
self-efficacy scores also having more experience with smart textiles.

2.3 Study Design

The study was realized in an online survey with an average completion time of 15 min.
The survey started with a brief motivation of the research. Next, demographic infor-
mation was recorded (age, gender, educational level, (last) occupation). In addition,
participants were surveyed regarding individual factors that are known to impact the
interaction with and evaluation of technology.

Self-efficacy in interacting with technology (SET) on a Beier’s scale [37]. SET has
been identified as an pivotal psychological construct that explains the users’ effec-
tiveness, efficiency [38], learnability [39], user satisfaction, and acceptance in inter-
acting with electronically devices. Also, participants’ inclination towards textile
surfaces was surveyed, in order to control for individual differences in the liking of
textiles. These aspects were captured using 6-point Likert scales (0 to 5, 5 max.).

Attributes and dimension of the Conjoint Analysis were taken from prior research
[26], in which a design space of possible factors (spatial context, users, tasks, appli-
cation scenarios) were explored (see Table 1). The five factors with the highest impact
on further prototyping decisions were chosen: Wearability (wearable/non-wearable),
Functionality (remote controlling of media /smart home technology /health technol-
ogy), Components (textile only /communication with smartphone needed /box of

Table 1. Attributes and Levels

Attribute Level

Wearability Wearable
Non-wearable

Functionality Health function
Media controlling
Smart home controlling

Components Box
Smartphone
Textile

Haptic Soft
Medium
Hard

Room Bedroom
Kitchen
Living room
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hardware needed). The other two attributes are Haptic of the textile (hard /medium /
soft) and Room of usage (bedroom /kitchen /living room).

In ACA Rating and ACA Importance the evaluations were measured on a scale
from 0 to 5. The upper limit for the number of attributes in ACA pairs was set to three,
there were six questions with two and three attributes each. ACA Calibration consisted
of five concepts. Addressing the fact that there are no functional dependencies none of
the 162 possible products were excluded from the study. An exemplary question set is
shown in Fig. 1.

3 Results

First, the relative importance of the five dimensions is shown. Finally, for each of the
five dimensions the rating of the individual levels is presented and gender differences
will be discussed.

3.1 Relative Importance and Part-Worth Utilities

The participants of attach different importance to the five considered dimensions of a
textile input device. Specifically, Components is rated as the most important attribute
(24.6 %), followed by Room (22.5 %) and Functionality (22.0 %). Haptic (18.7 %) and

Fig. 1. Illustration of exemplary ACA questions
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Wearability (12.2 %) were found to be least important to the subjects. What is note-
worthy in this context is that the order of importance across criteria is not affected by
user diversity (neither age nor gender). Figure 2 shows the relative importance of the
five attributes.

3.2 The Impact of User Characteristics on the Evaluation of Textiles.

In the following sections the preferences for the individual levels for each attribute are
discussed in order of relative importance. Figure 3 illustrates the part-worth utilities
separated by gender.

In the Component attribute the level textile was strictly preferred by men (43.10)
and women (40.69) over the other levels smartphone (men 15.08; women 9.41) and
box, which was strictly disliked by men and women (men −58.18; women −50.10).

Regarding Room, a strong preference for using the technology in the living room
was reported by both genders (47.14 men; 42.79 women). A contrasting gender effect
in the evaluation of bedroom and kitchen was found: women disliked a device the
kitchen (−11.31) less than the bedroom (−31.48) as a location for use of smart textiles;
men in contrast disliked the bedroom (−16.34) less than the kitchen (−30.81).

Evaluation of the attribute Functionality revealed gender preferences: men favored
smart textiles to control media (11.8), while women favored health functionalities
(10.0). In contrast to that, men disliked health functions (−14.6) and women disliked
media functionalities (-12.7). Smart home controlling was tendentially rated positively
by both men (3.8) and women (2.7).

As regards Haptic of the device, medium hard was favored most by men (23.1) and
women (20.8), but women liked soft textiles (19.4) just marginally less. The hard
option was disliked by both genders, with women’s rating (−40.2) being more negative
than men’s (−31.0).

Regarding Wearability women reported a stronger preference for non-wearables
(15.9) than men (5.2).

Fig. 2. Relative importance of smart textile attributes
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4 Discussion

The study investigated the users’ requirements of the different aspects of a textile input
device. The research motivation was to contribute to the undeveloped knowledge about
the usefulness of a textile input device that can be implemented in the home context.
Different from other social science approaches, in which acceptance for or against a
specific technology is assessed by using single factors approach, we simulated the
decision process in real world scenarios by using conjoint analysis. Methodologically,
the main objective is to simulate decision processes and to decompose the preference of
a product or scenario as a combined set of attributes into separate utilities of the
attributes and respective attribute levels. From a theoretical point of view this approach
mimics the real procedure: Characteristically, acceptance is a “product” out of per-
ceived benefits and at the same time barriers and they weigh those factors depending on
their individual situation and perspective.

On the base of previous research, we predefined five aspects of a textile input
device that have been identified as important on a single factors level [26].

The conjoint findings corroborate that users assign different levels of importance to
the five investigated aspects of the design of a textile input device. Participants evaluate

Fig. 3. Part-worth utilities for every level, separated by gender
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the technical realization as the most important aspect of the device. Here, users clearly
oppose a product with a noticeable electronics or a battery pack and they prefer a
device with seamlessly integrated electronics or – as a temporary solution – that the
computing logic is outsourced into a smartphone wirelessly connected to the device.
The second most important criteria for users are the operational area of the device.
Users predominantly prefer a device specifically designed for the living room and the
two other alternatives, kitchen and bedroom, were disdained by the users. The latter
mimics findings according to which rooms at home have different sensibilities and
tolerance towards the integration of technology. The third most important criterion is
the actual functionality of the device. However, users did not clearly prefer one pos-
sible function to the other, meaning that some users want a textile for controlling the
smart home, whereas others want to control music or other media. This shows that
there is not the tendency for “one function for all” but a tendency for the wish to
individually tailor the functionality to own needs and to control the functionality, which
is implemented in the device.

What is quite astounding in data outcomes is the fact that user diversity – at least in
those facets that were under study here – did not have major impact on acceptance.
Beyond the fact, that women dislike smart textiles in the bedroom more than in the
kitchen, and vice versa for men, neither age, nor gender nor the level of technical
self-competence did modulate the order of importance regarding the evaluation criteria.
In addition, age is not related to self-efficacy in interacting with technology, nor does
age influence the preferred appearance of a prospective textile input device. This
contradicts on a first sight a huge body of research outcomes according to which
women are more reluctant to use and like novel technology in their private space [27]
or a decreasing openness to novel technology with increasing age [40].

This missing effect of user diversity might be based on three reasons:
The first reason is directed to the textile as input device as a well-known and deeply

anchored material. If this assumption is right then the disadvantage of a technical device
as a foreign artifact and disliked in the private sphere may be compensated by a highly
appreciated technology. More so, this result would then open up a huge success to cope
with the challenge developing technical assistance for an aging society: appreciated
technology that is not stigmatizing persons with a lower technical competency.

The second reason could lie in the evaluation dimensions, which were under study.
To evaluate the functional design space and more or less design aspects of a novel
technology might not be sensitive to diversity as such. If so then we have strong
arguments to assume that those functions might follow a “design for all” approach, at
least in the respective functionalities implemented in the device. Third, a quite simple
reason could regard the speculation that this is an effect of the comparably young
sample, which might not be representative for the whole group of older and possibly
handicapped users. On the base of the present finding we cannot decide which of the
reasons might be correct. Future studies could continue in this line of research,
addressing many more facets.

In this context, first, we will have to find out whether these devices are accepted at
all and if they are preferred over conventional input devices. The concurrently realized
focus groups and the previous survey discussed the benefits and barriers of such a
device and premises for a successful adoption process.
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Second, most participants were recruited via social networks, mostly Facebook or
personal emails. This led to a sample askew to younger and more technophile people.
A subsequent study must therefore investigate if the presented tradeoffs are comparable
with an older and less tech-savvy sample. Furthermore, we have of course to elaborate
the range of the design space. So far, only few selected elements were investigated in
this study. Subsequent studies must address additional characteristics – such as weight,
for a holistic understanding how users balance the pros and cons across these
dimensions.

What we can say is that textile input devices offer excellent opportunities for
younger and older persons to control the increasingly widespread smart devices in
domestic environments. The presented trade-off analysis is one of several important
columns of this line of research. In parallel focus groups multiple realizations of
possible textile input devices as low fidelity prototypes are investigated. Following the
results from this study and earlier work, these prototypes are targeted as a smart remote
for home automation and media control for the living room in a smart home. From
the technical perspective, the users’ requirement that the necessary sensor and actuator
technology must be seemingly integrated in the device (i.e., without a noticeable
electronic brick and battery pack) is one of the toughest challenges.
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Abstract. The elderly population is increasing and the need of smart home
technology and customized health-care solutions is growing rapidly. A common
symptom of old age is cognitive impairment, which can in some cases lead to
the inability of self-navigation. Numerous indoor navigation systems have
proposed to solve such problems. However, previous developers have only to a
minor extent included elderly in the design process, despite the user group’s
complex needs. The solution presented in this paper is based on using recog-
nizable aids and abstractions to ensure that the new proposed system is some-
thing elderly users can relate to and feel comfortable with. Other solutions often
require wearable modules, or constant interaction, whereas this system does not
require any of the two. In addition to our solution we present five implications
when designing an indoor navigation system for elderly people.

Keywords: Indoor navigation � Cognitive impairment � Elderly people �
Assisted living � Positioning

1 Introduction

The elderly population is increasing throughout the world and the average life
expectancy is higher than ever before in human history. In Norway the population aged
65 years or older constitutes approximately 15 % of the total population. The growing
number of older citizens are placing new stresses on communities and increases the
need for health-care, in-home care giving and appropriate housing [1]. The majority of
older adults prefer to live independently for as long as they possibly can. Supporting
older adults to remain in their own homes and communities is also favored by policy
makers and health providers to avoid the costly option of institutional care [1].
A common symptom of old age is cognitive impairment. However, the impact of
cognitive impairment is relative to each individual; therefore, it is hard to categorize the
needs of elders, and their ability to take care of themselves, by age. One symptom of
cognitive impairment is disorientation and the inability of self-navigation in familiar
and unfamiliar indoor environments. Nowadays there are many commercial and
non-commercial systems with the aim of providing reliable indoor positioning e.g.
InfSoft, Nextome and MazeMap. However, most of them are not considering the
complex needs of elderly users. In this paper we propose a system which aims to
improve the well-being of elders and help them become more independent by
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introducing an indoor navigation system using Bluetooth technology that is specially
designed for their capabilities. By using this system elderly people will be able to move
around in known and unknown buildings unsupervised as well as feeling safe and
independent. Our design can work as a tool to let elders live independently for a longer
period of time.

The structure of this paper is as follows; we start this paper by introducing related
work about technology and prior research on elderly and cognitively impaired people.
This is followed by our research context and our choice of method. Then we present
our results and discuss them in light of prior research and related work. Thereafter we
present our design as well as five implications when designing an indoor navigation
system for elderly people. After this we present a discussion on designing new tech-
nology for elderly people, as well as a discussion regarding our results and findings.

2 Related Work

2.1 Positioning

The demand for a reliable indoor-positioning system for commercial and practical use
is high, therefore many technologies has been approached to reach a satisfactory level
of accuracy. Over the last few years many different frequency-based technologies has
been used for indoor positioning, such as Bluetooth, Radio Frequency Identification
(RFID), Ultra Wideband (UWB) and Wireless Fidelity (Wi-Fi) [3]. The most favored
solution uses Wi-Fi access-points, mostly because it already exists in most infra-
structures and it is therefore easy and affordable to implement [4]. Studies by Tsirmpas
et al. [2] and Ozdenizci et al. [5] suggest that implementing the indoor-navigation
system into the environment with RFID and near field communication (NFC) tags is a
solid solution; however, this has not shown to satisfy all the requirements from the
consumers. Technologies like Wi-Fi, Bluetooth, and UWB have been the favorable for
on-the-go navigation indoors. Studies indicate that Bluetooth is the technology that
gives the best precision with an increased number of sensors [3], however a recent
study by Aoki et al. [6] has informed us that Personal Handy-phone System
(PHS) technology can be utilized for indoor-navigation in hospitals. Because PHS
operates at a different frequency band it does not interfere with equipment in hospitals
and care facilities.

2.2 Elderly and Cognitively Impaired People

Most commercial navigation systems today depends on the user being able to read
visible output, therefore developing indoor and outdoor navigation systems for blind
people are still being researched. In 2004, Ran et al. [7] developed an indoor/outdoor
navigation system “Drishti” for blind people that presented intriguing results. This
system has an inconvenience by requiring the user to wear several components like a
small computer, headsets and ultrasound tags in order to use it. Research concerning
navigation aids for elderly people is also something that is in development [2, 6, 8].
However, recurring problems from these studies are a lack of representative sampling,
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or user involvement when developing the solution and is something that has influenced
our methods when developing our proposed system. However, to design such a
complicated system for unexperienced users has proved to be difficult. Culén et al. [9]
researched on cognitive and bodily mastering while observing a smart-gym in use by
elders. They found that elderly people are often not familiar with the most common
icons and symbols used in everyday technology for younger people. This lack of
familiarity may lead to insecurity, less self-efficacy and in some cases a denial to the
use of technology at all. Mary Zajicek [10] presented research concerning aspects of
HCI research for older people that in addition to lack of familiarity, they also experi-
ence a wide range of age related impairments, including loss of vision, hearing,
memory and mobility, the combined effects of which contribute to loss of confidence
and difficulties in orientation and absorption of information. According to Williams
et al. [11] simplicity is key when designing visual displays for elderly people - while
visual displays for teenagers might need flash and bounce to attract their attention, too
much color and action in a display will confuse and frustrate an elderly user. This is
something we have kept in mind when designing our proposed system.

3 Method

3.1 Research Context

To conduct our fieldwork we cooperated with a residential care facility in Oslo. The
age of the residents varied from 64 to 101 years, with an average of 84 years. This
facility target seniors with an increased need of greater security, activity and oppor-
tunities for social interaction. The facility consists of 91 smart-home apartments which
are controlled by a central computer system and smart-home systems to stabilize
heat/ventilation as well as monitoring stove activity, water, smoke sensors, outdoor
camera calling system and lock system. In addition to the central computer system each
apartment is equipped with a tablet which can be used for regular web surfing, as well
as checking the dinner schedule for the in-house restaurant or schedules for local
activities. The facility has big common areas for different activities, and it has a
specially equipped gym, hairdresser, library, physiotherapist office and so forth (Fig. 1).

Fig. 1. Common areas in the facility
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3.2 Direct Observations, Interviews and Surveys

Initially we observed the residents in their natural environment. This gave us insight in
their daily routines and activities. We used questionnaires to get qualitative data from
both staff and residents on what requirements they felt was important for our proposed
system. We also interviewed both residents and staff with the purpose of providing
in-depth knowledge of their different perspectives. This was to retrieve information
about the resident’s habits with technology and their relationship with it.

3.3 User Testing

We wanted to involve our primary and secondary users early in the design-process.
This was accomplished by presenting paper sketches of our design and inviting resi-
dents and staff to discuss and contribute with constructive criticism.

We designed an experiment with the intention to see if our system would act as a
distraction or disturbing factor. Participants were represented by both sexes and were
asked to walk a given distance with a walker which had an iPad attached to it. The
participants walked the same distance with, and without the screen turned on. When the
screen was on it showed unique pictures every five seconds and the participants were
asked to say out loud what was displayed. This was to simulate the use of our system,
where the users will have to watch the screen while walking. We hypothesized that
there would be a difference in time spent walking a given distance when watching the
screen compared to just walking the distance (Fig. 2).

When we had a functional prototype we wanted to investigate different user sce-
narios to see how potential users would interact with the system. Due to the low level
of mobility from the participant group we used screenshots from the system. The
participants were given tasks in a controlled environment. This way we could find
ambiguities and what parts of the interface that needed adjustments for better under-
standing of it as a whole. The tasks were aimed to test if the system had a satisfactory
level of affordance; could elderly people use the basic functions in the system with no

Fig. 2. A participant walking with the prototype
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training. During this test we measured time spent on each task, and the participants
were encouraged to “think out loud” (Fig. 3).

Lastly we conducted a test in a natural environment. The goal was to test the
application in a real time situation, with the main target uncovering errors in both
software and design. Participants was tasked to walk a given route in the room, by
doing this we could see how often the positioning was updated and if there were any
interference or inaccuracies in the signal received. We recruited three participants,
although we recognize that the pool of participants was small, it served its purpose.

4 Results

4.1 Observations, Interviews and Surveys

Many of the residents expressed reluctance towards new technology, and during a
conversation with one of the volunteers at the facility the word technophobia came up
when talking about the relationship between the residents and technology. Observa-
tions indicated that around 90 % of the residents used special aids for support when
walking. This gave us the idea to attach our proposed system to the residents most used
pre-existing aid, which was the walker.

Results from the questionnaires showed that the opinions differed slightly among
the involved parties on what functions to be considered when developing the system
(Fig. 4). However the question about whether a user should have the freedom of adding
a new destination produced an interesting result. 85 % of the residents asked felt that
this function was necessary, while only 20 % of the staff and none of the volunteers had
the same opinion. There was also a disagreement within the groups on whether the
system should have a surveillance function. Because of the disagreements, we could
not move forward with all the functions we initially proposed to the user-groups.
Anyhow it was clear that our system has to be easily operable due to low technical
understanding,

Fig. 3. User involvement during the summative test
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4.2 Experiment

In Table 1 we have the results from the experiment. The table shows how much time
each participant (P1-10) spent on each task with each condition of the independent
variable (with/without screen). The time was measured in seconds. The total number of
participants was 10, five from the care facility, as well as five participants from the
control group recruited at another similar residential care facility in Oslo.

From the results in Table 1 we can see that the participants walked slightly slower
when they had to watch the screen as they walked, compared to when they only had to
walk the distance. To analyze the results we conducted a test of normality to confirm
that the data was normally distributed which is a necessary assumption to be able to
perform a paired sample t-test. The results from the paired samples t-test is shown in
the figure below.

The results shown in Fig. 5 are from the care facility and the control group twinned
together. The t-test reveals that it’s a strong correlation between the two variables with
a Pearson’s r value of 0.956. The t-test also revealed a Sig. (2-Tailed) value, this value
can tell us if there is a statistical significant difference between the two conditions when

Fig. 4. Opinions on functions to be included when developing the system

Table 1. Results from the experiment
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the value is less than or equal to .05. With a Sig. (2-Tailed) value of .002 we can
therefore conclude that there is a statistically significant correlation between time spent
walking when watching the screen compared to just walking the distance. By looking
at the results from Table 1 we can see that watching the screen has a negative effect on
time spent walking a given distance for the users.

4.3 Test of Interface

We have summarized the most interesting data points from one of the summative tests
in the table below (Table 2). It shows average task completion time, range and whether
the task was completed or not. We did not include standard deviation or variance
because our goal was to test the prototypes functions and intuitiveness, and normal
distribution was therefore irrelevant. The data was collected from five potential users at
the care facility, as well as five participants from the control group recruited at another
similar residential care facility in Oslo. The total number of participants was 10.

The summative test of interface showed that the participants could complete most
of the tasks asked, with a success rate of 92.85 %. The table show high variation
between participants in time spent on most tasks, and with an average task completion
time higher than what we could expect. It also shows that some participants did not
complete all tasks. This implicates that some tasks were either not properly described or
they were too hard to execute. From this we drew the conclusion that our interface

Fig. 5. Results from paired samples t test

Table 2. Results from the summative test of interface.

Designing an Indoor Navigation System for Elderly People’s Capabilities 441



needed to be simpler and cleaner. We also have to look at what symbols and text is the
most descriptive and find something they can relate to.

5 Implications for Design

As a result of these tests we found that some of the abstractions and assumptions were
too unfamiliar, and caused some comprehension trouble. The questionnaire-results
(Fig. 4) indicated that it was close to a mutual agreement that the system should
consider the low technical understanding of the user group. This was reflected in the
user-tests as we observed that most participants had problems with either the tech-
nology or the interaction due to lack of experience with similar equipment and
interfaces.

By reviewing our Table 2 we have found a high completion rate and a satisfying
time completion rate in four out of seven tasks, while three tasks showed a time
completion rate below our desired level. The functions that the participants had few too
none problems in completing, was the tasks of starting the application, choosing
destination, finding destination and arguably finding the amount of exits. The latter had
a satisfying time completion ratio, but one participant didn’t complete the task. The
functions in the system that need be further tested are a representative icon for the user,
how we present the distance from user to destination and going back in the application.
We discovered one flaw in the system which was that the back button was written in
English, and not in our native language Norwegian. This is possibly one of the reasons
this task had such high range and average completion time. The symbol for deletion
was often easily interpreted,however, this is a function we need to think about
implementing, as elders with cognitive disabilities or dementia might delete destina-
tions by accident.

We discovered through our experiment that the screen had a negative effect on time
spent walking a given distance. However, the goal of our proposed system is to serve as
an aid for indoor navigation. This implicates getting the user to his or hers desired
destination independently and safely, the time spent doing so is not equally important.

As a final result we present five implications for designing our system.
The system should:

A. Avoid advanced settings and features
B. Use familiar abstractions and terminology
C. Integrate with pre-existing aids
D. Contain few distractions, colors and contrasts (keep it simple)
E. Contain few customization options (constraints)

Figure 6 shows the transformation from sketch to the final prototype. The change of
design is built on implication C. We also found that they used the platform we wanted
to place the iPad for placing objects or as a mobile resting place.

Figure 7 shows the transformation of our tablet’s navigation interface. The changes
from first to final prototype is affected by removing unnecessary, distracting infor-
mation (implication A and D) while gaining functions e.g. making exits clearer and
gaining destination point (implication 2).
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6 Discussion

In the related work section we mentioned systems that used NFC and RFID technology
for indoor navigation [2, 5]. They integrated the navigation system into the environ-
ment by having several reference points in the building. This way the users had to use
an identification module in order to use the system. The system using NFC required the
user to interact with the reference points in the building using their personal digital
assistant (PDA) or mobile devices to get instructions on where to go. This implies that
every user must remember to bring certain equipment in order to use the system. It also
requires physical interaction during the navigation to update the users’ current location.
The system using RFID is a very intricate system which, in addition to a tracking
module, requires the user to wear earplugs for auditory feedback. For elderly people
with hearing impairments this might block other environmental sounds which could
cause the user to miss important information concerning their surroundings. It might
also conflict with other hearing aids. Another problem concerning these solutions is
that they present a brand new activity which an elderly user might not relate to. Culén
et al. [9] found in their research on cognitive and bodily mastering that this lack of
familiarity may lead to insecurity, less self-efficacy and in some cases a denial to the
use of technology at all. In our proposed system, the only interaction needed is to
choose destination. After that the user can simply watch the screen as it is constantly

Fig. 6. The prototype - first sketch to last prototype

Fig. 7. The tablet navigation interface - first sketch to last prototype
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updating its position and suggests a route. Because our system is attached to their
walking aid there is little risk of forgetting to bring the equipment necessary for
navigation, as the user do not go anywhere without their walking aids. It also bases the
interaction on something they already feel comfortable with. Also, our system does not
require any wearable equipment so there is no risk for discomfort or interference with
other activities the user might attend to.

During our experiment we found that our system’s Bluetooth signal would
sometimes suffer interference from other nearby Bluetooth transmitters. The elevators
in the facility are programmed to send auditory feedback directly into the resident’s
hearing aids, via Bluetooth. This means that whenever the elevator would open, our
navigation system would be thrown of course. To prevent this, another
frequency-based technology might need to be considered e.g. PHS [6]. Because our
system uses signal strength to determine the user’s position, and Bluetooth signals are
easily weakened or blocked by physical phenomenon, the accuracy of the positioning
data will therefore vary. We also found that when walking around corners the system
would lose its precision until it found new signals.

From our summative test we observed that the participant’s level of understanding
the technology was very different from one participant to another, and their experience
with the touch-interface was at times non-existent. Because their level of understanding
was so individually different it was hard to explain the tasks to be performed in a way so
that everyone had a mutual understanding of what they were going to do. This indicated
that using common terminology and assumptions was useless when communicating with
the user group. During the same test, we realized that elderly people often get confused if
the interface has too many objects and abstractions presented at the same time. We found
that the more accurate the abstractions were, and the fewer choices that were presented at
a time, the users would have a higher level of understanding of how to interact with the
interface. This corresponds with a previous study by Williams et al. [11] concerning the
considerations when designing human computer interfaces for elderly people. Their
study indicates that elderly people often have less sensitivity to contrasts in color, and
having multiple pictures or wallpaper patterns increases the risk of confusing a user. They
concluded that in general, simplicity is key when designing visual displays for elderly
people, as too much action in a display will confuse and frustrate an elderly user.

In the result section, we presented five implications for designing an indoor nav-
igation system for elderly people. These implications are based on the results from the
questionnaires, observations, interviews and tests, as well as related work regarding
developing an interface for elderly people. We regard these implications as key points
when designing an indoor navigation system for elderly users. These implications may
be of use in similar circumstances, considering most of them concern physical and
cognitive conditions of elderly people.

7 Conclusion

In our paper we propose a system with the aim to make indoor navigation easier for
elderly and cognitively impaired people. We have used three different data gathering
methods, and we have conducted three user tests as well as an experiment, to gain a
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deeper understanding of elderly users and their perspective on technology. All tests
were conducted in natural environments with real users to assure realistic data. Using
our results we present five implications for design when designing for elderly users.
Our results indicate that elderly people can use our proposed system with a task
completion ratio of 92.5 %. This system aims to improve the well-being of elders and
help them become more independent by introducing a familiar design and integrating it
with a pre-existing aid.
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Abstract. The goal of this study was to understand what employees of
continuing care retirement communities (CCRC) think about the smart presence
technology. To better understand their perceptions of the benefits, concerns, and
adoption criteria for smart presence systems we have conducted a needs
assessment with CCRC employees (N = 23) who were given first-hand expe-
rience operating the smart presence system, BEAM, as a local and a pilot user.
From the interview data, the most commonly mentioned use case was interaction
with others such as doctors, staff, and patients, family, friends, and guests and
conduct/attend meetings. From the questionnaire data, the highest uses cases
were entertainment (e.g. playing games), interaction for CCRC group activities,
and receive remote visits and tours. Findings from this study can guide designers
in identifying ways in which smart presence can be integrated into a CCRC
environment and used by the employees. Future directions are also considered.

Keywords: Performance � Design � Human factors

1 Introduction

Smart presence technology allows individuals to communicate and interact with each
other without being physically in the same space. The use of this technology has
historically been in the workplace; however, there is potential for smart presence
technology to be used in retirement communities. As we explore the uses of this
technology in retirement communities, we must consider the acceptance of smart
presence technology by the employees (e.g., nurses, staff, administration). Retirement
community employees’ perspectives of smart presence technology will influence their
own as well as the older adults’ adoption rate, as well as the nature the system may be
used. Furthermore, by understanding the user’s needs, designers can develop
user-centered and user friendly systems. Retirement communities, broadly defined,
include nursing homes, assisted living facilities, independent living and continuing care
retirement communities (CCRCs). For this research, the retirement communities of
interest were CCRCs. CCRCs were chosen because smart presence can impact a range
of residents and employees that require/offer a range of medical care.
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1.1 Defining Older Adults and Continuing Care Retirement
Communities (CCRCs)

Individuals over the age of 65 are typically categorized as older adults. However, it is
important to note that individual differences exist and the group of people over 65 years
of age is very diverse. Thus, we can think about older adults as two major categories:
(1) the younger-old group that is comprised of older adults between the ages of 65 and
75, and (2) the older-old group that is comprised of older adults over the age of 75
years old. This categorization is necessary as there are huge differences in capabilities
and limitations between the groups (i.e. a 65 year old versus an 85 year old). Between
2000 and 2010, the population over age 65 grew at 15.5 %, a faster rate than the
population under age 45. Overall, the population in the older ages grew at a faster rate
than the population in the younger ages [1].

Older adults live in various housing arrangements. Most live in their home with a
spouse while approximately 30 % live alone. Women aged 85 and older are most likely
to live alone. Almost 50 % of women over age 75 live alone [2]. About 32 % of older
adults live with other relatives [3]. There is a small percentage of older adults who live
in institutional care (i.e., nursing homes, assisted living) and a majority of those resi-
dents are 85 years of age or older [2, 4]. People are living longer, remaining more
active into older age, and staying in their homes longer before finding the need for
institutional care.

One approach to providing care for the duration of older adulthood is continuing
care retirement communities (CCRCs). CCRCs are communities for older adults that
meet a wide range of needs. Healthy and independent older adult residents are able to
live in apartments, condominiums, or homes depending on the individual community.
With this approach, the CCRC offers a community where neighbors are at the same life
stage and residents can feel at ease and secure. As a person ages and needs change, the
CCRC is designed to meet those new needs. For example, CCRCs offer assisted living
for persons needing some assistance with activities of daily living (ADLs), and they
have skilled care for those who may need more intensive care. There are many benefits
to living in this type of setting. The senior never needs to leave what they come to
identify as their community allowing them to age-in-place. Aging-in place is a goal for
many older adults; meaning they have the ability to age in their own home and/or
community safely [5–7]. Living in one setting for the duration of one’s remaining life,
such as in a CCRC, means having the assurance that guidance and assistance will be
provided in each step of the aging process. Lastly, family and friends can feel com-
fortable knowing their loved one has care and housing regardless of future changes in
ability.

1.2 Smart Presence for Older Adults and Health Care

Promoting health and independence in later years requires more than access to adequate
housing. Assistive technology has much promise in increasing older adults quality of
life. One such technology is smart presence. Smart presence systems are used to foster
communication among individuals using audio and video via a teleoperated device [8].
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It offers the sensation of being present at a given location without physically being
there. Video conferencing simultaneously transfers audio and video in two or more
locations. With this setup, users interact with each other using a stationary apparatus.
Unlike traditional video conferencing technologies, smart presence technologies such
as the BEAM offer much more including mobility through teleoperation control.
Currently the BEAM (and similar devices) are primarily used in the work place
allowing companies to interact with others (i.e. clients, employees and teammates) as a
means to conduct business in different locations. Although smart presence technology
was originally designed and marketed for office settings, there is potential for use cases
outside of the work place.

Older adults typically prefer to age-in-place and smart presence technologies have
the potential to assist them in completing tasks they cannot perform of choose not to
perform. Thus possibly helping older adults maintain their independence by reducing
healthcare needs, providing everyday assistance and promoting social interaction [8].
Smart presence has potential for increase social interaction and social connectedness.
Social connectedness is the concept in which an individual is actively involved with
others or activities in which the involvement promotes comfort and wellbeing and
reduces anxiety [9, 10]. Social connectedness is vital for successful aging as it can
directly affect a person’s probability of disease and disease-related disability, cognitive
and physical function and active engagement with life.

In addition to being beneficial to older adults, there is potential for smart presence
to positively impact health care workers that work in CCRCs. The general nature of
smart presence makes it simple to transfer its application from office environments to
other domains. The smart presence devices has been proven useful for meetings as well
as conducting conversations while doing something as simple as walking down a
hallway [11]. However, little research has investigated the use of smart presence in
CCRC settings. It is important to understand how smart presence might fit into the
CCRC health care setting, because without the support and buy-in from CCRC
employees, the system may never be used to its fullest potential. Thus, we aim to
identify specific use cases for smart presence as an initial step in assessing how to best
implement this technology.

2 Goals of Research

It is critical that a human computer interaction (HCI) needs assessment is conducted on
CCRC employees to better understand how smart presence can be deployed into this
market. For this HCI needs assessment, we employed a multi-method approach and
collected both quantitative and qualitative data. The quantitative data from the ques-
tionnaires provided an indication of how participants’ felt the BEAM could be used.
The qualitative data from the structured interviews helped us understand the user’s
perceptions to use smart presence technology. This is the first study dedicated for use
specifically in CCRCS. This paper focuses on understanding CCRC employees’ views
on how a smart presence system may be used.
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3 Methods

3.1 Participants

There were 23 participants in this study, 74 % identified themselves as White/Caucasian,
17 % as Black/African American, and 9 % as other. Of the total number of participants,
6 were male and 17 female. The average age of participants was 51.31 years with the
ages ranging from 24-70 years of age (SD = 12.66). All participants were employees of
CCRCs. The average number of years working in geriatrics was between 1-41 years
(M = 13.24, SD = 10.93). Their positions within the company span across four cate-
gories: Administration, Activities, Nursing and Other (see Table 1).

3.2 Platform

In this study, we used two Suitable Technologies BEAM Pro smart presence systems.
Going beyond traditional video conferencing products, BEAM removes the constraints
of a screen by coupling high-end video and audio with the freedom of mobility. This
combination provides a rich experience that connects people. Using two BEAM smart
presence systems, participants were able to see the BEAM driven on site (as a local user),
and were able to drive a BEAM residing off site (as a pilot user). This gave participants
the opportunity to experience the clarity, usability, and capabilities of the system.

3.3 Demonstrations

Two demonstrations were used in this study to allow participants to experience the
BEAM both as a local and pilot user. In the local demonstration, a secondary researcher
controlled the BEAM and held a conversation with the participant, located in the
CCRC (see Fig. 1). The conversation included topics about the participant’s day, their
job, etc. During this demo, participants had a chance to see the BEAM design, screen
size, video/audio quality, and mobility.

Next, during the second demonstration, the participants logged into a BEAM
located remotely in a USC office (see Fig. 2). The participants interacted with a
researcher, who gave instructions to drive the BEAM through an obstacle course.

Table 1. Work area/position

Area Count

Administration
(includes 11 Directors)

11

Activities
(includes 1 activities coordinator, excludes 3 directors of activity services)

1

Nursing
(includes 1 RN, 1 LPN & 3 CNAs)

5

Other
(includes 2 Chaplains, 1 Marketing employee, 1 Human Resources employee, 1 IT
Support Engineer & 1 Office Manager)

6
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The obstacle course consisted of items and furniture commonly found in work and
CCRC settings (such as tables, chairs, trashcans) as well as traffic cones and tape on the
floor to indicate the direction the participants moved the BEAM. This set up was used
to ensure consistency and control across all participants. A similar experience with
BEAM is critical for comparing data across participants.

3.4 Materials

Interview Script. We developed a five-part interview script to collect qualitative and
quantitative data regarding CCRC employees’ preferences for using the BEAM system
in their facility. The design of the interview script followed the methodology provided
by Fisk and colleagues [12] and included a systematic development of the interview
questions, materials, selection of the interview environment, recruitment of partici-
pants, and training of interview moderators. The interviews were conducted
one-on-one, in a closed office or conference room. The script was semi-structured,
meaning that there were a set order of questions, however, we did not restrict the
participant if he/she diverted topic and discussed new ideas during the interview.

Questionnaires. The participants completed the usage checklist questionnaire. This
Likert questionnaire captured participants’ opinions about the feasibility of using the
BEAM in CCRCs for a variety of administration, activities, nursing, and resident use
tasks. For each given task, participants indicated their level of agreement for usage of
the BEAM. For example, the checklist stated “I would use BEAM to…Conduct/attend
meetings” and participants selected one of the answer choices: 1 = strongly disagree,
2 = disagree, 3 = neither agree or disagree, 4 = agree, or 5 = strongly agree.

3.5 Procedure

On arrival to the interview, participants provided written informed consent. They were
informed that the discussion would be digitally recorded and later transcribed for
analysis. The moderator then discussed the goals and topic of the interview, and
allowed the participant to complete the pre-demonstration questionnaire regarding their

Fig. 1. Participant as local user Fig. 2. Participant as pilot user
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opinion of the BEAM. The interview then followed a semi-structured order so that all
participants would have the same flow of discussion:

• Formal introduction of researcher and co-researchers
• Demonstration of the BEAM; participant as a local user, followed by participant as

a pilot user
• Discussion regarding the participants reactions to BEAM (e.g. How would you find

the BEAM beneficial to you? Do you feel the BEAM can make an impact on the
residents? How often do you think you would use the BEAM?)

• Post-demonstration questionnaire

At the conclusion of the semi-structured interview, the participants were thanked
and compensated monetarily for their time. Only interview data about use cases are
included in this report.

4 Results

4.1 Data Analysis

The interview transcripts were analyzed according to a coding scheme to identify patterns
and themes from the discussions. To do this, first the audio recordings were transcribed
verbatim with the participant’s personal information omitted. Next, transcripts were
segmented into units of analysis. A segment was defined as a statement or description
that included the following dimensions: any utterance in which a thought, feeling, or
opinion was related to attitudes and acceptance toward smart presence. Additionally,
segments were created for any utterance that represented a potential use case.

Next, a coding scheme was developed to categorize each segment. A coding scheme
is an organized categorization of the information in the interviews. The coding scheme
was largely organized as benefits and concerns for use of the smart presence in CCRCs.
The coding scheme was based on both the literature and the nature of the participant
comments. In other words, it included themes already known to be related to attitudes
about or use of smart presence [8]. Also an iterative category generation strategy was
used. In this approach, the first segment was coded either on a category already included
in the coding scheme, or assigned a new category label determined by the researcher that
described the general idea of that segment (i.e., a bottom-up approach).

Coders were calibrated by conducting three rounds of independent coding on the
same four randomly selected transcripts. Each round was followed by discussion of
discrepancies and revision to the coding definitions. The final round of reliability
resulted in an average of 87 % agreement between the two coders. Percent agreement
was calculated as the percentage at which different coders agreed and remained con-
sistent with their assignment of particular codes to particular data. There is no standard
or base percentage of agreement among qualitative researchers, but 85 % seems to be a
minimal acceptable benchmark [13]. After inter-coder agreement was met, the
remaining transcripts were divided among the two coders to code independently.

The questionnaire data was entered into the statistical software SPSS and analyzed
using both descriptive and nonparametric statistics. The criterion of p < .05 was used to
determine statistical significance.
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4.2 Understand CCRC Employees’ Views on How a Smart Presence
System May Be Used

Use Cases Mentioned in Interview. After operating the BEAM as a pilot and local
user, participants were asked to consider uses for the BEAM in their role at the CCRC.
Figure 3 depicts the mentioned use cases for BEAM in CCRCs by CCRC employees
and the percentage of participants who mentioned each particular use case.

The most commonly mentioned use case was heath care-based interaction with
doctors, staff, and patients. The two second highest use case categories (tied) were
social interaction with others such as family, friends, and guests, as well as to use the
BEAM to conduct/attend meetings. Overall, participants indicated that the BEAM
would be most used for interaction with others. Although the aforementioned use cases
were the most commonly mentioned, nearly half of the remaining responses ranged in
nature. Participants expressed interest in using the BEAM for a variety of uses, such
health monitoring, holding classes, and telemedicine.

BEAM Usage Checklist Questionnaire. In this questionnaire, we pre-identified 22
use cases, split them into categories: administration, activities, nursing, and resident
use. We asked participants to indicate their level of agreement for using the BEAM to

Interaction (staff, patients, 
doctors) 

33% 

Conduct/attend meetings 
10% 

Interaction (family, 
friends, guests) 

10% 

Activities/classes 
8% 

Health monitoring 
8% 

Telemedicine/telehealth 
7% 

Tour 
7% 

Fitness/exercise 
4% 

Oversee the facility 
4% 

Make remote visits 
(e.g. church, museums, 

family events) 
3% 

Medication 
reminder 

2% 
Rehabilitation 

2% 

Entertainment (e.g. playing 
games) 

1% 

Unclear/
Don't Know 

1% 

Fig. 3. Use cases (percentages represent number of times mentioned)
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complete each task. The mean responses are depicted in Fig. 4. As the figure conveys,
participants thought that the BEAM can be used for a variety of tasks. Each task mean
was rated above a 3.0 (3 = neither agree nor disagree), indicating an openness to use the
BEAM for all 22 tasks.

Below we list the top 5 use cases chosen from this checklist. Some tasks were tied
for the number one and two slot.

1. Entertainment (e.g. playing games) (M = 4.18, SE = 0.19),

Interaction (e.g. staff, patients, guests) for activities (M = 4.18, SE = 0.14),
Receive remote visits (M = 4.18, SE = 0.16);

2. Guided BEAM tour (M = 4.14, SE = 0.17),

Call family/friends (M = 4.14, SE = 0.18),
Interaction (e.g. staff, patients, guests) for resident use (M = 4.14, SE = 0.18);

Fig. 4. BEAM usage checklist
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3. Conduct/attend meetings (M = 4.09, SE = 0.17);
4. Make remote visits (e.g. church, museums) (M = 4.05, SE = 0.22); and
5. Interaction (e.g. staff, patients, guests) for administration (M = 4.00, SE = 0.14).

5 Discussion

The BEAM smart presence system has the potential to be beneficial for use in CCRCs.
However, without first assessing users’ opinions and willingness to use such systems,
there is a risk of deploying systems that may not be adopted by the intended population.
Qualitative research methods, such as interviews, coupled with quantitative methods,
such as questionnaires, provide the appropriate methodology to conduct needs
assessments. Findings from needs assessments help us to understand user requirements,
attitudes and acceptance. This work focused on experience with the actual device,
BEAM. Participants interacted with the BEAM, both as a pilot and local user, and
made responses to interview questions and questionnaires with the specific system in
mind.

These results gave insight into use cases for BEAM smart presence in CCRCs and
the reasoning for their thoughts. The data from the BEAM Usage Checklist suggested
that CCRC employees find the BEAM useful across several areas in their facility. It
appeared that employees saw the BEAM most useful for residents to visit family and
friends when they otherwise could not due to mobility impairments or geographic
barriers. Using the robot for this purpose differs from previous studies that investigated
smart presence use by other populations. For example, with a sample of older adults,
Beer and Takayama [8] found users were focused on using smart presence for effi-
ciency or effort saving (e.g., not having to drive); Tsui et al. [11] assessed people in the
workplace and identified use cases for conference room meetings and moving hallway
conversations. One of our CCRC participants said, “I’m thinking one cool thing we’ve
talked about here, especially when there are people in assisted living where they can’t
get out of their bed…”. Another mentioned, “family members if they wanted to meet
their mom’s caregiver, you know, that would be a nice way for them to meet them and
check in on mom and things of that nature.”

Conducting needs assessment and user studies should be iterative. Although the
current study provides insight to this user population’s suggested uses for this system, it
is critical for future work to be conducted to ensure that future designs are effective. In
this study, we learned the use of smart presence from the employee’s perspective;
however, it will be useful to review the attitudes of the residents and family members
who will most likely benefit from smart presence. In fact, the goals of retirement
communities are centered on the residents’ needs and wellbeing. The participants made
it clear that the facility’s primary purpose is to accommodate the residents. In terms of
methodology, it would be ideal if future work could also provide long-term experience
with a smart presence system applied to the top use cases mentioned in this study. In
addition to having the interviews, this would enable longitudinal and ethnographic
studies that can use observations to learn about how smart presence can be used in
retirement communities. It is important to ensure that the technology fits well into the

454 K.R. Liles et al.



environmental workspace, so longer-term studies would be critical in assessing sus-
tained adoption.

Finally, future studies could incorporate usability aspects such as situation
awareness, mental maps, immersion, and social connectedness as measures to assess
whether BEAM is “just like being there.” The present study provides ample evidence
that the technology would be welcomed into retirement communities (attitudinal and
intentional acceptance); next steps to assess adoption and actual long-term system use
will prove to be just as exciting.
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Abstract. The aim of this paper is the design and development of a novel user
interface to interact with a meta system. Our focus is rather on interacting with
Ambient Intelligence as a whole, which would for example enable users to
influence the overall behavior and attributes of dynamic device compositions.
We call such interfaces Meta User Interfaces. The design details of a proposed
user interface as well as a cognitive walkthrough evaluation are presented in this
paper.

Keywords: Ambient Intelligence � System image � Transparency � Predict-
ability � Overriding default behavior � Human-environment interaction

1 Introduction

Ambient Intelligence (AmI) refers to a new paradigm of interaction where humans and
other “smart players” interact with, and are supported by, their smart surroundings [1].
Smart players refer to entities acting in smart surroundings. Examples include humans,
animals, smart factory machines, autonomous robots, and other intelligent autonomous
systems. Examples of intelligent autonomous systems are home robot vacuums,
security and surveillance systems, smart home energy management systems, or
enhanced digital media equipment. They are designed to work on their own to support
a domain specific task, in most cases without depending on infrastructure support
coming from their operation environment. Smart surroundings are everyday living or
operation environments of these autonomous systems. Smart surrounding are physical
spaces that have been instrumented to provide natural interaction capabilities and useful
behaviors such as rule based automation, statistically learned adaptations, etc.

The concept of Ambient Intelligence has been widely adopted. It is proved to be
effective in terms of making life easier [2] supporting healthier living [3], or reducing
the in-house energy consumption [4, 5]. Much valuable research reported successful
deployments of AmI within various application domains such as independent living,
energy-aware production, or smart health.

To make AmI happen, first everyday objects must transform into networked
information appliances [6]. This is done by augmenting everyday objects and devices
with sensing, communication, and networking technology to support a specific task.
Next, available information appliances and smart players form together “ad hoc
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ensembles”. A generic architecture supporting ensemble creation is presented in [8].
This last step orchestrates entities available in a smart surrounding to offer a coherent
behavior [8] and collective intelligence [9] (cf. Fig. 2). In doing so, a composition of
systems is created. The coherently acting devices that implement a higher level col-
lective intelligent behavior are compositional parts of Ambient Intelligence. We use the
concept of meta systems [10] to refer to such compositions. In other words, Ambient
Intelligence can be considered as a meta-system with intelligence that governs multiple
information systems (information appliances) to support various autonomous systems
(the smart players) residing and acting within the same physical space. Figure 1 shows
the relationships among different components of ambient intelligence environment.

The important question that arises here is: how would users interact with such a
meta-system that implements a higher level collective intelligent behavior [11]? Please
note the conceptual difference to the situation where people would interact with
N stand-alone systems, each exposing a limited intelligent assistance for a very specific
task domain. For this later case, many useful user interfaces have been presented
[12, 13]. But can we use traditional UIs to interact with above explained meta systems?

We use the term Meta User Interface (MetaUI) to refer to user interfaces that
support performing tasks at the meta system level. While a significant amount of
important research covers interaction issues on the device level, to the best of our
knowledge no research has studied the interaction between a human (smart player) and
a meta system. In this paper, we present the user centric analysis and design of a

Fig. 1. AmI is a meta system composed by the physical space, networked information
appliances, sensors, and infrastructure that are seamlessly integrated into the physical space with
the autonomous intelligent systems – the smart players – residing and interacting with it [8].
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MetaUI that supports performing operations on a meta system. Our major contribution
is the analysis, design, prototypical implementation and evaluation of a 3D based meta
user interface for ambient assisted living scenarios.

2 Related Work

The open literature includes several approaches for interacting with intelligent systems.
The work of Ardoti et al. [15] surveys a large number of these approaches with
extensive analysis of their limitations, advantages and usage. For example, natural
speech and gesture based interfaces are commonly used to interact with smart objects
such as the work in [14]. Much research has been done in the area of context recog-
nition which is a key element for implementing context aware interaction. The work in
[7] discusses group activity recognition. An approach for measuring location is pre-
sented in [20]. Anwar Hossain et al. [19] present an adaptive interaction framework
based on quality of context information to address wrong automations and to deal with
uncertainty. However, the focus of related work is on directly interfacing single parts of
an environment such as a smart TV or intelligent kitchen devices. In contrast, we aim at
interfacing the meta system as a whole, rather than focusing on controlling its com-
positional parts. By doing so, we address the common problems of interaction with
smart environments such as over-automation, missing ability to override default
behavior, lack of predictability and observability etc., which are rather attributes
of/subject to meta system interaction.

Many researchers have studied the topic of interaction with intelligent systems and
discussed interaction issues. In this work, we analyze these studies to elaborate
requirements, which then will be used to design an appropriate MetaUI. The lack of
control and over automation have been reported as a major weakness of fully automated

Fig. 2. N autonomous intelligent systems designed to support specific task domains. They are
just collocated and have no awareness of coexistence. In some cases, they just have some
interactions (left part). The right part shows an instrumented ambient that becomes habitat to a
multitude of autonomous intelligent systems that dynamically orchestrates them into a meta
system with collective intelligence [8].
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interaction [16] because people do not accept a fully automated environment, and in
fact want to always be in control. As Sheridan states in his study [16], over automation
negatively affects the acceptance of automated systems. According to [16], there are 10
degrees “to express the level of automation in an adaptive system”. Since Ambient
Intelligence is a concept related to automation, in order to ensure user acceptance, a
Meta User Interface must have the ability to change the level of automation (cf.
Table 1, Requirement #1). Another basic requirement for any kind of user interface is
to provide perceivable affordances. Users must be able to figure out possibilities of
interaction, as soon they face anything they want to work with [6]. This is regardless of
the interaction is automated or explicit interfaces have disappeared. Therefore, user
interfaces for AmI need to be explorable in a way they can understand how they can
work their smart surrounding (cf. Table 1, Requirement #2). Another issue is the
relatively low reliability of automatic system behaviors that lead into distrust [17].

Whether a specific automatic system behavior is reasonable or not, users need to be
aware of their existence. They want to be informed when important things go on in
their spaces [18] (cf. Table 1, Requirement #3). This is because, if actions initiated by
the system are not visible to users, or when users fail to explain what exactly triggered
certain automatic behaviors, they might be confused [6]. Further, a lack of visibility and
understandability can cause negative mental responses such as anger [6]. In addition, it
can lead into incomplete or incorrect mental models, which would negatively affect
interaction performance and cause misunderstandings. Therefore, when interacting
with Ambient Intelligence users need some means of support for visibility and
understandability, in a way they perceive and reason about automatic behaviors of their
surroundings (cf. Table 1, Requirement #4). Users also want to predict how the
Ambient Intelligence will react upon certain user activities or in case certain events
would happen. Empirical studies provide scientific evidence that the lack of predict-
ability leads into distrust [17]. Thus, another requirement for the proposed MetaUI is to
support users with predicting automatic behaviors of Ambient Intelligence (cf. Table 1,
Requirement #5). In a recent research [19] we discussed that a mixed-initiative
approach is the key to increase user acceptance and trust in AmI environments (cf.
Table 1, Requirement #6).

Considering these evidences, we propose an interaction approach to overcome the
mentioned weaknesses. Next we explain the architecture of our system.

Table 1. Requirements elaborated to design Meta User Interfaces

Number Requirement

1 Level of automation
2 Explorability
3 Understandability
4 Visibility
5 Predictability
6 Mixed-Initiative
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3 Design of a Meta User Interface

To design the MetaUI, we conducted an empirical user study to understand tasks a
MetaUI needs to support. The study and the results have been presented by Khojasteh
and Shirehjini (2014) in [21]. In this section, we describe the architectural components
of the proposed system for interfacing meta systems that expose a collective intelligent
behavior.

Notice that we explicitly distinguish between those tasks performed on the level of
single devices, which we refer to as device level tasks, and tasks that are internal to a
meta system. An example for device level tasks is when an elderly person turns on his
smart TV to play a social game with his grandson. Therefore, operations such as
turning on and off devices, or changing the behavior of a smart entity (e.g. assistive
home robot) are not subject matter of meta interaction, because the scope of the
interaction does not go behind affecting a single autonomous intelligent system. In
contrast, other tasks such as adjusting the level of automation for an entire house are
influencing the attributes of the meta system, thus can be considered as operations
performed on the meta system level. The Meta UI is composed of the environment 3D
representation, a behavior manager, to create, alter and delete behaviors, and an action
manager to supervise the active, previously active or soon to be activated behaviors (cf.
Fig. 3).

3.1 Behavior Manager

The behavior manager provides necessary functionalities to create new behaviors. In
addition, it allows for the meta system to download or learn additional behaviors.
A behavior in our system is a set of actions that the meta system executes to satisfy a
set of post conditions. In order to describe a new behavior user needs to declare a set of
preconditions and post conditions from the list of all the rules in the environment.
A rule refers to an environmental or temporal event or events related to user actions.
For example “if a person enters the room” is a rule and can be the precondition to some
specific behaviors that user requires the system to accomplish if someone enters the
room. Using the pre and post conditions, representation of environment state, before
and after the completion of the behavior can be automatically visualized (cf. Fig. 3)
User can make use of this component by tapping on the automation button as shown in
Fig. 3.

Through the behavior manager users can edit downloaded behaviors, or create new
rules from the scratch. Furthermore, it assists users with overriding and changing
existing behaviors. The behavior manager maintains three behavior lists. These lists
represent all the automatic responses that the meta system can currently offer. This
section along with the next part satisfies Requirement #2, since it allows users to
explore the system behaviors.
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3.2 Action Manager

In order to make the meta system level actions visible and predictable (Requirements
#4, #5), the MetaUI implements an action manager component, containing the three
behavior lists. For each behavior represented in the lists, a declaration part can be
represented, which shows the preconditions and post conditions for that behavior along
with the rule that activates the behavior. As you can see in Fig. 3, the “Medicine
Reminder” behavior is activated when the “time event” happens and alters the envi-
ronment from the state that is depicted in before section to the state that is represented
in the after section.

The first list that is shown in the lower left part of Fig. 3 represents the behaviors
that took place in the past, which are either done successfully or has been terminated by
the user or the system due to confliction, dissatisfaction or directly by the user. The
second list contains the behaviors that are currently taking place and altering the
environment. User is supposed to be able to conclude the reason of each alteration in
the environment and match them to the currently performing behaviors using the
declaration part of behaviors. The 3D visualization of before and after states helps
towards this goal. The third list represent the behaviors that will probably take place in

Fig. 3. The proposed meta user interface provides an image of Ambient Intelligence meta
systems. It is designed to support visibility, predictability, overriding default behavior, conflict
handling, and perceived control in presence of system initiated automated behaviors (implicit
interaction).
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the future, we use the term probably because the possibility for a behavior to take place
depends on the conditions of the environment, and each behavior has a probability at
any specific time, which is a number in the range of 0 to 100. This probability is used to
augment the corresponding icons of each behavior, as shown in the upper left part of
the Fig. 3.

Furthermore there are options represented for each behavior, users can cancel or
postpone an ongoing behavior, prevent the system from activating a behavior and
perceive the reasons for terminated past actions in case of a confliction.

Each list would appear on the screen if the user taps on the buttons which are
labeled as past, now and future, user can also make the lists disappear by tapping again
on the same buttons.

4 Evaluation

As a means to usability evaluation a cognitive walkthrough was selected to evaluate
our design. Using cognitive walkthrough early prototypes can be evaluated, the ease of
learning can be estimated and the reasons to possible errors can be discovered. The
evaluation was performed by a group consisting of the writers of this paper and two
usability experts from Ambient Intelligence Laboratory of Sharif University of Tech-
nology. As the first step of the process, we distinguished the users of our Meta User
Interface, and the identified main tasks to evaluate, and for each task we defined the
correct action sequence. Afterwards the experts stepped through each task to evaluate
the possibility to achieve them. For each task experts provide success or failure stories
as to why the expected users would either choose or fail to choose the action as we
assumed in the action sequence.

The process and the results are depicted in Table 2. After analyzing the results we
figured out that the first step, which was to find the list icon and tap on it, had failed;
meaning that the users either cannot figure out the availability and existence of the
behavior lists, or cannot interpret the icons corresponding to each list. This can be fixed
using one of the two options:

1. Redesign the icons.
2. Make the lists visible at the startup.

The first approach might seem more facile, but to prevent any future usability problems
such as the ones that we captured, we changed the prototype and applied the second
option (Table 2).

Thus a second prototype (cf. Fig. 3) was built in order to overcome the above
mentioned problems. The differences that distinguished this prototype from the last are
as follows.

• The Action Manager is visible by default, it can disappear later on as user wants.
• The Action Manager contains a one-columned list.
• The one-columned Action Manager is decomposed horizontally into 3 sections

corresponding to past, present and future actions.
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As you might notice, the Action Manager is one-columned in the latter prototype;
since the Action Manager is visible by default, having only one column leads to
covering less space. Moreover, the list decomposition is horizontal thus the list can
represent the actions whilst having one column and less width as a result, which allows
the Action Manager to cover a smaller space.

We conducted a second walkthrough, with the same user assumptions and the same
task. The new prototype leads to changes in action sequences for each tasks, therefore
we altered the sequences accordingly.

5 Conclusion

In this paper, we have presented a Meta User Interface that is designed to satisfy 6 main
requirements that are considered essential according to our literature study. The design
of the User Interface and the evaluation of the prototype were explained. There are
aspects of this system that are planned for future work. First, a task migration feature
will be included in the system. Another future work is a wizard of Oz evaluation of the
system with the features against a system without them. Also, automatically generating
visualizations for behaviors will be considered in the future work. Also we tend to
include some features to enable the behaviors to be downloaded and installed on the
system; therefore the user can install new behaviors on her system as she can install
apps on her smart phone.
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Abstract. An increasing number of devices and applications from the Smart
Home and Ambient Assisted Living domain are leaving the experimental state
and are reaching commercial viability. These developments come with great
opportunities, but also with challenges for elderly and disabled people. In this
paper, we propose a holistic approach, using concepts of the Global Public
Infrastructure (GPII), the Universal Remote Console (URC) and the upcoming
technology of Web Components, to build personalized and adaptive user
interfaces for people with special needs. The goal is to provide for everyone the
interface fitting best his or her needs. In this paper we present the preliminary
result of our approach and discuss its impact on the design of adaptive user
interfaces.
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1 Introduction

We face a world with an increasing presence of information and communication
technologies (ICT) in everyday life situations. ICT products are available in public
spaces, at work and in our homes. Also the technical interconnections and interde-
pendencies of ICT products are continuously increasing. Consequently, we are
approaching a world of so-called smart environments. This trend yields a high potential
to support us in our daily life and to make it more comfortable.

This is true for “regular” users but also for people with special needs like people
with disabilities or elderly people. Several studies [1–3] have illustrated the potential of
providing smart environments for elderly people and that elderly are willing to use
them as a support for retaining an independent life. What also needs to be considered in
this scenario, is that ICT products are not only getting richer in functionality, but also in
complexity [4] involved with new challenges for the design of user interfaces [5].
Different users have different needs, preferences and requirements, regarding the usage
of an ICT product. This is of special importance when considering elderly people,
where accessibility issues can change over time and the skill level of interacting with
ICT products varies broadly [6]. One approach of providing user interfaces to a
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heterogeneous user group, with changing requirements, are so called adaptive user
interfaces [7], which accommodate the needs and preferences of a distinct user.

However, it must be taken into account that the smart home market is still an
emerging and consequently a very volatile market with a lot of different technologies.
As pointed out in [8], it is very important that the choice of a certain adaptation engine
does not restrict the users’ opportunities to connect to multiple smart home technol-
ogies rather than to a single one. Instead, an appropriate adaptive user interface plat-
form for smart homes and Ambient Assisted Living (AAL) applications must be able to
provide adaptive user interfaces upfront so that a heterogeneous user group can access
the system, while at the same time it must be able to integrate different smart home
technologies in the backend so that users can benefit from all available technologies.

In this paper, we describe an approach using concepts of the Global Public
Infrastructure (GPII) [9], the Universal Remote Console (URC) [10, 11] and the
upcoming technology of Web Components [12], to build personalized and adaptive
user interfaces for people with special needs. We propose an approach to build adaptive
user interfaces, using self-adapting user interface widgets on the basis of Web Com-
ponents. Beside the adaptation logic, the user interface widgets will comprise mech-
anisms to connect to GPII and to the URC framework. The connection to GPII enables
the component to get access to the users personal preference set [13] with which the
component adapts its appearance to the user’s preferences and personal needs. We use
URC for the adaptation at design time and for connecting to different devices and
services in a smart-home environment (e.g., a television, HVAC device). URC intro-
duces an abstract user interface layer for any device or service, called a user interface
socket. Concrete user and device specific interfaces can be build upon this socket layer
taking the user’s needs and contextual parameters, such as the device being used, into
account.

The remainder of this paper is structured as follows. Section 2 provides an over-
view of related work. Section 3 describes the adaptation mechanisms of GPII and URC.
Section 4 illustrates the concept of our approach. Section 5 provides a discussion on
our work, displays envisioned benefits, and offers an outlook on the current status and
next steps.

2 Related Work

Today, it is widely agreed that smart homes and the concept of AAL can bring great
benefits for a wide spectrum of users. Mavrommati and Darzentas present an overview
on HCI issues related to Ambient Intelligence [14]. Nevertheless, Saizmar and Kim
claim that HCI research in smart homes is limited and biased to specific situations [15].
Abascal et al. criticize that, although many scenarios have been described in the field of
ambient intelligence, the interface between the user and the system still remains unclear
[16]. In order to improve acceptance of Ambient Intelligence and to make it capable to
provide better life quality in a non-obtrusive way, Casas et al. point out the necessity to
combine ongoing Ambient Intelligence technological developments with user-centered
design techniques [17].
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In the same vein, Mavrommati and Darzentas point to the necessity of focusing on a
more user centered HCI perspective [14]. Studies have shown that elderly people are
willing to use Smart Home technologies for the purpose of a longer independent life
[1, 18]. It is acknowledged that Ambient Assisted Living technologies have the
potential of providing safe environments for elderly people [2].

Nevertheless, at the moment, many technologies do not yet meet the needs of
elderly people and current solutions overemphasize the importance of smart devices
while either neglecting or lacking real implementations on the side of human inter-
action and human power [17]. Therefore, several authors have argued for a more
user-centered view in the Ambient Assisted Living domain [17, 19, 20].

Kleinberger et al. [21] and Abascal et al. [17] are concerned with the design of
appropriate user interfaces in the field of Ambient Assisted Living. Their conclusion is
that natural and adaptive interfaces can bring great benefits to this field.

The PIAPNE Environment [16] is an adaptive Ambient Assisted Living system for
elderly people based on three models: A user model (capabilities, permissions), a task
model (user activity) and a context (environment) model. The system consists of
multiple layers, including a middleware layer to bridge different network technologies
and an intelligent service layer to which intelligent applications (interfaces) can be
connected.

The MyUI project [22] provides a framework for self-adaptive user interfaces. The
project follows the approach that user interface developers create an abstract applica-
tion interaction model that is rendered at runtime according to a user profile and
environmental conditions. It uses an interactive TV set as a communication point.
MyUI allows only controlling one device at the time, with a dedicated user interface.
Responding to multiple devices in a single user interface in order to execute scenarios
in a smart home environment is not within the project’s scope. A scenario that falls
under this condition would be dimming the lights, switching on TV and blue-ray player
with one command; hence, enabling “cinema mode”.

3 Providing a Suitable User Interface for Everyone

In 2010, Sloan et al. illustrated in their work the potential and benefits of adaptive web
user interfaces for the elderly [24]. However, they pointed out the necessity for
frameworks and environmental settings to accommodate this adaptation process and
that an appropriate system was still missing at that time. By now, The GPII and the
URC framework provide appropriate solutions to close this gap of missing foundation
technologies.

3.1 The Global Public Inclusive Infrastructure

The GPII serves as a foundation to support adaptation of user interfaces across devices
by transferring settings from one device or service to another. The vision of the GPII is
to provide personalized, self-adaptive user interfaces to all people, including those
facing accessibility barriers when using the Internet or other electronic services.

Giving Elderly Access to Smart Environments 467



Independent of age, disability or literacy, people shall be enabled to use the full
advantage of the Internet and with that having the chance to access typical features and
applications of our modern world.

In order to benefit from this infrastructure users have to customize their private
devices like PCs, smart phones, etc., according to their own needs. The GPII uses the
settings from the user’s personal device and stores them as a so-called personal
preference set. The user’s preferences contain information like the need for increased
font size, a scanning keyboard, or volume settings. The preference set is stored in the
cloud. From now on the user can use every device connected to the GPII. Typical
examples are ticket machines, computers in public libraries or applications running on
any platform. The adaptation process is conducted by transferring the user’s needs and
preferences from one system or application to another. The adaptation process com-
prises preparation at runtime as well as design time. If a user expresses the need for a
larger font size, a specific color theme or magnification, this can easily be done at
runtime.

However, more complex adaptations like content adaptations (e.g. the provision of
sign-language videos to describe content for deaf people) need to be prepared when
designing the application; since sign language videos cannot be automatically gener-
ated for the corresponding content at runtime [30].

In several studies it was illustrated that the elderly can benefit from assistive
technologies and the conformance of user interfaces to accessibility guidelines [25, 26].
However, elderly users face also issues due to different perception models or strategies
in the meaning making process [27–29].

As it was stated in [23], the elderly rely on familiar interaction patterns and tend to
use them more frequently rather then to search for alternative interaction flows to
accomplish their goals. When confronted with semantic barriers where they cannot
apply their familiar interaction concepts they rather blame themselves than the appli-
cation’s design. Therefore, the elderly have preferences and needs in which an adap-
tation must be conducted on the content’s semantic level [23] and as described,
semantic content adaptation is hard to undertake without design time preparations.
Zimmermann et al. [31] illustrated that user interfaces can be modeled as layered
systems, consisting of three layers: presentation and input events, structure and
grammar, and content and semantics; hence, in an attempt to provide a strongly
user-centered adaption one has to consider runtime and design-time adaption [30].

3.2 The Universal Remote Console

The Universal Remote Console (URC) focuses mainly on electronic devices that can be
found in smart home environments and in the AAL domain. URC provides pluggable,
portable and personalized user interfaces; hence, people can control any target device
or service with a controller-device and with a user interface, which best fits their needs.

In order to enable pluggable user interfaces, every target has to provide an abstract
description of its user interface functionality - the user interface socket description, or
just “socket description”. A socket description is basically an API description of a
devices’ operating interface and contains information about properties that can be
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accessed by a user, in the form of variables (e.g., the temperature of a thermostat),
commands that can be sent to the device (e.g., changing the channel on a TV) and
notifications that are dispatched by the target (e.g., reminder function of a calendar).
Based on these socket descriptions, one can either develop personalized user interfaces
for different user groups or additional resources for existing user interfaces.

User interface resources are associated with dedicated socket elements and can be
any user interface component, e.g. supplemental labels for multi-language support,
additional help texts or instructions to sign language videos. User interfaces and user
interface resources are stored on a resource server and are downloaded on demand at
runtime. In a usage scenario, a user connects their controller device, e.g., a smartphone
running a URC client, via the URC system to a target. Based on their specific controller
device, a list of appropriate user interfaces is then presented for the user to choose from.
The chosen user interface is automatically downloaded from the resource server and
virtually plugged into the socket exposed by the target.

Targets of the same class (like TVs) could all expose a basic common socket,
containing common functionality. A person can therefore exchange their device while
retaining its familiar user interface. This usage of personalized user interfaces can also
be seen as an asset for the elderly, since they can continue to use their well-known user
interfaces, without being afraid of using new technologies; therefore, pluggable user
interfaces can accommodate different perception models or meaning making strategies.

4 Concept of the Envisioned Approach

We propose an approach to provide self-adapting user interface components, so-called
widgets. Each widget is intended to execute a certain task, like one for the log-in to a
device, or another one representing a simple switch. All widgets together form a set of
building blocks that can be used to create more complex user interfaces. We decided to
use the upcoming technology of Web Components [32] for implementing the different
building blocks, in order to be as platform independent as possible and to be able to
define independent components with clear interfaces.

Web Components provide the potential to define and use and arbitrary HTML
elements that extend the element space of HTML. For example, one can define a “login
element” consisting of two form elements for user name and password, and a button
that performs the login action. Grouping these elements by using a nested element
structure, a web author can better characterize the semantics of this component, using
only one sophisticated HTML element. This new element internally consists of the
same three elements (two form elements and a button), but those are hidden inside the
widget. Web Components are an umbrella term for three concepts: Custom Elements
[34], Shadow DOM [33] and HTML Import [35].

Custom Elements is an API that allows defining and registering arbitrary HTML
elements in the web browser. Hereby, web authors can define their own library of
HTML elements.

Shadow DOM characterizes the internal DOM tree of HTML elements. Complex
elements make use of internal elements, e.g., to form the control components like a
“play”, “fast-forward” or “mute” button in the HTML5 video element. So far, only the
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web browser was permitted to manipulate the internal structure of HTML elements. By
the Shadow DOM specification a developer gains access to this internal DOM tree.
The API of the Shadow DOM can be used to hide and manipulate the implementation
details of arbitrary HTML elements, i.e., the Shadow DOM represents the structure and
appearance of a Custom Element and is exposed to a user.

HTML Imports is a mechanism that allows importing HTML documents or
individual elements from different documents during runtime. HTML Imports provide
the foundation to build libraries of arbitrary HTML elements, which can hereby be
reused in multiple HTML documents. The import of the HTML elements can also be
carried out from remote sources. We can utilize this to store HTML templates adjusted
for dedicated user groups and devices on a server like the URC’s resource server and
download the appropriate templates during runtime.

One of the Web Component’s benefits is their web-based foundation; thus, their
platform independence and runtime adaptability. Assistive technologies such as screen
readers interact with web pages as the browser renders them; therefore, Web Com-
ponents and elements in the Shadow DOM are accessed just as any other element and
their accessibility depends equally on accessible design and its conformance to
accessibility guidelines.

As stated in our previous work, URC and the GPII can be an asset for providing
adaptable user interfaces in smart home environments [30, 36]. Web Components can
be a connector that accommodates the need for runtime adaptation, platform inde-
pendence and the connection to URC sockets via common web communication
methods. Also, they allow for reloading of resources to conduct deeper adaptations if
the options for simple adaptations (e.g., increasing font-size) are exhausted. Figure 1
illustrates the interplay of the involved technologies.

The widgets should be defined using Custom Elements and structured to map the
URC socket elements. Therefore, widgets should not contain any specific description of
their appearances on a user interface in their names. Instead they should be described

Fig. 1. Overview of the concept and the interplay of the involved technologies
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by functionality. So, instead of having a “list” element, we would have a
“select-one-of-many” element. The concrete appearance depends on the used controller
device and the specific user needs and preferences derived from the GPII. In order to
accommodate these requirements, each widget must provide the following requirements:

• Some internal adaptation logic to shape its representation. The principle is to adapt
the widgets by the means of the user’s personal preferences. Simpler adjustments,
like changing font-size or color theme, can be directly conducted by the widgets by
using common web techniques such as JavaScript and CSS. Also, some more
complex adaptations like substituting list-menus for radio buttons can be done by
the widget itself, using JavaScript.

• Some appropriate logic to connect to one or several socket elements, so that a target
can be controlled. To connect a URC socket to a specific widget, we can set an
attribute on the widget that point to the specific element in the socket.

• Procedures enabling the connection to the GPII infrastructure to get access to a
user’s preference set to perform required adaptations, or – if the widget cannot
perform the required adjustments – to download a new and suitable widget
appearance from the URC resource server, based on the users preferences and
needs, as proposed in [30].

To compensate for insufficient content adaptations, as described in Sect. 3, we propose
to use the URC resource server to store alternative widget appearances. If the
accommodation of the user needs requires semantic adaptions, e.g., in case of simple
interfaces or the usage of sign-language videos, alternative widget appearance versions
can be downloaded during runtime and substituted in the widget’s Shadow DOM.
A user now sees the exchanged and therefore adapted version of the widget. In order to
function as a valid substitution, the alternative widget appearances have to satisfy the
same interaction paradigm as the original one. If a certain socket element is augmented
with a widget using checkboxes to express the functionality of switching on and off a
light, an alternative widget appearance has to augment the same functionality.

The example in Listing 1 illustrates our proposed widgets, using an example of
augmenting a socket element for light control. The identifier in the attribute
“socket-element” specifies the augmented socket element. Switching the light on or off
is a boolean operation, since the light can either be on or off. Therefore, the socket can
only be augmented by user interface components and interaction pattern that express
this behavior (e.g., checkboxes, radio buttons and rocker-switch shaped pictograms that
are showing the state of the light in a graphical way, as shown in Fig. 2).

Listing 1: Illustration of the widget usage in an application. 

<html>

<head>[...]</head>

<body>

<h1>Light Control</h1>

<boolean-switch socket-element=http://lightController/OnOFF/>

</body>

</html>
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The left interface in Fig. 2 shows a checkbox as a very basic user interface. The
interface on the right illustrates a more descriptive user interface by using a graphic
imitation of a rocker-switch. However, they both rely on the very same widget (cf.
Listing 1) with only the appearance in the Shadow DOM exchanged.

5 Discussion and Conclusion

The integration of URC and GPII in predefined widgets provides several benefits for
users and developers. Users can profit from user interfaces that adapt to their individual
needs and also include semantic adaptions by substituting the appearance of a widget to
provide the individually preferred interaction pattern; furthermore, the concept of
sockets makes it possible to exchange targets while still providing a familiar user
interface.

Due to the set of predefined widgets developers have a base for developing
appropriate interfaces for different user groups. Because of the widgets’ internal
adaptation mechanisms, they do not need to address a different user interface for every
user group.

The combination of URC and GPII results in a stronger adaptation mechanisms.
URC provides only the possibility to build personalized user interfaces or exchange
some parts of it, but does not provide any adaptation mechanisms or user preference
sets, like GPII does.

On the other hand, GPII can benefit from the inclusion of the URC to allow changes
at runtime. So far, in the GPII, all required sources for the adaptation must be available
before runtime, which leads to a rather closed system. Here, the URC resource server
can bring additional value to the system by making additional resources available at
runtime. While many resources can be prepared at design time, there are some cases in
which the need for additional resources occurs at runtime.

A further advantage of this system is the provision of additional resources by third
parties, e.g., assistive technology experts can provide sign-language videos for specific
user groups and sockets. When uploaded to a resource server, they become available

Fig. 2. Examples for the appearance of a widget, which is augmenting the on/off functionality of
a socket to switch lights.
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for user interfaces. But third-party contributions bears also security risks such as
injecting malware into the system. In order to cope with security problems, one could
think about a review process for resources, like in an app store for mobile applications.
So far, such techniques are not yet available and also GPII security framework is under
development.

Another issue is the acceptance of adaptive user interfaces by developers. By using
self-adaptive user interfaces that adapts on the clients’ side, the influence on the final
appearance of the user interface is shifted from the developer to the renderer; which can
break the design and function of user interfaces.

By using widgets, developers still have at least some freedom of choice how certain
elements are rendered, located and behave on the final user interface and with that the
acceptance for our approach increases.

The main tasks to be accomplished in the future are to provide an appropriate
security framework and to widen the set of available widgets; furthermore one could
think about a totally automated user interface generation process by parsing a URC
socket description and, based on the result, choosing appropriate widgets.
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Abstract. Despite common belief, Baby Boomers form a sizable population of
gamers. Paying attention to how this generation experiences a game can help
companies that target this group of users increase their market share. To address
this need, this study examines Baby Boomers’ reaction to a new way of
manipulating objects in a game, namely with their eyes. In particular, the study
focuses on testing the impact of two different gaze activation strategies on Baby
Boomers’ interaction experience of a game. We tested two gaze enabled games
that provided different levels of flexibility in their respective gaze activation
strategies. Our results showed that Baby Boomers had a significantly better
interaction experience with the game that had a more flexible gaze activation
strategy.

Keywords: Activation strategy � Gaze interaction � User experience � Game
play � Baby boomers � Human technology interaction � HCI

1 Introduction

Older users form nearly half of the adult gamers in the US, and the number of this
group of gamers is growing [5, 6, 9]. According to a recent report by the Entertainment
Software Association [4], the number of gamers that were 50 or older increased by
32 % in this past year alone. Thus, understanding preferences of the older generation
users can provide valuable insight for developers who are planning to design for this
growing target market.

Motivated by this need, in a recent study we examined the reaction of Baby
Boomers to several gaze interaction methods for a single player memory game [1]. As
high quality eye tracking devices are becoming more readily available and affordable
[2], using gaze as a new way to interact with games is becoming more and more viable
and interesting. Because we use our eyes to attend to objects in our visual field, using
gaze to manipulate objects may provide an engaging game experience for many users.

The preliminary results of our recent study showed that older users did not enjoy
using their gaze to manipulate objects in the memory game as much as their younger
counterparts did [1]. The full analysis of our data suggested that a more flexible way to
activate game objects may help to improve the experience of gaze interaction for Baby
Boomers.
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To test this possibility, in this study we examined the reactions of Baby Boomers to
two different gaze activation strategies, which afford different levels of flexibility to
users to manipulate game objects. This examination required the development of a new
gaze enabled game that had a more flexible activation strategy than the memory game
that we used in our previous study. In the following sections, we provide a brief
background for the two gaze enabled games that were used in this current study.

2 Background

The preliminary analysis of our most recent gaze interaction study showed that older
users did not enjoy gaze as a way to interact with game objects in a single player PC
memory game [1]. Compared to their younger counterparts, Baby Boomers rated the
likability of gaze as selection/activation method much less favorably. Additionally,
Baby Boomers gave low scores when asked to rate the naturalness of gaze as a method
to interact with the game [1].

The full analysis of the data suggested that Baby Boomers may have had a poor
gaze interaction experience because of the activation strategy that we used in the game.
For example, Baby Boomers’ average ratings for ability to activate game objects with
gaze was quite low, 1.5 on a 7-point scale with 1 denoting low and 7 denoting high
ratings. Similarly, their average rating for their ability to adjust to the activation
strategy was 1.5 on a 7-point scale, again a very low score. The analysis of user
comments as well as the review of the experimenter’s observation logs supported the
above ratings. These analyses suggested that the activation strategy used in the pre-
vious study made it challenging for users to view game objects without activating them.
This in turn suggested that affording users a more flexible gaze strategy to activate
target objects in the game is likely to improve the game experience for older users, who
seemed to have a harder time with gaze interaction than their younger counterparts did.

To test this possibility, we designed and developed a new game, Space Shooter,
which was a suitable choice for the development of a more flexible gaze activation
strategy. We conducted a laboratory experiment to compare the impact of each of the
two gaze activation strategies on their respective game experience. In the following
sections, we provide a brief explanation for the two games and their activation
strategies.

2.1 Simon

Simon is a single player memory/puzzle game. There are four game objects (squares) in
this game that can be activated by a user if the user looks at them for a brief period
(e.g., 500 ms). The objective of this game is to activate a set of game objects that are
selected by the computer in a specific order. Every time a user activates a sequence of
objects correctly, the computer increases the length of the sequence by one and thus
challenges the user to play a more difficult round. If the player fails to activate the
squares in the correct sequence, the player loses the game. Figure 1 displays a
screenshot of the Simon game.
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2.2 Space Shooter

Space Shooter is an action shooter game. There are three types of game objects in this
game: spaceships, care packages, and cannons. The objective of the game is to destroy
spaceships while saving the care packages that appear on the screen by activating (or
deactivating) the three cannons that are available in the game (Fig. 2). In other words,
while all game objects play an important role in the game, the user can activate only
cannons. Unlike the Simon game, activating cannon does not require the player to look
at the cannon directly. Instead, the player can activate a cannon by looking at the game
scene. The activation strategy is set up in a way to fire the cannon on the game scene
that is closest to player’s gaze. The player receives points when he/she destroys a
spaceship and loses points if he/she destroys a care package.

2.3 Activation Strategy

The strategy for selecting the game objects in the Simon game requires users to look
directly at the target (e.g., a specific square). Our analysis of the data from a previous
study [1] showed that Baby Boomers had a hard time controlling game objects with this
activation strategy. Activating objects by directly looking at them makes it hard for
users to view objects without activating them. This strategy also limits the player’s
viewing area when the player attempts to activate an object because the player can only

Fig. 1. A screenshot of the gaze enabled Simon game. The colorful squares are the objects of the
game. The red circular dot represents a user’s gaze point during the gameplay. To activate an
object (e.g., the yellow square in the above scenario) the player has to directly look at the target
object (Color figure online).
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attend to the object that he/she intends to activate. By expanding the activation area for
an object, users can manipulate their desired objects while following other objects in
the game. For this reason, the activation strategy in Space Shooter affords players more
flexibility in controlling game objects. Players can activate cannons by looking at any
area where the desired cannon is located. This allows users to activate the target cannon
without restricting their ability to follow the movement of other game objects, i.e., the
spaceships and care packages. We expect this flexibility in activation strategy to pro-
vide a better sense of control. Because Baby Boomers had a difficult time to control
their gaze interaction in our previous study, we expect this strategy to provide older
users with a better gaze interaction experience.

3 Methodology

Data from two different games, Simon and Space Shooter, was collected from five
participants (2 male, 3 female), resulting in a sample of 10 sets of data. The participants
ranged in age from 54 to 71. Each participant played both games in a counterbalanced
order.

Fig. 2. A screenshot of the Space Shooter game. The cannons (bottom of the screen), spaceships
(robot in upper right hand corner of the screen), and the care packages (Red Cross package in the
middle left part of the screen) are the objects of the game. However, only cannons can be
activated with gaze. The gray circular dot with the “+” sign represents a user’s gaze point during
the gameplay. To activate a cannon (in this case the middle cannon) the player does not need to
look at the cannon directly. For example, in the above scenario, the player can activate the middle
cannon by looking anywhere in the middle of the screen (anywhere in the scene between the two
blue dashed lines) (Color figure online).
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3.1 Measurements

In order to compare the differences in gaze activation strategies between the two games,
we adopted interview questions from the ImmersiveNess of Games (ING) instrument
by Norman [11]. Because we were interested in examining the impact of activation
strategy on interaction experience, we used only the items that captured reactions to the
activation method. We modified the items to match the gaze interaction method in our
games. The following interview questions measured users’ subjective experiences of
the activation strategy on a 7-point scale:

• Perceived control measured the degree to which users were able to control their
interaction with the game. Higher scores indicated better control.

• Perceived naturalness measured the degree to which interactions felt natural to
users. Higher scores indicated experiences that were more natural.

• Perceived ability to activate measured the degree to which it was easy for the users
to activate an object with their eyes. Higher scores indicated higher levels of per-
ceived ability.

• Adjustment to the activation method measured the degree to which users felt they
were able to adjust to using their eyes as an activation method. Higher scores
indicated higher perceived adjustment.

3.2 Procedure

The experiment was conducted in a laboratory setting. Each participant was engaged in
a 15-second calibration procedure. Tobii × 30 eye tracking system and Tobii SDK was
used to develop both games used in our study. The experimenter provided the par-
ticipants with a brief explanation of the game. Each participant played both games in a
counterbalanced order. The experiment was not timed. Participants played the games as
long as they wished to play and at their own pace. After each game, participants
completed a survey using the measures discussed in the previous section. After playing
both games, users were asked to rank the two games from most favorite to least favorite
and explain their experience with the game.

4 Results

We used paired t-tests to compare the experiences of the two activation strategies used in
this study. The results of the t-tests showed that of the two activation strategies, the more
flexible strategy used in the Space Shooter game was rated significantly more favorable.
As shown in Table 1, the mean ratings for the perceptions of control (2.00 vs. 5.20),
naturalness (2.30 vs. 5.00), ability to activate an object (2.40 vs. 5.60), and ability to
adjust to the activation method (2.00 vs. 6.40) were all significantly higher for the more
flexible activation strategy. The p-values for the aforementioned variables were all
significant at the 0.01 level. The average ratings for the less flexible activation strategy
were in the low range of the scale because they were all smaller than 3 on a 7-point scale
with 1 denoting the lowest and 7 denoting the highest or best experience [1]. The mean

Baby Boomers and Gaze Enabled Gaming 483



values for the more flexible activation strategy, on the other hand, were all in the high
range (larger than 5) [1]. These results show that the impact of the two activation
strategies on interaction experience were significantly different.

After playing both games, the users ranked the games. The results showed that all
users (100 %) ranked Space Shooter as their more favorite game. When participants
were asked to explain their preferences, while 40 % indicated they liked both games
almost equally well, they all indicated that it was much easier for them to control
objects in the Space Shooter game. For example, they stated: “I liked Space Shooter, it
was easier to play, I felt in control” or “Simon was hard to control” or “I was confused
when playing Simon, hard to focus my eyes where I wanted to.”

5 Discussion and Conclusion

The results of this study show that activation strategy can have a significant impact on
the gaze interaction experience. As indicated by the results, the self-reported ability to
activate game objects and to adjust to the activation method was significantly higher for
the more flexible activation strategy. Participants’ perceived ability to activate objects
was in the high range when they played the game that had a more flexible gaze
activation strategy. Their ratings for the same variable were in the low range when they
played the game with the less flexible activation strategy. Participants also indicted that
it was significantly easier for them to adjust to the gaze activation strategy that provided
more flexibility.

Activation strategy also had a significant impact on participants’ perception of
control. Participants’ self- reported ability to control the game was in the high range for
the more flexible activation strategy and in the low range for the less flexible activation
strategy. Additionally, the results showed that activation strategy influenced partici-
pants’ perception of the naturalness of gaze as a new way to manipulate objects in the
game.

Table 1. Paired t-test comparing the experience of the less flexible activation strategy used in
the Simon game with the experience of the more flexible activation strategy used in the Space
Shooter game.

Less flexible activation
strategy (Simon)

More flexible activation
strategy (Space shooter)

Significance

Control 2.00 (0.70) 5.20 (0.84) t = 5.49
p = 0.005

Naturalness 2.30 (1.04) 5.00 (0.94) t = 3.38
p = 0.028

Ability to activate 2.40 (0.55) 5.60 (1.52) t = 4.35
p = 0.012

Adjustment to the
activation method

2.00 (1.00) 6.40 (0.89) t = 6.49
p = 0.003
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The above results revealed that participants rated the interaction experience of the
less flexible activation strategy rather poorly (the mean values were all on the low range
of the scale), while they rated the interaction experience of the more flexible activation
strategy quite favorably (the mean values were all on the high range of the scale).

These results were supported by the analysis of interviews and observations. All
participants favored the interaction experience of the more flexible game. Their com-
ments indicated that perception of control was an important issue in their interaction
experience.

The results taken together, show that the flexibility of the gaze activation strategy
significantly and positively affected the interaction experience of the game. The results
suggest that developing a flexible strategy for gaze controlled games is likely to make
these types of games more fun and playable for older users.

Given the upward trend in the development of low-cost high quality eye tracking
devices [2], and hence the increased viability of gaze interaction in gaming [1], along
with the growing number of Baby Boomer gamers, the results of our study have
important theoretical and practical implications. From a theoretical point of view, the
results extend gaze control studies, particularly those that focus on investigating older
users’ preferences [1, 7, 13, 14]. The results also extend research that focuses on
experience design for older adults in general [3, 8–10] and gaming in particular [1, 12].

From a practical point of view, the results of this study provide insight for
designing appealing gaze activation strategies for older users. The results suggest that
expanding the screen areas for activating an object is likely to increase older users’
ability to adjust to gaze interaction and thus improve their perception of control and
naturalness of gaze interaction. The results suggests that designing flexibility in the
activation strategy is likely to provide a more positive user experience for gaze enabled
games for older users.

6 Limitations and Future Research

As with any controlled laboratory study, the results are limited to the setting. We
compared the interaction experience of the two games without focusing on perfor-
mance. Had we required users to achieve a desired level of performance, we may have
observed different results. In our study, participants could play as long as they wished.
Requiring a time limit could affect our results. Participants in our study were new to
gaze enabled games. Experience or long-term exposure to gaze interactive games or
interfaces may influence how older users experience a gaze enabled game. Through
exposure to gaze enabled devices and practice, users can master controlling objects
with their gaze more effectively. This in turn, can improve their experience of gaze
enabled games.

Sample size was another limitation of our study. Nevertheless, our results showed
significant differences in experience of the two games. We also focused on Baby
Boomers. Future studies with larger sample sizes are needed to see whether flexibility
in selection is as favorable among younger users as it is among older users.
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7 Contribution

The results of this study have important theoretical and practical implications. The
results provide evidence that older users, at least initially, find gaze interaction more
controllable and natural when the strategy for activating an object is more flexible.
These results provide a first step in scientific examination of gaze activation methods in
gaming. Our results showed that older users had significantly higher levels of perceived
control, naturalness, ability to activate, and ability to adjust to the activation method for
the more flexible activation strategy. From a practical point of view, the results provide
valuable insight for developing a more successful gaze interaction experience for older
adults.
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Abstract. Exergames have been growing in popularity as a means to get
physical exercise. Although these systems have many potential benefits both
physically and cognitively, there may be barriers to their use by older adults due
to a lack of design consideration for age-related changes in motor and perceptual
capabilities. In this paper we evaluate the usability challenges of Kinect-based
exergames for older adults. Older adults rated their interaction with the exer-
games system based on their perceived usefulness and ease-of-use of these
systems. Although many of the participants felt that these systems could be
potentially beneficial, particularly for exercise, there were several challenges
experienced. We discuss the implications for design guidelines based on the
usability challenges assessed.

Keywords: Older adults � Exergames � Usability � Interface evaluation

1 Introduction

The use of commercially designed exergames for physical activity has become widely
accepted among a large audience of “wellness gamers” as a means of cognitive and
physical stimulation [1]. Exergames are defined as interactive, exercise-based video
games where players engage in physical activity via an onscreen interface [2]. These
games can be played at home via a player interacting with a computer-simulated
competitor, or in a multiplayer mode to encourage social connectivity. Exergames use
body movement and gestures as input to responsive motion-detection consoles such as
the Nintendo Wii and Balance Board, or Microsoft Xbox 360 with Kinect. As motion is
detected via a WiiMote or Kinect sensor, users can manipulate on-screen items of the
game while following structured instructions of exercises or challenges to obtain virtual
scores or advance through simulated levels. These games are often used to simulate
sports or exercise-based activities, driving, or puzzles. Although typically marketed to
younger adults, exergames have potential for older adults because of the many benefits
of engaging in physical and cognitive exercise across the lifespan and the fact that they
can be used indoors and at-home. However, it is unclear whether these systems are
useful for and useable by older adults.
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1.1 Potential Benefits of Exergames

Exergames have potential benefits for various target users within the population.
Beyond a source of fun and leisure entertainment, exergames present opportunities to
increase physical and cognitive functioning in both younger and older adults. In a 2010
survey conducted on adults aged 22 and older, 68 % of participants who played
exergames reported that they began a new fitness activity after playing the games [3].

Research studies have examined the effects of exergame use in the rehabilitation of
lower-extremity and upper-limb functioning of stroke patients [6, 8], as well as spinal
cord injury rehabilitation [7]. Recent studies have also identified the potential benefits
of exergames for the older adult population. Exergames may be a viable means to
promote physical activity among older adults with the potential to improve function,
balance, and muscle training [1]. Improving gait and balance through the use of
exergames can reduce the risk of falls for older adults [12]. In a home-based inter-
vention utilizing the Dance-Dance Revolution games, participants experienced
improved stepping ability as well as other neuropsychological factors associated with
falls [2]. Exergames may be an effective approach to encouraging positive lifestyle
changes in this population by introducing vigorous physical activity to those who
might otherwise be sedentary [3, 9].

In addition to potential physical benefits, exergames present a new opportunity for
older adults to socialize [4]. Exergames often offer players the experience to engage in
game simulation with one other player or against a computer-simulated opponent. By
increasing social interaction these games have the potential to decrease prevalence of
depression [5], and increase intergenerational interaction [4]. Exergames provide an
opportunity for physical activity in the familiar environment of one’s home, facilitating
meaningful social interaction while eliminating some barriers to exercise and sociali-
zation, such as transportation access [15].

Lastly, exergames have the potential to increase cognitive functioning among the
older adult population [10]. Active games that simulate sports, exercise, driving, or
puzzles require various cognitive capacities. Malliot, Perrot and Hartley found that
there are significant benefits on executive control and process of speed tasks in the
cognitive domain of older adults that are active with exergames [3]. Spence and Feng
[11] identified some of the more prevalent sensory, perceptual, and cognitive functions
that are exercised during exergames and normal video game play such as analytical,
memory, attention, and visuomotor functions. Consequently, exergames may benefit
these functions as well. The potential to affect cognitive functioning may come at a cost
if cognitive demands exceed capabilities.

1.2 Cognitive Demand and Usability Challenges

Although exergames aim to make physical activity more appealing and engaging, there
appears to be a lack of consideration of age-related limitations. Most of the systems
currently on the market are not designed to accommodate for older adults’ physical and
cognitive abilities or limitations (e.g., impairments in visual and auditory perception, or
loss of sensorimotor skills) [13]. Exergames can be complicated due to players
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engaging in multiple activities simultaneously. These systems place demands on
working memory [15], and require a great deal of learning and information processing
[16] which may prove difficult for older adults. Previous studies assessing the cognitive
demands of video games and exergames demonstrated that players must activate
multiple mental models simultaneously utilizing perceptual and motor skills, such as
holding a cursor steady while reading information or observing a demonstration
[12, 15].

Older adult users of exergames report some of the more common usability chal-
lenges to be the fast-pace of the programs themselves, and confusion in navigating the
interface [14]. McLaughlin et al. highlighted that some of the more prevalent chal-
lenges faced by older adults when using exergames include difficulty in reading text,
discernment of objects from the background interface, and difficulty in activating icons
and display elements [15]. In addition, there is a lack of training support provided for
older adults utilizing exergames [17]. Understanding the cognitive demand that exer-
games systems place on older adults can guide the development of better-designed
systems as well as training approaches. The present study focused on usability chal-
lenges associated with these systems for older adults.

1.3 Study Overview

Much of the previous literature published on exergames has primarily focused on the
perceived health benefits of these games for healthy older adults as well as those with
physical and sensory impairments. In particular, there has been an emphasis on
studying the effectiveness of exergames in rehabilitation and balance training. Few
studies have examined the usability challenges faced by older adults actually utilizing
exergames. Thus it is beneficial to identify these challenges and how they translate into
design recommendations to provide older-user-friendly exergames systems.

The objective of this study was to identify usability challenges of Kinect-based
exergames for older adults. We present an error analysis from a study of 20 healthy
older adults participating in two separate exergames programs. Our goal was to identify
the challenges and misinterpretations of operating the system through the common
errors experienced by participants. In particular, we identified which aspects of these
programs older adults found challenging. Results are discussed in terms of perceived
usability and perceived ease-of-use of the Kinect-based exergames systems, as well as
participants’ opinions regarding the system. These errors, along with the older adults’
opinions concerning the use of exergames, were used to derive implications and
guidelines for the design of instructions for exergames systems.

2 Method

2.1 Participants

Participants included 10 older adults (five male/five female) aged 60–69 (M = 66.2;
SD = 1.40) and 10 older adults (five male/five female) aged 70–79 (M = 74.6;
SD = 2.72). Participants were recruited from the Human Factors and Aging Laboratory
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Participant Registry at the Georgia Institute of Technology. Pre-screening calls were
conducted to ensure participants would be able to perform the necessary actions and
had no previous experience with the Microsoft Xbox 360 with Kinect system.

2.2 Materials

Questionnaires. Prior to participation, each participant completed four questionnaires:
(1) a Health Questionnaire [18]; (2) a Demographics Questionnaire [18]; (3) a Tech-
nology Experience Questionnaire [19]; and (4) a Video Game Experience Question-
naire [28]. The Health and Demographics Questionnaires assessed participant’s overall
health and collected background information including age, gender, race, and education
as well as any vision, hearing, or mobility limitations. The Technology Experience
Questionnaire assessed use and familiarity with various technologies. The Video Game
Experience questionnaire was adapted from Boot et al. [28] to assess level of familiarity
with video games and their gaming habits.

Additional questionnaires were given after the completion of each individual pro-
gram session to assess participant satisfaction and performance. A 5-item questionnaire
assessed satisfaction with motion/gesture controls for navigation. A 7-item question-
naire assessed satisfaction with the in-program activity. Both questionnaires used a
scale ranging from 1 “strongly disagree” to 7 “strongly agree”.

After completing both exergame programs, each participant completed three
questionnaires pertaining to the overall system. Two questionnaires used the Tech-
nology Acceptance Model (TAM) scales of perceived usefulness and perceived
ease-of-use adapted from Davis [21] and Davis et al. [22] respectively. The first
questionnaire assessed perceived usefulness and included the following items assessed
on a Likert scale ranging from 1-strongly disagree to 7-strongly agree: (1) My inter-
action with the system was clear and understandable, (2) I would find the system useful
in my daily life, (3) Using the system in my daily life would make me more physically
active, (4) Using the system would make it easier for me to be physically active, and
(5) Using the system would improve my daily life. The second questionnaire, assessing
perceived ease-of-use, included the following items assessed on the same Likert scale:
(1) I found the system easy to use, (2) I found the system flexible for me to interact
with, (3) It was easy for me to become skillful at using the system, (4) I found it easy to
get the system to do what I wanted it to do, and (5) Learning to operate the system was
easy for me. The third questionnaire, the System Usability Scale, was adapted from
Brooke [20].

This paper will focus on the data obtained from the two questionnaires relating to
perceived usefulness and perceived ease-of-use.

Interviews. After each program participants were interviewed to assess their attitudes
and opinions about the programs. Participants were also interviewed after completing
both programs to assess their experience with the overall system. During interviews
participants were asked to describe what they liked and did not like about each program
and their reasoning behind their responses. Additionally, participants were asked if they
would have benefited from additional help or instruction throughout the program.
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The goal of these interviews was to determine where participants felt the most frus-
trated and what type of help would be most beneficial.

2.3 Procedure

After completing consent forms, participants were introduced to the Microsoft Xbox
360 with Kinect system, which included the basics of the Kinect sensor and the optimal
location for the participant to stand. Sessions began with researchers giving details of
what would be required of the participant. Participants were notified that they could
discontinue at any time if they felt they could not complete an activity. Each participant
was assessed individually during sessions that lasted from 1.5 to 3 h. During this time,
two video cameras recorded the participant. One was positioned in front of the par-
ticipant to record the actions. The other was placed several feet behind the participant to
record the television screen.

Participants then began one of two programs, Body and Brain Connection [23] or
Your Shape Fitness Evolved [24]. Participants were pre-assigned to a program order so
that 50 % of the males and females received Body and Brain Connection as their first
program. Researchers provided hints correlating to the task being completed when
initial errors were made. For example, the task of turning on the Xbox was accom-
panied by the hint: “Press the round silver ‘Power’ button on the Xbox console to turn
the Xbox on. The ‘Power’ button looks like a circle with a line through the top.”
A script was used to ensure that hints and instructions were consistent across all
participants. The hints were pre-determined by assessing what possible errors partici-
pants could make while performing a task. Upon finishing the first program, partici-
pants completed the relevant questionnaires and were interviewed about the program
they just completed.

Completion of the second program consisted of the same format: engaging in the
program activities, the post-program questionnaires, and a post-program interview.
Both programs required participants to perform the following overall tasks: turn on the
Xbox system, load the disc, start the program, play the program, review the results of
the program, eject the disc, and turn off the Xbox system.

Following interaction with the exergame systems each participant was given
questionnaires concerning overall system measures and asked questions concerning
attitudes and opinions of their overall experience with the system. All interview
responses were audio recorded for later transcription.

2.4 Data Analysis

The coding scheme was developed by reviewing a sample of participant videos, in
addition to observations made by researchers, to determine all possible participant
errors that could occur for each task. The errors were then grouped into a compre-
hensive set of categories to minimize redundancy.

The coding scheme assessed three aspects for every task: initial errors, whether or
not hints were given after initial errors were made, and whether participants corrected
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these initial errors or not. Three rounds of independent coding were conducted to
calibrate the two coders. The final round yielded a high level of agreement and reli-
ability (r = .91). The video assessments were then divided evenly, with regard to sex
and age of the participant, between two coders for independent coding.

For purposes of this study interview data was analyzed for important quotes
addressing usefulness and ease-of-use of the system.

3 Results

3.1 Potential of Exergames

Older adults were generally positive about the potential benefits of exergames as
evident by the results of the TAM Perceived Usefulness questionnaire. There was not
much difference in the perceived usefulness of the Kinect-based exergames systems
between the ‘60–69’ age group and the ‘70–79’ age group. Most participants (n = 15)
reported that they perceived these systems to be useful. Figure 1 details the frequency
of agreement on the perceived usefulness of exergames for each age group.

Many participants felt that the health aspect of exergame activities was potentially
beneficial even though this was their initial interaction with the system. Of the par-
ticipants sampled, 75 % were above the neutral mark in their agreement with statements
about the perceived usefulness of exergames systems. In the interviews participants
responded that the exergames were a useful means to engage in exercise, commenting
that exergames would be “good for physical activity” and can help to “keep you
active”. As mentioned before, exergames allow for users to engage in physical activity
in the familiar environment of their home. Participants found this to be a perceived

Fig. 1. Number of responses across participant groups (There were 5 questions and 10
participants per group resulting in a maximum of 50)
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benefit of these games commenting: “it would help with my physical regimen as rainy
days, crummy days, [I] can’t go out to walk”.

3.2 Ease-of-Use

Although many participants reported positive perceptions about the potential benefits
of exergames, there were mixed responses to the perceived ease-of-use of the systems.
A majority of participants in the 60–69 age group somewhat agreed that these programs
were user friendly, whereas most of the 70–79 age group somewhat disagreed with the
ease-of-use of these games. Figure 2 details the frequency of agreement with perceived
ease-of-use of the Kinect-based exergames across groups.

These attitudes towards the usability of the Kinect-based exergames may be
attributed to the complexity of the system interface, and the difficulty in navigating
controls during the game. Participants commented on aspects of the system interface
concerning feedback, level of intuitiveness, and clarity of instructions when assessing
how easy the programs were to use. Users made descriptive comments of their inter-
actions such as: “sometimes the instructions were a little cryptic” or that “often it was
unclear what they wanted me to do, I was confused”.

3.3 Common Task Errors

Throughout usability testing of the exergame programs, many older adults had diffi-
culties performing the tasks essential to initiating and navigating the in-program
activities. Our error analysis assessed which task errors occurred most frequently.

Fig. 2. Number of responses across participant groups (There were 5 questions and 10
participants per group so the maximum score was 50)
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For each program, tasks included opening the Xbox tray, inserting the program disc,
closing the Xbox tray, starting the Kinect system, initializing the game, choosing the
one-player mode, selecting a particular activity, navigating through instructions,
completing the actual activity, reviewing results, navigating back to the main menu,
ending the program and ejecting the disc. Tasks were listed sequentially and coded
based on a participant’s actions during the program. Table 1 lists the possible task
errors made during each program. The top panel shows the initial errors that were made
and the bottom panel shows the errors that were made after a hint was provided.

There were almost no errors in turning the Xbox system on and off or closing the
disc tray. Many participants however did make an error when initially opening the tray,
often due to the inability to discern the button on the Xbox console. There were also
several errors in starting up the Body and Brain Connection and Your Shape Fitness
Evolved programs, and starting up the individual activities within the program. Many
participants also made errors in reviewing their results at the conclusion of the activity
(most participants did nothing (no action) due to misinterpretation of instructions).

We also found game-specific error trends. The majority of errors in Body Brain
Connection were participants discerning which button to press and disambiguation of
on-screen instruction, whereas the majority of the errors associated with the Your
Shape Fitness Evolved program were issues with completely triggering the button.
Participants were often not clear on the force required to activate the button to move to
the next screen, oftentimes having to repeat this action several time. These errors were
more associated with the perceptual and motor abilities of participants.

While certain task errors were more common than others, it is important to note that
every participant made at least one error related to the initiation of the program or
carrying out the actual exergame activity.

Table 1. Mean percentage of errors (Standard deviation)

Error 60–69 yrs 70–79 yrs

Initial errors
Wrong button 9 % (.08) 18 % (.14)
Could not locate button 2 % (.04) 4 % (.04)
Button not completely triggered 11 % (.05) 13 % (.04)
No action 10 % (.06) 9 % (.05)
Out of range of sensor 3 % (.04) 2 % (.02)
Participant had issues 56 % (.26) 50 % (.22)
After-hint errors
Wrong button 2 % (.04) 3 % (.04)
Could not locate button 1 % (.02) 1 % (.02)
Button not completely triggered 3 % (.03) 5 % (.04)
No action 0 (.01) 1 % (.01)
Out of range of sensor 2 % (.02) 0
Participant had issues 26 % (.23) 24 % (.23)
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4 Discussion

Exergames have the potential to become an effective way to engage both healthy and
rehabilitating individuals in physical activity. Recently, these systems have been used
to supplement regular physical activity regimens, or introduce older adults to a feasible
way to engage in exercise. Evidence suggests that benefits of exergames range from
improved balance or gait [12], to increased working memory and reaction to processing
speed tasks [3]. Due to the perceived benefits of these systems, it is beneficial to
understand the potential usability challenges associated with exergames for older
adults. This study assessed the usability challenges experienced by older adults using
the Microsoft Xbox 360 with Kinect program, with the goal of developing design
guidelines to reduce common errors and issues with ease-of-use.

4.1 Key Observations

Observations during usability testing of the Kinect-based exergames system yielded
insights into the causes of task errors. The majority of older adults had difficulty
learning to use gesture controls and navigating the menus in the actual program. This
was a learning hurdle that was typically overcome after initial interaction with the
system, but many participants struggled to identify the on-screen hand icon to activate
the game. In addition, participants often had to repeat gestures several times to fully
trigger a button or navigational control, often commenting that the system was not
correctly sensing them. This lead to the repeated need for instructional hints that
somewhat mitigated task difficulties.

Participants found the on-screen instructions difficult to understand and insufficient
for detailing how to perform a particular activity. The complexity of elements
on-screen made it hard for users to discern which buttons were supposed to be pressed
or which were shown as a part of an instructional demonstration. Participants com-
mented that they were often unable to tell when the instructions concluded or when
they were able to begin the actual activity. Consequently many participants attempted
to initiate the activity while the instructions screen was still present. This was a source
of frustration for many users.

Few differences were observed for the task errors made by the ‘60–69’ age group
and the ‘70–79’ age group other than the higher mean average of wrong buttons
attempted. Overall most participants benefited from having verbal hints during the
programs to correct errors as they were made. Although task errors such as opening the
disc tray or starting the Body Brain Connection or Your Shape Fitness Evolved pro-
grams were seen often across participants, they were typically corrected after a par-
ticipant’s initial interaction with one of the programs. Thus familiarity may be a key
factor in usability of Kinect-based exergames for older adults. The natures of errors
were also observed to be different between the games (e.g., ability to punch out calories
vs. ability to stamp results at the end of an activity).
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Results of this study supported previous findings from other studies assessing the
usability of exergames for older adults. Similar to findings of previous studies [14, 15, 17]
users experienced trouble with discernment among interface elements and activating
buttons.

4.2 Implications for Design Guidelines

Although most of the older adults in this study perceived potential benefits of exer-
games systems, the frequency of task errors indicate a need for training and/or redesign
to make these systems more user-friendly. The older adults we observed found the
overall system inflexible and difficult to operate. Thus, there is need to further develop
guidelines for older adults to successfully utilize exergames.

Understanding the perceptual, motor, and cognitive challenges faced by older adult
users of exergames can prove beneficial to designing systems that are user friendly for
users of all ability levels. Exergames, much like traditional video games, place a
considerable amount of cognitive demand on the users [15, 16, 27]. However, unlike
video games, exergames require users to divide their efforts between motor and cog-
nitive domains, which may prove particularly difficult for older adults due to
age-related changes. Although previous research has addressed the usability and design
of exergames systems [1, 3, 8, 13, 15, 25, 26], there is a need to better account for
age-related changes that may affect system usability. Based on the areas of usability
challenges faced by older adults, designers should develop interfaces that are less
complex and dense for the end-user.

Exergames have benefit in being a motivational and rewarding avenue to engage in
physical activity, but oftentimes they lead to frustration due to the inability to ade-
quately navigate gesture controls or interpret instructions. One recommendation to
address these challenges might be to minimize information presented on the screen to
account for varying levels of psychomotor abilities. Exergames should be developed
with attractive and user-friendly interfaces that are not complex but are easy to inter-
pret. Minimizing the amount of information that is presented on a single screen will
allow for older adults to better perceive information [16], thus making instructions and
commands easier to follow. Additionally, providing helpful information and feedback
at the appropriate times throughout the program will also prove beneficial to older
adults. As seen by our results, many participants were unsure of what action was
supposed to take place at a particular time. This would be best addressed by having
smaller on-screen instructional gestures present during each activity to serve as guid-
ance and reinforcement. These implications are relevant not only to Xbox but to all
exergame consoles utilizing gesture control.

In conclusion, there are numerous perceived cognitive and physical benefits to the
use of exergames by older adults. Reducing the barriers to use of these systems while
still allowing for them to be challenging is a necessary research endeavor to ensure the
continued use of these systems. The next steps in this research program are to develop
helpful instructions for exergames in the form of a quick start guide, and ultimately
evaluate the usability of this guide with older adult exergamers.
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Abstract. This paper addresses play for the elderly, and how playware can act
as a play force that pushes people into a play dynamics. Play is a free and
voluntary activity that we do for no other purpose than the play and enjoyment.
Nevertheless, we may observe collateral effects of play amongst the elderly, e.g.
in terms of health effects. The paper presents both qualitative and quantitative
studies of the effect of play amongst elderly. For instance, it is shown how
playful training on modular interactive tiles show statistical significant effects on
all the test measures of elderly functional abilities (e.g. balancing, strength,
mobility, agility, endurance) after merely 13 group training sessions during
which each elderly play (exercise) for just 12–13 min. Hence, the statistical
significant effects are obtained after just 2–3 h of total playing time with such
playful technology. In play, the elderly seem to forget about time and place (e.g.
forget about their possible fear of falling and physical limitations), and thereby
achieve the remarkable collateral effect on their health.

Keywords: Play � Playware � Elderly � Effect � Modular technology

1 Introduction

Play is a free and voluntary activity that we do for no other purpose than play itself. We
do not play to achieve a certain outcome or product, but we play for the pleasure and
enjoyment that we feel while playing. Nevertheless, under various circumstances, we
may observe certain effects of play. For the one who plays, these effects are not the
primary reason to engage in play. Therefore, we term such effects the collateral effects
of play. The collateral effects of play can be educational achievements, motor skill
enhancement, cognitive and physical rehabilitation, etc. These collateral effects of play
can be significant and important, but it is essential to understand that play is a
self-sustaining phenomenon which carries its purpose in itself. Compared to other
human activities, in its pure form, play does not lead to anything; it neither creates nor
produces anything, except for play:

– Play is a free, voluntary activity indulged for its own sake, and although creative,
play is unproductive and non-utilitarian. Play has boundaries of space and time, and
takes place temporarily outside ‘regular life,’ with its own course and meaning [1].

Likewise the French play theoretician Roger Caillois emphasizes the unproductive and
voluntary nature of play:
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– Play is characterized as free (not obligatory); separate (isolated in space and time);
uncertain (indeterminable); unproductive (without material production); governed
by rules (contingent conventions); and make-believe (suspension of disbelief) [2].

Huizinga describes play as a separate life sphere, which existence cannot and shall
not be legitimized with outer purposes. The notion of play as a separate life sphere is
summarized by Gadamer: When human beings engage themselves in playing, an
“ontological shift” occurs where we, so to speak, move to another stage of being. This
particular stage of being is characterized by the fact that the player as subject is
incorporated in the act of playing as the object of the act. Therefore, in the end play is
not dependent on the subject who plays but of the subject submitting itself to some-
thing which involves the subject as if it was an object. Rephrased, it is “play that plays
the player”, and we are thus attracted to play by a basic force. Gadamer describes this
force as the fundamental “motion” of the universe as such ([3]:103–04). By submitting
oneself to play, the player goes through a separation from ones status as a rational being
and instead becomes a part of what Gadamer calls the “natural” uncertain and pur-
poseless motion which influences the universe. This philosophical description in reality
shows, in spite of the level of abstraction, a phenomenon which we are able to rec-
ognize as a common experience with play activities in which we experience that the
play takes over when we actively engage in it – and however possesses the necessary
skills. We forget about time and place when in play.

Though society has often viewed play as a childish and frivolous activity, we all
engage in play over our entire lifespan, and engage in such play activities in which we
forget about time and place just for the enjoyment and pleasure of play itself. Sport,
sex, games, art, and scientific research activities can in many cases be described as
playful activities in which the subject performs an ontological shift forgetting about
time and place, and in which the activity has its own course and meaning. The play
activity provides life fulfilling enjoyment and meaning to the player. The player can be
of all ages. It appears limiting and exclusive to define such life fulfilling enjoyment as
an activity for children and youth alone. Play is, for everybody, a fundamental activity
submitted to free will. In the act of playing, we manage our lives at our own choice, as
we create the special form of lived life outside the “regular” life where (lust for) life and
happiness as the essence of play rules. When we play we become, in the words of the
philosopher Friedrich Schiller, “a whole and complete human being”:

– For, to speak out once for all, man only plays when in the full meaning of the word
he is a man, and he is only completely a man when he plays. […] I promise you that
the whole edifice of aesthetic art and the still more difficult art of life will be
supported by this principle [4].

In the following, we will examine play amongst older adults. Especially, we will
examine how the design and development of playful technology in the form of play-
ware mediates playful interaction, and results in significant collateral effects of play in
the health of the older adults.
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2 Designing Play and Playware for Older Adults

We use countless methods to achieve the moods of play, and knowledge of those
methods and competencies in using them are indispensable if one wants to play. As the
American psychologist Michael J. Apter expresses it: One of the most interesting
things about play is the tremendous variety of devices, stratagems and techniques
which people can use to obtain the pleasures of play ([5], p. 18). And it could be added
that it is similarly interesting which great economic investments people are willing to
make to obtain playful experiences.

Some of the methods to achieve play we know, for example, as games, which we
either learn, for instance from parents, peers etc., or buy as with computer games. Other
methods are embedded in play equipment like the swing or the roller coaster. Both play
equipment and games can be described as instruments or “tools” that are specialized in
creating play, and when someone is using these tools, they assist in creating and
regulating those physical and mental states of tension that we define as play.

If one wishes to design and develop play facilities or if one wishes to create play
products, it is important to have an understanding of which games and play products
will function and why some function and others do not. This understanding can be
gained by studying what we call the play-dynamics which are activated through games
and play-facilities. We define play-dynamics as follows, as we take our point of
departure in concepts from the description of dynamic forces in the world of physics:

– A play-dynamic is the dynamic effect of the play-force which affects the player by
placing this person in a state of playing.

The play-force can for example be a motion, a competition, a danger or a joke which
initiates a dynamic in which the player raise from the rational reality to a state of
playing. The play-force is the influence and the effect becomes a dynamic play con-
dition. Games and other tools function exactly by manifesting a force of play which can
initiate a play-dynamic.

We can design play technology, called playware, which act as a play force bringing
the user into a play-dynamic. Playware has been defined as intelligent hardware and
software that creates play and playful experiences for users of all ages [6, 7].
Playware-tools are tools with a “behaviour” that initiates play force (e.g. a motion, in
the case of sensorimotor play) via interaction. This is the basis for the play dynamic to
emerge through which the users are brought into a state of playing. R&D in playware
has led to numerous applications in various areas such as rehabilitation [8], play-
grounds [7], education [9], art [10], and sport [11]. In all such cases, users interact with
the playware as a free and voluntary activity that they engage in for the pleasure of
play, even if the activity may be shown to have collateral effects e.g. in terms of health
and skills. Modular playware has been proposed as of particular interest to develop
solutions for such varied areas of application, since modularity may facilitate easy
assembly and adaptation of the playware to different interaction modalities [12].

We can outline several guidelines for the design and development of modular
playware [12], which should help in the designing playware that acts as a play force to
bring the user into play dynamics. Important features of this design approach are
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modularity, flexibility, and construction, tangible interaction and immediate feedback
to stimulate engagement, activity design by end-users, and creative exploration of play
activities. These features permit the use of such modular playware by many users,
including older adults who often could be prevented from using and taking benefits
from modern technologies. The objective is to get anybody moving, exchanging,
experimenting and having fun, regardless of their cognitive/physical ability levels.

3 Designing Modular Playware for Dementia Treatment

As an example of design of modular playware following these guidelines, together with
P. Marti’s group at University of Siena, we designed and developed novel tools for
dementia treatment based on activity analyses together with therapists and elderly in an
Italian home care [13, 14]. We developed modular playware tools to become part of a
“multi-sensory room”, i.e. a space augmented by innovative technologies, that can be
configured for different therapeutic activities and needs and that provide sensory
stimulation. The modular playware design features allow for space re-configurability
and adaptivity, which should support customized therapeutic interventions, and involve
dementia affected users in the interaction with the solutions. The objective of such
environment is to obtain an optimal level of stimulation of dementia affected patients
through their playful engagement, active participation and intrinsic motivation in the
therapeutic activity, and favouring the emergence of personal meanings (memories,
interpretations, narratives) eased by the dynamic configurations of the environment.

The modular playware we designed each has a physical expression (Light and
Sound Cylinders and RollingPins). Each module can process and communicate with its
surrounding environment (to neighbouring modules and/or through sensing or actua-
tion). The overall behaviour emerges from the user’s coordination of a number of
modules. The Light and Sound Cylinders and RollingPins developed for the
non-pharmacological therapeutic treatment were designed as modular playware in
order to allow very easy and understandable physical operation by dementia affected
patients and therapists.

In particular, the RollingPins are semi-transparent plastic tubes capable of mea-
suring their orientation and the speed of their rotation. They provide feedback in the
form of RGB light, sound and vibration. The RollingPins are able to communicate with
each other or with other devices equipped with the same radio communication tech-
nology. The RollingPins are usually used in pairs, as the local feedback of a RollingPin
can be set depending not only on its own speed and orientation, but also on the speed
and the orientation of the peer RollingPin. The system is used as a facilitator and
mediator of social dynamics during the normal therapy to counteract social isolation
that can result in dementia through the loss of social skills.

The RollingPins embody by design a dialogic component supporting non-verbal
communication between therapist and patient. They can be manipulated (e.g. grasped,
rolled and shaken), and each of these actions can produce feedback (visual, audio,
tactile, smell as a local or environmental output in the multi-sensory room). The
RollingPins communicate with each other, and by doing this they influence each other.
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Each time a RollingPin is manipulated, it produces an output (visual, auditory or
tactile) both locally and remotely on the peer device, influencing its behaviour.

The therapeutic interventions in the multi-sensory room include the presence of a
therapist. The therapist coordinates the session by defining the protocol, the setting, the
most appropriate level of stimuli according to patients’ needs, and also supports the
patient in remaining involved in the activity. In order to assess if non-verbal and
gesture-based exchange can engage the dementia patient and sustain effective com-
munication and coordination between therapist and patient, an experiment was
designed to compare the use of the RollingPins in two conditions:

Individual Modality: with the RollingPins used as independent devices, interactive but
not communicating with each other.

Dialogic Modality: with the RollingPins communicating with each other.

It was found in interventions with elderly dementia patients [13, 14] that using the
RollingPins, the patients participated in the activity, coordinating their behaviour with
the therapist and imitating the same interaction patterns generated by the therapist.
Figure 1 shows physical engagement with the RollingPins in individual modality and
dialogic modality, with statistical significant differences between the two modalities.
Marti et al. [14] concluded that the use of simple units, easy to manipulate without
explicit instruction, puts the subjects at ease and provides them with minimal but clear
stimuli to both have a pleasurable experience and perform the tasks that better suit their
problem. Furthermore, a dynamic, flexible and configurable system has proved to be a
key factor for obtaining an optimal stimulation tailored to the specific needs of each
patient.

Further, regarding the intervention with dementia patients, it was concluded that
“The results of the experiment demonstrate the positive effects of the use of the
RollingPins on engagement, coordination and motivation in regards to therapy in the
dialogic condition. In particular, we observed that, differently from the patients
working in the individual modality, the patients working in the dialogic modality
established with the therapist a non-verbal dialogue based on sensory-motor imitation
of the pattern generated by the therapist” [14].

Fig. 1. The RollingPins used in individual modality and dialogic modality. The diagram shows
mean values in seconds of behavioral indicators (None, Random, Tuning) of the dementia
patients actions with the RollingPins in dialogical and individual modality tests.
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To test for the modular playware mediating play thereby triggering intrinsic
motivation in the patients, at the end of the session, the patients were asked to answer a
standard version of the Intrinsic Motivation Inventory (IMI). The means of the
Interest/Enjoyment and Perceived Competence scores were found to be higher in
the dialogic condition than in the individual one. The Interest/Enjoyment means dif-
ference was significant (t = 1.95, p = 0.041), which is a critical scale in assessing the
emergence of the intrinsic motivation. This indicates that the modular playware
designed as the RollingPins indeed mediates playful interaction, which the patients
engage in for their own enjoyment.

4 Designing Modular Playware for Functional Ability
Enhancement of Older Adults

As another example of the design of modular playware following the design guidelines,
we designed and developed modular interactive tiles for enhancing functional abilities
– in particular balancing skills – of older adults. There are many functional abilities
which are of high importance for elderly to retain and possibly improve in order to
perform activities of daily living and in order lower health risks, e.g. related to illness
and falls. These functional abilities include mobility, agility, balancing, strength and
endurance. Due to the importance of such functional abilities for the health and daily
activities of people, a number of training methods are used to address the prevention of
loss of these abilities and to address the rehabilitation of these abilities. We hypothesize
that if the training methods and training equipment is designed in the form of modular
playware for retention and rehabilitation of functional abilities of elderly, it may
motivate elderly to perform training which after just few training sessions can provide
significant effects on the broad range of functional abilities necessary for elderly health
and for elderly to perform their daily activities.

In order to verify this hypothesis, effect studies of such collateral effects of play
among elderly is needed. Therefore, we will outline the design of a modular playware
technology aimed at improving functional abilities among elderly and related studies of
effect of playful modular interactive tiles training amongst community-dwelling elderly.

4.1 Material - Modular Interactive Tiles

The modular interactive tiles [8] are a distributed system of electronic tiles which like
building blocks can be attached to one another to form the overall system (Fig. 2). Each
tile is self-sufficient of processing power (an ATmega1280) and each one has a battery
that lasts approximately 30 h in use. This makes the usage of the tiles very flexible
because the tiles do not need a computer, a computer monitor or external power source.
When connected to one another to form a playfield, the modular tiles communicate to
their neighbors through four infra-red (IR) transceivers located on the sides. One tile
has an XBee radio communication chip, with which it can communicate to other
devices that have an XBee chip, for example a game selector box (or a PC that has an
USB XBee dongle connected).
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When playing on the tiles, the subject provides the tiles with an input in the form of
pressure measured by a force sensitive resistor which is located in the center of each
tile. The tile can then react by turning on 8 RGB LEDs which are mounted with equal
spacing between each other in a circle inside the tile. In the present intervention, the
tiles were placed on the floor (though there is also an option to place them on a wall
with magnets on the back of the tiles).

Therapists may use the interactive modular tiles to provide playful treatment for a
large number of patients who receive hospital, municipality or home care, although the
tiles can as well be used for prevention with elderly or for fitness with normal people.
Nielsen and Lund [15] described the use of the modular tiles with cardiac patients,
smoker’s lung (COLD) patients and stroke patients in hospitals and in the private
homes of patients and elderly. Through a qualitative research methodology of the new
practice with the tiles, it was found that therapists are using the modular aspect of the
tiles for personalized training of a vast variety of elderly patients modulating exercises
and difficulty levels, that in physical games there are individual differences in patient
interaction capabilities and styles, and that modularity allows the therapist to adapt
exercises to the individual patient’s capabilities [15]. The aspect of adaptivity was
further explored by Lund and Thorsteinsson [16].

4.2 Interventions and Results

We have performed several tests for the effect on functional abilities of elderly from
playful training with the modular interactive tiles over a short period of time, e.g. [17].
In one study, 16 community-dwelling elderly aged 63–95 years (mean 83.2 years of
age) participated in 13 group training sessions on the modular interactive tiles over a
period of 16 weeks in two senior activity centers in Gentofte (Copenhagen), Denmark.
The training with the modular interactive tiles were set up to be an activity which like
any other activities in the senior activity centers, the elderly could sign up to. Each
individual elderly performed training on the modular interactive tiles 12–13 min during
each session. The elderly participants were tested with the Senior Fitness Test [18, 19]
(Chair-to-stand (CS), 8 ft Timed Up and Go (TUG), 6 Minute Walking Test (6MWT))
and an extra balancing test (Line Walk (LW)) before and after the intervention
(pre-tests and post-tests after 13 sessions). The pre- and posttests were performed by
Sundhedsdoktor, an independent third-party not involved with the training, and
post-test was performed blinded from the pre-test results.

Fig. 2. The modular interactive tiles can be assembled in different configurations for different
playful exercises and levels.

506 H.H. Lund



A research assistant would guide the training of the group on the modular inter-
active tiles, using 10–12 tiles for each session. In the group sessions, the elderly rotated
between playing on the modular interactive tiles for a few minutes, and resting until it
was their turn on the modular interactive tiles again.

During some of the sessions, the tiles would be split into two smaller platforms
(with 6 tiles each) to allow parallel interaction of two elderly on two different platforms.
Other part of the session would be on a larger platform of tiles, on which elderly would
interact individually. The individual platforms where formed as squares of 9 tiles or as
a horseshoe with the elderly player standing in the middle.

The games used for the training were Colour Race, Final Countdown, Reach, Island
Game, Concentration Game Colour, and Simon Says. The last two games are memory
games that may potentially challenge both physical and mental skills, whereas the first
four games are also challenging mobility, balancing, endurance, and reaction. Indeed,
most games are designed to challenge several physical and cognitive abilities simul-
taneously while playing the games.

The protocol for the sessions were that the elderly participants started out with
playing Colour Race of 2 × 4 round with each round lasting for 30 s, given a two
minute workout at a time followed by a break while the rest of the eldery were training.
Afterwards, the game Final Countdown was applied in a slow version in order for the
elderly participants to feel success with their playing. Again the training was 2 × 2 min,
in a pace that the elders could set themselves. In the informal sessions, Reach, Island
and Simon Says were used depending on the wishes and mood of the eldery while
maintaining a two minute play, though Island has a fixed length of 1.5 min. The
Concentration Game Color game was put on as a finale game, not least because this
game seemed to entertain the eldery a lot, and thus motivated them to play for longer.
In general each eldery got at least 12 min of training, but due to the nature of playing,
some elders forgot time and in the informal sessions were allowed to continue to play
games as Concentration Game Colour for longer time without breaks.

The sessions were preformed in small rooms with the tiles in the middle, sur-
rounded by small mattress and the eldery placed on chairs along the edge. The setup
had the advantage that the elders could engage with each other while playing, thus also
motivate and making sure all participated.

The games required variations in the both movements of the players, such as the
length of steps, moving forward and backwards, turning around, and in the speed,
because of the elements of competition that is central for the games. These were
important elements, due to the motivation of the elderly participants, as they lost track
of time, and gave into playing the games.

Table 1 shows the results of the pre- and posttests of the elderly participants. All
tests showed a statistical significant improvement of performance between pre-test and
post-test at level P < 0.001 (Wilcoxon Signed Rank Test). The average improvement
was 24 % on CS, 21 % on 8-ft TUG, 29 % on 6MWT, and 66 % on LW. Further,
several subjects improved so that they transferred from one health risk level to another
health risk level (according to the Rikli and Jones’ criterion reference points [19])
increasing at least one level. In total, 63 % of the subjects improved their health risk
level according to at least one of the three tests of the Senior Fitness Test.
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As confirmed by the quantitative data, also qualitative observations found the
subjects to be much more mobile at post-test, and it was found that three subjects who
performed the pre-tests with orthopedic aids (rollator, walker and cane), would perform
the post-test without these aids or using these much less.

In another study, 12 community-dwelling elderly (average age: 79 (66–88)) with
smaller balancing problems participated in a small randomized controlled study to test
for dynamic balancing using the Dynamic Gait Index (DGI) test. The intervention was
performed at the Lyngby-Taarbaek municipality (Copenhagen, Denmark) physiother-
apy training unit. A therapist blinded to the intervention perform random lottery to
assign the elderly to either the control group (6 persons) or the intervention group
(6 persons). The control group continued to perform their daily activities during the
experimental period of 2 months, whereas the intervention group performed playful
training on the modular interactive tiles of average 12.5 group sessions during the 2
months. DGI tests were performed as pre-tests and post-tests for both control group and
intervention group.

The test score for control group and intervention group is presented in Table 2. The
score in the control group and the tiles training group did not differ at baseline (DGI
mean score: 18.3 vs. 19.0), but there was significant difference in change of DGI score
after the 2-months period with the control group decreasing DGI score by 9.3 % and
tiles training group increasing DGI score by 12.3 %. A two way repeated measures
ANOVA (Student Newman-Keuls method) resulted in no statistical significant differ-
ences at baseline and in control group performance over time, whereas there is sta-
tistical significant increase in performance of tiles training group over time (p < 0.05)
and statistical significant difference between control group and tiles training group after
intervention (p < 0.05). DGI mean score after intervention was 16.6 for the control
group compared with 21.33 for the tiles training group, i.e. −9.3 % vs. +12.3 %.

Table 1. Results of pre-test and post-test of the 13 sessions training with modular interactive
tiles for “2. Cross-generational playful training” (16 elderly subjects).

Test Pre-test Post-test Average improvement Significance level Level improvements

CS 9.9 12.3 24 % P < 0.001 7
TUG 11.7 s 9.3 s 21 % P < 0.001 6
6MWT 269.8 m 347.9 m 29 % P < 0.001 5
LW 3.8 6.3 66 % P < 0.001 NA

Table 2. Results of the DGI pre-test and post-test after two months of the 12.5 sessions training
with modular interactive tiles for “3. Formal playful training”.

Pre-test Post-test Average improvement Significance level

Control group 18.3 16.6 −9.3 % NS
Tiles training group 19.0 21.3 12.3 % P < 0.05
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The community dwelling elderly with balancing problems seemed to be at high risk
of falling if not subject to any training, whereas those who performed training increased
their dynamic balancing abilities. A DGI score of < 19 is associated with impairment of
gait and fall risk [20, 21], so the statistical significant difference between DGI score of
16.6 of the control group and DGI score of 21.33 of the tiles training group is
important.

5 Discussion and Conclusion

The effect studies show important collateral effects of play. Qualitative observations
indicate that the elderly participants are having fun and that they meet to play for their
own enjoyment and pleasure. They enter into play as a free and voluntary activity with
no other purpose that the play itself, and for the life fulfilling enjoyment and meaning
that it provides to the elderly participants. The observations indicate that the ontological
shift happens for the participants. They enter into a new status when they are playing,
forgetting about time and place, and thereby most importantly for obtaining the doc-
umented collateral health effects of play, they forget about the fear of falling, fear of
getting out of balance, their normal physical limitations, etc. We observe that often,
when the elderly citizens are on the modular interactive tiles, they jump around much
more freely and fast than when they move around normally.

Hence, the tiles’ light pattern and performance seem to act as a play force which
pushes the elderly user into a play dynamics. The tiles light up in the pattern needed to
be performed by the user, and the tiles are providing immediate feedback to the user.
As found by Nielsen and Lund in a study of playful training on tiles with elderly stroke
patients: “the features of the modular interactive tiles allow for a combination of
physical and cognitive training of elderly” [15]. The features based upon the modular
playware design seem to be among those which results in the tiles acting as a play
force. They distinguish the modular interactive tiles from other exergaming systems
and other training methods, and may be among the reasons that may explain the
success of the modular interactive tiles for improving the functional abilities of the
community-dwelling elderly.

Compared with other training methods, it is extraordinary that the playful training
on modular interactive tiles show statistical significant effects on all the test measures
of elderly functional abilities after merely 13 group training sessions during which each
elderly exercise for just 12–13 min. Hence, the statistical significant effects are obtained
after just 2–3 h of total training time on the modular interactive tiles. This can be
compared to other training methods and interventions typically reporting 13–25 h of
training for showing statistical significant effects [22].

Further, even when such other training methods show statistical significant effects
after the longer period of, for instance, 25 training sessions, the effects are often on only
one or two of the functional abilities that are included in the tests in the present work.
Contrary, the tests with modular interactive tiles training show comprehensive statis-
tical significant effect on all test measures which test for dynamic balancing, strength,
mobility, agility, and endurance.
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The design, development and testing of modular playware (e.g. as RollingPins and
modular interactive tiles) has shown that such tools may act as play forces to push the
users into play dynamics. The users engage in play with such playware as a free and
voluntary activity with no other purpose than play itself, but simply for the pleasure and
enjoyment. For instance, in the case of the modular interactive tiles, it seems to be the
case that the elderly participants forget about their possible fear of falling and physical
limitations when playing, and thereby achieve the remarkable collateral effect on their
health in terms of balancing skills, endurance, strength, etc. Hence, as has been shown
in this paper, playing may lead to important collateral effects. These collateral effects of
play are shown to be significant and important, especially in the area of health. At the
same time, it is important to remember that play is a self-sustaining phenomenon which
carries its purpose in itself.
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Abstract. In this paper, we explore the use of augmented everyday arte-
facts to make seniors’ everyday activities more visible in local commu-
nities to strengthen existing face-to-face social interactions or open new
ones. We ground the twitterIDo idea in a three-year research project. We
involved seniors as co-designers and we explored twitterIDo in a living
lab with a community of senior citizens. Through a set of interactive
prototypes of augmented everyday artefacts and dedicated displays, we
engaged senior co-designers in in-situ enactments and workshops. Expe-
riencing the possibilities of our idea, the seniors envisioned the use of the
interactive prototypes to support their collaboration in shopping activ-
ities. We reflect on how promoting social interaction by making every-
day activities more visible became instrumental to support collaboration,
offering the seniors a clear purpose to make their shopping activities more
visible.

1 Introduction

Society is increasingly looking at digital technology to guarantee quality of life
for a growing older population. Because quality of life is a complex mix of phys-
ical, emotional and social aspects [9], research and industry are exploring novel
technologies to support communication between seniors, their caregivers, family
members and friends. Our research investigates through design explorations a
future where artefacts used by the seniors in their everyday activities are aug-
mented with digital technology to be able to communicate the on-going activity
to other seniors. Through this communication, the everyday activities are made
more visible, thereby strengthening existing possibilities for social interaction in
local communities of seniors, or open new ones. We name this approach twit-
terIDo. What if a senior lady could let her friends know she is out shopping
simply by picking up her shopping bag and going shopping? What if her shop-
ping bag could communicate clues on her owner’s shopping activity?

People often needs a good excuse to initiate a conversation with acquain-
tances or strangers in occasional encounters [15]. Moreover, the changes that
often characterize senior life affect the quality and quantity of their social inter-
actions. For some seniors, initiating social interactions may become intimidating,
thus finding good occasions and good excuses becomes important [10]. Examples
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of such good excuses can come from everyday activities. Let’s think about shop-
ping: noticing someone with bags full of grocery can offer a point for a conversa-
tion on the deals in the local supermarket, if not an occasion to help a neighbour
to carry home his/her bags. TwitterIDo explores the potential for the design of
systems that expand the role of everyday activities as openers of social interac-
tion by making these activities more visible. In particular twitterIDo relies on
augmented everyday artefacts to communicate on-going activities and dedicated
displays to notice these activities.

This paper presents twitterIDo and our exploration of making the shopping
activities of a local community of seniors more visible with twitterIDo technolo-
gies. In a living lab [6] comprising over a year of co-design activities, we used
a series of interactive prototypes in in-situ enactments, portraying the seniors’
own activities, situations and environment. Most interventions looking at seniors’
social interaction and well-being focus on strict relations and supporting an emo-
tional idea of caring and keeping an eye on each other [10]. Our findings show
that our seniors envisioned twitterIDo as useful to collaborate around shopping
activities. Making their shopping activities more visible can have a valuable
practical purpose. In this paper, we focus on seniors’ everyday activities, arte-
facts and social networks, and we explore what if social interaction becomes
the means that supports a more practical purpose for seniors doing an activity
together. We propose a design approach that shifts the attention from caring to
supporting everyday activities, and that takes advantage of everyday artefacts
to communicate such activities.

2 Related Works

Research in HCI and gerontechnology is increasingly looking at supporting social
interaction among seniors, their caregivers and their families [4,8,10,14]. Soci-
ological studies highlight the importance of tickets to talk, or resources, for
initiating social interaction in occasional encounters [15]. Svensson and Sokoler
[16] design digital technology for social interaction among seniors around TV
watching, building on how everyday activities can offer a “resource of informa-
tion about the state of affairs within a community that may help turn a casual
encounter between people into an opening for social interaction [16]. Building on
[16] we assume that if activities are more visible, more seniors can notice them,
and potentially have additional openings for social interaction.

Mobile devices, smartphones and tables and Internet of Things technologies
are increasingly available, making easier and easier to embed technology into
our everyday life. It is a question of how to design these technologies to fit the
everyday situations of seniors and offer them a concrete benefit in their everyday
life. Our work is in line with Brereton’s call [3] for designing technology that
builds on the habituated artefacts that already are part of a senior’s life. The
everyday artefacts that seniors use in their everyday activities are the starting
point of our designs. Recent research projects are exploring more tangible and
situated ways to bring the potential of social networking in the seniors everyday
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environments [5]. TwitterIDo stands on the same grounds. Moving away from
text interfaces, we explore tangible ways to notice and make everyday activities
visible, trying to translate what happens in on-line social networking and make
its benefits meaningful for seniors [12].

3 TwitterIDo

The first formulation of twitterIDo emerged during the concept-development
phase of the SeniorInteraktion project. This 3-year research project was ded-
icated to design novel welfare technologies based on reciprocal exchange and
social interaction among seniors in local communities. The project was driven
by a research-through-design approach and co-design methods, and by a research
interest towards tangible and social computing technologies for seniors’ everyday
life. Investigating the seniors’ attitudes towards social interaction technologies
through co-design workshops [1,7], we gathered insights that offered the ground
for refining twitterIDo and start its exploration. Here a simple scenario:

Marie is an active 75-years-old woman. She enjoys having walks around
the neighbourhood and she shops almost everyday. She often shares shop-
ping favours with other 4 senior neighbours. This morning she takes her
shopping-rollator and walks to her local shop. Her augmented shopping-
rollator1 communicates a new shopping update to her shopping group.

Peter is at home having breakfast, when he puts the last portion of
milk in his coffee. He will need some milk for his half-morning coffee
but he doesn’t have time to go to the shop. He is a member of Marie’s
shopping group. He glances at his tablet display and sees that someone
is out shopping. He picks it up and notices that Marie is out shopping.
Peter decides to ask Marie to buy him some milk. Peter takes his mobile
device, swipes it over the shopping magnet on the fridge and activates
his shopping app. He finds Marie’s contact, calls her and asks for milk
inviting her over for coffee when back from the shop.

Lise is a neighbour of Marie and Peter. She moved in since two months
and she does not know many other residents. Lise goes out for a walk.
Passing through the entrance hall she takes a look at the Community
Display. There are a couple of new offers on display and she stops to
take a look at them. While she is in the entrance hall, Marie enters
with her shopping-rollator full of bags of groceries. Lise takes the chance
to ask Marie about one of the offers on display and they start a nice
conversation.

In this scenario, the augmented shopping-rollator communicates when it is
in use, and a family of dedicated displays–the shopping tablet at home, the
mobile device and the Community Display in the entrance hall–help the seniors
to notice shopping activities. These displays offer a dedicated way to keep in
1 a 4-wheeled walking aid.
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contact with each other in different situations. Simple additional clues on on-
going shopping activities are available for the seniors to interpret and act upon or
simply to ignore. The augmented rollator and the screens are additional resources
to strengthen existing ways of noticing everyday activities and interacting in
face-to-face encounters. The augmented everyday artefacts offer familiar tangible
interfaces to interact with digital technology, while the family of displays aim
to facilitate the access and relevance of activity clues depending on situations,
locations and content.

Differentiating between personal and semi-public displays, detailed informa-
tion is communicated to a trusted and interested audience, while anonymous
information are available in common areas of the local community. TwitterIDo
supports both the community to get an overview of ongoing activities and small
groups of seniors to be connected on the basis of a specific activity. In the sce-
nario, the activity of shopping is useful for Marie and Peter that are part of the
same shopping group, but also for Lise even if she is not part of this small group.

TwitterIDo builds on the following assumptions:

1. everyday activities have the potential of creating openers of social interaction
in occasional encounters and digital technology can contribute to augment
their potential;

2. making these everyday activities more visible, we can expand the potential
of everyday activities to offer openings for social interaction;

3. augmenting everyday artefact to communicate on-going activities, we can
offer seniors a way to make their activities more visible that is familiar and
situated in what they do.The seniors can communicate about what they do
by simply doing it and the communication is enhanced by the meaning that
the artefacts carry with them [3].

4. we support communication in the local community and in particular we look
at smaller activity-based groups of seniors that, within this local community,
share an interest and practice on specific activities. Brandt et al. [1] call
these gropus“communities of everyday practice”, groups of seniors doing a
particular everyday activity together.

4 Interactive Prototypes

Throughout the living lab, we designed a set of interactive prototypes of
augmented shopping rollators, dedicated displays and their communication
infrastructure. The following paragraph introduces the interactive prototypes
and their functionalities. We decided to not replicate all the functionalities
through the different displays because we aim to tailor the interface and inter-
action design to the situation of use: the common areas, the home or while on
the go and shopping. Finally we designed two types of personal displays, mobile
phone and tablet. They are dedicated to a particular activity and meant to
strengthen the connection between seniors with their activity group rather than
with the larger local community.
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Fig. 1. MyShoppyBagRollator in use during an activity of the living lab

MyShoppyBagRollator. MyShoppyBagRollator is a 4-wheeles rollator aug-
mented with sensors and equipped with an nfc-enabled interactive dock (Fig. 1).
The augmented rollator is able to communicate when it is in use. Here its func-
tionalities:

1. MyShoppyBagRollator is ON when a senior places his mobile device on the
interactive dock. The sensors on the rollator detect when the rollator is in use,
and, using the mobile device as gateway, the rollator communicates on-going
shopping activity. Each activity cue is notified to the system and available
for shopping friends over personal displays (mobile and tablet) and on the
Community Display.

2. The augmented rollator is OFF when it is not paired with the mobile device.
When OFF, MyShoppyBagRollator is a normal non-augmented rollator, it
does not communicate and doesn’t offer access to shopping activities of other
seniors while on the go. Thus the seniors remain in control of what they
disclose and when.

Community Display. The Community Display is a big screen (32 or 40 in.)
positioned in the entrance hall of the community building (Fig. 2). Built with a

Fig. 2. The Community Display: main page, during co-design activities and details of
the shopping page.
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web interface, the Community Display shows on-going and planned activities in
the community. Here its functionalities:

1. The main page offers an overview of the on-going activities. It offers a list
of the most frequent activities showing the number of seniors/artefacts cur-
rently involved in a particular activity. From the main page are available also
planned activities and seniors can leave digital comments.

2. Selecting one of the activities, a dedicated page offers more details on the
activity. For example, the shopping activity page offers 4 views: how many
people are currently out shopping and how many offers have been posted
recently; a gallery of offers posted by residents in the last week; a summary of
the week activities, and finally a list of supermarkets where people is currently
shopping.

3. All the activity information on the Community Displays is anonymous, except
the explicit comments created by the seniors. Anonymity supports the seniors’
concerns for privacy but still offers insights and cues over on-going activities
and events’ attendance.

Fig. 3. Details of MyShoppyMobile and while in use

MyShoppyMobile. MyShoppyMobile is a mobile device implemented with an
application running on Android phones (Fig. 3). Here its functionalities:

1. When paired with MyShoppyBagRollator, the mobile device turns into
MyShoppyMobile, a shopping dedicated mobile device. This shopping device
has 5 functionalities: make noticeable shopping activities when paired with
the rollator; notice shopping activities and new offers with real-time notifica-
tions; make noticeable interesting offers allowing the seniors to take pictures
and post offers when at home or on the go; browse pictures of interesting
offers posted by their shopping friends; directly contact their shopping friends
through voip calls (we used Skype).

2. The shopping application is ON when the device is on the dock of MyShop-
pyBagRollator, or when swiped over an NFC shopping-tag available as fridge
magnet or embedded in the weekly deal magazine.

3. MyShoppyMobile becomes a dedicated device to connect seniors with their
activity group. ideally, when coupled with different artefacts, MyShoppyMo-
bile offer access to the specific activity such artefact is related to.
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Fig. 4. MyShoppyTab with details from its ideal positioning within the house and
screenshots of its interface.

MyShoppyTab. MyShoppyTab is a tablet device implemented with an appli-
cation running on Android tablets. MyShoppyTab is meant for the home and
has two modalities: ambient display and browsing device (Fig. 4). Here its func-
tionalities:

1. When left on the shelf, MyShoppyTab is an ambient display. It shows a glance-
able animation collecting real-time notifications of on-going activities within
one’s own shopping group.

2. When the senior picks up MyShoppyTab or touches the screen, the view
reveals details these on-going activities: the latest offers posted and which
seniors are currently out shopping.

3. Pressing the dedicated icon, the seniors can enter the browsing mode. In
browsing mode, MyShoppyTab offers two functionalities: noticing active
members of the shopping group; browsing through the history of activities
and offers of the shopping group members and ones’ own activities and offers.

5 Method

Our research is based on research-through-design, complemented with a co-
design approach. To best investigate the possibilities of twitterIDo, we estab-
lished a living lab with a community of seniors living in an apartment building
in Valby, in the suburbs of Copenhagen. The format of the living lab gave us
a vantage point to explore twitterIDo in real life settings and thus best explore
its possibilities. The living lab activities lasted over a year from Spring 2011 to
Spring 2012. The senior community was composed of 51 seniors living alone or
with their spouse, independently in their own apartments. The building, com-
posed of three connected blocks, included common spaces, such as a common
dining room and kitchen for common events, a petanque court, a laundry room
with a small library, and a leisure room with gym and leisure equipment. The
senior residents were quite diverse, ranging from 65 to 98 years old. In general,



What if My Shopping Bag Could Tell My Friends I’m Out Shopping 519

the computer literacy of the residents was quite low, and only a few residents
had a personal computer and an Internet connection. Although all the seniors
had age related issues, we avoided targeting any specific issue, but we considered
the needs of the participants as they emerged.

5.1 Procedure

The living lab offered a favourable setting to engage the seniors as co-designers
in our exploration. It provided the familiar and known setting necessary for the
seniors to relate our ideas to concrete situations in their everyday life. Through-
out the living lab, we sketched and used the interactive prototypes to make
the concept of twitterIDo concrete for the seniors. These prototypes were itera-
tively refined and used in in-situ enactments of everyday familiar scenarios and
situations. These interactive prototypes and first person enactments were our
main tools to start a dialogue with the seniors.

The living lab included over 20 design activities between open workshops
and design meetings. The attendance to the open workshops varied from 20 to
7 senior participants, while design meetings involved from 2 to 5 seniors in more
focused activities. Overall we aimed to engage the larger possible number of
residents, but soon emerged a small group of engaged seniors with whom we
decided to conduct focused design meetings in addition to the open workshops.

We can group the twitterIDo explorations in three groups of design activities.
First, we introduced the shopping scenario to the larger community to generate
discussions in relation to opportunities and to generate the common interest. In
this phase, our demonstrations and discussions revolved around a very simple
sketch of an augmented rollator able to communicate to the Community Displays
when it was in use.

Second, we unfolded the shopping scenario presented earlier in three work-
shops, one for each of the locations of the seniors (home, shared areas, shop).
We conducted the first workshop in a private apartment with 2 seniors; the sec-
ond workshop in one of the three entrance halls with a group of 11 seniors; and
for the third workshop we went to a local supermarket with 3 seniors [11]. In
these workshops we discussed concretely the possibilities for noticing and mak-
ing shopping activities noticeable, engaging the seniors to position tablet devices
in their private apartments and imagining their use, discussing the role of the
Community Displays for their everyday routines, or trying to post pictures of
offers from the shop.

Third, from the insights gathered with the seniors we provided them a set of
technologies to try out in first person. Thus we organized a scenario enactment
inspired from [2]. We engaged 5 seniors to enact a series of scripted scenes taking
place in different locations and following the interactions between the seniors,
the technology and their neighbours. In these scenes we let the seniors interact
with the technology and with each other with the assistance of researchers and
the feedback of other seniors. We asked the seniors to imagine what if they had
the technology we designed together and what if they could connect with their
shopping group while doing their shopping activities. The researchers motivated
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the seniors to reflect on their experience and their practices. The scenes were
open to be discussed and re-enacted to fix what was odd and not working for
the seniors and thus find better possibilities.

6 Findings

We collected pictures, videos and researchers’ notes from informal discussions,
activities and observations through the co-design activities. We analysed the data
to identify key themes and get insights into how the seniors related their experi-
ence of the interactive prototypes with their own ways of shopping and socially
interact with their neighbours. Could twitterIDo technologies be a meaningful
resource for the seniors and fit with their everyday situations? The data analysis
revealed that the seniors envisioned different ways to collaborate over shopping
thanks to the additional possibilities to make their shopping activities visible
and the additional ways to notice these activities. Our senior participants were
very interested in new, everyday and affordable solutions for moving around in
the city because the municipality was removing their service-bus. Collaborating
and helping each other were their ways to deal with the new situation and they
were interested to explore if digital technology could contribute. We report the
comments from some of our senior co-designers: Ove (male), Birgit (female),
Tove (female), Torben (male) and Åse (female), all in their ’70s.

Doing Favours to Each Other. Our senior co-designers offered different
examples of their practices of sharing shopping favours with each other. We
built our workshops and in-situ enactments on these examples and the seniors
took the occasion to relate their engagement with the interactive prototypes of
twitterIDo with more examples of their everyday practices. During the early
workshops the seniors were concerned about privacy issues and the possible
distance that screens and digital communication can introduce between people.
But they opened to new possibilities when the seniors started to engage with the
interactive prototypes. They started to relate their experiences in our scenarios
to their own practices.

Ove and Birgit reported a simple example. Not long before one of our meet-
ings, Ove bought some medicines for Birgit at the pharmacy. The pharmacy is
quite far from the residence of our seniors and Birgit has problems with her
knees. They interact face-to-face to share their shopping plans sometimes, and
when there is a need and an opportunity, they help each other. For both Ove
and Birgit knowing when one of their shopping-friends is at the pharmacy is
very convenient and can give a chance to ask him/her favours. Ove and Birgit
used the pharmacy example as a possible scenario where making the activity
more visible can help them find opportunities to do favours to each other, with-
out aiming to replace their face-to-face interactions but being one of the many
available resources.

Coordinating Shopping Arrangements. In the scenario enactment, Torben
came up with the garden shop example. Torben and his wife own a car that
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they use to move around and go shopping. When they go to the garden shop
they ask their neighbours if they need anything. The garden shop is far, and
some gardening items can be difficult to find in the local shops and carry home.
Torben and his wife receive requests before, but also phone-calls while they are
at the garden shop. Similarly to the pharmacy example, this example generated
reflections among the seniors. Tove convened that twitterIDo-technologies could
help Torben and his neighbours with garden shopping: “It might be easier this
way” Tove commented. She referred to noticing when Torben is at the garden
shop, but also to posting and noticing offers and keep in contact when out and
about. As Torben said: “Knowing who is at the shop makes you interact more
easily, if you know you need something you can call”. In addition to Torben
telling his neighbour about his trips to the garden shop, new interactions can
happen if his group of garden-lovers could notice when he is at the shop. The
seniors imagined a sort of mutual agreement for which if a member of the shop-
ping group is shopping, he/she is also available and open to interact with his/her
shopping friends.

Finding Opportunities to Save Money and Spending Time Together.
While the examples of the pharmacy and the garden shop are improvised
arrangements, the seniors reported also examples of regular shopping arrange-
ments. Åse used to go shopping with one of her neighbours, sharing offers too big
for only one person, and exchanging shopping tips. Although not all the other
senior participants had similar shopping arrangements, they could easily relate
to Åse’s example and to the convenience of sharing shopping offers and tips.
Ove and Åse offered another example of sharing shopping tips: “Let’s take the
example of the other day when you [Åse] came with that chocolate, which was
on sale for 29 kr., right. Well, I bought four of those. So that piece of information
was a good one for sharing”. in the scenario enactment, Torben posted a picture
of the offer on sausages. It was recognized to be a great offer on sausages“the
best you can find, especially for those money” as Åse said. Ove and Torben
were particularly interested to see their own pictures and offers on the Commu-
nity Displays and personal displays. Noticing interesting offers has the practical
purpose to help seniors to save money. At the same time, building on personal
expertise and interests, posting offers can be engaging for the seniors because
they can offer and recognize their own contributions.

As we can expect, what is an interesting offer can be very subjective. During
the scenario enactment, Tove and Åse mentioned that they would be more inter-
ested in noticing offers on clothes rather than groceries from the Community
Displays. Tove explained that: “If somebody is standing there we would also go
and check, and start a little conversation maybe” ... “If it is something interest-
ing we can also sit here and talk”. Tove added that she could imagine that if
two seniors meet in the entrance hall and like the offers on display, they might
even decide to go shopping and spend some time together. These reflection point
out that cues become valuable occasions for social interaction depending on the
people who notices them.
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7 Discussions and Conclusions

Our explorations provide insights on the seniors’ attitudes towards twitterIDo
technology in real-life settings. These insights help us reflect on how communica-
tion technology can fit in seniors’ everyday life and be meaningful for their every-
day practices, as Ostlund [13] advocates. Through our activities it became clear
that seniors needed a practical purpose to make their shopping activities more
visible through technology. Thus we aimed our activities and interactive pro-
totypes at exploring these practical purposes. The seniors progressively shifted
our understanding of twitterIDo technologies. The interactive prototypes became
resources for collaborating on shopping activities, and social interaction became
the instrument to achieve a better collaboration. The primary motivations for
making everyday shopping activities more visible were practical solutions useful
for everyday situations.

Previous work has explored communication technology to make everyday
activities more visible with family, friends and caregivers [4,10,14]. The atten-
tion has often focused on keeping an eye on each other and explicitly creating
occasions for social interaction [8,10], [eg.] TwitterIDo provides seniors with tech-
nology to collaborate in everyday activities. In line with Svensson and Sokoler’s
ticket to talk TV [16], in twitterIDo the quest for social interaction is not explicit
because the attention is shifted to the activity, to shopping and helping each
other shopping. In twitterIDo the focus lies on the activity communicated, on
the everyday artefacts that communicate this activity, and last but not least
on groups of seniors interested in such activity. Brandt et al. [1] report on how
seniors’ social interaction often develop around “communities of everyday prac-
tice” groups of seniors and neighbours that share an interest or practice in an
everyday activity. TwitterIDo supports such everyday networks of seniors rather
than focusing on care, friendship or family relations.

Our findings show that twitterIDo offers a valid design approach for sup-
porting social interactions among senior peers in local communities. This design
approach proposes to turn the attention to specific activities, moving away from
social interaction per-se and further explore how digital technology can support
seniors doing activities together, supporting more practical purposes of why
seniors would choose to make their activities more visible.Rather than aiming
for generalizing our research, we invite other researchers interested in designing
for senior social interaction to translate the idea of twitterIDo into their own
situations, thus generating new designs that focus on making everyday activities
more visible, exploit the everyday artefacts and look at social interaction as an
instrument for supporting more practical purposes.

Acknowledgments. Thanks to all the senior participants, the researchers and part-
ners of the Senior Interaction project that made these explorations possible.



What if My Shopping Bag Could Tell My Friends I’m Out Shopping 523

References

1. Brandt, E., Binder, T., Malmborg, L., Sokoler, T.: Communities of everyday prac-
tice and situated elderliness as an approach to co-design for senior interaction. In:
OZCHI 2010, pp. 400–403. ACM (2010)

2. Brandt, E., Grunnet, C.: Evoking the future: drama and props in user centered
design. In: Proceedings of Participatory Design Conference (PDC 2000), pp. 11–20
(2000)

3. Brereton, M.: Habituated objects: everyday tangibles that foster the independent
living of an elderly woman. Interact. Mag. 20, 20–24 (2013)

4. Consolvo, S., Roessler, P., Shelton, B.E.: The carenet display: lessons learned from
an in home evaluation of an ambient display. In: Mynatt, E.D., Siio, I. (eds.)
UbiComp 2004. LNCS, vol. 3205, pp. 1–17. Springer, Heidelberg (2004)

5. Cornejo, R., Favela, J., Tentori, M.: Ambient displays for integrating older adults
into social networking sites. In: Kolfschoten, G., Herrmann, T., Lukosch, S. (eds.)
CRIWG 2010. LNCS, vol. 6257, pp. 321–336. Springer, Heidelberg (2010)

6. Følstad, A.: Living labs for innovation and development of information and commu-
nication technology: a literature review. eJOV: Electron. J. Virtual Organ. Netw.
10, 99–131 (2008)

7. Foverskov, M., Binder, T.: Super Dots: making social media tangible for senior
citizens. In: Proceedings of the 2011 Conference on Designing Pleasurable Products
and Interfaces, DPPI 2011. No. c (2011)

8. Garattini, C., Wherton, J., Prendergast, D.: Linking the lonely: an exploration of
a communication technology designed to support social interaction among older
adults. Univ. Access Inf. Soci. 11(2), 211–222 (2011)

9. Hirsch, T., Forlizzi, J., Hyder, E., Goetz, J., Stroback, J.: The ELDer project:
social, emotional, and environmental factors in the design of eldercare. In: CUU
2000 Proceedings of the Conference for Universal Usability, pp. 72–80. Washington
DC (2000)

10. Morris, M.E., Lundell, J., Dishongh, T., Needham, B.: Fostering social engagement
and self-efficacy in later life: studies with ubiquitous computing. In: Markopoulos,
P., De Ruyter, B., Mackay, W. (eds.) Awareness Systems Advances in Theory,
Methodology and Design, chap. 14, pp. 335–349. Human-Computer Interaction
Series, Springer, London (2009)

11. Nazzi, E., Bagalkot, N.L., Nagargoje, A., Sokoler, T.: Concept-driven interaction
design research in the domain of attractive aging: the example of walky. In: Artic-
ulating Design Thinking, pp. 227–245. Paul rodge edn. (2012)
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Abstract. This paper describes the process of using a co-participatory design
method to produce a toy prototype for children and adults. Based on suggestions
from both groups, co-participatory design activities were organized around a
single guiding principle: to construct an interesting and creative toy to help both
generations interact with each other. Our findings support the usefulness and
necessity of this design method and illustrate how designers could implement
them in future work. Two industrial designers, six older adults (three male and
three female, aged 65–75), and six children (3 male and 3 female, aged 6–10)
were involved in the co-participatory design process, which was conducted via
daily dialogue, scenario creation, and semi-structured interviews. This research
described a co-participatory design process that included designers, children,
and older adults. Data gathered from the process revealed that children had
creative design ideas that considerably improved the interactive toy. This
enabled the designer team to achieve a better empathic understanding of older
and younger users, and to work on a project that was grounded in the interests of
both target groups.

Keywords: Co-participatory design � Older adults � Children � Toy

1 Introduction

The global trend of an aging population, the market of older consumer market is
increasingly large. According to Ministry of Interior predicts that the next 40 years,
Taiwan will accelerate the aging of the forecast, Table 1 is the stream of the aging in
Taiwan. Related to age and type of product consumption in the rapid increases in older
industries is a growing potential market. Characteristics of research and development
for the elderly, and the function of reasonable, good quality products have become
competitive in the market for development opportunities. From the ergonomic point of
view, give full consideration to older people’s physical characteristics, psychological
characteristics, designed for the elderly to use the comfortable, convenient, safe,
healthy products is the social development needs.
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With the economy and society going through transformation and the trend of aging
population, the family structure has changed rapidly (Fig. 1). Besides, people nowa-
days are busy with their work and mostly form dual-earner families. The phenomenon
of “grandparent family” is becoming increasingly common, and grandparents and
grandchildren (elderly and children) are spending more and more time together, which
makes it mostly the elderly and children keeping each other’s company at home.
However, while children and older people are gaining influence they can still be
considered in a broad sense as groups of vulnerable people. In many cases, they have
less control of their lives and are more dependent on others to help out with various
kinds of things than the average population. In addition to this, they may also have
various kinds of cognitive and physical restrictions. For these reasons the term
“vulnerable generations” will be used to denote the group of children and elderly as a
whole. In line with their increased influence, there is a growing awareness of the needs
of vulnerable generations. Innovative use of design specifically targeted towards these
groups’ special needs can contribute greatly to the improvement of their wellbeing,
preventing them from facing difficult or stressful situations. Moreover, less work has
been spent on developing teaching modules for design methods and practices aiming at

Table 1. The stream of the aging in Taiwan

Year Total
population
(million
persons)

Age structure (%) Dependency ratio
0–14 years 15–64 years 65 years

and over
(%) Young age

population
ratio (%)

Old age
population
ratio (%)

2006 22.9 18.17 71.88 9.95 39.13 25.28 13.85
2018 23.3 12.50 73.14 14.36 36.73 17.10 19.63
2030 22.8 10.59 65.56 23.85 52.54 16.16 36.38
2050 18.9 7.85 55.43 36.72 80.42 14.17 66.25

Fig. 1. Population changes and projection in taiwan: 1961-2056 (Source: population projection
2008-2056 in Taiwan, R.O.C., Council of economic planning and development, 2008.)
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covering the needs of elderly and children. Accordingly, more work is needed on
design for these groups. To improve the design practice in the area of design for elderly
and children it is necessary to not only study and improve methodology, but also how
to transfer the gained knowledge to new generations of designers to ensure its use in
design. A combination of current research practices and design explorations and
methods can be used to suggest new approaches to design for children and older people
and to modernize the design curriculum with a specific focus on both older people and
children.

2 Literature Reviews

2.1 Toy Design for the Aged and Trans-Generational Society

Seniors toy that is developed specifically for older toys, and some activities can help
the elderly wrist, waist, and some have educational functions, for old hands-on brain,
slow thinking, degradation, prevention of Alzheimer’s disease. Psychologists believe
that staying at home for elderly people have a tendency to a return to innocence. The
curiosity of the elderly with special emphasis on toys to satisfy their spiritual needs;
some of the elderly living alone, if they can cultivate interest in favorite toys, flavoring
agents will increase the number of life for people with mild dementia of the elderly, not
only can improve the quality of life, but also promote health and longevity. In Western
countries developed for adults and older toys, toy market has become hot. In the United
States, 40 percent of the toys are specifically designed for adults. Japan is also a lot of
toys in the development of new features for the elderly, such as electric toys, play-
ground common “combat crocodile,” attach a blood pressure measurement function, as
both entertainment and sports features, not only for stroke patients future nursing home
can also be used. In this respect, Taiwan is still in the blank.

2.2 Physical and Mental Functioning of the Elderly

Changes that come with aging are the degeneration of senses and slower movement
(Wang 2009), among which the most obvious include: (1) Skeletal muscle: reduced
bone density, (2) Muscular strength and muscular coordination (Kawakami, Inoue, and
Kumashiro 1999; Lin 2008); (3) Action: change of reflex time and response speed;
(3) acuity: lower visual and hearing acuity and hearing impairment; (4) Balance: one of
the important indicators of the aging process, normally people aged over 60 would
begin to show initial signs of impaired balance, especially the degeneration of bones,
joints and muscular system would all affect gait biomechanics, lowering the stability of
gait (14); (5)Body coordination: hand-brain and hand-leg coordination deteriorate.
Therefore, the elderly doing activity should keep using their muscles and joints to
prevent the loss of muscular strength and pliability, and they need a sense of safety
when doing physical activity (Lu and Li 2001). They can increase lower body muscle
and strengthen muscular endurance by simply walking or knee bend. Besides, exercises
can improve the balance of the elderly, especially those with instant vertical or hori-
zontal movement can help with the sense of balance.
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Mentally, the elderly also go through some apparent changes with age, including
poorer memory and judgment, and failure to achieve what they are originally familiar
with (Hsieh 2007). The mental characteristics of the elderly are as follows: (1) logic:
logical reasoning is an important indicator of understanding cognitive development and
intelligence (Bjorklund 2000; Siegler, 1998); (2) memory: poorer memory, failure to
achieve what they are originally familiar with; (3) creativity: when people get older, the
ability to repress gets weaker, which unleashes their creativity and makes them stronger
artistically.

2.3 Physical and Mental Condition of the Children

The study looks into the physical and mental condition of 3-12-year-old children raised
by cross-generational parenting. This stage lays the foundation for children’s growth
physically, mentally or in character development. So if their physical and mental growth
can be enhanced through the interactive toys for grandparents and grandchildren, it will
be very beneficial to their future development (Marcus, Selby & Rossi, 1992). The
movement skills developed by children aged 3-7 are basic locomotor and non-locomotor
skills, such as running, sliding, bending, turning, hopping on one foot and hopping on
both feet, jumping over, dodging, swaying, swinging, and stretching. When they turn
8-9 years old, they perform these fundamental skills more easily and efficiently, and start
to develop complicated locomotor, non-locomotor, and manual skills. In the meantime,
due to an increase in body strength during this period, accompanied by growth in
perception and cognition, children are able to complete coordinated movement more
quickly and accurately. 10- to 12-year-olds emphasize more special movement skills
needed in competition, dancing or gymnastics (Lin, 2004).

In terms of psychological development theory, with regard to creativity: children
aged over 3 years have endless inspiration, and 3- to 5-year-olds can find association
between different concepts, expressing their imagination or ideas through analogy and
comparison; 4- to 6-year-olds try to turn analogical concepts into actual concepts that
apply to the outside world. In respect of spatial perception: 3- to 7-year-olds can use
themselves as the center to feel the things in the surrounding, and gradually develop
spatial concepts. A 3-year-old child can already distinguish the direction of up and
down; a 4-year-old can distinguish front and back; a 5-year-old can start using
himself/herself as the center to distinguish left and right; and a 6-year-old can correctly
distinguish up and down, front and back. 6- to 10-year-olds have the abstract spatial
and temporal concepts

3 Co-Participatory Toy Design and Development

3.1 Co-Participatory Toy Design and Development

We recruited older adults by sending flyers to community associations. People who
were interested then called us and we conducted a phone interview with each one to
understand their family structure. We collected a small amount of demographic data
during these interviews and subsequently invited them to join us for a pilot session.
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In total, ten grandparent families came to the first session. Two weeks later, six
grandparent families agreed to join the whole participatory design. The sample par-
ticipants consisted of married older adults and spread over urban and rural locations in
Taiwan with different socio-economic backgrounds. Participants missed a few design
meetings due to scheduling conflicts. This step involved identifying key groups of
end-users and forming a participatory design team of intended users. The goal of this
step was to open chances of cooperation between intended users and the designers.

Two industrial designers, Six grandparent families: including six older adults (three
male and three female, aged 65–75), and six children (3 male and 3 female, aged 6–10)
were involved in the participatory design .The methods employed here were dialogue,
scenario creation, and asking semi-structured interviews. As none of the participants
have experienced a participatory design session in their lives, almost all were very shy
at the beginning. The designers had to make them imagine themselves in some related
scenarios to be able to start the session. Narratives and metaphors were considered
positive language use for this activity to elicit tacit knowledge and to allow the
designers to gain insight into the mindset of the users. The participants provided ideas
and defined their exact needs and preferences towards the current interaction toy design
based on their past using experiences and scenario creation with their own words.

How do we access co-participatory design?
There are many ways we can learn from older adults and children about their ideas,

memories, their current experiences and their ideal experiences:

• We can listen to what older adults and children say.
• We can interpret what older adults and children express, and make inferences about

what they think.
• We can watch what older adults and children do.
• We can observe what older adults and children use.
• We can uncover what older adults and children know.
• We can reach toward understanding what older adults and children feel.
• We can appreciate what older adults and children dream.

Through analysis from the conducted dialogue, scenario creation, and asking
semi-structured interviews, this research proposes the design concepts for toys targeted
at older adults and children, and then conducts toy design accordingly. The concepts
are as follows:

(1) Safety first (10 clues from the Coding Scheme)
To varying degrees, the judgment, cognitive ability and ability to respond of the
old people weaken and children, thus in the process of using the product, they
inevitably make mistakes. In case a threat to physical and mental health occurs,
they usually are unable to escape the danger. Therefore, toys for the seniors and
children should be fault-tolerant. So that, the old people and children even make a
mistake, there will be no danger. Here the reduction of operation process and the
set of message for safe operation is an effective way to ensure the safety of the
seniors with toys for these two generations.
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(2) Moderate difficult (12 clues from the Coding Scheme)
The design of toys for the old and children should be of moderate difficulty, and
the purpose is to arouse their interest in playing. If too simple, it would not
enhance the interest of the seniors and children and thus would not achieve the
aim of exercising the brain; if too difficult, it would be strenuous for them to learn,
and consequently cause a sense of failure which is not conducive to their mental
health.

(3) Easy to identify (8 clues from the Coding Scheme)
The interaction toy should have a familiar form and an understandable functional
theory for the old and children. It should also be equipped with an interface in
keeping with the experience and habits of the seniors and children. Besides, the
toys that need interface design, should take into account the graphic symbols, size,
color, clarity of sound, light intensity.

(4) Facilitate communication (13 clues from the Coding Scheme)
People’s feelings need to vent and exchange, especially for the seniors and
children. For them, emotional communication is indispensable to maintain their
vitality, and improve the quality of life. Playing with toys, there are many ways
for the old and young to choose, such as: taking turns to participate, working
together and racing in the game. The development of multiple-persons playing
toys is to create a harmonious environment in which they can talk when play. So
the core of toy-development is to involve the participants as much as possible. For
the participating ways, common collaborative participatory approach is the best,
which is more conducive to conversation, and get to know some new friends.
In this way the seniors and children can expand their social circle with emotional
exchange.

(5) The effect for keeping fitness and developing intelligence (15 clues from the
Coding Scheme)
Increasing with age, people’s organ recession becomes an objective physiological
phenomenon. In order to maintain good physical function and mental state, and
improve the quality of life, fitness puzzle is a very important content in the lives of
older persons and children. Body-building that can achieve with playing toys is
the most basic needs of older persons. Old people and children by playing
intellectual toys can effectively prevent Alzheimer’s disease and enhance
eye-hand coordination, so to maintain the flexibility of the seniors and children
mind is the main direction of the toy development.

(6) Cultural connotations (9 clues from the Coding Scheme)
Life experiences bring the old people with more comprehensive concept of life,
and good inheritance for the children, thus toys with a certain ideological and
cultural depth usually put them in recollecting and thinking of issues. While the
old emphasize the toy’s inherent fun, and show great interest in the toys with
cultural connotations. Of course, this culture must be familiar with the elderly and
children has gone deep into the ideological deep.

According to the above results and considering the revival of motor function and
divergent creativity, the cross-age interaction toy design (Fig. 2) in the study is set up
as a pieces assembled toy for three reasons: (1) the process of different game type
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involves movement of the whole body; (2) the process of different game type can
develop the users’ creative thinking; (3) the different game type of the game can be
determined by the users’ physical strength, which makes it suitable for both the elderly
and children. The toy feature are as follows:

1. The game starts with spinning the spinner.
2. Four different types of games are available.
3. Different turntables are designed for a variety of game combinations.
4. The direction of the spinner shall define the structure of the game.
5. The wood texture gives forth a warm and safe impression.
6. The cake-shaped toy attracts curiosity of little children, evoking their interest to play

(Figs. 3 and 4, Table 2).

Fig. 2. Cross-age interaction toys: game house

Fig. 3. Playing and interaction scenario
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4 Conclusion

In the Taiwan aging society, elderly population grows, and many elders take the
responsibility of taking care of children in the family. Thus, childhood of many are
filled with wonderful memories shares with their grandparents. With such background,
this design seeks to find fun and creative elements that benefit both elders and children:
interactive educational toys simulate brain exercise of the elders, prevent degeneration
of their brain function, and at the same time, inspire the imagination of children, and

Fig. 4. Game type: from left to right: arithmetic games, mapping games of color and shape,
reward games of action activity, copy games of charades

Table 2. Use process

noitpircsednoitartsullI

Process1: selecting the game type and set aside 
the tuning panel 

Process2: then play rock-paper scissor game to 
make the order 

Process3: turning the panel to choose different 
test question 

Process4: Starting the game 
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strengthen hand-eye coordination. This toy is designed to enhance the relationship
between the elders and their grandchildren and build good memories.

References

Birren, J.E., Schroots, J.F.: Handbook of the Psychology of Aging, 6th edn. Academic Press,
Waltham (2005)

Bjorklund, D.F.: Children’s Thinking: Developmental Function and Individual Difference, 3rd
edn. Wadsworth / Thomson Learning, Belmont (2000)

Chen, C.N.: Leisure activities and life satisfaction among taiwanese elderly. J. Popul. Stud. 26,
96–136 (2001)

Dickinson, A., Arnott, J., Prior, S.: Methods for human-computer interaction research with older
people. Behav. Inf. Technol. 26(4), 343–352 (2007)

Fisk, A.D., Rogers, W.A., Neil, C., Czaja, S.J., Joseph, S.: Designing for Older Adults-Principles
and Creative Human Factors Approaches. CRC Press, USA (2004)

Freudenthal, A.: The Design of Home Appliance for Young and Old Consumer. Delft University,
Netherlands (1999)

Hannon, P.O.: An Investigation of the Impact of Short-Term Quality Intergenerational Contact
On Children’s Attitudes toward Older Adults. Unpublished doctoral dissertation. The
university of Pennsylvania State (2004)

Kawakami, M., Inoue, F., Kumashiro, M.: Design of a work system considering the needs of
aged workers. Exp. Aging Res. 25(4), 477–483 (1999)

Kazemek, F., Logas, B.: Spiders, kid curlers, and white shoes: telling and writing stories across
generations. Read. Teach. 53(6), 446–451 (2000)

Kline, D.W., Scialfa, C.T.: Sensory and perceptual function: basic research and human factors
implication. In: Fisk, A.D., Rogers, W.A. (eds.) Handbook of Human Factors and the Older
Adult, vol. 3, pp. 27–54. Academic Press, San Diego (1997)

Kosnik, W., Winslow, L., Kline, D., Rasinski, K., Sekuler, R.: Visual changes in daily life
throughout adulthood. J. Gerontol. Psychol. Sci. 43, 63–70 (1988)

Lu, L., Chen, H.H.: An exploratory study on role adjustment and intergenerational relationships
among the elderly in the changing taiwan. Res. Appl. Psychol. 12, 221–249 (2002)

Wang, H.S.: Exercise and physical activity for older adults. Am. Coll. Sports Med. MSSE 41(7),
1510–1530 (2009)

Wu, M.T., Chan, Y.S.: The effects of aging and exercise intervention on balance control in the
elderly. Taiwanese Gerontol. Forum. 2, 1–12 (2009)

532 W.-C. Tsai et al.



A Slow Game Design for Elderly with Their
Family and Friends
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Abstract. After preliminary studies, based on horticultural activities, to pro-
pose amendments. Through interviews with elderly people, exploring the life
and discuss the literature review, and found that the most affect elderly living
alone is the quality of interaction with the community, rather than quantity. The
concept of community nurseries, proposed to the original game, the family
cannot help activities, through interaction with neighborhood friends, let elderly
care by being converted into active share.

Keywords: Elderly platform � Community nursery � Neighborhood and friends

1 Introduction

In recent decades, an old man alone, the number and proportion of the population are
rising. The challenges arising out of these changes fell on the shoulders of each family.
An old man alone needs to learn and lifestyle changes. Those young simple things,
such as: to see a doctor, to pass the time, to maintain physical strength, all with the
decline of physical function, and it becomes difficult to manage. Klinenberg pointed
out that age, a person, isolated, not only make people vulnerable in case of illness or
crisis, it could dramatically reduce our quality of life [1].

In the beginning, researcher is the use of horticultural activities to promote inter-
action with elderly and family. Especially horticultural activities can provide hearing,
touch, smell, sight and taste of the five senses stimulation, has anti-aging, maintain
normal physiological function, chronic disease treatment and rehabilitation, and cer-
tainly worth the existence of self-expanding social contact surface and prevent or
against the loss wisdom psychosis effect [2].

Last year, the researchers conducted interviews with elderly living alone. After
exploring the elderly living alone in a variety of situations in life, and to analyze the
context of their lives, was found that, to live alone and lonely are different things. The
impact of social interaction is the loneliest of quality, rather than quantity [1]. So
researchers tried a new way of human interaction patterns, Increase the range of elderly
living alone and social interaction, the original single (family) in the direction of
extension of the two directions, family and neighborhood friends.
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2 Reference

The internet of social things is a vision, for the next decade, the social networking will
bring the wisdom of the things connected. And might rewrite the market economy,
subvert industrial operation, then our life is about to face a huge change [3]. Through
the social networking, people and objects, human and human, the relationships will be
more closely, we are able to share our information, entertainment, tools and programs.
Explore the social networking literature review and projects, to get the internet of social
things’ meaning and guidelines.

2.1 An Internet of Social Things

The researchers believe, research and design of the Internet of things, are a benefit from
community to broaden understanding of things [4]. Through two project modification
of the design: the installation of communication layers in the original project, after the
attempt to understand and discovery, the communication layer does have a role in
social relations.

Researchers explore the literature and case analysis, proposed a significance and
guidelines. The key is that the user should be further considered, and follow the society
understanding of things and attention. The first, in the design practice, need to be
considered for potentially non-human users of new IoT devices. The second is that to
observe the user’s social life, and proposed a new human-computer interaction research
methods. By ethnography to explore the significance of those items to help humanity,
maintain relationships, and work together. At the same time, we are concerned with the
expansion of the relationship between humans and objects.

2.2 Habituated Objects: Everyday Tangibles that Foster the Independent
Living of an Elderly Woman

The study showing the elderly habituated objects [5]. Researchers through interviews,
an 82-year-old woman, Maria. Though Maria is amblyopia, but in execution by hip
surgery, she remained independent lives. The researchers observed focus on how she
put objects at home. With the change of time and social relations, when the woman is
already accustomed to using these items in life, what these objects are related to each
other. By understanding the user’s habits, and how to improve these habits of elderly
person’s independence, will allow us to better understand how to design in the internet
of social things.

Maria has many items and equipment, and how these objects to perform their
functions at home (Fig. 1 Maria goods record). Researchers asked her, the most
important and most beloved items, and the emergence of a diverse and interesting list:
magnifying glasses, shoes, tea-bag squeezer, big-screen TV, computer, key-on-a-string,
free bus pass, sturdy shoes, and so on. With insight, these important items, will likely
be converted to a tangible interaction design.
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3 Personal Interview: Increased Social Activity Through
Horticultural Activities

Through interviews with elderly, to get the planted habits in daily life. The researchers
found that, elderly mostly planting vegetables and fruits in the outdoor, such as: leafy
vegetables and sweet potatoes. And there is a phenomenon of supply exceeds. But
fruits and vegetables cannot be stored for too long, so the elderly will be through give
family, friends and neighborhood residents to consume, Thus, to increase opportunities
for social activities of elderly and neighbor (Fig. 2).

Fig. 1. The kettle, tea and tea-bag squeezer. Used for habitual morning tea in get up.
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Box 1. Interview excerpt during user research. Translated by the authors.

Fig. 2. The image record the planting of chives and other plants.
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4 To Enhance the Elderly Social Interaction by Slow Game

In the first edition of the game design, the researchers planted strawberries, set up the
lights in the planting, make a pot like lamp, and placed in the living room. Elderly and
families to interact with the physical potted and phone. Different gardening activities
will correspond to different interaction mechanisms, when the families’ complete
indication of the action, the message will be passed to the real potted and display
different light to indicate elderly gardening activities.

But the results were not as expected. So the researchers were revised, the slow
game design is divided into families and neighborhood friends. Using a cross-ways to
enhance “quality” and “quantity” in social interaction. And in the following, to
description the a conception of elderly interaction with neighborhood friends:

4.1 Slow Game with Neighborhood Friends

In the semi-rural area in Taiwan, there is a lot of unused space. The researchers
observed that, the general situation is dumping of soil on the idle space, become
community nurseries. And in the community nurseries surrounding, will be placed
benches, chairs, is a field for elderly to gathering and chatting.

And horticultural activities rely on the exchange experience and sharing of plant
species, because of the different plants have different life cycle length, the environment,
and so many different natural factors, lead to different kinds of plant cultivation
techniques. Because of horticultural activities (horticulture therapy) has also been
applied to the education institution, the elderly and children’s centers, psychiatric
hospitals, rehab centers, medical institutions or communities. Is an ancillary therapy, by
actual contact, to enhance physical, psychological, cognitive knowledge and economic
of benefits.

So, the researchers combined horticultural activities and slow the game to become
the community nurseries planting tasks. Selection of outdoor planting, like as vege-
tables, fruits, etc. The plants require a lot of natural light in order to bloom and bear
fruit, such as onions, leeks, and tomatoes. Elderly by tilling the soil, planting, watering
and other activities to promote coordination of muscle. And more importantly, is
through the support each other to achieve the mission objectives. In this idle space, not
only harvest vegetables, but also harvest friendship between neighborhoods and
elderly.

5 Prototyping

Using the elderly’s TV, and installed the set-top boxes. Elderly can click the button to
enter the game of the main screen on the platform. Elderly using the TV remote control
keys and the enter key to operate. Into the game’s main interface, you can see three
options: “Family”, “Neighborhood Friends” and “The tasks field guide.” “Family” and
“Neighborhood Friends” is different, you can enter after the selection (Fig. 3 The
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gaming platform main screen). Besides, setting “The tasks field guide”, will record the
plants growth conditions, to facilitate elderly to sharing the experiences.

5.1 How to Play the Game with Neighborhood Friends

Community nursery allow elderly gathered and let elderly challenge the tasks in the
system, the tasks including fruits and vegetables except peak season and. Elderly can
choose a task to challenge, such as tomatoes, leeks, and cucumbers. Once the task is to
confirm and begin, the TV interface with neighborhood friend’s page, there will be a
map of the plant growth processes.

5.2 Scenario

Use prototyping simulation elderly using processes. When the elderly to open a new
challenge. After click the neighborhood friend’s option, select the challenge of entering
the picture. The game will show three combinations, elderly can pick through their
wishes.

Then there are these fruits and vegetables planting process, Depending on fruits and
vegetables, the system will be show different. These activities include: (1) Seeding,
(2) Watering (3) Weeding (4) Fertilizing (5) Draining (6) Remove out weak plants
(7) Platform (8) Harvesting. To follow the planting instructions process to complete the
task. Process will record temperature and humidity and other environmental related
information. The following simulation elderly challenging the task:

• Elderly choose sweet potatoes, cabbage and carrots in this task, and then press the
OK button on the remote control (Fig. 4 Elderly selection task).

• Elderly into the planting process, showing sweet potatoes activity indicator.
(Fig. 5 Sweet Potatoes activities indicate). In this page, can display temperature and
rain in the past.

Fig. 3. The gaming platform main screen.
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6 Conclusion

This study will attempt to improve the elderly’s gut reaction to the platform. Elderly’s
gardening tool in life, through the design making the tool becoming an icon. Then
through the instructions and interactive television platforms, especially TV built-in
speaker, the sound can be included as part of the interaction should be more in line with
elderly.

And through social networking, elderly to work together through community
nurseries, to relieve physical and mental discomfort, is a new concept. But in addition
to TV platform, for elderly watch tasks and the plant records. Social networking should
focus on the objects surrounding the elderly, get elderly’s habits and further tripping of
the original framework. In interactive design, to find suitable elderly the internet of
social things.

Fig. 4. Elderly selection task.

Fig. 5. Sweet Potatoes activities indicate.
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