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Preface

Persuasive Technology (PT) is a vibrant interdisciplinary research field focusing on the
design, development, and evaluation of interactive technologies. PT aims at changing
people’s attitudes or behaviors through persuasion and social influence, but with strong
considerations regarding transparency and ethics. The 15th International Conference on
Persuasive Technologies and Persuasive Design (Persuasive 2020) brought together
international researchers and practitioners from industry and academia who are
working in the field of behavior design and persuasive technologies. As a community,
we aim at enriching people’s lives in various domains such as health, safety, and the
environment — by supporting their personal goals to change their behavior.

The Persuasive conference series is the leading venue to meet and discuss
cutting-edge theoretical and methodological perspectives and to present recent insights
from practice and research. The conference provides a venue for networking between
researchers and practitioners from all corners of the world, and has in previous years
been held in exciting places such as Chicago, USA; Padua, Italy; Link&ping, Sweden;
Oulu, Finland; Sydney, Australia; and Waterloo, Canada.

Persuasive 2020 was the 15th edition in this conference series, and was hosted
during April 20-23, 2020, by Aalborg University in Denmark. Aalborg University was
proud to be the first university in the world to host the conference for the second time,
having also been co-host of the Persuasive 2010 conference which took place in
Copenhagen. For Persuasive 2020, particular attention was directed towards creating
bridges and networks between researchers and practitioners, and towards sustainability
and green initiatives. This focus is closely related to Aalborg city’s role as a European
Sustainable City, and its early involvement in international charters for sustainability.

On April 20, a Doctoral Consortium on Persuasive Technologies was held as part
of the pre-conference activities. The consortium was organized and facilitated by
leading international researchers in the field, and comprised an opportunity for PhD
students to network as well as gain valuable feedback on their work. On April 21, the
program combined interactive workshops with ground-breaking tutorials. The included
workshops comprised a program which highlighted both academia and real wold
practice, and provided participants the opportunity to be inspired by both sides. On
April 22 and 23, the main conference took place with six single track sessions
including oral presentations of accepted academic papers. The program furthermore
included two keynotes as well as a poster and demo session.

This volume contains the accepted papers presented during the main conference.
The included papers were reviewed by a board of experts in the field, in a double-blind
review process. Papers were selected for publication and presentation at the conference
based on the review process. Overall, 46 reviewers were randomly assigned to the
papers excluding all and any conflicts of interest. Each review combined a rating of the
paper along with a detailed textual review, which not only provided the program chairs
with significant insight concerning the individual submissions, but also ensured that the
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authors were provided with high-quality feedback and recommendations for their final
versions of their paper.

The Program Committee carefully assessed all reviews and all comments made by
the reviewers, and based on this the final list of papers to be presented at the conference
was comprised. 56 papers were included in the review process and 18 papers were
accepted, compliant with an acceptance rate of 32%.

Apart from the papers accepted and presented at the conference, adjunct proceedings
were also published, in order to include those papers related to poster presentations,
demos, doctoral consortium, as well as tutorial and workshop descriptions. The success
of this conference was in every way dependent of the support of the Persuasive
Technology Society, and in particular the people who actively contributed with pub-
lications or as reviewers for the different submission types. As already mentioned, the
Persuasive conference series is to a great extent an event which facilitates knowledge
sharing and collaboration across nationalities and across different research areas. We as
editors are grateful to have had the pleasure of creating the 2020 bridge between
academia and practice — and between friends around the world.

April 2020 Sandra Burri Gram-Hansen
Tanja Svarre Jonasen
Cees Midden
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Aalborg University, Denmark

Aalborg University is a dynamic and innovative research and educational institution
with an active commitment to international cooperation. The university offers
education and research within the fields of natural sciences, social sciences, humanities,
technical, and health sciences. Since its establishment in 1974, AAU has been
characterized by a problem-based and project-oriented teaching method (PBL) — also
called the Aalborg Model, and by extensive collaboration with the surrounding society.
Despite the fact that AAU is a fairly young university, it is already ranking among the
best and most acknowledged international universities in the world.

The Department of Communication and Psychology is a large, interdisciplinary
department at Aalborg University. The department’s research and teaching activities
are directed towards designing and putting into practice processes and products that
improve or expand people’s ability to participate in communicative contexts. The
foundation of the department is humanistic, and our activities therefore focus on people
and the relationships between people, organizations, society, media, and technologies.
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On the Impact of the Application Domain
on Users’ Susceptibility to the Six Weapons
of Influence

Alaa Alslaity®™® and Thomas Tran

University of Ottawa, Ottawa, ON K1N 6NS5, Canada
aalsl005@uottawa.ca, ttran@eecs.uottawa.ca

Abstract. Persuasive technology is gaining increasing attention nowadays.
Researchers have proposed several approaches to support technology with per-
suasive capabilities inspired originally from the domain of social sciences. Cial-
dini’s six persuasive principles, known as the “six weapons of influence,” is an
example of such techniques that are widely deployed in the persuasive technology
domain. However, the literature lacks studies that asses the relationship between
the domain, in which a persuasive technology is applied, and how the former is
actually affecting the degree of persuasion achieved by Cialdini’s six persuasive
principles. To bridge this gap, we investigate the effect of the application domain
on users’ susceptibility to Cialdini’s principles. Two application domains were
considered, namely an e-commerce recommender system and a movie recom-
mender system. A within-subject study is conducted, and a total of 107 responses
were collected. The results show that when using the same persuasive technique,
the nature of the application domain affects the way users got persuaded by that
technique. Hence, our findings suggest that the application area, as a contextual
dimension, is an important factor that should be taken into consideration when
designing persuasive systems.

Keywords: Cialdini’s persuasive strategies - Persuasive recommender system -
Persuasive Technology

1 Introduction

Persuasion can be defined as “a symbolic process in which communicators try to convince
other people to change their attitudes or behaviors regarding an issue through the
transmission of a message in an atmosphere of free choice.” [1]. Over the last decades,
persuasive-related research has been conducted in social sciences as well as in other
related fields such as marketing, healthcare, law, education, etc. [2]. In fact, persuasive
communication can shape or impact humans’ decision making in different settings,
including, but not limited to, the market, the courtroom, or the family [2].

Recently, persuasiveness has been introduced to Computer Information Technology
(CIT) area. The increased research in this direction has led to a new research and appli-
cation area named Persuasive Technology (PT) [3]. The essence of PT is that a particular

© Springer Nature Switzerland AG 2020
S. B. Gram-Hansen et al. (Eds.): PERSUASIVE 2020, LNCS 12064, pp. 3-15, 2020.
https://doi.org/10.1007/978-3-030-45712-9_1
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technology can be used as a means of persuasion that aims to convince users to behave
in a desired way [3]. PT has been introduced into different application areas, such as
healthcare (e.g., to motivate users toward healthy behavior), education (e.g., to motivate
students to complete their tasks), and lifestyle (e.g., encourage users to follow green
routes). Also, persuasion has been recently augmented to other applications, which are
not persuasive by nature, such as Recommender System (RS) [4].

In the literature, there is a consensus that persuasion solutions cannot be consid-
ered as a “one-size-fits-all” approach. For this, recent research in PT has been directed
towards personalizing PTs [3], where the personalization was mainly based on users’
characteristics. In particular, researchers studied the impact of users’ characteristics (e.g.,
age, gender, and cognitive ability) on their susceptibility to persuasive strategies. The
Communication-Persuasion Paradigm [5], however, stated that the extent to which a
message influences its receiver depends on four factors, namely (1) characteristics of
the source (i.e., the message sender), (2) the message, (3) characteristics of the destina-
tion (or the receiver of the message), and (4) the context. That is, user’s characteristics
are only one of four factors that impact persuasion. Hence, it is insufficient to tailor
persuasion based on users’ characteristics only.

Having said that, this paper aims to investigate the effect of the context as another
impacting factor. In particular, this paper investigates the effect of the application domain
onusers’ acceptance of Cialdini’s six weapons of influence (discussed in Sect. 2.1). To do
so, we choose Recommender System (RS) as an application domain, and we conducted
a within-subjects study on users of two different domains, e-commerce RS and a Movie
RS.

Our results revealed that the same persuasive strategy, when used in two or more
different application domains, would have different impacts on the same user. Our results,
hence, suggest that the context in which the application is deployed plays an important
role in affecting users’ susceptibility to persuasive techniques. Thus, the application
context should be taken into consideration when designing persuasive applications.

The rest of this paper is organized as follows: Sect. 2 discusses background concepts
and related work. Section 3 provides details about our study and methodology. Sections 4
and 5 illustrates and discussed the results of the study. Finally, the paper is concluded in
Sect. 6.

2 Background and Related Work

This section provides a brief background about the six weapons of influence and discusses
the state-of-the-art related work.

2.1 The Six Weapons of Influence

There is a wide variety of persuasion means in the literature. Social scientists proposed
various taxonomies of persuasive strategies, such as the 40 strategies that have been
described by Fogg [6], over 100 groups suggested by Kellermann and Tim [7], and the
six principles of Cialdini [8]. The latter is the focus of this paper.
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The six principles of Cialdini (a.k.a., the six weapons of influence)' have been widely
used in the literature, and they have been verified as general persuasive principles [9].
The idea of these principles is that there is no magical strategy that can influence all
people, and hence, people can be convinced in different ways. These principles are:

1. Authority: “People defer to experts.” People are more inclined to accept recommen-
dations made by a legitimate authority.

2. Commitment: “People align with their clear commitment.” People tend to commit
to their previous or reported opinion or behavior.

3. Social Proof (Consensus): “People follow the lead of similar others.” Usually, people
tend to do what others do. So, people are most likely to accept recommendations if
they are aware that others have accepted as well.

4. Liking: “People like others who like them.” People are most likely inclined to accept
requests that are made by somebody we like.

5. Reciprocity: “People repay in kind.” People tend to return a favour. So, humans are
more inclined to follow recommendations that are made by a person to whom the
receiver is in debt.

6. Scarcity: “People want more of what they can have less of.” People consider whatever
is scare as more valuable.

2.2 Related Work

This section discusses the research on the Cialdini six principles, and how the
persuasiveness of these principles can be affected by various factors.

Oyibo et al. [10] conducted a study that investigates Nigerians’ susceptibility to the
six principles of Cialdini. The study also investigated if gender has any impact on the
responses. The results show that Nigerians are susceptible to all principles but at differ-
ent levels. Specifically, the level of susceptibility to the six principles was ordered, from
the highest to the lowest, as follows: Commitment, Reciprocity, Authority, Liking, Con-
sensus, and Scarcity. The study also concluded that gender plays a role in participants’
responses, with males found to be more susceptible to Commitment and Authority than
females.

In another study, Oyibo et al. [11] investigated wither the personality of users who
came from different cultural backgrounds would affect the level of persuasion of different
strategies. The study provided a comparative analysis of the Nigerians’ susceptibility to
persuasive strategies compared to Canadians. A study of 248 total responds (88 Nigerians
and 196 Canadians) was conducted. The results revealed that the susceptibility of Nige-
rians is different than the Canadians for all strategies except for Commitment strategy.
In particular, Authority and Scarcity were found to be the most effective on Nigerians.
On the other hand, Reciprocity, Liking, and Social Proof were the most effective on
Canadians.

1 The “Six weapons of influence” and the “six principles of Cialdini” are used interchangeably in
this paper.
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Gkika and Lekakos [12] investigated the impact of implementing the six weapons of
influence on users’ intention to use a recommendation. The paper suggested an explana-
tion to represent each strategy. A user study was conducted where users were revealed
with recommendations, along with six different explanations. Then users were asked to
evaluate the extent to which each explanation may change their mind to watch the recom-
mended movie. The results showed that, in general, incorporating persuasive explana-
tions to recommendations that are close to users’ preferences would affect their behavior
in terms of accepting/rejecting recommended items.

As an extension to Gkika and Lekakos’ study [12], Sofia et al. [9] investigated the
influence of persuasive strategies on users’ intention to use a recommended item if it
is preferred to the user. Particularly, the authors discussed the six weapons of influence
in conjunction with users’ personalities; Similar to the previous study, the persuasive
strategies were also incorporated into the systems as explanations along with the rec-
ommended items. The results indicated that all strategies positively affect users’ accep-
tance of the recommendations. Also, they concluded that users’ personality affects their
susceptibility to different strategies.

The impact of the big five personality traits on the persuasion level of the six weapons
of influence was also investigated by other researchers, such as Oyibo et al. [14], and
Alkis and Temizel [15]. All of these studies agreed on acommon conclusion that the level
of persuasion of Cialdini’s principles varies from one personality to another. However,
the results of these studies were not completely consistent, even though they had the
same study settings. To further highlight this issue, we compare the conclusions of three
studies, which are summarized in Table 1.

Table 1. Summary of the compared studies

Authors Year Participants
1 | Oyiboetal. [14] 2017 | People with Canadian origins
2 Sofia et al. [9] 2016 | Greece, undergraduate and Ph.D.
students
3 | Alkig and Temizel [15] | 2015 | Turkey, Undergraduate Turkish
students

Table 2 depicts a comparison between these three studies. Columns represent the six
persuasive strategies of Cialdini, while rows represent the five personality traits [13].
Cells show the results of the three studies, as follows: “Y/N” is the answer (Yes/No) to the
question “does a persuasive strategy (X) influence persons who are high in personality
(Z)?”. Empty brackets indicate that the relationship is not mentioned in the corresponding
study. Curly brackets {}, round brackets (), and square brackets [] represent the results
of the first, second, and third studies, respectively. For instance, the first cell (Openness
X Authority) indicate that the first and the third study concluded that Authority does not
persuade users who have high openness traits. For enhanced readability, we distinguished
inconsistent answers with bold font.
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Table 2. Comparison of the results of the three studies mentioned in Table 1

Authority | Commitment | Social | Liking | Reciprocity | Scarcity
Proof
Openness {N} {} {N} {N} {} {}
Y) (Y) Y) (Y) (Y) (Y)
[N] [Y] [Y] [Y] [N] (1
Conscientiousness | {} {Y} {} {N} {Y} {}
(Y) (Y) N) (Y) (Y) Y)
[Y] [Y] [N] [N] [Y] (1
Extraversion {} {} {} {} {} {}
N) ™) (Y) ™) (Y) ™)
[N] [Y] [N] [Y] [Y] [Y]
Agreeableness {Y} {Y} {} {Y} {} {}
(Y) (Y) ™) (Y) (Y) (Y)
[Y] [Y] [Y] [Y] [Y] (]
Neuroticism {} {} {Y} {} {} {}
Y) (Y) Y) (Y) (Y) ™)
[N] [N] [N] [N] [Y] [Y]

As Table 2 shows, the three studies are not consistent in many cases (50% of the
cases). This contradiction is because of neglecting other factors (e.g., the context), and
not considering them along with the personality traits, although they influence users’
decisions. That is, users’ characteristics are not the sole determinant of the persuasion
level of the six weapons of influence. This conclusion is in line with Oinas and Harjumaa
[16] suggestion, who stated that: “Without carefully analyzing the persuasion context,
it will be hard or even impossible to recognize inconsistencies in a user’s thinking,
discern opportune and/or inopportune moments for delivering messages, and effectively
persuade.”

To this end, this paper investigates the effect of the context on users’ persuadability to
the six weapons of influence. To achieve this, we conducted a study to examine the role
of the application domain as a vital aspect of the persuasion context. The next section
discusses our study in detail.

3 The Study

We conducted a user study in the domain of RSs. The study considered two types of
recommenders, namely E-commerce RSs (e.g., Amazon and eBay), and Movie RSs
(e.g., YouTube and Netflix). This study aims to answer the following research questions:

— RQI: Do persuasive strategies have an impacting role in the decisions of RS users?
— RQ2: Does the application domain affects the susceptibility of RS’s users to different
persuasive strategies?



8 A. Alslaity and T. Tran

— RQ3: Does the persuasion level of the six weapons of influence in E-commerce RS
differs from that in the movie RS domain?

3.1 Study Design

Our study follows a within-subject design. It consists of a two-part questionnaire; each
part reflects an application domain. In each part, we ask the participants to rate six
persuasive sentences; each sentence represents one of Cialdini’s principles. We adopted
the persuasive statements described by Sofia et al. [9] for the movie RS, and then we
followed the same convention to formulate persuasive statements for the e-commerce
RS. Table 3 depicts the persuasive sentences that we used for both domains. The rationale
behind adopting this methodology is because the authors conducted their study for the
RS context, which is the same as our context. Also, the persuasive statements were
expressed based on a well-designed methodology, which involved seventeen experts to
choose the best matching sentence for each strategy.

In each part of our questionnaire, the participants were asked to rate the six sentences.
Users give ratings according to the question: “To what extent do you think that each of
the following statements will influence your decision to buy an item (or to watch a movie)
recommended to you?”). Users were asked to give a rate in a 7-Likert scale from (—1) to
(5), as follows: (—1) indicates a negative effect (i.e., the sentence may cause a resistance
towards the recommendation), Zero (0) indicates no effect (i.e., zero is the neutral value),
and 1 to 5 options are scaled from very low to very high positive effect.

Table 3. Persuasive statements as presented in the questionnaire. E-com = E-commerce

Principle Corresponding statement

Authority (E-com) The recommended item won 3 prizes as the best-manufactured product!
(Movie) The recommended movie won 3 Oscars!

Commitment | (E-com) This item belongs to the kind of items you usually buy
(Movie) This movie belongs to the kind of movies you enjoy watching

Social Proof | (E-com) 87% of users rated the recommended item with 4 or 5 stars!
(Movie) 87% of users rated the recommended movie with 4 or 5 stars!

Liking (E-com) Your Facebook friends bought this item!
(Movie) Your Facebook friends like this movie!

Reciprocity | (E-com) A friend of you, who bought the item that you suggested to him/her in
the past, recommends you this item!

(Movie) A Facebook friend, who saw the movie that you suggested to him/her
in the past, recommends this movie!

Scarcity (E-commerce) The recommended item will be available for two months only!
(Movie) The recommended movie will be available for two months only!
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3.2 Participants Recruitment

We used two means to recruit participants, which are emails and posters distributed
at the University of Ottawa. A total of 107 participants responded to the study. After
excluding incomplete responses, we got 72 complete responses. To make sure that the
results are representative, we filtered the data again, such that we exclude records that
contain identical ratings for all sentences. After this step, we get a total of 70 responses.

4 Results

After collecting responses and filtering the data, we analyze them according to the
research questions mentioned in Sect. 3. This section reports on results organized
according to the research questions (RQ1-RQ3).

4.1 Impact of Persuasive Strategies

To answer the first research question (RQ1), we calculated the mean rate for each per-
suasive strategy in the e-commerce RS (Fig. 1a) and the movie RS (Fig. 1b). Also, the
overall mean (i.e., the mean of all ratings in both domains) is illustrated in Fig. 2.
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Fig. 1. Mean values for participants’ ratings of each strategy in the e-commerce (a), and the Movie
(b) domains

As illustrated in the figures, all mean values are greater than the neutral value (i.e.,
Zero), which indicates that all strategies are influential. This conclusion is true for both
application domains. From Fig. 1a, it can be inferred that Reciprocity is the most influ-
ential strategy in the e-commerce RS, while liking is the least influential strategy. On the
other hand, Commitment is the most influential strategy for users of movie RS (Fig. 1b),
and Scarcity is the least influential strategy. The overall means (illustrated in Fig. 2)
indicate that most of the participants believe that any of the six strategies can influence
their decisions to some extent. Scarcity has the lowest mean value (1.87), which means
that it is the least influential strategy. All other strategies have an overall mean greater
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than (2). The figure also shows that Commitment is the most powerful strategy, followed
by Social Proof.

All the above observations answer the first research question; They show that the six
strategies influence RS’s users’ decisions.
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Fig. 2. Mean values for participants’ ratings of each strategy in both domains (Overall)

4.2 The Impact of Application Domain

To answer the second research question of this study (i.e., RQ2), we compare the ratings
of each strategy in both domains. Figure 3 shows the number of similar and different
ratings. The word “similar” in our context means that participants gave the same rating
score for a particular persuasive strategy in both domains. From Fig. 3, it can be noted
that the impact of persuasive strategies varies from one domain to another. That is, for a
given persuasive strategy, participants of movie RS rated that strategy differently from
their ratings to the same strategy in the E-commerce RS. The percentage of dissimilar
ratings to the total number of responses ranges from (57%) to (75%). These percentages
indicate that persuasion levels vary from one domain to another.

Table 4 summarizes our results regarding the differences in users’ ratings. The table
is divided vertically into two parts, entitled All dissimilarity and Significant dissimilarity.
All dissimilarity depicts statistics about all records that contain dissimilar ratings. The
Significant dissimilarity focuses only on records with significant changes in the ratings.
In this context, a rating difference is considered significant if the two given ratings belong
to two different categories. The rating categories are defined as follows: we divided the
7-Likert scale into five categories: Negative (—1), No impact (0), Minor impact (1 and
2), Moderate impact (3), and Major impact (4 and 5). For instance, if a participant gives
the Authority strategy rating —1 in the e-Commerce RS and 2 in the movie RS, it is
considered as a significant dissimilarity. This is because, with the first rating (i.e., —1),
the participant considered that Authority has a negative impact on her decision, while
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in the second rating (i.e., 2), she thinks that Authority has a positive influence on her
decision.

The most important observation in this table is that most of the dissimilar records are
significant; On average, 78% of all dissimilar ratings are “Significant dissimilar.” This
observation suggests that the persuasion level of a strategy varies significantly from one
domain to another.

Table 4. Dissimilarity statistics

All dissimilarity Significant dissimilarity

# records Mean # records Mean
Authority 49 1.76 44 1.75
Commitment | 44 1.63 39 1.69
Social Proof |53 1.81 40 1.92
Liking 40 1.75 30 1.86
Reciprocity |44 1.82 33 1.878
Scarcity 48 1.85 31 2.06
Average 46.33 1.77 36.16 1.86

4.3 Persuasiveness Order

Section 4.1 showed that the six persuasive strategies are all effective to an extent.
Section 4.2 demonstrated that the application domain affects the persuasion level of
any strategy, such that the impact of a strategy varies from one domain to another. In this
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section, we compare the persuasion levels of the six strategies in the two RS domains,
in an attempt to answer the third research question, RQ3.

Asillustrated in Fig. 2, not all strategies are of the same impact, where some strategies
have a higher persuasion level than others. Figure 4 depicts persuasive strategies based
on their influence to persuade the participants, ordered from the most influential (or
persuasive) to the least persuasive. Figure 4 also illustrates the difference in the order
between the two domains under study. The upper part of the figure shows that Reciprocity
is the most persuasive strategy in the E-commerce RS domain, followed by the Social
Proof, while Liking is the least persuasive one. In the Movie RS (the lower part of Fig. 4)
shows that Commitment is the most influential strategy, and Scarcity is the least influential
one. By comparing the order of the persuasion levels in the two RS domains, we notice
that the order is significantly different. Only one strategy (Social Proof’) occupied the
same order in both domains. These observations are in line with our previous conclusion
that the application domain is an important factor that can affect the impact of persuasive
strategies.

E-commerce
[Reciprocity} [Social Proof} [Commitment] [ Authority J [ Scarcity J [ Liking J

Movie

[Commitment} [Social Proof} [ Authority J [Reciprocity] [ Liking ] [ Scarcity ]

l Most persuasive Least persuasive >

Fig. 4. The effectiveness of the six persuasive strategies in each domain

5 Discussion

The previous section discussed the results obtained from our study. The results demon-
strate that persuasive strategies indeed affect the decisions of RS’s users. In addition, the
results show that the application domain is an important factor that affects the influential
power of persuasive strategies.

According to the current results, persuasive strategies have more influential impacts
on users of Movie RS than in E-commerce RS. In particular, our results show that the
average of all ratings for all persuasive strategies in the Movie domain is (2.8), while in
the E-commerce domain, the average is (2.6). The reason behind this is that buying an
item means paying money. Normally, people do not pay for items if they do not need or
like them. On the other side, people may watch a movie even if they are not sure that the
movie will be interesting. For example, one of the participants has commented: “I only
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buy when I need the item.” The same participant has mentioned that she may watch an
unknown movie if she had an idea about the story of the movie.

It is worthwhile to mention that our results still need to be compared to other studies
to provide more precise conclusions. Oyibo et al. [11] have compared their study with
Orji’s study [17]. Specifically, they compared the results in terms of the persuasiveness
order of the six weapons of influence. We extended this comparison by including our
results. Figure 5 depicts this comparison. The order of our study in this figure is based on
the whole population. That is, it reflects the ratings of all participants in the two domains.

The figure shows slight similarities between the three studies. For instance, it shows
that all studies agree that Commitment is the most powerful strategy. However, it reveals
a significant difference between our results and the results of the other two studies.
The other two studies are similar in three cases; this is because these studies are very
similar in term of the design; they have used the same instruments for ratings, and they
have compared two similar populations [11]. Unlike ours, these studies did not consider
context factors, such as the application domain.

Ours [Commitment] [Social Proof] [ Reciprocity] [ Authority ] [ Liking ] [ Scarcity

Oyibo et al., [Commitment] {Reciprocity] [ Liking ] [ Authority ] [ Scarcity ] [Social proof]

Oriji’s [Commitment] [Reciprocity] [ Liking ] [Social PI’OOf] [ Authority ] [ Scarcity

‘ Most persuasive Least persuasive>

Fig. 5. Comparison between our results, the results of Oyibo et al. [11], and Orji’s [17] results.

Having said that, we say that the persuasiveness of the six weapons of influence
is affected by various factors, including users’ characteristics and application domain.
Thus, it is insufficient to consider one factor and ignore others. That is, the application
domain should be studied in conjunction with other factors to advance the research in
the persuasiveness of technologies, such as RSs.

6 Conclusion

This paper presents the results of a user study of 107 participants. The study discusses the
impact of the application domain on the persuasiveness of the six principles of Cialdini.
The recommender system is chosen as the context of persuasion; particularly, two areas of
recommendations were considered, namely E-commerce recommendations and movie
recommendations. To the best of our knowledge, this is the first study in the PT literature
that discusses the relationship between the application domain and the persuasiveness
of the six weapons of influence. Thus, this study helps in advancing the literature by
providing insights on the best persuasive strategy for two application domains. Also, it
opens the doors for future researches in this direction.
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Our results show that: (1) the six principles are all influential to some extent, (2)
the influence of each principle varies from one domain to another, and (3) based on the
application domain, the principles have different orders in term of their persuasiveness
effect. Despite these results, the application domain is not the only factor that affects the
influential power of persuasive strategies. As described in Sect. 2.2, other researchers
have studied some personality-related aspects, and they have found that these factors
also have an impact on the persuadability of the users. So, as future work, we will first
discover other aspects that have not been discovered yet. Then, we will study the relation-
ships between these factors to come up with comprehensive guidelines for incorporating
persuasive principles into technologies.

References

1. Perloft, R.M.: The Dynamics of Persuasion: Communication and Attitudes in the 21st Century,
2nd edn. Lawrence Erlbaum Associates Publishers, Mahwah (2003)
2. O’Keefe, D.J.: Trends and prospects in persuasion theory and research. In: Readings in Per-
suasion, Social Influence, and Compliance Gaining, pp. 31-43. Pearson/Allyn and Bacon,
Boston (2004)
3. Aisha, M., Orji, R., Oyibo, K.: Personalizing persuasive technologies: do gender and age
affect susceptibility to persuasive strategies? In: Adjunct Publication of the 26th Conference
on User Modeling, Adaptation and Personalization, 2 July 2018, pp. 329-334. ACM (2018)
4. Alslaity, A., Tran, T.: Towards persuasive recommender systems. In: 2019 IEEE 2nd Inter-
national Conference on Information and Computer Technologies (ICICT), 14 March 2019,
pp. 143-148. IEEE (2019)
5. Michener, H.A., DeLamater, J.D., Myers, D.J.: Social Psychology. Thomson Learning, Inc.,
Wadsworth (2004)
6. Fogg, B.J.: Persuasive technology: using computers to change what we think and do 2000
(2002). Article no. 5
7. Kellermann, K., Cole, T.: Classifying compliance gaining messages: taxonomic disorder and
strategic confusion. Commun. Theory 4(1), 3—60 (1994)
Cialdini, R.B.: Harnessing the science of persuasion. Harvard Bus. Rev. 79(9), 72-81 (2001)
9. Sofia, G., Marianna, S., George, L., Panos, K.: Investigating the role of personality traits
and influence strategies on the persuasive effect of personalized recommendations. In: 4th
Workshop on Emotions and Personality in Personalized Systems (EMPIRE), August 2016,
p- 9 (2016)
10. Oyibo, K., Adaji, L., Orji, R., Vassileva, J.: The susceptibility of Africans to persuasive
strategies: a case study of Nigeria. In: PPT@ PERSUASIVE 2018, pp. 8-21 (2018)

11. Oyibo, K., Adaji, I., Orji, R., Olabenjo, B., Vassileva, J.: Susceptibility to persuasive strategies:
a comparative analysis of Nigerians vs. Canadians. In: Proceedings of the 26th Conference
on User Modeling, Adaptation and Personalization, 3 July 2018, pp. 229-238. ACM (2018)

12. Gkika, S., Lekakos, G.: The persuasive role of explanations in recommender systems. In: The
2nd International Workshop on Behavior Change Support Systems (BCSS 2014), 22 May
2014, vol. 1153, pp. 59-68 (2014)

13. Tupes, E.C., Christal, R.E.: Recurrent personality factors based on trait ratings. J. Pers. 60(2),
225-251 (1992)

14. Oyibo, K., Orji, R., Vassileva, J.: Investigation of the influence of personality traits on
Cialdini’s persuasive strategies. In: PPT@ PERSUASIVE 2017, pp. 8§-20 (2017)

15. Alkis, N., Temizel, T.T.: The impact of individual differences on influence strategies.
Personality Individ. Differ. 87, 147-152 (2015)

o



17.

On the Impact of the Application Domain on Users’ Susceptibility 15

. Oinas-Kukkonen, H., Harjumaa, M.: Persuasive systems design: key issues, process model,

and system features. Commun. Assoc. Inf. Syst. 24(1), 28 (2009)
Orji, R.: Persuasion and culture: individualism-collectivism and susceptibility to influence
strategies. In: PPT@ PERSUASIVE, 5 April 2016, pp. 30-39 (2016)



l‘)

Check for
updates

Exploring Susceptibility Measures
to Persuasion

John Paul Vargheese!®™) Matthew Collinson!, and Judith Masthoff!-?

! University of Aberdeen, Aberdeen, UK
jpvargheese@acm.org, matthew.collinson®@abdn.ac.uk
2 Utrecht University, Utrecht, The Netherlands
j.f.m.masthoffQuu.nl

Abstract. There is increasing evidence that indicates how personal-
ising persuasive strategies may increase the effectiveness of persuasive
technologies and behaviour change interventions. This has led to a wide
range of studies exploring self reported, perceived susceptibility to per-
suasion, which highlight the role of individual differences. Conducting
such studies, while accounting for individual differences can be challeng-
ing, particularly where persuasive strategies may be considered similar
due to their underlying components. In this paper, we present a study
exploring perceived susceptibility to Cialdini’s principles of persuasion,
with a focus on how we can distinguish perceived susceptibility mea-
sures between the most recently identified Unity principle and Social
proof. This study was conducted using an online survey incorporating
perceived susceptibility measures to all seven Cialdini principles and a
measure of the actual effectiveness of seven corresponding persuasive
strategies. Our results indicate that while we are able to distinguish per-
ceived susceptibility measures between Unity and Social proof, together
with Commitment, Scarcity and Reciprocity, we were unable to obtain
these measures for Liking and Authority.

Keywords: Susceptibility - Persuasion - Influence - Personalisation

1 Introduction

Persuasive technologies and behaviour change interventions are often designed to
apply personalised persuasive strategies to increase their effectiveness for encour-
aging individuals to change their behaviour [2,4,13,16,18,19,21,27]. This is
partly motivated by the results from recent studies that report how the effective-
ness of persuasive strategies can vary based on individual differences such as age,
gender, culture, personality and other cognitive measures [6,12,25,29,30,37,41].
As such, personalising persuasive strategies is desirable as applying those which
are unsuitable or inappropriate may limit an intervention’s effectiveness and
or result in demotivating individuals to perform a desired target behaviour
[1,17,22,24,36).
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Measuring individuals’ perceived susceptibility to different persuasive strate-
gies can help provide an insight into what strategies are most suitable and likely
to be effective. However, this may be challenging particularly for scenarios where
there may be underlying similarities between the persuasive strategies being con-
sidered for deployment.

Amongst the variety of persuasion and influence techniques available, persua-
sive technologies and behaviour change interventions are often designed to apply
persuasive strategies based on Cialdini’s [5] principles of persuasion. Recently,
the original set of six principles was extended to incorporate a newly identified
seventh principle, Unity. The principle of Unity suggests that an individual’s
behaviour may be influenced by reference to shared identities, the individual
may consider themselves to be a member of, together with others. As such, per-
suasive strategies developed from the principle of Unity, can leverage the con-
cepts of acting together and being together to influence behaviour [5]. This is
comparable to the Granfalloon influence technique, which emphasises the indi-
vidual’s categorical and group membership association, to influence attitudes,
beliefs and behaviour [33,39].

Prior to the definition of Unity, the principle of Social proof suggests that an
individual’s behaviour may be influenced by the observation of others’, whose
actions and behaviour may be considered as correct, suitable and appropriate
by the individual. While Social proof is distinguishable from Unity, both share a
common underlying social component, namely the reference to the behaviour of
others. The distinction between both lies in how Unity draws upon reference to
the shared identities of the individual, which is absent from Social proof and may
be considered to rely upon a broader and less specific social context. However,
given the underlying similarities between both principles, assessing susceptibil-
ity for either simultaneously may be challenging, due to the potential overlap
between strategies developed from these principles.

In this paper, we report our findings from an exploratory study of perceived
susceptibility measures to Cialdini’s [5] principles of persuasion. This study aims
to validate the susceptibility to persuasion scale (STPS) [17], discover how to
distinguish measures of perceived susceptibility to Unity and Social proof and
whether this can be achieved together with the remaining five Cialdini principles.

In Sect. 2 we briefly review previous work concerning susceptibility measures
for Cialdini principles and we outline the methodology of our study in Sect. 3.
The results of the study are reported in Sect.4 and finally we review these
findings and outline our future work in Sect. 5.

2 Related Work

Table 1 lists all seven Cialdini [5] principles of persuasion, together with a sum-
mary on how these may be used to influence behaviour. The STPS [17] provides
a means of measuring perceived susceptibility to the original six Cialdini [5] prin-
ciples of persuasion, (excluding Unity). By measuring perceived susceptibility to
different persuasive strategies, it is possible to personalise strategies by identi-
fying which are most likely to be effective in addition to those which may be
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Table 1. Cialdini’s principles of persuasion with examples of behavioural influence [5].

Principle of persuasion Summary

Reciprocity We are likely to respond in kind as the
receiving party in an exchange out of a
sense of obligation to do so

Commitment and consistency | We aim to be consistent in our actions and
decision to avoid complexity arising from
inconsistencies in our behaviour

Social proof Our actions beliefs and behaviours may be
strongly influenced by what we observe in
others as correct and/or appropriate

Liking We may be significantly influenced by what
is attractive and appealing to us
Authority We will often accept the beliefs and

attitudes of those we consider to be within a
position of expertise

Scarcity We are strongly influenced to avoid loss

Unity Reference to shared identities we define
ourselves as being a member of, together
with others can strongly influence our
behaviour

counterproductive and unsuitable for a given audience [17]. The effectiveness of
the STPS has been demonstrated in a longitudinal study of actual effectiveness;
where personalised persuasive strategies (developed using the STPS) were more
effective for reducing eating between meals, compared to non-personalised per-
suasive strategies [17]. The STPS has been applied in studies investigating differ-
ences and similarities in perceived susceptibility to persuasion between national-
ities [28], differences based on cultures [23], language [3] in addition to measuring
susceptibility to persuasive strategies designed to increase physical activity for
individuals with chronic obstructive pulmonary disease [40] and in predicting
susceptibility to phishing emails [32]. In this paper, we build upon this existing
work through an exploratory study designed to discover how we can distinguish
perceived susceptibility measures between the most recently identified Unity
principle and Social proof in addition to how these can be obtained together
with perceived susceptibility measures for all other Cialdini [5] principles of per-
suasion.

3 Methodology

We measured perceived susceptibility to all seven Cialdini [5] principles using
a survey that consisted of three sections and recruited participants from Ama-
zon mechanical turk (MT). Prior to starting the survey, informed consent was
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acquired and a full summary of the research objectives was provided to partici-
pants. The first section captured participants’ details including gender, age and
location. The second section consisted of 46 question statements (Table 2), each
with a seven item Likert scale ranging from strongly disagree to strongly agree.
All 32 questions used to develop the original STPS scale as described in [17] were
included, in addition to 10 questions designed to measure perceived susceptibil-
ity to the Unity principle. These were designed to assess whether participants’
considered themselves to be influenced by membership of various potential social
groups, through reference to shared identities of these groups within each Unity
question. We also sought to provide scenarios that included potential overlap of
behavioural determinants related to Unity and Social proof persuasive strate-
gies. This was intended to assist us with discovering whether it was possible to
distinguish perceived susceptibility measures between both principles as part of
our research objectives. Four attention check questions were included, whereby
participants were required to respond as instructed e.g. Please select strongly
disagree for this statement. All 46 questions were displayed randomly, in 11 sets
of four and one set of two. After responding to all questions, participants were
provided with the opportunity to provide feedback on the study.

In the final section of the survey, participants were presented with a ran-
domly selected persuasive message (based on one of the seven Cialdini [5] princi-
ples) which encouraged them to complete an optional ten item short personality
inventory (TIPI) [10]. We included this section to provide a measure of actual
effectiveness for all seven persuasive strategies. This also provided a means to
investigate whether perceived susceptibility measures corresponded with partic-
ipants’ actual behaviour. This analysis was constrained to only those principles
for which stable perceived susceptibility measures were acquired.

4 Results

To be eligible to participate in our study, participants were required to have a
95% acceptance rate (indication of previous work completed on MT considered
to be of good quality) and be based in either the UK, USA or Canada. 320
participants completed the survey, 302 of which provided valid responses to the
attention check questions. The final sample used in our analysis (rounded to the
nearest whole number) consisted of 40% female, 59% male, 1% preferred not to
indicate their gender, 1% aged 18-19, 24% aged 20-29, 42% aged 30-39, 16%
aged 40-49, 12% aged 50-59 and 5% aged 60 or more. 98% of participants were
based in the USA and 2% were based in Canada. 13% of participants received the
Authority persuasive message, 12% Commitment, 15% Liking, 19% Reciprocity,
10% Scarcity, 17% Social proof and 13% Unity. 53% of participants completed
the TIPI test, 47% did not.

4.1 Analysis of Perceived Susceptibility Measures

To discover whether our survey provided a means of distinguishing perceived sus-
ceptibility to Unity and Social proof, together with other Cialdini [5] principles,
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Table 2. Survey questions including, STPS, Unity extension and attention checks.

Principle Principle ID Question statement
Unity Unityl Community is vital, we are all here for each other
Unity?2 When we are faced with a challenge my colleagues and I work together to
find a solution
Unity3 I am proud to be a member of the community and they are proud of me
Unity4 My social network is close we try to help each other as much as we can
Unityb ‘When faced with a decision I choose to do what is best for the team
because this is also the best for me
Unity6 I celebrate the achievements of others within my social network
Unity7 I am more inclined towards suggestions from my community compared to
those from others
Unity8 Together my colleagues and I consider the outcomes of our actions for
each other. before we agree what to do
Unity9 I value recommendations from my social network
Unity10 It is more important for me to be liked by my colleagues than my boss.
Reciprocity Reciprocityll [When a family member does me a favour I am very inclined to return this
favour
Reciprocityl2 |I always pay back a favour
Reciprocityl3 |If someone does something for me I try to do something of similar value
to repay the favour
Reciprocityl4 {When I receive a gift I feel obliged to return a gift
Reciprocityl5 {When someone helps me with my work I try to pay them back
Scarcity Scarcityl6 I believe rare products (scarce) are more valuable than mass products
Scarcityl7 When my favourite shop is about to close I would visit it since it is my
last chance
Scarcityl8 I would feel good if I was the last person to be able to buy something
Scarcity19 When my favourite shampoo is almost out of stock I buy two bottles
Scarcity20 Products that are hard to get represent a special value
Authority Authority21 I always follow advice from my general practitioner
Authority22 ‘When a professor tells me something I tend to believe it is true
Authority23 I am very inclined to listen to authority figures
Authority24 I always obey directions from my superiors
Authority25 I am more inclined to listen to an authority figure than a peer
Authority26 I am more likely to do something if told than when asked
Commitment Commitment27 Whenever I commit to an appointment I always follow through
Commitment28|I try to do everything I have promised to do
Commitment29 When I make plans I commit to them by writing them down
Commitment30|Telling friends about my future plans helps me to carry them out
Commitment31/Once I have committed to do something I will surely do it
Commitment32|If I miss an appointment I always make it up

Social proof

Social proof33

If someone from my social network notifies me about a good book I tend
to read it

Social proof34

When I am in a new situation I look at others to see what I should do

Social proof35

I will do something as long as I know there are others doing it too

Social proof36

I often rely on other people to know what I should do

Social proof37

It is important to me to fit in

Liking

Liking38 I accept advice from my social network

Liking39 When I like someone I am more inclined to believe him or her
Liking40 I will do a favour for people that I like

Liking41 The opinions of friends are more important than the opinions of others
Liking42 If I am unsure I will usually side with someone I like

Attention checks

Attentionl

Please select Strongly agree for this statement

Attention2 Please select Strongly disagree for this statement
Attention3 Please select Strongly agree for this statement
Attention4 Please select Strongly disagree for this statement
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Table 3. Persuasive messages designed to encourage participants to complete the TIPI
test.

Principle Persuasive message

Unity Please join your fellow participants by completing the
following short personality test

Social proof | We would like to invite you to complete a short personality
test. The majority of participants, have also completed this
part of the study

Reciprocity | We will shortly process and approve your responses to this
HIT. Meanwhile, please consider completing the following
short personality test

Commitment | As part of your agreement to participate in this study, we
would like to invite you to complete a short personality test

Liking We hope you have enjoyed participating with our study
and would like to invite you to complete a short
personality test

Authority We recommend completing the following short personality
test to further support the research objectives of our study

Scarcity We would like to invite you complete a short personality
test. This is the last opportunity for you to contribute
towards our research on social influence and persuasion

we conducted an exploratory factor analysis using principal component analysis
(PCA). We used this approach to discover whether latent variables within the
study data could be identified as Cialdini [5] principles and to discover whether
participants’ perceived susceptibility corresponded with measures of actual effec-
tiveness.

As participant responses were captured using an ordinal scale, we created a
polychoric correlation matrix from participant responses (to susceptibility ques-
tions) as suggested by [31]. Reviewing the correlation matrix revealed that all 42
susceptibility question responses correlated with others with at least »r = .3 . The
Kaiser-Meyer-Olkin test measure of sampling adequacy was 0.93 and Bartlett’s
test of sphericity was significant (x? = (861, N = 302) = 6560.346, p < .001).

In order to determine the number of components to extract, we used paral-
lel analysis (PA) [14] and Velcier’'s minimum average partial (MAP) test [38].
Results from these tests conflicted, with PA suggesting four components to retain
and MAP suggesting five. Interpretation of the scree plot was inconclusive, given
the potential for multiple inflexions. As suggested by [26], we investigated both
four and five component solutions, which we deemed to be overly complex due
to multiple high and low cross loadings of susceptibility questions across all
components. We anticipated that this was likely due to the presence of redun-
dant questions within both solutions resulting with increased complexity and
consequently difficult to interpret. To resolve these issues, we used an iterative
exploratory approach to identify which questions were most relevant to which
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component and which could be considered as redundant. To achieve this we used
the following process.

We first set the number of components to extract based on the number of
principles our survey was designed to measure. This is considered suitable given
positive results reported in prior studies using questions included in our study
[11]. Secondly, components would only be considered for extraction based on
the latent root or Kaiser’s criterion [15]. This is considered suitable provided
the sample size is greater than 250, the average communality of the questions
is greater than or equal to .6 [7] and when the number of variables included in
the analysis is between 20 and 50 [11]. Thirdly, only stable components would
be retained; that is components with a minimum of three strong loadings of at
least .5 as these may be considered to be practically significant for developing a
solution [11,20,26,34]. Finally, a component solution would only be considered
suitable provided all components were interpretable and demonstrated an opti-
mal structure whereby responses for questions load highly on a single component
only and may be considered conceptually related to that component. Solutions
produced in our iterative exploratory analysis were required to meet all of these
conditions.

A preliminary analysis revealed seven components within the data which
match the number of principles our survey was designed to measure and each
component met the latent root criteria of eigenvalues greater than one. Together
these factors accounted for 59% of the variance. To improve interpretation of
these components, we repeated the analysis using Oblimin rotation with seven
components specified for extraction. To further improve interpretation and struc-
tural clarity of the seven components, questions with low primary loadings and
or high cross loadings were removed individually and the component solution
respecified (using a polychoric correlation matrix excluding values from ques-
tions removed). Questions removed from the initial seven component solutions
included Unity 10 and Social proof 23 and this respecified solution accounted
for 60% of the variance.

Upon removing Social proof 23, the seventh component was reduced below
the latent root criteria and therefore was respecified to six components, which
accounted for 59% of the variance. All five Liking related questions were removed
from the six component solution due to high cross loading, none of which loaded
onto a single component that could be considered as stable for the Liking prin-
ciple. This resulted with increasing the cumulative variance the six component
solution accounted for to 60%. We continued our exploratory process of removing
questions individually from the six component solution considered as redundant.
These included Authority 12, Commitment 20, Scarcity 7, Authority 11, Unity
7, Unity 2, Reciprocity 2, Authority 16 and Commitment 19.

Upon removing Commitment 19 from the six component solution, the sixth
component was reduced below the latent root criteria and as such was removed,
together with all Authority related questions, as these did not contribute to a
stable component for this principle due to multiple high and low cross loading.
The initial five component solution accounted for 64% of the variance, which
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Table 4. Five component solution loadings with Oblimin rotation and Ordinal « for
each component. Primary component loadings are shown in bold.

Question Id Components labelled as Cialdini principles

Unity | Commitment | Social proof | Reciprocity | Scarcity
Unity1 0.73 | 0.06 —0.01 0.15 —0.08
Unity3 0.73 |0.00 0.07 0.01 0.09
Unity4 0.83 | —0.05 —0.01 0.02 0.07
Unity5 0.60 | 0.08 0.12 —0.03 0.06
Unity6 0.88 |0.01 —0.12 —0.05 -0.07
Unity8 0.56 | 0.25 0.10 0.01 0.04
Unity9 0.65 | —0.07 0.23 0.09 0.06
Reciprocity1 —0.050.07 —0.05 0.82 0.01
Reciprocity3 0.07 |0.09 —0.05 0.78 —0.01
Reciprocity4 —0.02 | —-0.12 0.18 0.77 0.10
Reciprocityd 0.14 |0.08 —0.04 0.75 0.01
Scarcity6 0.01 |0.05 —-0.13 0.08 0.87
Scarcity8 0.02 |0.09 0.29 —-0.15 0.58
Scarcity10 0.02 | —0.07 0.05 0.02 0.85
Commitment17|0.00 | 0.86 0.02 0.00 0.02
Commitment18 | —0.02 | 0.74 —0.07 0.12 —0.05
Commitment21 | 0.12 | 0.79 —0.07 —0.10 0.07
Commitment22 | —0.04 | 0.74 0.16 0.14 —0.01
Social proof24 |0.00 |0.10 0.73 0.13 0.05
Social proof25 |0.01 | —0.02 0.79 0.02 0.00
Social proof26 |0.03 | —0.12 0.81 —0.07 —0.07
Social proof27 |0.10 |0.10 0.71 —0.02 0.09
Eigenvalues |4.0 2.85 2.75 2.79 2.04
% of variance | 18 13 12 12 9
o .89 .89 .8 .84 .73

after removing Scarcity 7, increased to 65%. The five components were labelled
as Unity, Commitment, Social proof, Reciprocity and Scarcity.

A reliability analysis was performed to assess the consistency of the questions
retained for measuring perceived susceptibility to the five Cialdini principles
identified from our analysis. Following suggestions from [8,9,42] we calculated
the ordinal « coefficient using a polychoric correlation matrix from the subset of
retained questions for each component of the five component solution. The results
indicate good reliability for Unity, Commitment, Social proof and Reciprocity
and acceptable for Scarcity.
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4.2 Analysis of Actual Effectiveness and Perceived Susceptibility

We used a x? test to investigate the actual effectiveness of the seven strategies
listed in Table 3 for encouraging participants to complete the TIPI test'. Results
suggest that there is an overall significant difference in the distribution of actual
effectiveness across all strategies: x> = (302,6) = 16.811, p = .01,V = .236.
However, there was no significant difference in the distribution of actual effec-
tiveness for any of the strategies based on participants’ gender (x? = (302,2) =
2.307, p = .31, V = .08) or age (x? = (302,5) = 3.14, p = .67,V = .1). This
suggests overall that the persuasive strategies differ in actual effectiveness, but
these differences were not related to individual differences of age and gender
between participants.

We further investigated the actual effectiveness of the strategies and par-
ticipant responses to susceptibility to persuasion questions, to discover whether
there was any significant difference in perceived susceptibility and the actual
effectiveness of the strategies. To achieve this, we calculated composite perceived
susceptibility scores using the median of participant responses for each set of per-
ceived susceptibility questions, for only retained components of the PCA model
(as listed in Table4). We then compared the distribution of the susceptibility
scores for each component of the PCA model, and the actual effectiveness of
the corresponding strategy. This was measured in terms of whether participants
were persuaded to complete the TIPI test or did not (for each of the five strate-
gies listed in Table4). To perform this analysis, we used a Mann-Whitney U
test which is suitable for comparing the distribution between two independent
groups (participants who were persuaded or not persuaded to complete the TTPI
test) and a non-normally distributed dependent variable (composite perceived
susceptibility scores for only the five stable retained components in Table 4) [35].

Table 5. Analysis of composite perceived susceptibility scores and participant
behaviour.

Principle Persuaded | Not persuaded | U z » r
Unity 15 26 259 |1.76 |.086 .3
Commitment | 20 16 172 10.388|.718 | .1
Reciprocity |38 21 422 10.398|.69 |.1
Scarcity 13 19 127.5/0.160 | .88 |0
Social proof |27 24 332.5/0.161 | .872 |0

Results from this analysis indicate that there is no significant difference
in the distribution of participants’ composite susceptibility scores for the

! This analysis was performed prior to investigating whether perceived susceptibil-
ity measures for each component of the PCA model in Table4 corresponded with
participants’ actual behaviour.
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Unity, Commitment, Reciprocity and Scarcity principles (see Table5). How-
ever, an analysis of the distribution of susceptibility scores and whether par-
ticipants were persuaded to complete the TIPI test or not (actual effective-
ness irrespective of persuasive strategy received), indicates a significant differ-
ence in susceptibility scores amongst participants for Unity (U(Persuaded =
160, Not Persuaded = 142) = 13109.5,z = 2.352, two — tailed,p = .019,r =
1), Scarcity (U(Persuaded = 160, Not Persuaded = 142) = 12994.5 > =
—2.219,two — tailed,p = .027,r = .1) and Social proof (U(Persuaded =
160, Not Persuaded = 142) = 12898.5,z = 2.04,two — tailed,p = .04,r =
.1) but not for Reciprocity U(Persuaded = 160, Not Persuaded = 142) =
11730, z = 0.521, two—tailed, p = .602,r = 0) or Commitment (U(Persuaded =
160, Not Persuaded = 142) = 12095, z = 0.995, two — tailed,p = .320,r = 1).
This suggests that participants with greater composite susceptibility scores for
Unity, Scarcity and Social proof were more likely to be persuaded to complete
the TIPT test.

We investigated whether there was any significant difference in the distribu-
tion of composite susceptibility scores and participants’ gender and age respec-
tively. This was in order to discover whether participants’ susceptibility to per-
suasion varied based on individual differences. Excluding participants who choose
not to indicate their gender during our study, results from a Mann-Whitney U
test indicate that there is a significant difference in the distribution of compos-
ite susceptibility scores for the Social proof principle and participants’ gender
(U(Female = 123, Male = 178) = 12578, z = 2.212, two — tailed,p = .027,r =
.1). This suggests that Male participants reported greater susceptibility to the
Social proof strategy, compared to Female participants. There was no significant
difference in the distribution of participants’ composite susceptibility scores and
participants’ gender for the Unity principle (U(Female = 123, Male = 178) =
10607.5, 2 = —0.466, two — tailed,p = .642,r = 0), Reciprocity (U(Female =
123, Male = 178) = 11019, z = 0.103, two — tailed,p = .918,r = .1), Scarcity
(U(Female = 123, Male = 178) = 11936, z = 1.37, two—tailed,p = .171,r = .1)
and Commitment principle (U(Female = 123, Male = 178) = 9829,z =
—1.544,two — tailed,p = .123,r = .1).

We investigated the impact of age on the distribution of composite suscepti-
bility scores using a Kruskal-Wallis test, which is suitable for measuring a non-
normally distributed dependent variable (composite susceptibility score) across
multiple groups (age bands) [35]. Results indicate that there is no significant
difference in the distribution of composite perceived susceptibility scores for the
Unity principle, (H(5) = 1.452,p = .919), Reciprocity (H(5) = 5.514,p = .356),
Scarcity (H(5) = 1.872,p = .867), Commitment (H(5) = 0.370,p = .996) and
the Social proof principle (H(5) = 8.401,p = .135).

4.3 Limitations

One of the limitations of this study centres on how there are a greater number
of questions for Unity, compared to all other principles, including Social proof.
We accepted this trade off as we sought to provide participants with scenarios
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that included potential overlapping of behavioural determinants related to Unity
and Social proof; our objective was, in fact, to discover susceptibility measures
to both, respectively.

With regards to measuring actual effectiveness during our study; while we
assume participants who completed the TIPI were persuaded to do so, by stating
that this section was optional and then applying a randomly selected persuasive
strategy, we cannot rule out entirely that participants who completed the TIPI
were motivated to do so for reasons outside our study design. Furthermore, our
analysis of susceptibility and actual effectiveness is limited due to the sample
being divided by those who completed the TIPI and based upon which of the
seven persuasive strategies they received. This resulted in a low number of par-
ticipants (who completed the TIPI) for each strategy, which limits our analysis
and results for this part of the study.

5 Conclusion

In this paper, we investigated how we can distinguish perceived susceptibility
measures to persuasive strategies based on Unity and Social proof, together with
other Cialdini [5] principles. Results from our exploratory study indicate that
while we are able to distinguish susceptibility measures for Unity and Social
proof, together with Commitment, Scarcity and Reciprocity, with acceptable to
good internal consistency, we are unable to measure these together with suscep-
tibility to Authority and Liking. While the persuasive strategies for encouraging
participants to complete the optional TIPI test differ in actual effectiveness,
there appears to be no significant impact of individual differences amongst the
participants, based on age and gender. There was also no significant difference
in participants’ susceptibility to persuasion and the actual effectiveness for each
individual strategy, although it appears that participants with greater suscep-
tibility to Unity, Social proof and Scarcity were more likely to complete the
TIPI, irrespective of which strategy was received. We also discovered that male
participants reported greater susceptibility to Social proof, compared to female
participants. There was no significant impact of participants’ age and suscepti-
bility to persuasion.

In future work, we aim to build on our findings reported in this paper, by
investigating how to extend our five component solution to incorporate mea-
sures of susceptibility to Liking and Authority. We also intend to investigate
potential overlaps and similarities between other Cialdini [5] principles of per-
suasion, to discover how we can account for these and whether it is possible to
develop susceptibility measures to persuasive strategies consisting of different
combinations of Cialdini [5] principles. We believe this work can further help to
design personalised persuasive strategies, taking into consideration overall per-
ceived susceptibility to different strategies, different combinations of strategies
together with individual differences.
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Abstract. In participatory design, non-professional designers are also involved
in the design process. Creativity and motivation play an important role, and non-
professionals in particular can have problems of motivation or ability. Persuasive
technologies can be used to positively influence participants’ behavior. Applying a
design science research approach, this study developed four persuasive technology
artifacts to support workshop participants, based on existing work on participa-
tory design, persuasive technologies, and creativity support tools. The following
prototypes were implemented: (1) tablet-based support; (2) Bluetooth beacons
for location-based triggers; (3) QR codes for additional information; and (4) a
humanoid robot assistant. Each prototype incorporates persuasive strategies to
exert a positive influence on workshop participants’ behavior by enhancing moti-
vation and ability and initiating triggers. In the absence of any previous concrete
implementations of persuasive technologies for participatory design, the described
artifacts extend the existing knowledge base by proposing in-person collaboration
as a novel application field for persuasive technology.

Keywords: Persuasive technology - Participatory design - Tools for design
workshops - Creativity support tools - Technologies for participatory design

1 Introduction

Digitization is now a ubiquitous feature of personal and working life. With increasing
access to smartphones, wearables and other technical devices, integration of these tech-
nologies also opens new possibilities for collaborative processes. To date, this potential
has been explored primarily in online communities [1, 2] but less so in offline settings
such as design workshops. As one such application, creativity support tools can be used
to increase users’ creativity during the design process [3]. Research to date has focused
primarily on user involvement, and the issue of how lead users’ experiences and opinions
can be integrated into the design process which is part of the discourse in innovation and
design research [4, 5]. However, users need not be experts in a particular field to become
involved in the development of products or services [6, 7]. Participatory design (PD)
explores user participation in design processes [8]. In the past, mainly user-centered
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approaches were researched, today these approaches are shifting towards collective cre-
ativity [9]. In many cases, participants in these workshops are intrinsically motivated,
which facilitates cooperation and overall user contribution to the design process [10, 11].
However, as PD seeks to include non-professional designers, it becomes important to
find ways of integrating them into design activities [12]. While levels of motivation and
distraction may vary [13, 14], participants can be engaged by introducing appropriate
tools, techniques and methods [12]. The use of technical tools to support creativity has
been the subject of extensive research [15, 16] as a central success factor for design, along
with issues of distraction, motivation, and missing triggers. This opens up a new field
of application for persuasive technologies that can change human behavior [17]. Three
factors are important for a successful behavior change: motivation, ability, and triggers
[18]. As PD often involves non-professional designers, these issues frequently become
problematic, and persuasive technologies offer new possibilities for addressing them.
Knowledge work and collaboration have already been identified as challenging fields
for persuasive technology [19]. Previous studies have dealt mainly with user engagement
in public events [20], feedback sharing [21], virtual collaborative environments [22], the
influence of ubiquitous technology on PD [23], or conceptual research without the use
of prototypes [24].

Focusing on the development of prototypes for applying persuasive technologies in
PD workshops, the present study addresses the following research question: How can
persuasive technologies be implemented to support participants’ knowledge, abilities
and motivation in participatory design workshops?

After outlining the relevant theoretical foundations of PD and associated technolog-
ical support, the paper discusses the design science research (DSR) methodology. Four
prototypes to support workshop participants are then described, and the paper concludes
with a discussion of the study’s contribution to existing research.

2 Theoretical Background

2.1 Participatory Design

PD is well established both as a field of research and as a widely used design method [8].
Among researchers, the rigor and accountability of PD are key concerns [25] while more
practitioner-oriented studies focus on the implementation of design processes and the
integration of various stakeholders, including potential users, developers, and contribu-
tors from other disciplines. Halskov and Hansen [26] identify politics, people, context,
methods and product (in this case the result of such an activity) as fundamental aspects
of PD, and special methods are required to integrate non-designers into design activities
[12]. PD can facilitate activation of participants’ tacit knowledge [5]; similar collabora-
tive processes involving providers and customers [6, 7] include co-design and co-creation
or customer co-creation [9, 27]. As the present study involves designing with users [27]
rather than adopting a customer perspective, the PD approach was considered appropri-
ate, falling somewhere between “community participation” and “design participation”
[28].

We focus here on the workshop as a means of introducing novel procedures beyond
the participants’ habitual activities [29]. Our classification of PD activities is based
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on the framework of Sanders [30] and Sanders et al. [12], who identified three modes
of participation: (1) making tangible things; (2) acting, enacting and playing; and (3)
talking, telling and explaining. These three categories include various tools, techniques
and methods that can be used in PD workshops. In Sect. 4 the artifacts are therefore
assigned to the items make, tell and enact.

2.2 Technological Supports in Participatory Design

As discussed above, persuasive technologies can be used to support design processes.
Previous studies have been less design-oriented [20, 21] or have focused on design
and creativity without looking closely at participants’ behavior. One research stream
addresses the issue of creativity support tools [15, 16], which are thought to have con-
siderable potential for supporting creative processes [31]. Research in this area focuses
on user interfaces and software that help users to become more innovative and produc-
tive [32] at both individual and group levels [33]. To date, this research has focused
primarily on collective creativity [34] and how creativity support tools can be applied in
the ideation and evaluation phases to support collaboration between users [16]. These
tools commonly employ a combination of physical and digital components [35]. Other
approaches use mechanisms that include behavioral strategies [36]. In general, the tim-
ing of such interventions is important; intervening at the wrong time can have a negative
influence on the creative process [37]. According to Frich et al. [15], a creativity sup-
port tool has at least one creativity-focused feature and can positively influence users’
behavior. This applies to both experienced and inexperienced users at different phases of
the creative process. Creativity also plays an important role in PD workshops [9], which
typically involve participants with differing expertise and experience [12].

3 Research Design

To address the research question, the present study employs a Design Science Research
(DSR) approach. The DSR paradigm is well established in information systems research
as a means of developing problem solutions and innovative artifacts [38]. Among the
different approaches to DSR, Hevner [39] described three distinct cycles: the relevance
cycle (in which requirements are collected and field testing is performed); the design
cycle (in which the artifact is built and evaluated); and the rigor cycle (which grounds
the research and contributes to the existing knowledge base) [39]. Contribution to the
knowledge base is an important element of DSR, and Gregor and Hevner [40] described
different contribution types and example artifacts in terms of abstraction, completeness,
and maturity. Based on their attempts to develop instances, constructs, and methods
[40] for applying persuasive technologies in PD workshops, the present study adopts
the problem-centered DSR methodology described by Peffers et al. [41]. The following
paragraphs describe the different phases of the DSR process.

Problem and Motivation. PD is working with non-professional designers [12], we
conducted observations of workshops with PD elements and identified problems in the
behavior of the participants regarding motivation, ability and missing triggers. These
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components of the Fogg behavior model [18] can be addressed using persuasive tech-
nology. Our observations identified pleasure/pain and social-acceptance/rejection as
particularly salient motivational issues (cf. [18]) while physical effort and non-routine
activities were identified as ability issues (cf. [18]). Missing triggers (cf. [18]) were also
identified as an issue during the workshop sessions. There is so far a lack of material
on the use of technologies in design processes in literature (cf. Sect. 2.2). Therefore we
address the implementation of persuasive technologies in PD workshops.

Objectives. Based on the observations and previous work on the identification and
application of persuasive technologies in design workshops [24], and on the systematic
integration of these into workshops with PD elements [42], the present study explores
prototype solutions to enhance participants’ motivation and ability and to provide appro-
priate triggers, based on the following objectives: (1) guide the workshop process; (2)
support time management; (3) enhance ability; (4) enable location-based triggers; (5)
introduce measures to provide in-depth explanations and assistance with tasks; and (6)
develop a personal assistant to answer participants’ questions about the process and
tasks.

Design and Development. In this phase, particular emphasis was placed on the persua-
siveness of the artifacts to be developed. Incorporating persuasive system features and
design principles [43, 44], these were based on Fogg’s eight-step design process [45].
As the specified objectives are diverse and cannot be represented in one artifact, several
prototypes were developed. The development of the prototypes is detailed in Sect. 4. All
prototypes were first developed conceptually before prototypes were implemented and
iteratively refined.

Demonstration and Evaluation. The artifacts were first evaluated by the author with
the developers at regular intervals with regard to the objectives. For this purpose, empha-
sis was placed on the artifacts’ functionality, completeness, consistency, accuracy, and
usability [38]. The artifacts were also discussed regularly with workshop moderators
and further developed on the basis of their input. Up to this point, artificial evaluation
strategies [46] were applied. After an adequate number of iterations, the artifacts are
used and evaluated in PD workshops.

Communication. The communication of results through scientific publications and to
practitioners plays an important role in DSR [40], and early work on the present project
was presented and discussed at four scientific conferences. The results contribute to
research on persuasive technology in design workshops and on the use of technologies
in PD in general.

4 Artifact Description: Prototypes for Supporting Participants

This section provides a conceptual description of the four artifacts, along with their
practical implementation. The conception of the artifacts is based on previous work by
[24]. The development of the artifact follows parts of the eight-step design process [45]
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as well as persuasive systems design: the artifacts contain system features and persuasive
design principles (cf. [43, 44]). The artifacts are designed to enhance the motivation and
ability of workshop participants and to trigger desired behaviors [18].

For present purposes, a PD workshop is defined as a workshop containing elements
of PD (cf. Sect. 2.1 and [30]), including e.g. Lego serious play, design thinking or
business model development using paper-based tools or canvases. Workshops typically
involve 10-20 participants including non-professional designers working in groups at
different stations. Depending on the specific topic, participants might also switch tables
or stations to work on different tasks. The artifacts are designed in a manner that they
can be used separately or in combination in different types of workshops since they
are easily configurable. The persuasion context mostly includes improving abilities and
knowledge of the participants, design principles are described in the respective sections.

4.1 Artifact 1: Tablet-Based Participant Support

The first artifact is a tablet-based application to address especially objectives 1 to 3 (guide
the workshop process, support time management, and enhance ability). The prototype
is designed as a web-based application comprising a server and several clients and
implemented in angular.js and type script. The clients are tablets placed on participants’
tables; the workshop moderator also has a tablet to control progress, send messages, and
start or stop a timer. The server holds the status and ensures that all clients receive the
same information as provided by the moderator. Figure 1 shows a schematic of artifact
1 (left) and a screenshot of the prototype (right).

Fig. 1. Artifact 1: tablet-based prototype

As this artifact mainly addresses general challenges that arise in design workshops, it
can be used for making, telling, and enacting activities. The prototype primarily supports
participants’ time management by displaying the remaining time for the current task.
This information is supplemented by details of the current task (e.g., suggestions on how
to approach the task (tunneling) or division into sub-steps (reduction). The moderator can
also send triggers and reminders to the participants in the form of messages. Depending
on the current task, different examples of task completion can be displayed. In terms of
the Fogg behavior model, the artifact contributes primarily to ability and triggers. In the
future, functionalities such as feedback, questions, and tracking of participants’ progress
will also be implemented.



Integrating Persuasive Technology in Participatory Design Workshops 35

4.2 Artifact 2: Bluetooth Beacons for Location-Based Triggers

The second artifact addresses objectives 4 and 5 (enable location-based triggers, intro-
duce measures to provide in-depth explanations and assistance with tasks) and consists
of Bluetooth beacons and an associated app for smartphones and tables. A Bluetooth
beacon is a small module that can be placed at or under tables or other work surfaces. On
approach, a smartphone or tablet with the app installed can recognize and identify the
Bluetooth module. The beacons are Arduino-based, with an attached HC-05 Bluetooth
module. The app is running on Android devices. Figure 2 shows a schematic of artifact
2 (left) and a photo of the beacon as well as a mockup of the application (right).

Fig. 2. Artifact 2: bluetooth beacons

To use artifact 2, each table is equipped with a Bluetooth beacon. Participants are
either provided with tablets or can install a special app on their own smartphone. Artifact
2 is designed mainly for use in workshops that involve steps performed at different work-
stations. When a participant approaches the next station, they receive a push notification
about the next step, which can be viewed in the app. This activates participants accord-
ing to their location, helping to improve the atmosphere and participants’ motivation.
The push message also functions as a trigger, and ability can be enhanced by providing
further information.

These application scenarios relate mainly to location-based triggers and the display
of additional data and background information. Examples related to the current task can
also be displayed on the smartphone or tablet. The location-dependent triggers facilitate
making or enacting activities, and the triggers should enhance participants’ motivation
and ability. To integrate persuasiveness, reminders, suggestions, reduction, and tunneling
can be implemented by sending messages and providing information.

4.3 Artifact 3: QR Codes for Additional Information

Objective 5 (introduce measures to provide in-depth explanations and assistance with
tasks) is also addressed by artifact 3, which is simple and easy to use. Our workshop
observations indicated that some participants find it difficult to ask the moderator for
help when using Osterwalder and Pigneur’s Business Model Canvas [47] or similar
tools. These canvases are usually attached in poster form to movable walls to be filled
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with sticky notes. QR codes are easily integrated and can be scanned by participants’
smartphones. Figure 3 shows an exemplary canvas with QR codes (left) and an example
of a field including a QR code with additional information on the task (right).

Canvas

_ What is the customer benefit of the
e data-based solution?

Fig. 3. Artifact 3: canvas with QR codes

In the implementation described here, QR codes are applied to a canvas that supports
the elaboration of business model components; in practice, QR codes can be applied to
almost any object used in a given workshop. Participants can scan the codes to get further
information (suggestion) and ask questions that will help them to fill in the respective
fields (tunneling, reduction). The QR codes support praise, encourage increased activity,
and simplify tasks. They can be used in almost all PD activities and mainly promote
enacting and making.

4.4 Artifact 4: Humanoid Robot Assistant

Objective 6 (develop a personal assistant to answer participants’ questions about the
process and tasks) is addressed in combination with objectives 1 to 3 by artifact 4. In
general, this humanoid robot serves as an assistant, answering questions and providing
information. The implementation described here is a NAO robot of the NAO V5 gen-
eration. The robot’s humanoid construction enables it to move freely around the room
from table to table. Although its features are similar to artifact 1, the robots’ focus is
on a verbal communication with participants and thus it introduces a social and more
interactive component that the other artifacts do not serve. Figure 4 shows a schematic
of artifact 4 (left) and a photo of NAO (right).

The robot is loaded with a configuration file before each workshop, including infor-
mation on the process, tasks, and frequently asked questions. The NAO reacts to certain
keywords and questions. By virtue of its social presence and humanoid appearance, it
can play a persuasive role while leading work processes (tunneling) and even assisting.
With further development, the NAO could also incorporate self-monitoring and cooper-
ative elements such as recognizing and motivating inactive participants. In this way, the
robot can contribute to improving participants’ motivation and ability. In terms of PD
elements, it has wide application in make, tell, and enact activities.
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Table2

Fig. 4. Artifact 4: humanoid robot

Evaluation

According to Gregor and Hevner [40], artifacts should be evaluated for validity, utility,
quality, and efficacy. To date, the described artifacts have been evaluated artificially

Table 1. Summary of artifacts in terms of application scenarios [24], PD activity [12, 30], behavior
model elements [18], and persuasive design principles [43, 44]

Application scenarios PD Behavior model | Persuasive design
principles

Al * Support decision Make, tell, | Ability, trigger Reduction, tunneling,
making and explain or | enact suggestions,
recommend actions reminders,

¢ Show additional data or self-monitoring,
background information praise
(e.g. task, examples)

¢ Time management

A2 * Location-based triggers | Make, enact | Trigger, Reminders,

* Show additional data or motivation, suggestions,
background information ability reduction, tunneling
(e.g. task, examples)

A3 * Enhance activity by Enact, make | Ability, trigger Praise, suggestions,
incorporating QR codes tunneling, reduction
or RFID tags in the
design process and
displaying additional
information

A4 * (Humanoid) robot Make, tell, | Motivation, Tunneling, social
persuading people to enact ability role, self-monitoring,

enact

(Humanoid) robot
guiding processes or
assisting

cooperation
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ex-ante by means of a quick and simple strategy [46]. In the present case, a criteria-
based approach was used to evaluate the artifacts in various iterations (depending on the
artifact) to assess their theoretical efficacy [46, 48]. All artifacts were evaluated in terms
of objective, implementation, application scenario, PD support, and persuasive design
principles. Table 1 summarizes the four artifacts and its core features.

During the development process, artifacts 1, 2 and 4 were regularly discussed with
five different researchers and developers. During these meetings, the next steps in the
development process were agreed, and the artifacts were modified in line with the feed-
back provided. As artifact 3 required less development, it was implemented for a work-
shop on a canvas for structuring the design thinking process. In initial observations, the
tool was used by two of the three groups. Participants’ responses indicated that the expla-
nations and questions should be formulated more concisely, and that the ability to scan
QR codes should be more clearly highlighted. All artifacts were developed continuously
on the basis of discussions and feedback, and the discussions with the researchers and
developers confirmed their theoretical efficacy. A further study will conduct an ex-post
naturalistic evaluation [46, 48].

5 Discussion and Conclusion

This paper describes four artifacts to support PD workshop participants by providing
detailed task explanations and assistance, guiding the process, enhancing time man-
agement, and providing location-based triggers. This kind of technological support for
design processes has rarely been researched. Although some work on creativity sup-
port tools is broadly comparable, this often focuses on internet-based collaboration [15]
rather than workshops, with the exception of such tools as large interactive displays
that are also used in offline settings [35]. Relatively few studies in the persuasive tech-
nology literature relate to workshop support or creative processes, comparable works
focus primarily on applications for sharing feedback [20, 49], gamified learning [50], or
defining application scenarios [24]. In order to address this research gap, we developed
four tangible artifacts based on technologies and devices that are widely used both in
persuasive technology research [24, 51] and as creativity support tools [15].

In the workshop observations, we found that participants were often unfamiliar (non-
routine) or uncomfortable (pleasure/pain) with the materials, tools, or methods used.
Artifacts 1, 3, and 4 in particular serve to enhance participants’ ability by providing task
information, instructions, and examples. This encourages participants to ask questions
and provides uncomplicated help with their own devices (social-acceptance/rejection).
As we observed that missing triggers lead to incorrect task solution, artifacts 1, 2, and
4 were designed to serve as triggers if required. Along with ability and triggers, Fogg
insisted that motivation is essential for behavior change [18], and this was supported here
by interactivity and the novel use of new technologies. In particular, artifacts 2 and 4
introduced a playful component to the workshops, which can have a positive influence on
motivation [14]. In some workshops, time management was also a problem. To address
this issue, artifacts 1 and 4 can track the workshop’s progress and inform participants
through messaging. Furthermore, artifact 4 adds a gamified and social component that
the previous artifacts do not incorporate. This paper opens a under-researched area for
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persuasive technology [19], i.e. the support of in-person collaboration utilizing the Fogg
behavior model [18] and persuasive design principles [43].

The application of persuasive design principles to creativity support tools can have
a positive influence on participants [15] — especially for inexperienced participants,
who seem to benefit from better integration of these tools. As their use is independent of
creative process phases, these artifacts align with basic features of creativity support tools
[15]. In relation to PD, this work contributes primarily to the integration of technologies
into the design process. While this issue has been referred to in some earlier studies [8,
52], it has not been explored in detail or by the use of concrete artifacts.

The present study demonstrates the use of persuasive technology to support PD
through the systematic development of four artifacts, and the results contribute directly
to the existing knowledge base [39]. As discussed earlier, the use of persuasive technolo-
gies in PD workshops remains relatively unexplored beyond the theoretical level. The
work described here advances existing knowledge by implementing four prototypes: (1)
a tablet-based support; (2) Bluetooth beacons for location-based triggers; (3) QR codes
for additional information provision; and (4) a humanoid robot assistant. Each artifact
incorporates persuasive strategies that can exert a positive influence on workshop partic-
ipants’ behavior by enhancing motivation and ability and initiating triggers. Artifacts 3
and 4 have already been tested in workshops; to date, the other two have only been used
in artificial settings. Nevertheless, as concrete implementation scenarios including the
prototypes for the application of persuasive technologies to PD workshops, all of these
artifacts extend the existing knowledge base.

The development of these artifacts is based on previous work and workshop obser-
vations. Future work should place even greater emphasis on user acceptance of such
technologies, and all artifacts should be extensively tested for further development in
real-world settings. The present study represents a first step toward the more systematic
use of persuasive technology in PD settings.
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Abstract. To ease traffic congestion on the Tohoku expressway during the nation-
wide summer holiday, we conducted two sets of interventional experiments apply-
ing the emotional persuasive strategy to persuade potential Tohoku expressway
users to switch to the Joban expressway over a four-week period. Specifically, we
first conducted a longitudinal online survey with interventional content to exam-
ine the change of intention and behavior on route decisions. At the same time,
we provided the same interventional content to another set of users by means of a
smartphone application and tracked their location information during the experi-
ment period (12 days within the four weeks) to validate the results of the survey
study. The results indicate that: (1) Content with emotional priming significantly
increases the detour intention, and has the potential to increase detour behav-
ior. (2) The effects vary depending on additional factors, such as previous travel
experience, and the presence of small children. Overall, the study shows that the
emotional persuasive strategy is an effective way to change detour intention and
behavior.

Keywords: Traffic congestion - Detour - Behavior change - Emotional
persuasive strategy - Longitudinal survey - Location information

1 Introduction

According to the latest official statistics of East Nippon Expressway Co., Ltd. NEXCO
EAST, Japan), congestion on major express highways in Eastern Japan keeps on increas-
ing, especially during the period of major national holidays, such as the New Year hol-
iday, and summer holiday [1]. Experts claim that increasing congestion leads not only
to delays and adverse economic consequences [2] but also an increase in the number
of traffic accidents. These cause delays in evacuation and emergency response [3] and
impose heavy physical and mental stresses on both drivers and passengers.
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To address congestion during holiday periods, planning agencies (i.e., governments
and transportation companies), and researchers have been attempting to introduce behav-
ior change strategies and systems that encourage travelers to shift their trips away from
congested periods and corridors [4].

Most past empirical studies on behavior change in the congestion avoidance domain
were conducted using a demand-based approach [5]. They mainly examined interven-
tional effects adopting an extrinsic approach, which means using external stimuli such as
Charging (e.g., increasing road tolls) [6] or Rewarding (e.g., providing credits or mone-
tary incentives) [7, 8] to encourage people to change when they travel to off-peak times
or switch their route. The results of these studies showed that Rewarding is an effec-
tive approach. However, other scholars have pointed out the limitations of the extrinsic
motivation approach. They claimed that this approach is costly, and the effect cannot be
stably maintained [9]. Moreover, as people easily become accustomed to incentives, the
effect cannot be sustained over the long term [10]. In order to maintain the same effect,
incentive providers have to keep on increasing the monetary reward.

On the other hand, the effectiveness of the intrinsic motivation approach to shape
and reinforce a desirable behavior (e.g., environmental conservation) is supported by a
large number of empirical studies. However, few of these studies were conducted in the
context of travel or traffic behavior. The few previous studies that examined this approach
focused on the effect of information presentation. For example, Okada et al. [9] created a
smartphone game application to encourage users to take more breaks in service areas. In
another example, Kuriki et al. [11] added visual impact to traffic information to motivate
participants to avoid heavy congestion.

In addition to the ingenious ways of presenting information, we propose that the
content of intervention information should play an important role in persuasive com-
munication in the traffic context. In the present study, we focus on how an emotional
persuasive strategy impacts route switching behavior.

In the present study, our goal is to encourage expressway users to switch their routes
during national summer holiday periods. Specifically, as the field of our experiment,
two major expressways were chosen, the Tohoku and Joban expressways. These con-
nect the Tokyo (capital) region to the Tohoku (Northeastern) region (See Fig. 1). The
Tohoku Expressway is routinely reported to exceed capacity during long holiday peri-
ods. According to traffic professionals from NEXCO East, one feasible solution is to
encourage Tohoku expressway users to switch to the relatively empty Joban expressway.
In this paper, we describe this route switching behavior as taking a detour.

The main aim of this paper is to examine the influence of an emotional persuasive
strategy on changing detour intention and behavior. To examine this influence in more
detail, we created three types of traffic congestion information with or without emotional
priming content (landing page, LP). We randomly sent the LPs to three groups of partic-
ipants through two different channels: a major online survey system and a smartphone
portal application of one of Japan’s main telecom providers (the participants in the two
channels rarely overlapped). We then examined the effects of LPs by collecting both
longitudinal survey data and location information data. (See Fig. 2: experiment flow)

The rest of the paper is organized as follows: Section 2 sets the theoretical frame-
work, two theory-driven hypotheses, and one research question. Section 3 describes the
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experimental method and procedures in detail. Then, the main findings are presented in
Sect. 4. This is followed in Sect. 5 by a general discussion that examines the empirical
insights, theoretical implications, limitations, and future plans. Section 6 presents our
conclusions.
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2 Theoretical Framework, Hypotheses, and Research Questions

2.1 Extrinsic and Intrinsic Motivations and Behavior Change in the Traffic
Context

Some psychologists have hypothesized that there are two basic types of motivation,
namely, extrinsic motivation and intrinsic motivation. These motivations drive people
to formulate one particular behavior or change one pattern of behavior to another [12].
One of the major differences between the two forms of motivation is the reasons or goals
that lead to action. Extrinsic motivation refers to doing something because it leads to a
separable outcome (e.g., money or grades), whereas intrinsic motivation refers to doing
something because it is inherently desirable (e.g., an internal need).

In the context of traffic behavior change, the extrinsic motivation approach has been
widely examined. For instance, Ben et al. [7] conducted a 13-week field study in the
Netherlands to examine the effects of reward (i.e., money and credits) on rush-hour
commute avoidance. The results appear to show that rewards do have a significant impact
on switching commute time or changing commute mode. However, following a similar
procedure, Kuriki etal. [11] conducted an 8-week longitudinal field study in Japan aiming
to test the effects of digital credits on route switching. Their conclusion stands in contrast
to the findings of Ben at al. The results of their study show that participants who were
rewarded have even lower motivation in terms of detour intention and rates of behavioral
change than those who only receive congestion information. These controversial results
reflect the claim that the impact of extrinsic motivation will only work as long as the
external stimulus is satisfying [10]. What is worse, unexpected extrinsic stimulus also
tends to lead to a reduction in intrinsic motivation [13].
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The few previous studies (e.g., [9, 11]) that have investigated the intrinsic motivation
approach mainly focused on how information was presented (e.g., using gamification
to encourage drivers to take a break in a service area, helping drivers avoid traffic jams
by providing visual information). However, the impact of the actual content of traffic
information on traffic behavior change has been rarely investigated. Therefore, in the
present paper, our intention is to shed light on the content of traffic information.

Given the above, we believe it is necessary to examine the effect of intrinsic moti-
vation on changes in detour intention and behavior. Specifically, we test the effects of
traffic information with intrinsic motivators on changes in detour intention and behavior.

2.2 Logical and Emotional Persuasive Strategies and Behavior Change
in the Traffic Context

The elaboration likelihood model of persuasion [14] is a dual process theory that
describes two major ways in which the processes of decision making can change,
namely, the logical persuasive strategy (central route) and the emotional persuasive
strategy (peripheral route). The former emphasizes the function of logical arguments
supported by facts, detailed pieces of evidence coupled with a logical reasoning pro-
cess, whereas the latter emphasizes the function of emotional arousal (e.g., activation of
empathy). Since the central route involves a high-level message elaboration in which a
larger amount of cognition energy and time is needed, this would be effective only for
people who have enough knowledge and have an interest in the content. Therefore, to
persuade more of the audience within an extremely short time, most makers of TV or
Internet commercials tend to choose the peripheral route. In the present study, we focus
on the intrinsic motivation approach and aim to test the persuasive effect of peripheral
route.

One of the main persuasive strategies of the peripheral route is emotional priming.
This involves activating a particular emotion by exposing the audience to the same or
related emotions. The effects of emotional priming have been widely examined in empir-
ical psychological research. When primed by a helpless or cute figure (such as a cute
infant’s face), people tend to report higher intentions in regard to prosocial and sus-
tainable behaviors (e.g., environmental conservation, cooperative behavior). A series of
large-scale field experiments validated these findings [15]. One possible explanation is
that cute figures activate instinctive nurturing behaviors in adults, motivating caregiving
and protection. Scholars found that exposure to a cute infant face and eliciting prosocial
behavioral intent can both activate the ventral striatum, which is the brain region asso-
ciated with general altruistic behaviors [16]. That is to say, the response to cuteness and
elicitation of prosocial behaviors may share a common neural basis.

In the present study, we regard detour behavior as prosocial behavior because avoid-
ing a major traffic jam would not only reduce the physical and mental stress of drivers
but also their fellow travelers’. Moreover, detour behaviors would also help to decrease
the traffic accident rate and other forms of economic loss caused by congestion. To take
a first step to examine the effects of emotional persuasive strategy in the context of traf-
fic, we conducted both online questionnaire surveys and large-scale field experiments.
Based on the review above, we formulated the following two hypotheses:
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e HI: Traffic information created as part of an intrinsic motivation approach (without
incentive) increases participants’ detour intentions.

e H2a: Emotional priming (showing a picture of a crying child) increases participants’
detour intentions.

e H2b: The same emotional priming would also promote participants’ detour behaviors.

As the reactions to emotional priming [17] may vary depending on the person, we
formulated an additional research question as follow:

e RQ: People with what user attributes would be easily influenced by intervention
materials?

3 Method

3.1 Participants'

(1) Questionnaire Survey

Pre-questionnaire Survey: We recruited participants in Japan through a major online-
survey company, MACROMILL, from July 27 to August 5. Respondents who met the
following requirements were invited to answer the pre-questionnaire survey: (a) Android
or iPhone user, (b) Residents living in the Kanto region except Ibaraki prefecture: Tokyo
metropolitan area, Kanagawa prefecture, Saitama prefecture, Chiba prefecture, Tochigi
prefecture, and Gunma prefecture, and (c) People who are planning to or for whom there
is a high possibility that they will visit the Tohoku region from August 6 to August 17.

A total of 3,074 respondents ranging in age from their 20s to 60s participated in the
pre-questionnaire survey (female: 927, male: 2147).

Post-questionnaire Survey: We sent a post-survey invitation to the participants of the
pre-survey from August 23 to 31. We received 2,270 responses (female: 653, male:
1,617). The distribution of gender is similar to those of the pre-survey respondents.
We also selected 1,031 participants who met the three screening requirements without
answering the pre-questionnaire as a control group (female: 431, male: 600).

(2) Field Experiment

We randomly sent traffic information with LPs to smartphone users of au (a major
mobile carrier in Japan) who met the following requirements: (a) are active users of
the au service top, a portal app of au, (b) agree to receive service information from the

1 Conducting our experiments ethically was paramount to us. Specifically, we followed the key
ethical principles outlined by Bryman and Bell [ 18] to make cautious effort to protect the dignity,
autonomy and privacy of all the subjects during the entirety of data collection, data analyses
and presentation of results.
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app, and (c) are living in the Kanto region (Tokyo metropolitan area and the five other
prefectures mentioned above) from August 6 to 17. We selected the users that signed
the agreement allowing the use of location information for the subsequent statistical
analyses. The sample sizes were 1,016 users for LP1, 1,063 users for LP2, and 1,035
users for LP3. We also randomly selected 5,095 smartphone users who met the same
requirements but did not click the LPs as a control group. The total sample size for
location information analysis comprised 8,208 users. The experiment flow is shown in
Fig. 2.

3.2 Intervention Materials

We created three types of interventional materials (LPs) for the interventional experi-
ments (the pre- and post-surveys and the field experiment). LP1 consisted of two parts,
(A) the traffic congestion forecast for the Tohoku expressway from August 8 to 19, and
(B) the suggestion on how to avoid congestion (map and estimated traffic conditions of
the Joban expressway). In addition to A and B, we added part (C) a photograph of an
upset driver with the catchphrase ““You don’t want a horrible traffic jam to ruin your trip”
to LP2. LP3 contains the content of A, B, and an additional part (D) a photograph of
a little girl crying in the car with the catchphrase “You don’t want your little children
to suffer that much in a horrible traffic jam” (See Fig. 3). The goal of the intervention
was to persuade potential Tohoku expressway users to switch to the Joban expressway
during the summer holiday period. We applied two types of emotional priming, a picture
of upset co-travelers (C) and a picture of helpless small child (D), to activate the intrinsic
motivation to initiate detour behavior. In the original experiment, the LPs are created in
Japanese.
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3.3 Measurements

In the pre-questionnaire, we first asked participants demographic information (i.e., res-
idence, gender, age, marriage condition) and other user attributes (i.e., traveling experi-
ence to Tohoku region, driving experience, presence of co-visitors). We then asked them
which expressway they prefer to use and who will make the decision. We then asked
them if they have a willingness to change the route after checking the LPs.

In the post-questionnaire, we asked the participants which expressway they used and
why they made the decision.

In the field experiments, we collected call detail records information of au smartphone
users who signed the agreement allowing the use of location information (See more
details in Sect. 3.3).

3.4 Analysis Plan of Location Information

We extracted and analyzed the call detail record (CDRs) location information of 8,208
au smartphone users according to the following rationale and procedures.

A CDRs is a data record produced by a telephone exchange or other telecommuni-
cations equipment. The record contains location information of the base station through
which a user made a phone call or sent a message [19]. From a set of location information
of base stations, we are able to estimate the location of our users.

We first extracted users who had log records in the Tohoku region by CDRs during
the period from August 6 to 18. In this study, we defined the set of whole-day location
data as the day that a user enters the Tohoku region as a Trip. We then processed the Trip
data to estimate the user’s origin and destination (OD) in accordance with the following
procedures:

(1) We first calculated the distances among logs by longitude and latitude.

(2) We then compared the distances and chose the longest one as the estimated OD.

(3) We finally compared the record time of logs. We defined the earliest log as the
origin and the latest log as the destination.

We only used the #rip where O is in Kanto, and D is in Tohoku (outbound), or O is
in Tohoku, and D is in Kanto (inbound). We also eliminated those users who used other
modes of transport or where the user’s log appeared in Tohoku before they accessed the
LPs.

Since we could not access the information of users’ original travel plans, we assumed
that the original route would be the shortest one that connected O and D (original route).
If a user’s original route was estimated to be the Tohoku expressway and he/she actually
used the Joban expressway after checking one of the LPs, we treat his or her action as a
detour.

4 Results

In this section, the results of a series of Chi-square analyses and multiple comparison
tests are reported.
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Table 1. Intention to use Tohoku EXPWY Table 2. Intention to use Joban EXPWY
Tohoku EXPWY Intervention | N Intention X2 P Tohoku EXPWY Intervention N Intention x2 P
(Tohoku (Tohoku
EXPWY) EXPWY)
Outbound | LP1 Before 1021 69% 48 .000 Outbound | LP1 Before 1021 16% 32 000
After 1021 54% After 1021 26%
LpP2 Before 1026 72% 57 .000 LP2 Before 1026 12% 64 .000
After 1026 56% After 1026 26%
LP3 Before 1027 69% 36 .000 LP3 Before 1027 15% 31 .000
After 1027 56% After 1027 25%
Outbound | LPI Before 1021 66% 57 .000 Inbound | LP1 Before 1021 16% 43 .000
After 1021 50% After 1021 28%
LpP2 Before 1026 68% 63 .000 LP2 Before 1026 13% 63 .000
After 1026 51% After 1026 27%
LP3 Before 1027 66% 46 .000 LP3 Before 1027 17% 30 .000
After 1027 51% After 1027 28%

4.1 Pre-questionnaire Survey

First, a Chi-square test of independence was conducted to examine the relation between
detour intention and congestion information. The relation between these variables was
significant. After checking the LPs, more people reported shifting from the Tohoku
expressway to another highway (See Table 1). Similarly, the relation between the inten-
tion was also significant. After checking the LPs, more people reported their intention
to use the Joban expressway (See Table 2).

Another set of Chi-square tests focused on people who reported using the Tohoku
expressway before checking LPs. The objective was to test if intention changes were
related to intervention content. The results were not found to be statistically signifi-
cant, X2(2, N = 3074) = 2.1, p = .35 (Outbound); X>(2, N = 3074) =2.5, p = .29
(Inbound). However, users who received LP2 reported a higher intention to make a
detour (Outbound: LP1: 19%, LP2: 21%, LP3: 18%, Inbound: LP1: 22%, LP2: 24%,
LP3: 20%).

To test the results in-depth, follow-up Chi-square tests were conducted to examine
the impacts of LPs on detour intention by users’ attributes.

The results show that for people who had a plan to travel with little children, LP3
had a significant impact on detour intention change, X 2(I, N =1638)=6.3,p <0.01)
(see Fig. 4). For people who had experience in the Tohoku region, LP1 had a significant
impact on detour intention change, X2(1, N = 666) = 3.7, p < 0.05) (See Fig. 5). We
also examined other user attributes, for example, residence, age, occupation, marriage
situation, presence of other adult travelers, route decision maker or not, and drive by self
or not. No significant results were confirmed.

4.2 Post-questionnaire Survey

We conducted a series of Chi-square tests and made multiple comparisons to exam-
ine the relation between self-reported detour behavior and intervention content. The
results showed that for people who reported using the Tohoku expressway in the pre-
questionnaire, LP3 had a significantly stronger impact on self-reported detour behavior
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than the control condition (no intervention content), X2(3, N = 464) = 10.6, p < 0.01)
(See Table 3 and Fig. 6). The result of multiple comparison between LP3 and control
group was significant, p < 0.01.

4.3 Field Experiment: Location Information

After excluding local residents of the Kanto and Tohoku regions, who traveled to Tohoku
by other modes of transport, who arrived in the Tohoku region before they checked the
LPs, and whose shortest route was estimated to be the Tohoku expressway, the data of
187 (outbound) and 203 (inbound) out of 8208 users were used in the final analyses.
Chi-square tests were conducted to examine the relation between detour behavior and
intervention contents. The results are shown in Table 4. The detailed explanation is
presented in Sect. 5.1.

5 Discussion

In this section, we summarize the key empirical findings and their theoretical impli-
cations. We then discuss the limitations of the present study and disclose our future
directions.
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Table 4. Chi square tests of location information

Group | Trip(N) | Detour(N) | Detour )4
rate
Outbound | LP1 45 13 30% n.s.
LpP2 62 15 27%
LP3 62 13 28%
Control | 34 3 7%
Inbound | LP1 45 15 33% n.s.
LpP2 62 18 29%
LP3 62 25 40%
Control | 34 9 26%

5.1 Empirical Insights

Intrinsic Motivation and Detour Intention (HI)

The results of 4.1 demonstrated that congestion information has a motivating effect on
detour intention. After being provided with congestion forecasting information, more
participants reported that they were inclined to choose an alternative route to the Tohoku
expressway. At the same time, more people showed a preference to use the Joban express-
way as their first choice. Both these results are statistically significant. These results
indicate that even without incentives, congestion forecasting information provided by
reliable agencies (e.g., a major expressway company) also has a positive impact on peo-
ple’s detour intentions. One possibility is that after checking the information, people
realized the severity of the congestion and consequently made an autonomous decision
to switch to another route rather than being influenced by external factors. Therefore,
H1la was supported.

Emotional Persuasive Strategy and Changes of Detour Intention (H2a)

The results of 4.1 also demonstrated that an emotional persuasive strategy might promote
detour intention. However, the degree to which this has an influence may vary depending
on the user’s attributes, such as travel experience and the presence of little children. For
people who have more experience driving to Tohoku, they may have a clearer under-
standing of the road situation and feel more confident than first-time travelers. They may
be not easily affected by emotional issues but tend to focus more on real-time traffic
information. On the other hand, LP3 with a crying girl may elicit empathy for people
who travel with little children. This content may make them think more seriously about
the congestion situation and come to a decision based on their concern for others. This
could be one possible explanation as to why LP3 had a significant effect on the detour
intention of certain users. The results also partially answered our research question that
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travel experience and the presence of children could be potential moderators of the
relation between emotional persuasive strategy and changes in detour intention.

Emotional Persuasive Strategy and Detour Behavior (H2b)

In Sects. 4.2 and 4.3, we examined the hypothesis of whether intervention materials
with emotional priming promote detour behavior by self-reported survey and location
information. While few of the results were statistically significant, interesting implica-
tions were examined. The only significant result was confirmed in 4.2. For people who
reported using the Tohoku expressway in the pre-questionnaire survey, LP3 had a signif-
icant promotive effect on detour behavior. Although none of the remaining results were
significant, they showed a tendency that people in emotional priming groups reported
higher percentages of detour behavior. The results of 4.3 are consistent with those of
4.2. For example, during the outbound trip, the detour rates of LP2 and LP3 were 27%
and 28%, respectively. The detour rate of the control group was only 7%.

In general, the results were also consistent with those for intention changes.

In addition, scholars in the field of persuasive communication claim that making
changes in behavior takes more time and effort than changes of intention. A meta-analysis
of the relation between intention and behavior showed that variables of intention could
predict only 30% of behavior scores [20]. In sum, in order to make changes in behavior,
efforts should be made to overcome other psychological and physical limitations.

5.2 Theoretical Implications

We highlight two significant theoretical contributions to the present study.

First, we expanded the emotional persuasive strategy of the elaboration likelihood
model of persuasion in the context of traffic. Although this theoretical framework has
been examined widely, such as in the domains of marketing, business negotiation, and
advertising, very few empirical studies have examined it in the context of congestion
avoidance. We took the first step in exploring the effects of emotional persuasive strategy
on detour intention and behavior.

Second, we confirmed the effects of emotional priming by conducting large-scale
field experiments. Although emotional priming has been used extensively in empirical
studies in psychology, most of the experiments have been conducted purely in a labo-
ratory environment. Besides, due to methodological limitations, most previous studies
examined the immediate effects on intention rather than subsequent effects on behav-
ior. In the present study, we filled in these two gaps by performing longitudinal online
surveys and digital field surveys.

5.3 Limitations and Future Directions

First, we examined persuasive strategies in the context of an intrinsic motivation app-
roach. Our results showed that in the case of typical intrinsic motivation, emotional
persuasion has a significant impact on detour intention and behavior. It could serve as a
potential substitute for the costly and unstable intervention of Rewarding. However, in
the present study, we did not compare the intervention effects of emotional priming and
rewarding directly. Besides, from a strict experimental point of view, an experimental
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manipulation should be conducted to test whether the emotional priming successfully
activate feelings of empathy and altruistic motivation. Future investigations should be
conducted to address these issues.

Second, the sample size for location information analysis is barely satisfactory.
Although the results appear to validate the conclusions of survey studies, statistical
significances were not examined. Furthermore, due to the sample sizes, we were not
able to examine how variations in user attributes influenced detour behavior by location
information. Further attempts should be made to enlarge the sample size and obtain more
compelling conclusions.

6 Conclusion

In the present study, the objective was to ascertain if an emotional persuasive strategy
would be effective in influencing detour intention and behavior. Two conclusions were
reached based on the results of questionnaire surveys and the digital field experiment:
(1) Intervention with emotional priming significantly increases detour intention, and
has the potential to increase detour behavior. (2) The effects vary depending on user
attributes. Overall, the results validated the theoretical framework of the elaboration
likelihood model of persuasion in the context of traffic by multiple methodologies.
Moreover, the results provided sound empirical evidence that an emotional persuasive
strategy (peripheral route) should be not be ignored when creating persuasive systems
and services.

References

1. https://www.e-nexco.co.jp/pressroom/press_release/tohoku/h25/0712/

2. Schrank, D., Eisele, B., Lomax, T.. TTI’'s 2012 urban mobility report. Texas A&M
Transportation Institute. The Texas A&M University System, 4 (2012)

3. Litman, T.: Lessons from Katrina and Rita: what major disasters can teach transportation
planners. J. Transp. Eng. 132(1), 11-18 (2006)

4. Litman, T.: The online TDM encyclopedia: mobility management information gateway.
Transp. Policy 10(3), 245-249 (2003)

5. Shiftan, Y., Golani, A.: Effect of auto restraint policies on travel behavior. Transp. Res. Rec.
1932(1), 156-163 (2005)

6. Small, K.A., Verhoef, E.T., Lindsey, R.: The Economics of Urban Transportation. Routledge,
London (2007)

7. Ben-Elia, E., Ettema, D.: Changing commuters’ behavior using rewards: a study of rush-hour
avoidance. Transp. Res. Part F: Traffic Psychol. Behav. 14(5), 354-368 (2007)

8. Tillema, T., Ben-Elia, E., Ettema, D., van Delden, J.: Charging versus rewarding: a comparison
of road-pricing and rewarding peak avoidance in the Netherlands. Transp. Policy 26, 4-14
(2013)

9. Okada, N., Takeuchi, T., Tanikawa, T., Narumi, T., Hirose, M.: Influencing driver behavior
based on intrinsic motivation. In: The 31st Annual Conference of the Japanese Society for
Artificial Intelligence (2017). Originally in Japanese

10. Brickman, P.: Hedonic relativism and planning the good society. In: Adaptation Level Theory,
pp. 287-301 (1971)


https://www.e-nexco.co.jp/pressroom/press_release/tohoku/h25/0712/

12.

13.

14.

15.

16.

17.

18.

19.

20.

Does Traffic Information Provided by Smartphones Increase Detour Behavior? 57

. Kuriki, Y., Fukushima, A., Taya, M., Xu, W., Kameoka, H., Ono, C.: The effect of traffic

information on detour behavior. In: The 60th Autumn Conference of Japan society of civil
engineers (2019). Originally in Japanese

Ryan, R.M., Deci, E.L.: Intrinsic and extrinsic motivations: classic definitions and new
directions. Contemp. Educ. Psychol. 25(1), 54-67 (2000)

Lepper, M.R., Greene, D., Nisbet, R.: Undermining children’s intrinsic interest with extrinsic
reward; a test of ‘Overjustification’ hypothesis. J. Pers. Soc. Psychol. 28, 129-137 (1973)
Petty, R.E., Cacioppo, J.T.: The elaboration likelihood model of Persuasion. In: Communi-
cation and persuasion, pp. 1-24. Springer, New York (1986). https://doi.org/10.1007/978-1-
4612-4964-1_1

Wang, T., Mukhopadhyay, A., Patrick, V.M.: Getting consumers to recycle NOW! When and
why cuteness appeals influence prosocial and sustainable behavior. J. Public Policy Mark.
36(2), 269-283 (2017)

Glocker, M.L., Langleben, D.D., Ruparel, K., Loughead, J.W., Gur, R.C., Sachser, N.: Baby
schema in infant’s faces induces cuteness perception and motivation for caretaking in adults.
Ethology 115(3), 257-263 (2009)

Kollmuss, A., Agyeman, J.: Mind the gap: why do people act environmentally, and what are
the barriers to pro-environmental behavior? Environ. Educ. Res. 8(3), 239-260 (2002)

Bell, E., Alan, B.: The ethics of management research: an exploratory content analysis. Br. J.
Manag. 18(1), 63-77 (2007)

Horak, R.: Telecommunications and Data Communications Handbook. Wiley, Hoboken
(2007)

Sheeran, P.: Intention—behavior relations: a conceptual and empirical review. Eur. Rev. Soc.
Psychol. 12(1), 1-36 (2002)


https://doi.org/10.1007/978-1-4612-4964-1_1

)

Check for
updates

Evaluating the Susceptibility of E-commerce
Shoppers to Persuasive Strategies.
A Game-Based Approach

Ifeoma Adaji(g) , Nafisul Kiron@®), and Julita Vassileva

University of Saskatchewan, Saskatoon, SK, Canada
{ifeoma.adaji,ni.kiron,julita.vassileva}@usask.ca

Abstract. Research suggests that persuasive strategies are more effective when
tailored to individuals or groups of similar individuals. Demographic data such as
gender, age, culture, and personality are being used in domains such as health to
tailor persuasive strategies. However, in e-commerce, these factors are unknown
to e-commerce companies making it impossible to use them to tailor persuasive
strategies. Other factors such as shoppers’ online motivation have been proposed
as suitable factors to use in tailoring persuasive strategies in e-commerce. To con-
tribute to research in this area, we investigated the susceptibility of e-commerce
shoppers to persuasive strategies based on their online shopping motivation. To
achieve this, we developed and evaluated a shopping game, ShopRight that simu-
lates a retail store where players can shop for groceries. The healthiest product on
each aisle is presented to the player along with a persuasive message. We recruited
187 participants to play ShopRight for at least three rounds. Players were clas-
sified into groups based on their online shopping motivation and their responses
to the persuasive messages were recorded. Using pre- and post-game surveys, we
also identified changes in attitude, intention, self-efficacy and perceived price of
products.

1 Introduction

Research suggests that persuasive strategies are more effective when tailored to indi-
viduals or groups of similar individuals [10, 11]. Several factors have been used in
tailoring persuasive strategies such as the personality traits of users [4, 8, 28] and their
demographic data such as gender [5, 21, 29], culture [14, 20] and age [23]. However, in
e-commerce, the use of these factors is not always possible because most e-commerce
companies do not ask for the age, gender or culture of their clients at any time in the shop-
ping process. In addition, most e-commerce companies allow shoppers to purchase items
without having to register an account. Furthermore, the purchase history or shopping
cart details of consumers do not always identify their gender, age or culture. Therefore,
in order for persuasive strategies to be tailored to similar individuals in e-commerce
(particularly for new companies) to make them more effective, other factors that can be
used in tailoring persuasive strategies have to be explored.

Research in e-commerce suggests that consumers’ online shopping motivation pre-
dicts high intention to purchase [22]. Consumers are motivated differently and thus
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behave differently when they shop online [7]. Therefore, knowing what motivates a
consumer to shop is important in creating a personalized shopping experience for the
consumer [22]. Pappas et al. [22] suggest that traditional techniques of personalization
such as recommendations based on past purchases might not be enough to influence
consumers when shopping online. This is because consumers have needs when they go
online, and these needs are largely based on their shopping motivations which tradi-
tional techniques of personalization such as recommendations do not meet [22]. There
is, therefore, a call to personalize shoppers’ online experience using their shopping
motivation.

Previous attempts at using shopping motivation to tailor persuasive strategies show
that consumers are significantly influenced differently based on their online shopping
motivation [1]. Adaji etal. [1] investigated the influence of persuasive strategies on shop-
pers based on the consumers’ online motivation. Shoppers’ motivation was determined
using the typology of Rohm and Swaminathan [24]: balanced buyers, variety seekers,
store oriented shoppers, and convenience shoppers.

To contribute to research in the area of tailoring persuasive strategies in e-commerce
using shopping motivation, we investigate the susceptibility of e-commerce shoppers
to persuasive strategies using a game-based approach. To achieve this, we developed a
serious shopping game, ShopRight that simulates a consumer shopping for food items.
We attempt to influence the players’ shopping decisions by presenting them with food
items along with persuasive messages that were developed using Cialdini’s six persuasive
strategies [6]. To evaluate ShopRight, we recruited 187 participants to play the game for at
least three rounds and their responses to the various persuasive messages were recorded.
Players were classified into groups based on their online shopping motivation using
the typology of Rohm and Swaminathan [24]. In addition, we measured the change
in players’ self-efficacy, attitude, and intention before and after playing ShopRight to
determine if the persuasive messages increased these determinants in the players.

The aim of this paper is to identify the susceptibility of shoppers to persuasive
strategies based on their online shopping motivation using a game-based approach. In
addition, this paper aims to identify any differences in the behavior of participants before
and after playing the game.

This paper contributes to ongoing research in the area of tailoring persuasive strate-
gies in e-commerce in three ways. First, we determine that persuasive strategies can be
tailored to shoppers based on their online shopping motivation using a game-based app-
roach. Second, we identify the persuasive strategies that people are most susceptible to
based on their shopping motivation in the context of shopping for food items. Third, we
determine that persuasive messages can bring about a change in self-efficacy, attitude,
and intention.

2 Related Work

2.1 Shopping Motivation

Research suggests that classifying shoppers according to their shopping motivation and
behavior can help businesses to effectively tailor products and services to the vari-
ous segments of customers [24]. In addition, it helps businesses to better understand
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the attitude of their customers and what they look out for in their shopping decision-
making process [13]. Rohm and Swaminathan [24] classified shopper types based on the
shopping motivation of shoppers and proposed four categories: convenience shoppers,
variety seekers, balanced buyers, and store-oriented shoppers. According to the authors,
the convenience shoppers are motivated by online shopping convenience. Shoppers in
this category do not typically seek immediate possession of their products. The variety
seekers are more interested in seeking variety of products across various retailers and
brands. The balanced buyers are motivated by the need to seek information online just
like the variety seeker. However, the balanced buyers plan their shopping ahead unlike
the variety seekers. The store-oriented shopper wants immediate possession of goods
purchased and are more inclined to social interaction. Shoppers in this category prefer
the feel of a physical store to an online marketplace.

We used the typology of Rohm and Swaminathan [24] in our study because it focuses
on online shopping behavior and because the four categories identified by this typology
are similar to that of other researchers such as [13] and [18].

The various categories of shoppers can be identified from their online click activities.
For example, the variety seekers have a need for a variety of choices of stores, brands, and
products, and they make comparisons while shopping [24]. This category of shoppers
take time to compare promotions, prices, brands, and product features before making a
purchase decision [13]. Therefore, by studying shoppers’ clickstream while shopping, it
is possible to identify if they are seeking a variety of products from several brands. Store
oriented shoppers, on the other hand, seek social interaction [24], thus, will likely engage
in interaction or dialogue with other consumers on the e-commerce platform before
making a purchase. Interaction in e-commerce is usually by asking other customers
questions about the products they have previously purchased [2] or by interacting with a
site’s chatbot if one exists. Thus, shoppers who typically interact with other consumers or
with the site’s chat agent before making purchases could be identified as store-oriented
shoppers. In addition, store oriented shoppers are motivated by immediate possession of
their goods [24]. It is likely that this category of shoppers will pay for express delivery
of their products while other categories of shoppers will not. Convenience shoppers are
motivated to shop online because of the convenience that online shopping provides them
[24]. They shop online for specific products and services, they do not seek variety across
several channels, and are motivated by the convenience of online shopping, effort and
time saving [24]. Therefore, it is likely that convenience shoppers will not spend time and
effort browsing different brands as variety seekers typically do. Their browsing patterns
can be determined from their clickstream data. In addition, convenience shoppers are
not motivated by social interaction and immediate possession [24]. Thus, it is likely that
convenience shoppers will not interact on the social platform of the e-commerce site
such as the review boards and the question and answer pages. In addition, it is likely that
convenience shoppers will not pay for quick/express delivery but will settle for normal
delivery since they are not motivated by immediate possession of their products.

2.2 Persuasive Strategies

Persuasive strategies change peoples’ attitude or behavior without coercion or deception
[6]. Several classifications of persuasive strategies exist such as Cialdini’s six influence
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principles: reciprocation, commitment, consensus, liking, authority and scarcity [6].
The principle of reciprocation suggests that human societies subscribe to the rule of
reciprocity, hence, humans feel obligated to return a favor they have received in the
past. The principle of commitment suggests that humans tend to be consistent, therefore,
it is likely that people will honor things they have committed to. Consensus principle
proposes that people tend to manifest the same behavior and beliefs as others after
observing several people behaving in a similar manner. Authority principle suggests that
because humans are trained to believe in the obedience of authority figures, hence in
deciding what action to take in any situation, information from people in authority could
help humans make decisions. Liking principle posits that people are more persuaded by
something/someone they like. Scarcity strategy suggests that humans seemingly have a
desire for things that are scare, less readily available or limited in number.

These strategies have been used extensively in consumer studies and other domains,
thus, we adopted them in this study.

3 Shopright Game Design

ShopRight is an interactive single-player educational game, designed to simulate a shop-
per walking along the aisle of a grocery store. The aim of the game is to influence the
shopping decisions of players by presenting tailored persuasive messages that can change
the players’ shopping decision. In addition, ShopRight aims to educate shoppers on the
healthiness of foods based on the food’s nutritional value. Furthermore, ShopRight aims
to make shoppers aware of the cost of foods they shop for; in particular, to show that they
can shop for healthy foods on a budget. The player’s objective is to shop for a healthy
meal (breakfast, lunch or dinner) for one’s self, a child, a friend or a significant other
on a budget while trying to earn as many points as possible. Each food item is awarded
points based on the healthiness of the food. The healthiness of each food is computed
using the front-of-pack food labelling system of the United Kingdom'. We used this
food labeling scheme to award points in ShopRight because of its ease of understanding
and its influence on healthier shopping choices [25]. The healthier the items the player
adds to their cart, the more points the player earns. Each round of the game consists of
six aisles of groceries. For each round, the player has $20 in their virtual purse to shop
for a meal. This amount is based on how much Canadians spend on average for a meal.

When the game starts, products are presented to players and they have the option to
add the item to their cart or to skip to the next item. Each product, as shown in Fig. 1, is
displayed with the name of the product, the nutritional value, and the price. The price and
nutritional value of each item were obtained from the popular Canadian retail store Real
Canadian Superstore’s e-commerce website”. We selected 69 food items for ShopRight
based on recipes we found on the popular food website allrecipes.com. Due to space
constraints, we are unable to list the foods here.

Each round of the game consists of 6 aisles of different types of foods. Similar to
what is obtainable in grocery stores, similar products are grouped together. A player can

1 https://www.nutrition.org.uk/healthyliving/helpingyoueatwell/324-labels.html ?start=3.
2 https://www.realcanadiansuperstore.ca/.
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Fig. 1. Game play of ShopRight

see the items that make up the aisle at the bottom of the screen as shown in Fig. 1. When
the game starts, the player can view the nutritional information of the food on the screen
and then decide whether to add the product to their cart.

While playing the game, persuasive messages pop up based on the persuasive strate-
gies of Cialdini [6] asking players to add particular products to their carts. The responses
of users to these persuasive messages are stored and used to measure the players’
susceptibility to influence strategies.

As shown in Fig. 1, the right hand of the screen displays the number of points a
player has earned, the money they have left and the total nutrients of the products they
have added to their cart so far. While players can add items to their cart, they are unable
to delete items. ShopRight was designed this way because shoppers have ample time to
consider adding items to their cart since the game has no time constraints. In addition,
because the player plays the game multiple times, it is expected that they get better at
choosing products over time.

Persuasive Messages
One of the aims of the ShopRight is to investigate shoppers’ susceptibility to persua-
sive strategies. Persuasive strategies were implemented as persuasive messages using
Cialdini’s persuasive strategies [6]. The messages presented to users were adapted from
[12] and are shown in Table 1. The list of messages was reviewed by two experts in
user interface design who are knowledgeable about persuasive strategies. The messages
were also reviewed by two novices in persuasive strategies who were asked to explain
their perceived meanings of the messages. The responses from the experts and novices
showed that the messages were easy to understand and were unambiguous. We only
investigated four of the six strategies of Cialdini [6] because these four are commonly
used in e-commerce.

Each persuasive message was presented randomly to the player and was accompanied
by the healthiest product on the aisle. For example, an implementation of scarcity is the
message “Last chance to buy strawberry”.



Evaluating the Susceptibility of E-commerce Shoppers to Persuasive Strategies 63

Table 1. Persuasive messages used in ShopRight. [this] was replaced with the product name

Persuasive strategy | Persuasive message

Scarcity Only a few [this] are left in stock

Scarcity Last chance to buy [this]

Scarcity Rare [this] available today

Commitment [this] will help you to achieve your daily nutritional goal

Commitment Remember your set goal for total calories and consider if you want to buy
[this]

Commitment You’ve committed to shopping for a healthy meal. [this] will help you to
achieve your set goal

Consensus Someone in your social circle recommends [this]

Consensus [this] is frequently bought together with an item in your cart

Consensus [this] has been upvoted as a preferred item by many shoppers

Authority Research suggests that foods such as [this] help you increase your muscle

mass and strength

Authority According to Health Canada, you should eat more foods rich in fiber. Add
[this] to cart

Authority According to Health Canada, your body uses energy from calories to do
all of your daily activities. Add [this] to cart

4 Field Study

To determine the susceptibility of shoppers to persuasive strategies based on their online
shopping motivation, we carried out a study of ShopRight using 187 participants. The
design of the study and the methods used are presented in this section.

4.1 Study Design

We recruited participants to evaluate ShopRight. The participants were required to com-
plete a pre-game survey, play the game at least three times and then complete a post-
game survey. The pre-game survey included questions that measure consumers’ online
shopping motivation using the scale of Rohm and Swaminathan [24]. Participants were
classified into the four categories of online shopping motivation convenience shopper,
variety seeker, store oriented shopper and balanced buyer based on their response to the
questions in the questionnaire. Participants were placed in the category that they scored
highest in with a minimum score of 5 points (on a 7-point Likert scale). The pre- and
post-game survey also included questions about (1) the consumers’ self-efficacy using
the scale of Sherer et al. [27], (2) attitude towards unhealthy foods using the scale of
[17], (3) perceived cost of healthy foods using the scale of Zeithaml [30], and (4) inten-
tion to shop for healthy foods using the scale of [26]. We hypothesize that there will a
significant increase in these factors after playing the game if the player is influenced by
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the tailored persuasive messages in the game. All questions were measured on a 7-point
Likert scale.

In addition to the pre- and post-game survey, the game data from players was
recorded. In particular, their responses to persuasive strategies presented to them, the
amount of money they spent shopping, and the points they earned in the game.

4.2 Methodology

We measured the influence of persuasive strategies in two ways. First, we measured the
response of shoppers to persuasive strategies using the game data. Second, we measured
the players’ attitude, self-efficacy, the perceived price of healthy foods, and intention to
shop for healthy foods before and after playing the game.

Measuring Susceptibility to Persuasive Strategies Using Game Data

Each player is presented with 12 persuasive messages along with product suggestions
and their responses to these messages are recorded. Their responses are either to add
an item recommended to them to cart by clicking on the “add to cart” button on the
pop-up message, or to reject the recommendation by clicking on the “cancel” button on
the pop-up message. A positive response to a persuasive message is when a user adds a
suggested item to their cart.

In analyzing the game data of participants for their susceptibility to persuasive strate-
gies, we counted the number of persuasive messages that participants responded to at
each round of the game. We then determined the average for each participant. We posit
that a player will likely respond more to the strategies that they are susceptible to. In
addition, we carried out a one-way repeated measure analysis of variance (ANOVA)
with persuasive strategies as the within-subjects factor to determine if there were any
significant differences in the susceptibility of strategies between the different persuasive
strategies. Furthermore, we carried out a Bonferroni corrected post t-test between the
experimental groups to determine what pairs of groups had the significant difference.
All the assumptions for repeated measures ANOVA were met.

Measuring Behavior Change Using Attitude, Intention, and Self-efficacy

One of the aims of this paper is to measure the behavior change of users based on their
susceptibility to persuasive strategies. We hypothesize that the persuasive messages
that participants are influenced by will likely bring about a change in their behavior
after playing ShopRight. Thus, in addition to measuring how susceptible players are to
influence strategies, we measured their change in behavior after playing the game. Based
on various behavioral studies and theories, research suggests that the main predictors of
behavior are intention, attitude, and self-efficacy [3, 15, 19]. Participants were required
to answer pre- and post-survey questions about intention, attitude, self-efficacy, and
perceived price. We then computed the differences in their responses to identify any
change in their behavior.

To determine if there were any statistical changes in these determinants pre- and
post-game, we carried out a paired-samples t-test (also known as repeated measure t-
test) of these determinants using the pre- and post-game data. All the assumptions for
paired-samples t-test were met.
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4.3 Data Collection and Filtering

We recruited participants to take part in the study through Amazon’s Mechanical Turk
(AMT). AMT allows one to recruit a diverse set of participants and is an accepted
method of recruiting participants [8, 9]. To ensure the quality of the results that were
collected from participants in the pre and post surveys, we included captcha questions
on each page of the survey as suggested by [16] that require some level of reasoning
and effort to answer. These captcha questions include basic multiple-choice addition
and multiplication problems such as “What is 50 4+ 50?”. Participants that failed the
captcha questions were excluded from the survey. In addition, participants who recorded
the same responses for all questions were excluded from the survey. Furthermore, we
tracked participants using their AMT IDs and duplicate responses were excluded from
the study. Participants were compensated with $3.00 USD for their time which is within
the standard rates of tasks on AMT.

Participants were recruited for three categories: convenience shoppers, variety seek-
ers, and a control group which consists of randomly selected participants from balanced
buyers and store-oriented shoppers. This study was approved by the Behavioral Research
Ethics Board of the University of Saskatchewan.

Participants

We recruited 203 participants to take part in this study out of which only 187 responses
were useable based on the criteria described above. Table 2 shows the breakdown of our
participants.

Table 2. Breakdown of study participants

Classification Study group N =187

Shopping motivation | Convenience shoppers 74
Variety seekers n = 66 66
Control (randomly selected from convenience shoppers, 47
variety seekers, store oriented shoppers, and balanced buyers)

5 Results

In evaluating ShopRight, we adopted two approaches: (1) we measured the susceptibility
of participants to persuasive strategies using the game data they generated from playing
ShopRight and (2) we measured the change in participants’ self-efficacy towards healthy
foods, attitude towards shopping for unhealthy foods, perceived price of healthy foods,
and intention to purchase healthy foods before and after playing the game using the pre-
and post-game survey responses. The results of analyzing these data are described in
this section.
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5.1 Susceptibility to Persuasive Strategies

Convenience Shoppers

The result of the one-way repeated measures ANOVA indicates that there was a statisti-
cally significant difference in the susceptibility of convenience shoppers to the four per-
suasive strategies scarcity, consensus, commitment, and authority F(3,216) = 9.851, p
< .005). This suggests that at least one group mean differs significantly from the other
group means. To determine where this difference (or differences) lies, we carried out a
Bonferroni corrected post-test t-test between the persuasive strategies. The result of this
test indicates that there was a statistically significant difference in the mean suscepti-
bility of convenience shoppers to the persuasive strategies scarcity and consensus, with
convenience shoppers being more susceptible to scarcity compared to consensus, with
a mean difference of 0.44 and #(72) = 3.553, p < 0.0005. Similarly, there was a statisti-
cally significant difference in the susceptibility of convenience shoppers to scarcity and
commitment, with shoppers being more susceptible to scarcity compared to commitment
with a mean difference of 0.37, and #(72) = 3.227, p < 0.005. Furthermore, there was a
statistically significant difference between scarcity and authority with a mean difference
of 0.550 and #(72) = 4.745, p < 0.0005. Figure 2a shows the means of the persuasive
strategies.

a b .
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Fig. 2. (a) Mean responses of convenience shoppers to persuasive strategies. (b) Mean responses
of variety seekers to persuasive strategies

There were, however, no significant differences between consensus, commitment, and
authority. This result suggests that scarcity has the greatest influence on convenience
shoppers compared to the other strategies and that the effect of scarcity on convenience
shoppers significantly differs compared to the other strategies. However, it is not possible
to tell which strategy has the least effect on convenience shoppers.
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Variety Seekers

As shown in Fig. 2b, variety seekers had the highest mean susceptibility to authority,
while this category of shoppers had the lowest mean susceptibility to commitment. To
determine if the means of the persuasive strategies were significantly different, we car-
ried out a one-way repeated measures ANOVA. The result suggests that there were no
significant differences in the means of the persuasive strategies, F'(3, 192) = 1.241, p
= .296). This result means that although variety seekers responded to more authority
messages compared to the other persuasive strategies, we cannot conclusively state that
the variety seekers were more susceptible to authority than the other strategies.

Control Group

We created a control group to determine the susceptibility of shoppers to persuasive
strategies when their shopping motivation is unknown. We randomly selected 52 partic-
ipants from the pool of participants who either did not score high enough to be part of the
convenience shoppers and variety seekers described in the previous section or belong to
balanced buyers and store-oriented shoppers categories. All four persuasive strategies
had similar means ranging from 1.35 to 1.5. The result of a one-way ANOVA suggests
that there are were no significant differences in the susceptibility of participants in this
group to any of the persuasive strategies F(3, 97) = 0.87, p = .46). This suggests that
if people in a group are not similar, they are not significantly influenced by the same
strategy compared to a group of similar people such as the convenience shoppers who
are significantly influenced by scarcity.

5.2 Change in Self-efficacy, Attitude, Price, and Intention

Convenience Shoppers

Figure 3a shows the average means of convenience shoppers’ self-efficacy towards
healthy foods, attitude towards shopping for unhealthy foods, perceived price of healthy
foods, and intention to purchase healthy foods before and after playing the game. There
was a slight decrease in the mean self-efficacy of convenience shoppers after playing the
game. Similarly, there was a decrease in the average attitude of convenience shoppers
shopping for unhealthy foods. Furthermore, there was a slight decrease in the mean
perceived price of healthy foods. On the other hand, there was an increase in the average
intention of convenience shoppers to shop for healthy foods.

To determine if any of the difference in means was statistically significant, we carried
out a paired sample t-test between the pre- and post-game data for each determinant.
The result as shown in Fig. 3b indicates that the only significant difference in means is
in the attitude of convenience shoppers towards shopping for unhealthy foods, #(73) =
—2.57, p < .05, which decreased significantly.

Variety Seekers

Figure 4a shows the average means of variety seekers’ self-efficacy towards healthy
foods, attitude towards unhealthy foods, the perceived price of healthy foods, and inten-
tion to purchase healthy foods before and after playing the game. There was a slight
increase in self-efficacy of participants before and after the game. Similarly, there was
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Fig. 3. (a) Pre- and Post-game mean values of determinants for convenience shoppers. (b) Differ-
ence in pre- and post- game questionnaire values for determinants. Asterisk indicates significant
difference

an increase in intention to purchase healthy foods by variety seekers. On the other hand,
there was a decrease in attitude towards purchase of unhealthy foods. Furthermore, there
was a decrease in the perceived price of healthy food.
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Fig. 4. (a) Pre- and Post-game mean values of determinants for variety seekers. (b) Difference in
pre- and post- game questionnaire values for determinants. Asterisk indicates significant difference

To determine if there were any statistical significance in the differences of the means
between the pre- and post-game results, we carried out a paired sample t-test between
the pre- and post-game questionnaire values for each determinant. The mean attitude of
variety seekers towards unhealthy foods decreased significantly after playing ShopRight,
t(65) = —2.052, p < .05. Similarly, the mean perception of the price of healthy foods
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decreased significantly from a pre-game mean of 5.47 to 4.97, t(65) = —2.192, p < .05.
Furthermore, the mean intention to shop for healthy foods increased significantly to an
average of 5.89, t(65) = 2.780, p < .05. On the other hand, there was no significant
difference in mean self-efficacy of variety seekers before and after playing ShopRight,
t(65) = 0.2825, p = .78. Figure 4b shows the difference in determinants for variety
seekers pre- and post-game.

5.3 Discussion

Susceptibility to Persuasive Strategies

As shown in Fig. 2a, convenience shoppers are more susceptible to scarcity compared
to other persuasive strategies. Convenience shoppers are motivated by shopping conve-
nience, effort and time-saving [24]. These categories of shoppers are neither motivated
by the expectation of immediate possession of their goods nor are they motivated by
social interaction. Furthermore, these shoppers do not seek variety across retail chan-
nels [24]. Since these shoppers do not seek variety, it is conceivable that they will be
influenced to buy products that are scarce or limited. This result is in line with that of
Adajietal. [1] who, using a survey-based approach concluded that convenience shoppers
have a higher susceptibility to scarcity compared to other strategies.

There was no significance between the response of convenience shoppers to con-
sensus, commitment, and authority. While we can conclude from these findings that
convenience shoppers will likely be influenced by scarcity compared to other strategies,
we cannot conclude on which strategy they will likely not be influenced by. Therefore, if
an e-business is implementing persuasive strategies based on shopping motivation, the
recommended strategy for convenience shoppers is scarcity.

The game data results from Fig. 2b suggest that variety seekers responded more
to authority strategy compared other strategies. In addition, they responded the least
to commitment strategy. Variety seekers are motivated to seek for a variety of products
across various stores, product types and brands [24]. They tend to browse several products
and brands before making a purchase decision They are also known to comparison shop
[24]. The result of a one-way repeated measures ANOVA suggests that the difference
between authority and other strategies is not significant. Thus, we cannot conclusively
state from the game data that variety seekers are more influenced by authority than other
strategies. We expected significant differences between authority and other strategies in
line with the results of Adaji et al. [1].

We plan to carry out this study on variety seekers using more participants; we believe
that having more data could bring about significant differences.

Change in Self-efficacy, Attitude, Perceived Price and Intention

The attitude, perceived price, and intention to shop for healthy foods for variety seekers
were significantly different after playing ShopRight. As shown in Fig. 4a and b there
was a significant decrease in the attitude of variety seekers towards unhealthy foods
and the price of unhealthy foods. There was however an increase in the intention of
participants in this category to shop for healthy foods. A decrease in attitude towards
unhealthy foods means that participants now see shopping for healthy foods as being
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important, useful, worthwhile, enjoyable, pleasant and good. Therefore, a decrease is a
positive outcome. Similarly, a decrease in the perceived price of healthy foods is a good
thing because participants now see healthy foods as inexpensive, which they can buy on a
budget. An increase in intention to shop for healthy foods is also a positive outcome. This
result suggests that tailored persuasive strategies result in a positive change in attitude,
self-efficacy, and intention.

The only change in convenience shoppers after playing ShopRight was in their atti-
tude towards shopping for unhealthy foods which decreased significantly. A decrease in
attitude towards unhealthy foods suggests that participants now see shopping for healthy
foods as being important, useful, worthwhile, enjoyable, pleasant and good. Therefore,
a decrease is a positive outcome.

6 Conclusion and Future Work

To contribute to ongoing research in tailoring persuasive strategies in e-commerce, we
investigated the susceptibility of shoppers to persuasive strategies based on their online
shopping motivation. To achieve this, we developed a shopping game, ShopRight, and
recruited 187 participants to play the game. Participants were classified into groups based
on their shopping motivation: convenience shoppers, variety seekers, balanced buyers,
and store-oriented shoppers. While playing the game, players were presented with food
items using various persuasive strategies. The responses of participants to these strategies
were recorded. The participants also completed pre- and post-game surveys to determine
if there were any differences in their self-efficacy towards healthy foods, attitude towards
shopping for unhealthy foods, perceived price of healthy foods, and intention to purchase
healthy foods before and after playing the game. Our results indicate that shoppers are
influenced differently based on their online shopping motivation.

Our study has a few limitations. First, our sample size for each category of online
shopping motivation is small. We are still in the process of collecting data; in the future,
we will repeat this study with a larger sample size. Second, there are several other factors
that could have influenced participants’ choices of food items while playing the game
such as dietary restrictions.

In the future, we plan to explore other data that were collected from participants
while playing ShopRight such as the amount spent, the points earned and the time it
took players to complete a session. We explored consumers’ susceptibility to only four
of Cialdini’s six strategies. In the future, we plan to investigate participants’ responses
to the other two strategies that were not used in this study: reciprocity and liking.
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Abstract. In the field of child-robot interaction (CRI), long-term field studies
with users in authentic contexts are still rare. This paper reports the findings from
a 4-month field study of robot-assisted language learning (RALL). We focus on
the learning experiences of primary school pupils with a social, persuasive robot,
and the experiences of the teachers of using the robot as a teaching tool. Our
qualitative research approach includes interviews, observations, questionnaires
and a diary as data collection methods, and affinity diagram as a data analysis
method. The research involves three target groups: the pupils of a 3rd grade class
(9-10 years old, n = 20), language teachers (n = 3) and the parents (n = 18). We
report findings on user experience (UX), the robot’s tasks and role in the school,
and the experience of the multimodal interaction with the robot. Based on the
findings, we discuss several aspects concerning the design of persuasive robotics
onrobot-assisted learning and CRI, for example the benefits of robot-specific ways
of rewarding, the value of the physical embodiment and the opportunities of the
social role adopted by the learning robot.

Keywords: Child-robot interaction - Robot-assisted learning - Persuasive
design - User experience - Field study

1 Introduction

Social robot is an autonomous or semi-autonomous robot that communicates and inter-
acts with human beings, and obeys the behavioral norms set by humans [1]. Social robots
have many possible uses, including education [2, 24]. Social robots can be beneficial
agents in children’s robot-assisted learning. Their benefits may result from e.g. robots’
motivational factors [22], ability to patiently repeat tasks [3], capability to adapt the
learning tasks [18] and human-like interaction and presence [2, 16]. Motivation plays a
strong role in learning, and due to social robots’ characteristics, they have potential to act
as motivators for learning [27]. Persuasive Design approach, e.g. [17], offers many tech-
niques for designing technologies that can engage people and support motivation. In this
article, we discuss Persuasive Design implications and considerations on robot-assisted
learning and child-robot interaction (CRI).
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Despite being popular research topics, robot-assisted learning and CRI have space
for long-term studies conducted in natural settings. Naturalistic studies that utilize qual-
itative methods are still quite rare in the field of social robotics [9], and the studies
that have been conducted in natural settings have actually often been restricted to a
pre-defined space [4]. Social robots have a strong novelty effect that can soon wear off
[10, 13], and long-term field studies are required to evaluate how long users’ interest
in a robot is maintained. In the research thus far, “long-term use” has usually meant
“serial short-term interaction”, and interaction with the robot has not taken place as a
part of natural teaching and learning practice, but in a situation that has been defined
and supported by the researchers [4].

In this paper, we report a 4-month user experience (UX) study that was carried out in
authentic context of use, in a primary school setting, at the time when the school started
to use a social robot for teaching languages. The use of the robot was defined entirely by
the users, not by the researchers. Our research investigates the use of the robot from three
perspectives: pupils, teachers and parents. We focus on the robot’s tasks, social role and
interaction/behavior as suggested in the design framework of socially interactive robots
by Deng et al. [9]. This paper addresses the following research questions:

(1) What are the teaching and learning experiences with the social robot focusing
on the (A) tasks, (B) social role and (C) interaction/behavior of the robot?

(2) What are the considerations for the further design of social, persuasive robots
for CRI?

2 Related Work

2.1 Robot-Assisted Learning and Child-Robot Interaction

Research on social robots in education focusing on children is a popular topic [2, 16]. A
recent meta-review reveals 101 articles in the area of educational robots, most of them
focused on children [2]. On the field of robot-assisted language learning (RALL), the
typical tasks of a robot in learning include teaching vocabulary [13, 25], reading and
speaking skills, grammar and sign language [24]. Usually the robot’s tasks are defined
by the researchers. Thus, there is a need to explore the tasks that a robot is used for when
it acts as a natural part of the learning environment. This relates to our RQIA.

In general, children have a positive attitude towards robots [26], and studies have
shown some evidence of better learning outcomes when studying with the robots, e.g.
[12, 24]. A robot can adopt different roles in teaching: teacher or tutor, peer or learning
companion, and novice [2]. The role of the teacher/tutor has been the most popular role
so far (ibid.). However, research has shown that children perform better and are more
focused when the robot behaves like a peer rather than a tutor [27]. Presenting the robot
in the role of peer may also increase the acceptance towards unexpected behavior of
a robot, e.g. if its speech recognition fails [3]. In their study, Tanaka et al. [22] found
out that children started to treat the QRIO robot as a peer rather than a toy, and they
expressed plenty of care-taking behaviors towards the robot, also discussed by Turkle
[23]. Kanda et al. [14] found that children wanted to become “friends” with Robovie
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robot. Thus, it seems that children tend to develop social bonds with educational robots.
Our RQ1B focuses on the roles that the robot adopts in a naturalistic school setting.

Social robots utilize multimodal interaction to aim for more natural communica-
tion. It seems that any social behavior and cues built on an educational robot improves
learning outcomes and experience [3]. The most obvious form of social behavior is the
use of speech as an interaction modality, e.g. [13, 15, 25]. However, technical challenges
still limit the proper use of natural dialogue in robot-assisted learning [15]. In addition
to verbal interaction, social robots are capable of non-verbal communication, e.g. using
gestures, movements and proximity. For example, De Wit et al. [8] found higher level of
engagement during learning activities when gestures were used. Also, Leite et al. [16]
present an empathic model for CRI by utilizing, e.g. facial expressions on the robot. They
found that it had a positive impact on long-term interaction with the robot. As Serholt
et al. [20, p. 7] note, it is “important for the future of CRI to consider what modes of
communication come naturally to children.” This relates to our RQIC.

2.2 Persuasive Design in Robot-Assisted Learning

Motivation plays a strong role in learning. The field of Persuasive Design, e.g. [17] uti-
lizes many techniques to design technologies that can persuade and support motivation,
e.g. by goal setting, tracking performance, showing progress, adoption of a social role,
supporting rehearsal, giving feedback and providing virtual rewards. In addition, they
can give information and advice, remind, and utilize social support and competition as
motivational factors. According to research, robots can act as motivators in learning [7,
27]. Persuasive Robots mean social robots that are designed to change people’s attitudes
and/or behavior [4, 21]. Persuasive robotics is still mostly unexplored ground although
some research has been conducted [4, 11, 19, 21]. Bertel [4] summarizes the possibili-
ties of the social robots as persuaders through alignment of appearance, behavior and
tasks (personalization), emotional expressions, distinctive features of speech, gestures,
positioning and posture (multimodal interaction) and through the perceived social role.
Leite et al. [16] present a list of guidelines for the design of social robots for long-term
interaction. Their work suggests that the robot’s appearance needs to fit its purpose
— attention needs to be paid when selecting appropriate physical embodiment for the
robot to be used with the children. The robot should be able to show incremental novel
behaviors over time, also stated by Kanda et al. [14]; information about the user and their
affective state needs to be used for the adaptation of the robot’s behavior and expressing
empathy, and the robot would need to remember the past actions with the user [16].

Robotic persuasion is multi-modal and thus, it might provide stronger persuasive
effect than persuasion that uses less modalities. Physical embodiment provides benefits
in tasks that require a relationship-oriented approach: physical embodiment increases
the feeling of social presence and thus improves multimodal communication, perceived
trust, pleasurable experiences, attractiveness and perception of how helpful the robot is
[9]. Our RQ?2 extends the discussion around the Persuasive Design on the robot-assisted
learning and CRI by addressing persuasion on social robots in the long-term naturalistic
setup.
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3 Methodology and Study Procedure

3.1 Participants

Three user groups participated in the study: the pupils of a 3" grade class (9—10 years old,
n = 20), language teachers (n = 3) and the parents (n = 18) of the participating pupils.
The language teachers were between 41-50 years old, female, had at least ten years of
teaching experience, and had no prior experience with robots. The parents were 70%
female and half of the parents were 36—45 years old. Research ethics and data security
were strictly considered in the study. Identification information was not collected of the
children, all data were anonymized and observations were not linked to a specific child
in any phase. The participation to the study was voluntary and the participants were able
to end participation at any time. The permission to conduct the study at the school was
obtained from the city’s education and learning services and the school’s rector. The
consent for pupils’ participation was obtained from their parents. The interaction and
tasks between the pupils and the robot was defined by the teachers.

3.2 Data Collection

The 4-month user experience study was carried out in a Finnish primary school
in September-December 2018. The data was collected with a multi-method app-
roach including observations, online diary, online questionnaires and semi-structured
interviews.

Observations. Four observation sessions, one each month, were conducted in the class-
room context during 3" grade English language classes. Each session lasted for two hours
and was conducted with the same class. Two observers were present in the sessions and
used a semi-structured observation sheet. The observations focused on interaction with
the robot, tasks conducted with the robot, children’s emotional reactions, atmosphere in
the class, challenges in use, and the teacher’s role in robot-assisted learning. Classroom
observations took place under the supervision of a teacher.

Online Diaries. The teachers were instructed to fill in an online diary after each time
they used the robot in teaching. The diary included nine questions. Six of them were
close-ended and concerned the teaching context: taught language, teaching situation
(classroom or small groups), grade of pupils, number of pupils using the robot, how many
times the pupils had used the robot before, and duration of use. The rest of the questions
were open-ended and dealt with the task(s) conducted, feelings and experiences, and
challenges. In total, 49 diary responses were received from three teachers.

Online Questionnaires for Teachers. The teachers filled in two online questionnaires:
the first one before the study began (in April 2018), focusing on their expectations
towards using the robot in teaching. The second questionnaire was conducted in October
2018 with the focus on teachers’ experiences of robot-assisted teaching related to e.g.
children’s motivation, ways to utilize the robot, and the challenges in use.
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Online Questionnaire for Parents. Parents were invited to complete an online ques-
tionnaire during the latter half of the study period. The questions focused on e.g. things
that children had said about the robot at home and how did they describe the learning
with the robot. It also included questions that parents were instructed to ask from their
children, such as their experiences with the robot.

Interviews with Teachers. Interviews were conducted for three teachers in the end of
the usage period. The interviews lasted for 30—45 min and followed a semi-structured
discussion guide that dealt with e.g. the teaching experiences with the robot, the perceived
role of the robot in class and the challenges teachers had encountered with it.

3.3 Data Analysis

The Affinity Diagram technique [6] was used for the thematic analysis of the qualita-
tive data collected from observations, interviews, and open-ended answers from online
questionnaires and diaries. Observation notes were written by hand, and they were tran-
scribed and coded after the session. The data were transferred as affinity notes including
a single observation and the session code on each note. Open-ended answers from ques-
tionnaires and diaries were formulated into affinity notes with user codes. Interviews
were audio recorded and transcribed verbatim, and affinity notes were formulated from
the transcripts. The affinity diagram was built by two researchers. We focused on spe-
cific topics related to the research questions of this study, excluding themes that were
out of scope. The final Affinity Diagram focusing on our research questions consisted
of 7 main categories and 37 sub-categories. The quotes from participants have been
translated from Finnish for this article. The name of the robot has been removed.

3.4 The Language Learning Robot and App

We used the language learning robot Elias (eliasrobot.com) on our research. It is a mobile
app that, in our case, worked together with a 60-cm tall Nao (softbankrobotics.com),
social humanoid robot (see Fig. 1). The Nao robot is capable of e.g. walking, talking,
gesturing, playing audio files and face recognition. The learning content for the app has
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Fig. 1. The language learning robot and the mobile app (eliasrobot.com).
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been developed by an educational technology company and co-designed together with
the language teachers.

At the time of the study, the robot was able to teach English, French and German, and
it had two difficulty levels for English and one level for German and French. It included
several learning themes, e.g. greetings, colors, foods and emotions. The basic structure
of the robot-assisted lesson was the following. First task was to repeat vocabulary of the
selected theme. The mobile app showed images about the selected theme, e.g. emotions,
foods, numbers, or colors; the robot said the word aloud, and the child repeated it. This
was done three times per each word. After that, the child was expected to remember
the learned words. The mobile app showed the images and the child said the words
aloud for the robot. The next step was the dialogue: the mobile app’s images guided the
dialogue between the child and the robot. The final phase was the free dialogue with the
robot about the selected topic. During the learning session, the robot provided various
rewarding gestures and movements, such as cheering, nodding, dancing and clapping,
as well as verbal feedback for the performance.

4 Findings

4.1 Overall Learning and Teaching Experience

During the study, the robot was used in teaching in two primary settings: (1) with the
whole class, or (2) with groups of 2—4 pupils who completed 5—15 min lessons with the
robot in corridor while the rest of the class worked on other tasks in the classroom.
Positive Feelings and Motivation to Learn. The robot appeared to evoke positive
feelings such as happiness and curiosity in pupils: “It’s nice, I like it, it’s funny.” When
learning with the robot, they laughed and smiled, encouraged each other and even the
robot: “Everything that the robot does, [the pupils] laugh and giggle. It’s amazing.”
(Teacherl). When the robot was used in a corridor outside the classroom, other pupils
passing by looked at it and sometimes shouted its name eagerly or clapped their hands.
The teacher who taught the observed class was excited and eager to use the robot in
teaching: “For me this has been really inspirational. After each lesson, I have the feeling
that this is so great.” (Teacherl). Most pupils appeared enthusiastic and motivated
to learn English with the robot and did the tasks that it asked them to do. Teachers
appreciated the robot’s ability to create a relaxed and focused atmosphere in the class:
“Pupils were able to concentrate surprisingly well, even the rascals.” (Teacher2). While
most pupils appeared eager to interact with the robot when it was in the class, they
patiently waited their turn. Over-excitement was only seldom observed: a few times
the pupils in a small group started making fun of the robot’s utterances after they had
completed the lesson. However, while just the presence of the robot was enough to
evoke enthusiasm in the initial use, over time the novelty wore off and the teacher had
to plan more carefully how to use the robot in the actual teaching: “If I haven’t planned
myself something to do with the robot, it’s no longer a surprise element that it’s here.
Then it’s my responsibility to have a lesson plan which utilizes the robot.” (Teacherl).
Also the role of the relevant and varying learning content on the robot became much
stronger after the initial excitement towards the robot itself slightly decreased. Although
the strong excitement towards the robot mildly decreased, the motivation to learn with
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the robot remained high on the pupils throughout the study period — they were willing
and motivated to study with it even in the end of the 4-month research period.

Negative Experiences. While negative experiences were rarely observed or reported,
they are important to point out. Situations in which the robot did not work as expected
occurred during the study, causing frustration in teachers because they felt that time
was wasted, although technical problems did not bother pupils as much: “Pupils still
wait unusually patiently, even though the robot doesn’t do what it’s asked to do, and are
delighted about the things it does.” (Teacher2). Still, frustration related to the robot’s
imperfect speech recognition was expressed also by some pupils: “Sometimes it gets
confused and you cannot talk to it or it doesn’t listen”. Two of the teachers felt their
enthusiasm to use the robot in their own teaching was dampened by technical problems,
although they were generally positive towards the robot. Disappointment, possible feel-
ing of failure and loss of motivation were mentioned by two teachers when they described
a situation in which pupils in the class spoke with the robot and got a response from
it, except for one pupil who the robot ignored, i.e. its speech recognition did not work:
“One pupil was not understood and didn’t want to come [to speak with the robot] after
that. The child was crushed when [the robot] didn’t understand.” (Teacher3). A couple
of pupils also expressed wariness and hesitation when the robot was first introduced,
and occasionally the robot’s sudden movements frightened a child for a moment.

4.2 Tasks of the Robot and Teacher-Robot Collaboration

While the robot was originally intended primarily for language learning, various other
uses for it were invented at the school. One of the teachers was especially active in
engaging in various projects with the robot and pupils, e.g. writing and filming the
story of the robot: “There was writing, mother tongue, and television/media skills and
coding. Well, there was also language when the writers also translated [the story] into
English, so that it became bilingual.” (Teacherl). The robot also had a role in a school
festival. Moreover, another teacher saw that the positive side of technical problems was
that pupils got a learning experience of turn taking and that things do not always go
according to plan. We observed that teachers had a strong role in integrating the
robot into teaching. The robot was a new tool to the teachers and thus there were no
ready-made practices or guidelines in how to integrate it into teaching. Creativity and
flexibility were needed from the teachers to integrate the robot into lessons. Planning of
a robot-assisted lesson required extra effort compared to a traditional lesson.

The robot was likewise new to the pupils and especially first uses of the robot required
a lot of help from the teacher, who had to go back and forth between the classroom and
the small group who was interacting with the robot. “During the first lesson I was busy to
be in the classroom and in the corridor. Differentiation [of teaching] was challenging.
For the second lesson I got an instructor and it helped.” (Teacherl). Furthermore,
help was not always available when the robot had technical problems such as stopping
responding to commands. The teachers felt they lacked time to get deeply familiar with
the robot and develop their own ways of using it in teaching. “I think the school should
have a tutor [to help with the robot].” (Teacherl). During the study, we noticed that
the best way to support the formation of robot-assisted teaching practices and manage
the possible technical challenges is the peer-support inside the school — the most
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enthusiastic teachers could act as instructors. It would also be important to have some
guidelines and scenarios about how to use the robot in teaching.

4.3 Roles of the Robot

The robot became a popular “dude’ or mascot of the school with whom children liked to
act in many ways and projects. Throughout the study period, the children were curious
and interested about it and they considered it as motivational for learning. Children
seemed to express empathy and tenderness towards the robot. They were petting,
hugging and tickling it, and asked empathic questions from it. Even the oldest boys
expressed caring behavior towards the robot and played with it. The robot seemed to
have become everybody’s friend and a positive character. We recognized two specific
roles for the robot: encourager and learning companion.

Encourager. Two teachers pointed out that some shy and quiet children were encour-
aged by the robot to speak aloud: “It’s been great to see that the quietest pupil in
the class can be the most proactive and enthusiastic when working with the robot.”
(Teacher2). Some pupils also referred to this characteristic of a robot as something that
motivates them to learn: “The robot is kind-hearted and encouraging.” While the robot
was generally perceived as a peer, even a friend, its encouraging and friendly character-
istics appeared to give it a sense of authority so that pupils obeyed its suggestions and
followed instructions most of the time.

Learning Companion. Many pupils experienced that the robot inspired them to learn
because it was a fun learning companion and provided variety in teaching methods:
“[The robot] inspires because learning with it is different than with a teacher.” One
pupil also stated that the robot is nice because it is cute and helps in studying. While
learning outcomes were not assessed in this study, there were signs that at least some
pupils felt they learned better with the robot: “I remember words much better with the
robot.”

4.4 Multimodal Interaction and Behavior of the Robot

Verbal Communication. Most pupils were approaching the robot and interacting with
itnaturally and bravely. Speech seemed to be the most natural interaction modality: “Kids
are very excited about the robot and brave to talk, and they want to talk to it.” (Teacher2).
Children talked to it spontaneously. There were challenges in speech recognition, and
the robot did not always understand what children were speaking. The pupils usually
remained patient and tried to talk louder or closer to it, or raise its attention by shouting
it by name. Speech recognition was more successful with older children.

Nonverbal Communication. Physical embodiment with gestures and movements
seemed to make the robot to appear as a lively creature for the pupils. Pupils often
greeted the robot, tried to take contact with it, looked it into eyes, liked to be close
to it and touch it. The robot had several different kinds of gestures and movements,
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which made the interaction pervasive and interesting, and made learning a rewarding
experience. Pupils imitated the gestures and movements of the robot, e.g. clap of hands,
cheers and nods, and they were happy to receive a gestural reward after the learning task.
For example, when the robot was nodding, one child commented “It showed that I did
it right.” Gaze contact with the robot was very important for children, and they were
constantly seeking for it, e.g. by moving their face into very close distance to the face
of the robot: “Don’t look up, look at me!” They also made comments about whom the
robot was looking at.

The robot had some robotic ways of interaction, too. Based on our observations,
“the candy eyes”, i.e. colorfully lighted eyes with a sound effect, acted as the robot’s
strongest rewarding element. Collecting “candy eyes” motivated pupils to repeat the
words all over again and they started to compete about how many candy eyes each group
got: “Let’s try to collect 25 candy eyes!” We observed that the rewarding elements of the
robot worked best when they were not presented too often. In this way, pupils waited for
them to appear, and did not get bored on them. Entertaining movements, like dancing,
cheering and dabbing, also acted as good rewarding elements as well as active breaks
for the pupils. Some movements were designed to support learning directly, e.g. a song
“head, shoulders, knees and toes”” and movements while learning verbs. The movements
of the robot were well noticed and remembered by the pupils.

We observed that the robot’s appearance and embodiment were suitable for
schoolchildren. Most children approached the robot without hesitance and seated them-
selves at a very close distance. When they talked to the robot, they set their face next to
the face of it. They often wanted to touch and pet the robot, especially its head and hands,
hold its hand and tickle it. One characteristic that made the robot seem more lively was
its “own life” — due to occasional bugs and technical faults, the robot sometimes seemed
to live its own life by making sudden, funny comments and reactions. For example, it
could suddenly tell a joke in between the lesson: “I like the unexpectedness of the robot,
otherwise it would be boring.” (Teacherl).

5 Discussion and Conclusion

During our 4-month user experience study of the social and persuasive robot for learn-
ing, we observed that it became a well-known and popular mascot in the school. It
adopted a positive role as an encourager and learning companion for the pupils. It
was able to create positive atmosphere for learning in class, and pupils considered it
as a motivational “dude”. Pupils were willing to learn with the robot throughout the
research period and did what it asked them to do. We consider the learning robot as
an assistant for the teacher with its own strengths, with a lot of potential to be used in
various ways at school and for multiple projects. It has power to motivate pupils, as
other studies have also found [7, 27]. From the teachers’ perspective, there is a need for
support and models for taking the robot into classroom as a routine part of teaching.
Scenarios and guidelines about the robot-assisted learning would be needed, as well as
the models about how frequently and for what tasks the robot would be taken into. The
most enthusiastic teachers, the forerunners, could act as peer-supporters.
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Related to the interaction between the children and the robot, we observed many
persuasive and meotivational principles presented on the persuasive design models,
e.g. on [17]. Next, we discuss the most striking aspects. The physical embodiment and
appearance of the robot seemed to be well accepted and suitable for the children. It is no
wonder that Nao is the most popular platform for robot-assisted learning [2]. The physical
and lively robot itself acted as a very strong source of initial excitement and motivation.
In general, children approached the robot very naturally. They stated it looked cute
and they were willing to interact and learn with it by using several modalities (speech,
gestures, gaze, movements and touch). Being close to it, seeking for its eye contact,
talking to it and touching it happened spontaneously. Thus, the physical presence of
the robot seemed to be an important factor in interaction and learning. As Deng et al. [9]
discuss, physical embodiment is best suited for robots that act in social tasks. Due to its
physical embodiment and liveliness, the robot adopted a clear social role in the school
as a popular and friendly encourager and learning companion. The robot’s ability to
“live its own life” partly due to some bugs and technical flaws increased the perception
of it having its own interesting personality and will. The role of the learning content
inside the robot seemed to increase dramatically after the initial excitement about the
robot itself slightly decreased. The relevancy of the learning tasks given by the robot
and how the teacher integrated the robot to the teaching started to play a strong role
then. There needs to be a lot of variation on the robot’s learning content, and it needs
to evolve. It would also be important to develop it to be able to adapt to pupils’ levels
and states, as also noted by e.g. Leite et al. [16]. In any case, the physical robot and its
learning content together, when integrated efficiently to the teaching, seemed to support
and motivate rehearsal and repetition, which are the main keys in language learning.

Robots have special “robot-like” ways for non-verbal communication, such as lights
and sounds. The robot-like rewarding was one of the most striking persuasive element
on the robot of our study. The “candy eyes” and special movements gained a lot of
interest and excitement from the pupils and made the robot appear as a different kind of
a character than the teacher — the robot had some different and special elements when
compared to the human teacher. It appears possible to design strong rewarding elements
on social robots to boost pupils’ motivation to accomplish learning tasks. Especially
candy eyes raised competition among pupils, which made them repeat the vocabulary
endlessly. In future designs, we would like to emphasize the role of robot-like ways to
persuade. This may also relate to ethics. Especially small children tend to perceive social
robots as friends rather than tools, and create social bonds with them [14, 22]. It would
be important for the children to understand that robots are just technological devices
and not human-like creatures. That is why we would prefer to design more robot-like
persuasive behaviors, rather than too human-like, for robots that interact with children.

We noticed also social persuasive principles on the interaction between children
and the robot. The robot initiated collaboration — we noticed that the children were
encouraging each other and even the robot itself when working in small teams. They
were behaving well with the robot, and showed characteristics of empathy during the
interaction. Even for the oldest boys it was socially acceptable to show empathy and
play with the robot. Bertel [5] and Turkle [23] have made similar observations about the
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caring behavior towards the social robots. This potential to support learning of social
skills could be further explored in future research.

Naturalistic long-term studies can reveal users’ experiences that would remain unno-
ticed in one-time or short studies, and provide insight into contextual factors that cannot
be investigated in the lab. Naturalistic studies are still quite rare in the field of human-
robot interaction [9], giving much novelty value for our research. Our qualitative app-
roach aims at understanding the phenomena on CRI that lasts for several months, and
the user experiences of robot-assisted learning both from the pupils’ and teachers’ per-
spectives. Learning outcome was not in the focus of our study, but it is an important
topic that is being studied by several other research projects. Our future work will focus
on robot-specific ways of persuasion in CRI and the ethical aspects of robot-assisted
learning and persuasion. We are also interested in exploring more about the possibilities
of haptics as an interaction modality on CRI, as touching and being close to the robot
was very natural for the children.
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Abstract. Smart home systems increasingly find their way into private
households and efforts are being made to integrate lifelike user interfaces
(e.g. social robots) to facilitate the interaction with the smart environ-
ment. Considering this, the question arises which benefits such embodied
user interfaces offer compared to conventional devices. We are present-
ing a user study within a smart office setting in which 84 participants
were either interrupted by a tablet, a non-expressive social robot, or an
expressive social robot by being asked to perform tasks regarding their
physical well-being. Results show that each type of user interface bears
different advantages. While the tablet comes with a significantly higher
usability and a lower level of perceived workload, both versions of the
social robot outperform the tablet in terms of social perception and the
overall evaluation of the interaction. Overall, the results provide valu-
able insights informing designers of smart environments which device to
choose to enhance certain aspects of the quality of interaction.

Keywords: Human-robot interaction + Smart environment - Smart
home - User interface -+ Embodiment - Expressivity - Well-being

1 Introduction

In today’s society, many technical developments are about to become part of our
everyday life. Not only should such systems be integrated into our homes and
support us in accomplishing tasks (e.g. by mowing the garden), but also actively
contribute to our well-being (e.g. by suggesting useful activities for us). Par-
ticularly embodied, expressive devices seem suitable to support and persuade
us in a natural manner. However, to date, it is not clear to what extend the
embodiment and non-verbal expressivity of such life-like systems impact user
perception when they are actually implemented as the interface within a smart
home.

In this contribution, we investigate how the choice of interaction device in a
smart environment affects the overall interaction quality. Thereby, we look into
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different dimensions of user perception: on the one hand, we examine possible
negative effects of the interruptions prompted by the respective smart environ-
ment’s interface, on the other hand, we aim to gain insights into the potential
benefits of an (expressive) social robot in that domain.

In the following subsections, we introduce the key concepts necessary for our
endeavour.

1.1 (Embodied) User Interfaces in Smart Environments

Smart environments are getting more and more popular. Currently, interaction
with and control of the smart environment is mainly done via interfaces on
smartphones or tablet computers, e.g. [13].

The application of social robots in smart environments has gained increasing
attention recently. In general, social robots are designed to provide a natural
and intuitive interface that facilitates communication by verbal and non-verbal
channels. Research in the field of social robotics postulates that the physical
embodiment of devices bears great advantages such as enhancing social presence
or engaging in physical tasks [5].

To investigate which channels are actually used to communicate in smart
environments, Holthaus et al. [19] provided a multi-modal corpus that was
recorded in a smart environment (including a social robot), in which partici-
pants had to solve certain tasks to explore intuitive forms of interaction. Work
that has investigated social robots in smart offices addresses how the acceptance
of such robots can be increased [26] or highlights the importance of integrating
the user into the process of designing the robot [31].

A task frequently reported on for social robots in the home environment
(mainly in the domain of elderly care) is to provide reminders, to deliver mes-
sages, or to give suggestions for personal well-being, e.g. [2,10,15,17,28].

1.2 Emotional and Social Expressivity

Emotional display seems to be a key factor for social robots - especially the
importance of communicating the affective state of a social robot through facial
expressions, gaze, and affective speech has been highlighted [6]. An expressive
robot has been shown to outperform the same robot which does not provide
emotional display, e.g. in the domains of storytelling [32] or gaming [22].

Examining the persuasive power of a social robot in a home setting in relation
to its level of agency, Midden and Ham [25] found that the social behaviour of a
robot had a positive impact on people’s own behaviour compared to an energy
meter. However, different levels of agency did not have an effect.

Only few studies have directly compared the interaction with a social robot
to more traditional devices. So far, it has been shown that people interacting
with a social robot experience more joy and build a closer relationship to the
user interface than during the interaction with a desktop computer [21]. This is
supported by another study, in which a social robot was evaluated to be more
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pleasureable and significantly more usable (less complex and easier to learn)
than a tablet [16]. However, these findings are contradicted by Luria et al. [23]
according to whom traditional user interfaces (e.g. smartphones) are classified
as significantly more usable than a social robot.

1.3 Interruptions for Behaviour Change

It is considered a social norm not to interrupt a person while they are concen-
trating on something, unless sufficiently important arguments would justify it
[3]. One reason behind this is that, especially in today’s performance-oriented
society, an interruption also means distraction, which consequently might lead to
reduced productivity [24,29]. Given this, however, it seems even more desirable
to have systems that interrupt our busy everyday life and help us stay healthy,
e.g. by suggesting well-being tasks.

Research has mainly focused on the timing when a system should interrupt
a person. Bailey et al. [3] showed that particularly the cognitive workload at
the moment of the potential interruption is decisive [1]. In a smart office envi-
ronment, these indicators for a reasonable time of user interruption have been
shown: the activity of the user, the number and activity of other persons present,
as well as environmental information such as the current time, or whether the
office door is closed [20].

The authors [3] also summarized negative consequences of interruptions by an
interface: (1) An interrupted task is executed more slowly than a uninterrupted
one; (2) an interrupted task is subjectively perceived as more difficult; (3) a
person experiences more distress if their primary task is disturbed by a peripheral
one.

We are not aware of work that investigated whether the type of device that
triggers the interruption has an effect on the perceived workload of the task or
on the person’s overall experience.

1.4 Contribution

Considering that social robots are increasingly emerging as smart home interfaces
and are expected to positively impact the interaction with [5] and the persuasive
power of [14] the system, the question arises to what extend their embodiment
and non-verbal expressivity actually add value compared to conventional devices.

The present contribution gives first indications on how the choice of interac-
tion device in a smart environment as well as differences in its emotional display
affect various dimensions such as usability, social perception, perceived workload,
overall suitability, and quality of interaction.

2 Experimental Setup of the Smart Office Environment

To investigate the benefits of the embodiment and expressivity of a user interface
for a smart environment, we created a realistic setup of a smart office within one
of our offices at the University of Wiirzburg. It contained i.a. two desks separated
by a wall - one dedicated to the experimenter, the other to the participant.
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2.1 Implementation of the User Interfaces’ Behaviour
We used three interfaces for our study, which differed in the following modalities:

1. Tablet: No anthropomorphic embodiment, no emotional expressivity.

2. Neutral Social Robot: Anthropomorphic embodiment, no emotional
expressivity.

3. Emotional Social Robot: Anthropomorphic embodiment and emotional
expressivity.

The tablet condition was meant to reflect the current situation of controlling a
smart home. For the present study, we chose an Apple iPad mini (7.9 in. display)
and its integrated iMessage service. Incoming text messages were indicated by a
preset tone. For the two social robot conditions, we chose the expressive social
robot Reeti'. The Reeti robot is 44 cm tall and has 14 degrees of freedom in its
head and neck area. For speech output, the text-to-speech function was used.
The robot’s behaviour was modeled by using the Visual SceneMaker [12]

Exactly the same wording was < =
used across all three conditions, but
was communicated differently: While
the tablet simply displayed textual
messages on its screen, the neu-
tral social robot spoke the respec-
tive words via the integrated text-
to-speech system while moving its
lips. The expressive social robot
additionally showed several non-
verbal expressions (e.g. smile, wink, Fig. 1. Recreated scene of a participant
head tilt) accompanying its verbal interacting with the social robot.
behaviour.

Figure 1 shows an exemplary interaction with the Reeti robot. For the partic-
ipants, it seemed as if they were interacting directly with an autonomous smart
home system. However, the clues were initiated by the experimenter in a Wizard
of Oz setting.

2.2 Office Work and Physical Well-Being Tasks

In smart environments, hints are usually given while users are doing other activ-
ities. Therefore, we kept participants busy during the session with a repetitive
task we stated to be important for our research. This so-called “Emotional Tag-
ging” consisted of five fairy tales, which should be prepared using a coding
template for a voice actor. Printed on paper, participants should mark which
feelings they connected to the respective text passage (e.g., “anxious,” “interes-
ted,” “scared”). It was explained that the goal of the emotional tagging was not
to complete all of the fairy tales, but a conscientious approach within the time
available.

! Reeti robot: http://www.robopec.com/en/products/reeti-robopec/.
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To improve the physical well-being in such routines, the smart home system
asked participants to perform tasks during their work. These tasks were based
on findings of the German Federal Institute for Occupational Safety and Health
[33]. In particular, the system asked to improve their posture and relax their
muscles (task 1), to drink some water (task 2), and to walk a few steps (task 3).
A side table with a glass of water on top was added to the office environment
and sufficient space for movements was assured. An overview of the test room is
shown in Fig. 2.

. 1) TABLET
/((‘ L )
EXPERIMENTER PARTICIPANT
P
2) SOCIAL ROBOT
DIVIDING WALL (NEUTRAL)
SIDE TABLE (>~
WITH GLASS “J
OF WATER 2
FREE SPACE -
@ 3) SOCIAL ROBOT
(EXPRESSIVE)

Fig. 2. Experimental setup

3 User Study

A user study with a 1 x 3 between-subjects design was carried out to compare
the three conditions. Our key question was whether the embodiment and non-
verbal expressivity of the central smart home user interface does add value. As
shown in Sect. 1, science is still divided over the examined interfaces’ benefits.
Though we expect differences in one direction or another, it is impossible to
make concrete hypotheses. We therefore pose the following research questions:

RQ1: Do the three user interfaces differ in terms of usability?
RQ2: Do the three user interfaces differ in terms of perceived workload?
RQ3: Do the three user interfaces differ in terms of their social perception?
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RQ4: Do the three user interfaces differ in terms of the evaluation of the
interaction with the respective system?

RQ5: Do the three user interfaces differ in terms of assessed suitability as
central user interface within a smart environment?

3.1 Questionnaires

The usability of the respective user interface was measured with a German
translation [30] of the System Usability Scale (SUS) [7]. The SUS contains a
total of ten items ranging from 1 = “Totally disagree” to 5 = “Fully agree”.

To measure the perceived workload of the task of emotional tagging, a
German translation [27] of the NASA Task Load Index scale (NASA TLX scale)
[18] was used. It consists of six bipolar items ranging from 0 to 100 (descriptors
at the two extremes).

To rate the social perception of the system, we used the Robotic Social
Attributes Scale (RoSAS) [8]. The scale contains three subscales (warmth, compe-
tence, discomfort) with six items each. The 18 items range from “Not applicable
at all” to “Absolutely applicable” on a 5-point scale and were translated into
German for the present survey. Although the scale was originally intended for
robots, the contained items seemed to be suitable for the tablet as well.

The evaluation of the interaction with the respective system was mea-
sured by using eleven adjectives [11]. Participants were asked to consider the
enjoyableness (seven items) and usefulness (four items) of interacting with the
respective smart home system on a 5-point scale ranging from “Not applicable at
all” to “Absolutely applicable”. The translation of the original items was taken
from a previous survey [9].

The same work [11] was also used to assess the respective system’s sui-
tability as central user interface within a smart environment. Items were
translated into German and adapted to the smart home context (original intent:
measuring the suitability of a robot as a gymnastics trainer). For reasons of
consistency, a 5-point scale was used (“Completely disagree” to “Fully agree”).

In the end, the participants had to give an indication of their technical affinity
and the regularity of their usage of smart home systems. Depending on the
condition, the regularity of using tablet computers (condition 1) respectively
social robots in general and Reeti in particular (conditions 2 and 3) was queried
as well. In a final socio-demographic questionnaire, participants were asked about
their gender, age, highest education, and their major subject of study.

3.2 Procedure

The Participants were greeted by the experimenter, randomly assigned to one
of the three conditions, and introduced to the task of emotional tagging. They
were also informed that a smart home system was installed in the room, which
would guide them through the experiment as well as pay attention to their
physical well-being. Participants were asked to follow the system’s instructions,
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which ensured that all of them went through the same tasks. Each session lasted
approximately 30 min and consisted of the following steps:

Part 1 (about 15 min): Interaction with the smart office (performing the well-
being tasks) while working on the task of emotional tagging.

Part 2 (10-15 min): Questionnaires (usability, perceived workload, social per-
ception, evaluation of the interaction, suitability as central user interface,
socio-demographics).

3.3 Participants

A total of N = 84 participants took part in the study. All of them were students
in their Bachelor studies in the fields of Media Communication (n = 68; 81.0%)
and Human Computer Interaction (n = 16; 19.0%) and recruited via an internal
pool of participants. However, the experimenter did not know them in advance.
Participants were M = 21.25 years old (SD = 1.93), n = 20 (23.8%) were male
and n = 64 (76.2%) female. The majority stated to feel above average in dealing
with computer technology (n(“pretty save”) = 41; 48.8% and n(“very save”) =
17; 20.2%). Despite this high level of technological affinity, hardly anyone had
experience with smart home systems: 88.1% (n = 74) of the participants inter-
acted with a smart home system for the first time in the present study. The
participants distributed evenly over the three experimental conditions (n = 28
per condition) and the experimental groups did not differ statistically in terms
of the demographic variables collected.

4 Results

All mean values and standard deviations of the experimental groups are illus-
trated in Fig. 3.

We used one-factorial variance analyses (ANOVAs) for independent samples
to explore our research questions. For all analyses the Type I error rate was set
to .05. A level of p < .01 is seen as highly significant, p < .001 as most significant,
and a level of p < .1 as marginally significant (c.f. [4] for fields of studies that
are hitherto little researched).

Regarding the systems’ usability (RQ1), significant differences were found
between the conditions (F(2, 47.51) = 4.78, p < .05, n* = .08). In detail, a
significant difference was found between the tablet and the neutral social robot
(p < .05 (.25, 95%-CI[.01, .49]) as well as a marginally significant difference
between the tablet and the expressive social robot (p < .1 (.18, 95%-CI[—.02,
.18]). This indicates the tablet having the highest usability, followed by the
expressive social robot.

In terms of perceived workload (RQ2), results can be regarded as mar-
ginally significant (F(2, 81) = 3.09, p < .1, n? = .07). In particular, the dif-
ference was found between the tablet and the expressive social robot (p < .1
(—6.33, 95%-CI[—12.81, .14]). Thus, participants felt more stressed by the task



92 A. Deublein and B. Lugrin

when interacting with the expressive social robot than when interacting with the
tablet.

With regard to the systems’ attributed social perception (RQ3), we
found most significant differences between the conditions (F(2, 81) =
9.66, p < .001, n? = .19). In detail, the tablet differs from both social
robot conditions: While the difference between tablet and expressive social
robot is highly significant (p < .01(—.36, 95%-CI[—.60, —.12])), the dif-
ference between tablet and neutral social robot is considered as most sig-
nificant (p < .001 (—.40, 95%-CI[—.64, —.16]). Thus, the neutral social
robot was attributed the highest social characteristics, the tablet the low-
est ones. The subscales give additional insights: On the subscale warmth,
we found a most significant difference (F(2, 81) = 23.07, p < .001,
n? = .36) between the conditions tablet and neutral social robot (p < .001
[4] (—1.06, 95%-CI[—1.52, .60]) as well as between tablet and expressive social
robot (p < .001 (—1.18, 95%-CI[—1.64, .73])). The subscale discomfort reveals
a highly significant difference (F(2, 81) = 4.65, p < .05, > = .10) between the

WTablet ®Neutral social robot ®Expressive social robot

Mean values
w

RQ1: Usability RQ3: Social RQ4: Evaluation of  RQ5: Overall RQ2: Perceived
perception the interaction suitability workload

Mean values (subscales)

RQ3: warmth RQ3: competence  RQ3: discomfort RQ4: enjoyableness RQ4: usefulness

Fig. 3. Mean values and standard deviations for RQ1-5. Significance levels: * = p <
.05; ¥ = p < .01; *** = p < .001; (*) = p < .10.

Note: Main results are illustrated in the upper diagram, subscales’ results in the bottom
one. The scale of RQ2 (0-100) differs from the others (1-5) and is thus to be read on
the right hand side secondary axis.
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tablet and the expressive social robot (p < .01 (.27, 95%-CI[.06, .48])). In terms
of the subscale competence, however, no significant differences could be found
between the conditions (F(2, 50.85) = 1.55, p = .22).

The participants’ evaluation of the interaction (RQ4) revealed a signifi-
cant difference between the conditions (F (2, 81) = 3.18, p < .05, > = .07). In
particular, significant differences were found between the tablet and expressive
social robot (p < .05 (—.44, 95%-CI[—.86, —.01])). Participants interacting with
the latter found the interaction to be significantly more positive than those who
had been assigned the tablet condition. A closer look at the subscales provides
further details: The subscale enjoyableness of interaction shows highly significant
differences between the conditions (F(2, 81) = 8.03, p < .01, n* = .17). Again,
the tablet differs from both social robot conditions. In this case, however, the
tablet was rated significantly worse than the neutral social robot (p < .05 (—.54,
95%-CI[—1.00, —.08]), the difference to the expressive social robot is even highly
significant (p < .01 (—.74, 955%-CI[—1.20, —.29])). Regarding the subscale use-
fulness of interaction, we could not observe significant differences between the
conditions (F(2, 81) = .14, p = .87).

In terms of the systems’ overall suitability as central user interface
(RQ5), no significant differences between the conditions were observed either
(F(2,81) = .53, p =.59). Accordingly, it must be assumed that the embodiment
and non-verbal expressivity of the user interface had no effect on the systems’
perceived suitability as the central smart home user interface.

5 Discussion

With regard to RQ1, it first should be noted that all groups’ mean values are in
the upper 20% of the scale. This implies that the usability of all conditions was
classified as overall positive. The fact that the tablet shows a higher usability
than both social robot conditions is in line with the results of Luria et al. [23],
according to which accustomed devices are classified as more usable than those
with which users have had little contact. Interestingly, the usability of the tablet
differs significantly from that of the neutral social robot, but only marginally
from that of the expressive social robot. Therefore, although no explicit benefit
of expressive behaviour could be proven, the implemented expressivity of the
social robot seems to have had a positive effect on the perceived usability.

The results of RQ2 show that the interruptions by the expressive social robot
caused a higher perceived workload than those by the tablet. The workload
in the neutral social robot condition does not differ significantly from any of the
other two groups, but is closer to the values of the tablet condition. This suggests
that the higher perceived workload was not provoked by the social robot itself,
but by the additional movements of the expressive version. However, the average
perceived workload was very low across all conditions.

According to our findings regarding RQ3, the social perception of the
social robot in the two respective conditions is rated significantly higher than
that of the tablet. In detail, the tablet differs highly significantly from the expres-
sive social robot and, surprisingly, even most significantly from the neutral one.
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This contradicts earlier findings (c.f. Sect. 1.3), according to which the expressive
social robot should outperform the neutral one in this regard. A possible expla-
nation can be found in the subscale discomfort: While the tablet reaches the best
value here, the expressive social robot is classified as highly significantly more
uncomfortable, while the neutral one does not differ significantly. Presumably,
the additional movements of the robot were perceived as distracting.

With regard to the evaluation of the interaction (RQ4), the expressive
social robot performs significantly better than the tablet, while the neutral social
robot does not differ significantly from the other two conditions. In particular,
the subscale enjoyableness of interaction shows that the interaction with the
tablet was perceived as less joyful than the ones with the neutral (significant
difference) and the expressive social robot (highly significant difference). This
result supports previous findings [21,23]. On the subscale usefulness of interac-
tion, none of the interfaces differs significantly from the others. However, it must
be noted that for all devices the perceived usefulness of interaction is very low.
This could be due to the artificial setting and the quite frequent interruptions
necessary for the study.

The results of RQ5 show no significant differences in the three interfaces’
suitability as central user interface. This can be explained by the findings
from RQ 1-4, where each condition proved individual advantages. Accordingly,
most of the aspects queried in RQ5 are relatively identical across the experimen-
tal groups. Nevertheless, it should be noted that all mean values of the ascribed
suitability are in the upper half of the scale, indicating that every system exa-
mined was rated as suitable overall. Given the proven benefits of the expressive
social robot, it is desirable to further improve its expressive behaviour in order to
reach its full potential as central user interface. By doing so, current weaknesses
could be transformed into future strengths.

6 Conclusion

In this contribution, we explored whether a social robot (with or without non-
verbal expressivity) as the interface of a smart office is beneficial compared to
the more common interface of a tablet computer. During a laboratory user study,
we measured user ratings of the systems’ usability, social perception, suitability
as central user interface, as well as participants’ perceived workload and evalu-
ation of the interaction with the system. Our results indicate that none of the
experimental conditions was generally perceived superior to the others. Rather,
each interface revealed advantages on different dimensions. In terms of usabi-
lity and perceived workload, the tablet performed best. With regard to social
perception and overall evaluation of the interaction, both robot version (neutral
and expressive) outperformed the tablet. Although the expressive social robot
performed slightly better than the neutral one, hardly any significant differences
were found between the two robot conditions.

While much more research is needed to define clear guidelines for interface
designers of smart environments, the present study is, nevertheless, a first step
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to highlight the potential benefits of different devices by directly comparing
them on several dimensions. As a next step, the persuasive power of different
implementations needs to be investigated.
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Abstract. Persuasive technologies to support behaviour change (e.g.,
fitness trackers) have become increasingly popular among consumers and
healthcare providers. However, studies show that such technologies often
fail to offer long-term engagement and tangible health benefits. In this
regards, the specific design of persuasive messages provided by the device
and users’ reactions to it may play a critical role. Our research explores
the potential of applying theories of construal level and communication
style to formulating feedback messages in self-improvement technologies.
Two experiments (N = 190, N = 177) examine the influence of these two
factors on goal commitment and affect-based evaluation for situations of
fitness goal attainment and failure. Overall, construal level and commu-
nication style were relevant factors with independent influence. In the
positive situation of goal attainment, high construal level and a friendly
communication style resulted in significantly more goal commitment and
positive affect than low construal level and a dominant communication
style. In the negative situation of failure, results were overall less unam-
biguous and need to be consolidated by further research. Implications
for the design of persuasive feedback are discussed.

Keywords: Persuasive feedback - Physical activity - Self-improvement

1 Introduction

An ever increasing number of people are starting to use mobile applications to
improve their fitness level and well-being [22]. One essential aspect to make mobile
fitness applications more meaningful and support behavioural change is appro-
priate feedback [2]. However, results focusing on the benefits of self-improvement
technologies are inconclusive, with some presenting promising results [5], whereas
others point to issues research in persuasive technology still needs to address. For
instance, many fitness apps still struggle to deliver long-term health benefits [16].
Most users stop using their apps after a short usage period [13], partly due to frus-
tration with feedback and goal setting modalities [4].
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The critical influence of the particular way the app provides feedback also
becomes comprehensible when considering the role of technology as a social
agent [2]. Humans have a tendency to interact with media in a social way [18].
Thus, one might conclude that technologies for self-improvement may slip into
the role of an interactive coach [21,25]. In parallel to a human coach, where
communication is an essential part to support behaviour change (e.g., in coach-
ing [12]), interactive coaches may be more or less successful depending on the
way they ‘speak’ to the user [3].

In this paper, we explore the degree of influence of the tone in which per-
suasive feedback is given (the communication style: friendly versus dominant)
and the cognitive strategy of interpretation suggested by the formulation of the
message (construal level, low/concrete versus high/abstract) impact the affec-
tive response and goal commitment of participants in a physical activity context.
In short, the construal level describes how concretely or abstractly something
is represented in a person’s mind, which is naturally affected by the words to
describe it with; e.g. walking 1000 steps each day (concrete) versus becoming
a fitter person (abstract). In addition, we explore these effects for two types of
feedback content; success versus failure (here: fitness goal attainment or lack
thereof).

The present paper is structured as follows: The next section discusses relevant
theoretical background connected to our research endeavour, including construal
level theory [26] and research on communication styles of interactive tools for
self-improvement [21]. The subsequent sections present two empirical studies,
followed by a general discussion of our study findings and future research.

2 Background

We first introduce construal level theory [26]. Then we report on past work on
communication styles of interactive technologies for self-improvement.

2.1 Construal Level Theory

Construal level theory (CLT) originates from work by Trope et al. [26]. CLT
differentiates between high level construals, which are relatively abstract, and
low-level construals, which are relatively concrete. The construal level has been
identified as relevant for the further cognitive processing of information and a
number of additional psychological variables. For instance, when a horse is con-
strued more abstractly, i.e. as a mammal, the information regarding the species
of the mammal, i.e. the horse, is omitted. Activities can also be construed in
more abstract or more concrete terms. High construal level can be induced by
providing the reasons for an activity; low construal by the information on how
an activity is performed. This in turn means that superordinate goals should be
more salient when construed more abstractly. Thus, depending on whether an
object or activity is represented in a more abstract or more concrete way, we
are considering or omitting certain attributes of it. Fujita et al. [10] conducted
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a sequence of experiments using different manipulations to investigate the influ-
ence of construal level on self-control, showing that higher construal levels led to
higher self-control. In conclusion, the authors claimed that any factor that influ-
ences the level of construal could potentially influence self-control and actions
of individuals. One of such influencing factors could be a person’s mood, given
that a positive mood has been associated with processing visual information on
a more global level than a neutral mood [11]. Along these lines, Labroo and
Patrick demonstrated that being in a positive mood led to more abstract think-
ing and a focus on superordinate goals, whereas a negative mood shifted the
focus more on subordinate goals [17]. In consequence, a positive mood may acti-
vate a more abstract construal level and subsequently support self-control. Our
research may provide another step in this direction, investigating how a shift in
construal level is influencing the affective and motivational experience of mobile
fitness app feedback. In addition, given the central relevance of emotions for
achievement and motivation [24], we also consider the so-called communication
style of interactive products [21] as another potential influencing factor of peo-
ples’ affective and motivational experience in the context of goal achievement.

2.2 Conceptualising Communication Style of Interactive
Technologies

As already argued in the 90s by Nass et al. [20], society is heading towards a time
where more and more technologies turn into interactive partners or coaches [14].
Scholars found that humans act towards computers based on behavioural scripts
of human-human interaction, as for example, applying social norms such as
courtesy or screaming at their computer if it doesn’t behave the way they
wished [8,20]. Given this natural tendency of humans to engage in social interac-
tion with technology, the deliberate design of the communication and dialogue in
Human-Computer Interaction (HCI) seems of vital importance for the resulting
user experience, particularly for the context of technology supporting behaviour
change such as the design of fitness apps. Recent work on the border of Psy-
chology and HCI found that users are able to perceive the communication style
of interactive technologies for self-improvement and to differentiate between dif-
ferent styles [21]. Further, they found that different communication styles seem
to be connected to different affective and emotional reactions [4,21]. Based on
recent research on communication styles of self-improvement technologies [4,21],
we chose two communication styles to focus and operationalise in our experi-
ments, namely, the so-called friendly/cooperative communication style and the
critical/dominant communication style. The friendly/cooperative communica-
tion style can be described as friendly, helpful and resilient. When implemented
in a self-improvement technology, the feedback messages of the medium would
be friendly, understanding and supportive. For example, if a user failed to reach
their fitness goal, the technology might comment on this with ‘Keep pushing
and don’t give up’. In contrast, the critical/dominant style of communication
focuses on the mistakes and weaknesses of the user. Hence, the feedback would
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reprimand the user and focus on their imperfections, e.g. ‘You failed. You have
to get a move on now’.

3 Research Goals and Contributions

The design of persuasive systems to support behavioural change is a complex
endeavour. Affective and cognitive factors should be considered when design-
ing persuasive feedback. Affective experiences have a bidirectional connection
to construal level and are of relevance for achievement [24]. Previous research
showcased the impact of communication style of self-improvement technologies
on the behaviour change process and pointed towards a more positive reaction
towards the friendly communication style. Thus, the present study investigates
the effect of level of construal and communication style on affective response
and goal commitment in a mobile fitness application context. The present paper
is, to the best of our knowledge, the first study exploring communication style
in a controlled environment and applying construal level theory in persuasive
feedback.

Fitness advice Fitness advice Fitness advice Fitness advice

Excellent! You've achieved your Well, you've achieved your fitness Unfortunately, you didn't reach Well,you didn't reach your recent

fitness goal of taking 8000 steps goal of taking 8000 steps today. your recent fitness goal of taking fitness goal of taking more steps.
today. Try to continue taking 667 You have to continue taking 667 more steps. Keep pushing, be- Don'tbe so lazy or you'll never
steps per hour for 12 hours during steps per hour for 12 hours during cause this will help you get fitter. getfitter.

your day to reach your goal again. your day or you'll never get fitter

(a) Goal attainmen- (b) Coal attainme- (c) Failure, friendly (d) Failure, domin-

t, friendly commun- nt, dominant com- communication ant communication
ication style, low munication style,  style, high constru- style, high constru-
construal level. low construal level. al level. al level.

Fig. 1. Examples of mockup mobile application screens presented in the survey.

4 Study 1 (Goal Attainment)

Based on previous research showing that abstract construal prompts a focus on
the positive reasons underlying experiences [7,27], we hypothesise that abstract
construal should lead to a more positive affective response and higher goal com-
mitment. Furthermore, we predict that a friendly communication style should
lead to a more positive affective response and higher goal commitment in a
positive situation (goal attainment). Specifically, we hypothesise:
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— H1la: High level of construal results in a significantly more positive affective
response than low level of construal.

— H1b: Friendly communication style results in significantly more positive affec-
tive response than dominant communication style.

— Hlc: At high level of construal, the positive effect of a friendly communication
style on affective response is more pronounced than at low level of construal.

— H2a: High level of construal results in significantly more goal commitment
than low level of construal.

— H2b: Friendly communication style results in significantly more goal com-
mitment than dominant communication style.

— H2c: At high level of construal, the positive effect of a friendly communication
style on goal commitment is more pronounced than at low level of construal.

4.1 Design and Method

Our study used a 2 (construal level: abstract vs. concrete) x 2 (communica-
tion style: friendly vs. dominant) between subjects design with four different
vignettes. In vignette studies, participants are asked to see the world through
the eyes of a hypothetical person in a specific scenario. As shown in previous
applications, vignette studies balance the benefits of experimental research with
high internal validity and the advantages of applied research with high external
validity [1]. The vignette study was conducted online and the participants were
randomly assigned to one of four conditions.

Participants. We recruited 190 participants (111 male, 79 female), aged 19—
69, M = 35.97, SD = 11.56 using Amazon Mechanical Turk (MTurk). Given
that replications studies in different areas of research using MTurk led to com-
parable results as the original studies [23], MTurk has become a popular means
of recruitment for research in Psychology [27] and Human-Computer Interac-
tion [6]. The recruited participants resided in the United States or the European
Union. We required participants to have completed at least 1,000 HITs with a
95% acceptance rate, in line with past work in Psychology and HCI [6]. The
survey took an average of 3min 14s to complete and the participants received
$0.80 as compensation.

Procedure. In the online vignette study, users were presented with a neutral
description of the situational context. They were asked to imagine that they have
recently downloaded a fitness app, in order to become more active. Furthermore,
they have been informed that they have used it all week and that they have
recently increased their step goal to 8000 steps per day. The participants have
been told that they wake up in the morning and the fitness app presents them
with the following feedback, which they study carefully. Afterwards, we showed
a prototype phone screen with fitness advice in one of the randomly assigned
conditions, informing them that they had achieved their goal. Figurel shows
examples of the screens.
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Measures. After the survey introduction, we presented the participants with
questions regarding their demographic data. We then inquired about their affec-
tive response and their goal commitment. The order of the scales has been ran-
domised. We administered the Goal Commitment Scale [15], where the partici-
pants indicated their agreement on a Likert scale from very strongly disagree to
very strongly agree. We queried the affective response of the participants based
on the items used by Williams et al. [27]. The participants evaluated the extent
to which the feedback of the fitness app felt ‘pleasant’, ‘desirable’, ‘painful’, and
‘unpleasant’ (latter two reverse-coded). These responses were made on 7-point
scales anchored by ‘not at all’ and ‘very’.

4.2 Results — Study 1

How do level of construal and communication style of fitness app feedback
influence users’ affect-based evaluations of the feedback when they achieved
their goal? To answer this question, a two-way ANOVA was conducted. This
analysis revealed a significant main effect of the construal level manipulation
(F(1,186) = 4,709, p = .031). Participants who were presented with the feed-
back in a concrete manner reported lower evaluations (M = 16.85, SD = 7.26)
compared to those who were presented with the feedback in an abstract man-
ner (M = 19.52, SD = 7.12). Thus, Hla is confirmed. There was also a
statistically significant main effect of the communication style manipulation
(F(1,186) = 55,411, p < .001). Participants who were presented with the dom-
inant communication style reported lower evaluations (M = 14.90, SD = 7.03)
compared to those who were presented with the friendly communication style
(M = 21.80, SD = 5.75). Thus, H1b is confirmed. There was no interaction
between the construal level and the communication style factors (p > .05). Thus,
Hlc is not confirmed.

How do level of construal and communication style of fitness app feedback
influence users’ goal commitment when they achieved their goal? To answer this
question, a two-way ANOVA was conducted. This analysis revealed a significant
main effect of the construal level manipulation (F'(1,186) = 7,589, p = .006).
Participants who were presented with the feedback in a concrete manner reported
lower goal commitment (M = 29.91, SD = 6.12 compared to those who were
presented with the feedback in an abstract manner (M = 32.41, SD = 5.54).
Thus, H2a is confirmed. There was also a statistically significant main effect
of the communication style manipulation (F'(1,186) = 5,564, p = .019). Par-
ticipants who were presented with the dominant communication style reported
lower goal commitment (M = 30.27, SD = 5.93) compared to those who were
presented with the friendly communication style (M = 32.25, SD = 5.82). Thus,
H2b is confirmed. There was no interaction between the construal level and the
communication style factors (p > .05). Thus, H2¢ is not confirmed. Figure 2
presents the results.
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5 Study 2 (Failure)

Study 2 replicates study 1 in negative situations (failure; i.e. where users failed to
reach a goal and the fitness app is confronting them with an according message),
in order to test the generalisability to both positive and negative situations. We
expected the same effects as for study 1. Hence, the present study also investi-
gates the effect of level of construal on affective response and goal commitment
in a mobile fitness application context. Similar to study 1, we are combining this
approach with an inquiry regarding the communication style of self-improvement
technologies.

In line with our previously described assumptions, we hypothesise that
abstract construal would lead to a more positive affective response and higher
goal commitment. Furthermore, we predict that a friendly communication style
would lead to a more positive affective response and higher goal commitment. In
the present study we are exploring these assumptions in a negative situational
context (failure). Specifically, we hypothesise:

— H3a: High level of construal results in a significantly more positive affective
response than low level of construal.

— H3b: Friendly communication style results in significantly more positive affec-
tive response than dominant communication style.

— H3c: At high level of construal, the positive effect of a friendly communication
style on affective response is more pronounced than at low level of construal.

— H4a: High level of construal results in significantly more goal commitment
than low level of construal.

— H4b: Friendly communication style results in significantly more goal com-
mitment than dominant communication style.

— H4c: At high level of construal, the positive effect of a friendly communication
style on goal commitment is more pronounced than at low level of construal.

5.1 Design and Method

Again our study used a 2 (construal level: abstract vs. concrete) x 2 (communi-
cation style: friendly vs. dominant) between subjects design with four different
vignettes. Similar to study one, the vignette study was conducted online and the
participants were randomly assigned to one of four conditions. The procedure
was similar to study 1, apart from one detail. Users were informed that they
had failed to achieve their goal. Figurel shows examples of the screens. The
measures used were similar to the measures applied in study 1.

Participants. We recruited 177 participants (104 male, 73 female), aged 20-69,
M = 33.45, SD = 9.35 using Amazon Mechanical Turk (MTurk). The recruited
participants resided in the United States or the European Union. We required
participants to have completed at least 1,000 HITs with a 95% acceptance rate,
in line with past work in Psychology and HCTI [6] The survey took an average of
3min 04s to complete and the participants received $0.80 as compensation.
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Fig. 2. A visual summary of the results of the two studies.

5.2 Results — Study 2

How do level of construal and communication style of fitness app feedback influ-
ence users’ affect-based evaluations of the feedback when they did not achieve
their goal? To answer this question, a two-way ANOVA was conducted. This
analysis revealed a significant main effect of the construal level manipulation
(F(1,173) = 7,069, p = .008). Participants who were presented with the feed-
back in a concrete manner reported higher evaluations (M = 15.62, SD = 5.64)
compared to those who were presented with the feedback in an abstract man-
ner (M = 13.77, SD = 6.16). Thus, H3a is not confirmed. There was also
a statistically significant main effect of the communication style manipulation
(F(1,173) = 6,401, p = .012. Participants who were presented with the domi-
nant communication style reported lower evaluations (M = 13.63, SD = 6.12)
compared to those who were presented with the friendly communication style
(M = 15.81, SD = 5.60). Thus, H3b is confirmed. There was no interaction
between the construal level and the communication style factors (p > .05).
Thus, H3c is not confirmed. Figure 2 presents the results. How do level of con-
strual and communication style of fitness app feedback influence users’ goal
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commitment when they did not achieve their goal? To answer this question, a
two-way ANOVA was conducted. This analysis revealed a significant main effect
of the construal level manipulation (F'(1,173) = 4,031, p = .046). Participants
who were presented with the feedback in a concrete manner reported lower goal
commitment (M = 29.77, SD = 5.70) compared to those who were presented
with the feedback in an abstract manner (M = 31.37, SD = 5.48). Thus, H4a is
confirmed. There was no statistically significant main effect of the communica-
tion style manipulation (F(1,173) = 0.146, p > .05. Thus, H4b is not confirmed.
There was no interaction between the construal level and the communication
style factors (p > .05). Thus, H4c is not confirmed. Figure 2 presents the results.

6 Discussion

In brief, our results show that abstract compared to concrete construal leads to
a more positive affective response in the event of goal attainment, as assumed
in Hla. A more abstract construal might shifted the focus to higher level goals
(seeing the forest instead of focusing on the trees). We hypothesise that this
shift in focus might enhance the positive experience of achieving a fitness goal
through adding meaning to the achieved step goal. The participants perhaps
perceive the situation as positive because they have not only achieved their
step goal but also come a step closer to their overall goal of becoming fitter.
Additionally we found that affective responses varied significantly between the
two different communication styles, as assumed in H1b. Depending on how the
message of goal attainment was communicated, participants showed different
affective reactions, with the friendly communication leading to more positive
affect.

Other than assumed (H1c), the interaction between level of construal and
communication style regarding affective response was not significant. Construal
level and communication style thus seem to have separable influences on affect-
based evaluations Furthermore we found that there was a significant difference
between the message framed on different levels of construal regarding goal com-
mitment in the positive situation of goal attainment. In line with H2a, the more
abstract construal level led to higher goal commitment than the more concrete
construal level. This finding may be explained through the relationship between
construal level and self-control, with high construal level having a positive impact
on perceived self-control [10]. In light of previous findings, linking higher self-
control to higher goal commitment [19]. It thus seems plausible that high levels
of construal go along with higher goal commitment. However, future research
is needed to get insights into the exact relations between the three variables
(construal level, self-control, goal commitment) and possible mediating effects.
Furthermore, in line with H2b, goal commitment was affected by the used com-
munication style in the message on goal attainment, with the friendly communi-
cation resulting in higher commitment than the dominant communication style.
We assume that the friendly, supportive communication style might increase
participants’ perceived self-efficacy, which in turn, in line with the results from
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Locke et al. [19], could have led to higher goal commitment. As also for affective
response, the interaction effect between level of construal and communication
style on goal commitment was not significant. Thus, other than assumed in
H2c, the effects of construal level and communication style are merely additive.

In the negative situation of failure, our results showed a significant effect of
the level of construal on the affective response. However, other than assumed in
H3a, a lower construal level resulted in a more positive affective response. This
result contradicts previous findings regarding construal level and evaluations of
experiences [27]. A possible explanation can be construed in light of the studies
by Eyal et al. [7]. They found that participants in a higher construal level mindset
judged moral transgressions more harshly than participants in the low construal
level condition, arguing that the abstract mindset might have promoted a focus
on the higher level moral principles that have been violated, rather than the
concrete deed. The level of construal thus affects the basis of evaluation, and
negative events appear even more serious when considered on a high compared
to a low level of construal, given that superordinate, moral principles have been
violated. Our findings in the failure condition might be interpreted in a similar
way: The superordinate goal of our participants was to become fitter, however,
they failed in achieving their goal, i.e. a negative event. This failure might have
appeared even more severe in the high construal level condition, which promoted
a stronger focus on the superordinate goal than the low construal level condition.
This might explain the less positive affective response in the high compared to the
low construal level condition. As assumed in H3b, we found a significant effect
of communication style on affective response, with the message of failure being
communicated by a friendly communication style leading to a more positive
affective response than the dominant communication style. Our results in the
failure condition also showed a significant effect of the construal level on goal
commitment.

In line with H4a, more abstract construal resulted in higher goal commit-
ment. In parallel to study 1 and the positive situation of goal attainment, we
hypothesise that a high construal level has a positive impact on self-control [9],
which may also facilitate goal commitment. Furthermore, high level of construal
may support participants to see the forest (getting fitter) instead of the trees
(failure regarding the step goal today). In consequence, the high level of construal
might activated a defensive orientation in action, thus showing the participant
that they can still push to reach their superordinate goal and therefore leading
to less negative impact on goal commitment.

This line of reasoning, however, contradicts to some extent the interpretation
of the (unexpected) finding on affective response, where we speculated that fail-
ure might have appeared more severe in the high construal level condition, due
to the activation of a superordinate goal and leading to a more negative affective
reaction. In sum, it still requires further research to understand the exact mech-
anisms behind the effects of construal level and their impact on participants’
experience and goal commitment in the condition of failure. Future research
could utilise longitudinal, qualitative studies to further explore and validate our
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findings. Other than in study 1 and the positive event of goal attainment, in the
event of failure, communication style had no effect on goal commitment, leading
to the rejection of H4b. In parallel to study 1 and the positive situation of goal
attainment, in study 2 and the negative situation of failure no significant inter-
actions between level of construal and communication style were found, either
on affective response or on goal commitment.

Altogether, the differences between the findings for situations of goal attain-
ment and failure highlight the importance of distinct studies on the effects of
construal level and communication style in light of the context, namely, the
self-improvement message being communicated. Depending on the message con-
tent and its valence, how the persuasive message is communicated has varying
consequences for peoples’ experience and commitment to a goal.

7 Conclusion

This paper investigated the effects of construal level and communication style to
communicate mobile fitness application feedback to participants who have either
met or not met their fitness goal. We conducted two between-subject online
studies with four conditions each—four different mobile fitness app messages. It
is, to the best of our knowledge, the first empirical investigation of the application
of construal level theory and the communication styles of interactive technologies
for self-improvement in a controlled, experimental setting. The present research
broadens our understanding of the psychological effects of communication style
and construal level of persuasive feedback. We have outlined the first steps of how
the design of future persuasive technology feedback could apply psychological
theory in meaningful ways to design for a positive, long-term experience.

References

1. Aguinis, H., Bradley, K.J.: Best practice recommendations for designing and imple-
menting experimental vignette methodology studies. Organ. Res. Methods 17(4),
351-371 (2014)

2. Ansems, E.L., Hanci, E., Ruijten, P.A.M., IJsselsteijn, W.A.: T focus on improve-
ment: effects of type of mastery feedback on motivational experiences. In:
Oinas-Kukkonen, H., Win, K.T., Karapanos, E., Karppinen, P., Kyza, E. (eds.)
PERSUASIVE 2019. LNCS, vol. 11433, pp. 213-224. Springer, Cham (2019).
https://doi.org/10.1007/978-3-030-17287-9_18

3. Beun, R.J., et al.: Talk and tools: the best of both worlds in mobile user interfaces
for e-coaching. Pers. Ubiquit. Comput. 21(4), 661-674 (2017). https://doi.org/10.
1007/s00779-017-1021-5

4. Diefenbach, S., Niess, J., Mehner, M.: Technologies for self-improvement: the right
communication between product and user. In: Persuasive Technology 2016 Adjunct
Proceedings, pp. 10-13 (2016)

5. Kersten-van Dijk, E.T., Westerink, J.H., Beute, F., IJsselsteijn, W.A.: Personal
informatics, self-insight, and behavior change: a critical review of current literature.
Hum. Comput. Interact. 32(5-6), 268-296 (2017)


https://doi.org/10.1007/978-3-030-17287-9_18
https://doi.org/10.1007/s00779-017-1021-5
https://doi.org/10.1007/s00779-017-1021-5

112

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

J. Niess et al.

Epstein, D.A., Ping, A., Fogarty, J., Munson, S.A.: A lived informatics model of
personal informatics. In: UbiComp 2015, pp. 731-742. ACM, New York, NY, USA
(2015). https://doi.org/10.1145/2750858.2804250

Eyal, T., Liberman, N., Trope, Y.: Judging near and distant virtue and vice. J.
Exp. Soc. Psychol. 44(4), 1204-1209 (2008)

Fogg, B.J.: Persuasive technology: using computers to change what we think and
do. Ubiquity 2002, 5 (2002)

. Fujita, K., Roberts, J.C.: Promoting prospective self-control through abstraction.

J. Exp. Soc. Psychol. 46(6), 1049-1054 (2010)

Fujita, K., Trope, Y., Liberman, N., Levin-Sagi, M.: Construal levels and self-
control. J. Pers. Soc. Psychol. 90(3), 351 (2006)

Gasper, K., Clore, G.L.: Attending to the big picture: mood and global versus local
processing of visual information. Psychol. Sci. 13(1), 34-40 (2002)

Gerrig, R.J., Zimbardo, P.G., Zimbardo, P.G., Psychologue, E.U., Zimbardo, P.G.:
Psychology and Life. Pearson, Boston (2010)

Gouveia, R., Karapanos, E., Hassenzahl, M.: How do we engage with activity
trackers? A longitudinal study of habito. In: UbiComp 2015, pp. 1305-1316. ACM
(2015)

Grudin, J.: From tool to partner: the evolution of human-computer interaction.
Synth. Lect. Hum.-Centered Inf. 10(1), i-183 (2017). https://doi.org/10.2200/
S00745ED1V01Y201612HCI035

Hollenbeck, J.R., Williams, C.R., Klein, H.J.: An empirical examination of the
antecedents of commitment to difficult goals. J. Appl. Psychol. 74(1), 18 (1989)
Jakicic, J.M., et al.: Effect of wearable technology combined with a lifestyle inter-
vention on long-term weight loss: the idea randomized clinical trial. Jama 316(11),
1161-1171 (2016)

Labroo, A.A., Patrick, V.M.: Psychological distancing: why happiness helps you
see the big picture. J. Consum. Res. 35(5), 800-809 (2008)

Lieberman, H., Selker, T.: Agents for the user interface. In: Handbook of Agent
Technology, pp. 1-21 (2003)

Locke, E.A., Latham, G.P.: New directions in goal-setting theory. Curr. Dir. Psy-
chol. Sci. 15(5), 265-268 (2006)

Nass, C., Steuer, J., Tauber, E.R.: Computers are social actors. In: CHI 1994, pp.
72-78. ACM, New York, NY, USA (1994). https://doi.org/10.1145/191666.191703
Niess, J., Diefenbach, S.: Communication styles of interactive tools for self-
improvement. Psychol. Well-Being 6(1), 3 (2016). https://doi.org/10.1186/s13612-
016-0040-8

Niess, J., Wozniak, P.W.: Supporting meaningful personal fitness: the tracker goal
evolution model. In: CHI 2018, pp. 171:1-171:12. ACM, New York, NY, USA
(2018). https://doi.org/10.1145/3173574.3173745

Paolacci, G., Chandler, J., Ipeirotis, P.G.: Running experiments on amazon
mechanical turk. Judgm. Decis. Making 5(5), 411-419 (2010)

Pekrun, R., Perry, R.P.: Control-value theory of achievement emotions. In: Inter-
national Handbook of Emotions in Education, pp. 120-141 (2014)

Skalski, P., Tamborini, R.: The role of social presence in interactive agent-based
persuasion. Media Psychol. 10(3), 385-413 (2007)

Trope, Y., Liberman, N.: Construal-level theory of psychological distance. Psychol.
Rev. 117(2), 440 (2010)

Williams, L.E., Stein, R., Galguera, L.: The distinct affective consequences of psy-
chological distance and construal level. J. Consum. Res. 40(6), 1123-1138 (2013)


https://doi.org/10.1145/2750858.2804250
https://doi.org/10.2200/S00745ED1V01Y201612HCI035
https://doi.org/10.2200/S00745ED1V01Y201612HCI035
https://doi.org/10.1145/191666.191703
https://doi.org/10.1186/s13612-016-0040-8
https://doi.org/10.1186/s13612-016-0040-8
https://doi.org/10.1145/3173574.3173745

®

Check for
updates

Persuading from the Start: Participatory
Development of Sustainable Persuasive
Data-Driven Technologies in Healthcare

Julia Keizer!, Nienke Beerlage-de Jong1’2(g), Nashwan Al Naiemi3*,

and J. E. W. C. van Gemert-Pijnen'-?

1 Centre for eHealth and Wellbeing Research, University of Twente, Enschede, The Netherlands
n.beerlage-dejong@utwente.nl
2 Department of Medical Microbiology and Infection Control, University Medical Centre
Groningen, Groningen, The Netherlands
3 Department of Medical Microbiology and Infection Control, Hospital Group Twente, Almelo,
Hengelo, The Netherlands
4 LabMicTA, Hengelo, The Netherlands

Abstract. Data-driven technologies can persuade humans to optimize their
behavior and context based on objective data. However, current data-driven tech-
nologies have limited persuasive powers, because of a misfit between technology,
end-users and context. Neglecting end-users in the development process con-
tributes to this misfit and to limited engagement with the to-be-developed technol-
ogy. This threatens sustainable (long-term) implementation. Therefore, this paper
demonstrates how a bottom-up participatory development approach can improve
the persuasive design of data-driven technologies and simultaneously increase
engagement of end-users to foster sustainable implementation. This is done by
describing part of the development of an Audit & Feedback system for healthcare
workers at a Dutch regional general hospital. The system intends to contribute to
reducing antimicrobial resistance. The rationale for, questions asked at and results
of a questionnaire and two focus groups are described.

Keywords: Participatory development - Bottom-up - Data - Antimicrobial
resistance (AMR)

1 Introduction

Society faces wicked problems that threaten the quality and safety of healthcare and harm
public and individual health [1]. Humans (unintentionally) contribute to these problems
by behaving suboptimal (e.g. not complying with guidelines) or creating suboptimal
contexts (e.g. creating a messy work environment) [2]. At the same time, there is no
doubt that humans and their behavior are vital in developing and implementing successful
solutions [3]. However, to cope with the complexity of modern-day challenges, humans
require substantial support. Persuasive technologies that take advantage of the potentials
that (big) data offer are promising for efficient and sustainable solutions. Data-driven
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technologies can persuade people to optimize their behavior (i.e. individual actions) and
context (e.g. working routines) based on objective data [4].

From previous studies in hospitals, we know that (big) data are routinely collected
for each individual patient to make diagnostic and treatment decisions and to monitor the
patient’s status (e.g. result of diagnostic tests) [4]. However, these data are not optimally
used for improvement strategies [5]. This relinquishes the opportunities of reflecting on
one’s work and work processes, disallowing healthcare workers (HCW) to learn from
mistakes and to identify good-practices [6]. Especially this reflective form of reusing
routinely collected data promises to be a feasible, cost-effective way to support humans:
the (big) data are already available, yet not smartly combined, translated and communi-
cated to persuade HCW to improve their behavior and context [4]. This principle is not
new. Audit and feedback (AF) has been widely used in healthcare [7]. By summarizing
data about aspects of care (i.e. audit) and reporting the findings back (i.e. feedback) to
HCW, AF encourages behavior and practice changes. This makes AF an interesting case
to study data-driven persuasive technologies.

Although AF is widely used in healthcare, it yields variable and modest effects in
practice [7]. AF is mostly organized in a top-down (e.g. audits by healthcare inspectorate
[8]) and expert-driven (e.g. indicators created by quality-experts [9]) way. Thereby, feed-
back, often provided at hospital-level, is hardly useful for HCW to improve their behavior
and working routines [4]. Because of this misfit between the datadriven technology, the
end-users and their context, current AF have little persuasive powers. The limited per-
suasiveness and thus added value of AF might be caused by neglecting end-users (in this
case HCW) in the AF development process [10]. Making AF persuasive requires exten-
sively studying users and their context throughout the development process. Therefore,
the first aim of this paper is to demonstrate how a bottom-up participatory develop-
ment approach can improve the persuasive design of data-driven technologies for
their end-user (i.e. HCW), and within their context.

However, this is not enough for sustainable solutions that are used and have an
effect in the long-term. Persuasively designed technologies do not guarantee adoption
and acceptance in practice. Often, factors that determine successful implementation are
studied after the design of the technology. But, implementation is not a post-design step;
extensively discussing success factors for implementation from the start of the devel-
opment process with relevant stakeholders is crucial [11]. As mentioned before, they
are the ones responsible for implementing successful solutions in practice. Therefore,
the second aim of this paper is to demonstrate how bottom-up participatory devel-
opment is a necessary precondition for the development of persuasive datadriven
technologies that foster sustainable implementation. We do this, by showing how our
bottom-up participatory approach persuaded end-users (i.e. HCW) from the start to get
engaged by and take ownership of the persuasive technology.

Our studies have focused on the application of persuasive data-driven technologies
for a striking modern-day example of behavior-inflicted wicked problems: antimicrobial
resistance (AMR) [4, 12, 13]. AMR is a threat to global health(care). It is largely caused
by humans and relies on human actions to be solved [14]. Persuasive data-driven tech-
nologies can inform, support and persuade HCW to optimize their diagnostic, antibiotic
(AB) prescription and infection control behavior to limit AMR [15].
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We used the CeHRes-roadmap, which guides the holistic development (from prob-
lem definition to evaluation) of persuasive technology [11]. Drawing from participa-
tory development, persuasive design and business modelling, it assumes that people,
technologies and their contexts are always interrelated. By using this multidisciplinary,
socio-technical behavioral approach, we gained deep understanding of the relevant stake-
holders, their think- and work-processes and their context, including success factors for
future implementation. By studying these, we aim to better match HCW’ and other
stakeholders’ perspectives to optimally benefit from the vast amount of routinely col-
lected data, to improve the quality and safety of healthcare. Incorporating these findings
into future AF strategies ensures that they match HCW’ needs and their context, thereby
increasing the likelihood of uptake and integration in practice [16]. Simultaneously,
it builds towards a methodological and conceptual guide for good-practice bottom-up
participatory development and implementation processes of persuasive technologies.

2 Methods

A participatory development approach requires multiple complementary methods to
grasp the breadth of wicked problems. Therefore, this study used a mixed-methods
sequential explanatory design [17]. Quantitative results from a questionnaire provided
input for two consecutive (qualitative) focus groups. Since the persuasiveness of a tech-
nology largely depends on the content, functionalities and design, this research focused
mostly on these aspects. Additionally, attention was paid to implementation factors (e.g.
what is the added value, how it be used in practice and what are preconditions for
uptake and sustainable use?). In a second focus group, specific attention was paid to the
bottom-up participatory research approach in relation to fostering implementation (see
Table 1 for rationales and the respective goals of the sub-studies).

Table 1. Elucidating the mixed-methods sequential explanatory design

Method Method rationale Sub-study goal

Questionnaire | Specify topics for the focus groups, Prioritize what topics for AF, derived
while integrating AMR-expert views | from national AMR guidelines, are
most relevant to the end-users/HCW

Focus group 1 | Realize in-depth discussions (no Gain insight in what audit &
consensus needed) feedback topics would be of added
value and why

Focus group 2 | Realize in-depth discussions (no (1) Gain insight in how AF would be
consensus needed) used in practice, identify fechnology
requirements. (2) Discuss experiences
via the bottom-up participatory
research approach

The study was performed in a Dutch regional general hospital (687 beds) by a
research team of three health sciences/psychology researchers, a clinical microbiologist
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and a pharmacist. End-users (i.e. urologists, residents and co-assistants) from a high-risk
AMR department (urology) were included. The University’s ethical committee approved
the study (190008), all respondents signed an informed consent prior to participating in
this study.

2.1 Step 1: Questionnaire (Prioritizing Topics for AF Content)

To prioritize what topics for AF were deemed most relevant, “top-down” content from
national AB stewardship guideline [18], infection control audits of the national healthcare
inspectorate [19] and key publications on AMR [20-25] were translated into 27 AMR
quality-indicators (e.g. “Were cultures taken before the start of empirical treatment?”).
To end up with a feasible number of AF topics to be discussed within the hour time-frame
of the focus groups, HCW answered the following questions about each predetermined
indicator: “Would you like to have in-sight in this indicator? (“No/Yes”) and “How
relevant would insight in this indicator be for the treatment of individual patients/for
limiting AMR?” (5-point Likert items: “Limited — High relevance”).

A pilot-test was held with two AMR-experts and a urologist to ensure comprehen-
sion and clarity of the questions. All attendees of a regular weekly educational ses-
sion (n = 7, & 50% of department) filled in the questionnaire after a short presentation
about the research. Descriptive analyses were performed in Microsoft Excel (v2016).
Responses were summarized in means and standard deviations and the research team
discussed the quality-indicators for which more than 75% of respondents saw relevance
to avoid individual preferences in the small number of respondents. Through discussion,
four AF topics were selected for the consecutive focus groups.

2.2 Step 2: Focus Group 1 (Content & Added Value)

The second step was to determine why HCW would want to use audit and feedback and
what (kind of) AF they need for it to be relevant and meaningful. Therefore, the first semi-
structured focus group used the results of the questionnaire to discuss the following ques-
tions for each topic: (1) “Why would you want to have this insight?”, (2) “Currently, what
insight do you use to determine quality of X?”, (3) “Which additional insight would you
need to determine quality of X?”. Probing questions were used to gain deeper insight in
perceived relevance of and to find preconditions for successful AF.

2.3 Step 3: Focus Group 2 (Practical Use & Requirements)

The third step within this study was to determine how HCW would want to use AF in
practice and to identify technology requirements (e.g. functionalities and design) for AF,
using three examples in the form of low-fidelity prototypes. The first example was the
prototype based on focus group 1. For the second and third example, screenshots of exist-
ing AMR-tools were requested and attained from the first authors of published papers.
The second example was an interactive open-source software app for infection manage-
ment and antimicrobial stewardship: Rapid Analysis of Diagnostic and Antimicrobial
Patterns in R (RadaR), developed to support AMR-experts in analyzing AMRdata [26].



Persuading from the Start: Participatory Development 117

The third example was an existing tool to measure the quality of infection control and
antimicrobial use: the Infection Risk Scan (IRIS), developed to easily and transparently
communicate risks and improvement areas to HCW and managers [27].

The following three questions (and subsequent probing questions) were asked for
each example: (1) “What is your first impression?”, (2) “How would you use this in your
work?”, (3) “How would you like the AF system to support you in doing so?”. Further-
more, experiences with the bottom-up participatory research approach and expectations
of how this approach might influence the persuasiveness, usefulness and effectivity of
the to-be-developed technology, its development and implementation were discussed.

For both focus groups pilot-tests were held with a urologist to ensure clarity and
comprehension of the questions. All urologists and urology-residents who work at the
studied Dutch regional general hospital were invited for the meetings. One hour of each
meeting was dedicated to audit and feedback (April & October 2019). Participants were
specifically asked not to think in limitations by data/IT-systems. The focus groups were
audio-recorded and transcribed verbatim. Transcripts were coded in Excel by researcher
JK. The first round of coding was deductive based on the focus group schemes and
was succeeded by open and axial coding to establish sub-codes and variations. Analyst
triangulation was applied (independent coding of 25% by another researcher (BB)) [28]
and kappa statistic were used to test interrater reliability [29].

3 Results

Sociodemographic characteristics of the questionnaire (QNR) respondents and focus
group participants are shown in Table 2. Completing the questionnaire took 20 min on
average, and both focus groups took one hour. Interrater reliability was found to be
substantial for focus group 1 (Kappa = 0.685, p < 0.001) and moderate for focus group
2 (Kappa = 0.479, p 0.017). Participants were unfamiliar with qualitative research in
the form of focus groups and with participating in a participatory research project.

Table 2. Respondents’/Participants’ characteristics

n | Age Gender | Function n (%) Experience mean
mean | n (SD)
SD) 'F M Physician | Resident | Function | Hospital
Questionnaire | 7* | 34.1 4 13 |2 2 47 (8.3) |4.7(8.5)
(12.4)
Focus group |5 42.0 3 12 |3 2 8.8(8.4) |82(8.8)
1 (10.8)
Focus group |5 41.8 3 12 |3 2 8.6 (8.5) 8.0(9.0)
2 (11.0)

*Co-assistants (n = 2) were excluded from the focus groups due to their limited experience
in urology. Note. Four out of five participants of focus groups 1 and 2 were the same
individuals.
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The results section of this paper focuses on content, functionalities and design,
which are all relevant to the persuasive design of data-driven technologies [30]. Results
are structured in HCW needs and contextual considerations (e.g. perceived added
value, anticipated use in practice and preconditions), both relevant to the persuasive
design of data-driven technologies and for fostering implementation through persuasive
development. Main findings are shown in bold and illustrative quotes in italic.

3.1 Content

The Sequential Explanatory Design Enabled Prioritizing HCW’ Content Needs

Questionnaire. Table 3 shows five quality-indicators that were rated as being most rel-
evant. They were discussed in the research team to select the final four AF topics.
Indicators three and four were combined into “Updating the (empirical) AB treatment
plan once new information (e.g. culture results or advice from colleague) is available”.

Table 3. Questionnaire results (most relevant quality indicators)

Most relevant quality-indicators Relevance patient | Relevance AMR
(k=27) (n=15) (n=75)

Mean SD | Mean SD
Taking cultures before the start of (empirical) AB 443 0.79 | 4.43 0.79
Adequate AB use (e.g. quantity and duration of AB 3.86 0.69 | 4.57 0.53
treatment)
Following advices from other health care professionals | 4.00 0.58 14.29 0.49
Adapting the (empirical) AB treatment based on culture | 4.14 0.90 | 4.43 0.98
results
Resistance patterns (e.g. surveillance of 4.29 0.95 | 4.86 0.38
micro-organisms)
AB = Antibiotic

Focus Group 1. In focus group 1, participants expressed their need to have insight in
process indicators, such as the quantity and quality of their diagnostics and AB
treatment. Participants would like insight in outcomes relevant to their patients:

“Whether you used an AB that allows patients to go home sooner.” (R3). Both positive
(how often do we do it right?) and negative insight are relevant. Also, participants were
interested in resistance patterns for specific sub-groups to tailor their (empirical) AB
treatment to individual patients. These insights would have to be benchmarked against
some standard, such as local policies, guidelines or comparisons to other hospitals.
Lastly, participants expressed the need for information tailored to function groups.

HCW Could Easily Envision the Added Value of and Preconditions for AF



Persuading from the Start: Participatory Development 119

Focus Group 1. Respondents saw clear added value of AF to evaluate and improve
the status quo and consequently proactively change current policies and practices.
Furthermore, AF can facilitate objective discussions about performance. Lastly, it cre-
ates room for discussions on innovations (e.g. phage therapy). For AF to be useful in
practice, respondents warned that some content was more relevant for inpatients than
for outpatients (e.g. changing empirical treatments after receiving culture results). In
consultation with the pharmacist and the hospital data-manager, the decision was made
to focus on inpatients in the rest of the studies, because there would be many missing data
for the outpatient population that are crucial for meaningful audits (e.g. GP cultures).
Furthermore, participants urged the need to, from the early development phases, start
thinking about practical issues and consequences for policies and working routines
that insights could convey: “What if the patient is on your OR table, you are doing the
time-out and your culture results are not known yet. Do you cancel the operation? ...
Then we have to be honest: if the results are not in yet, you willingly and knowingly take
a risk, how small that risk may be.” (R1). Therefore, participants wanted to extensively
discuss goals to make them realistic and relevant for their patients and for limiting AMR.
Also, participants mentioned data management, including their own registration behav-
ior, and ICT-support as a crucial precondition for successful AF. Lastly, participants
require an open culture, in which quality of their work can be discussed safely.

HCW Required Examples to Envision and Verbalize Technological Needs

Creating The Prototype. Results of focus group 1 were translated into a lo-fi prototype
together with a creative company specialized in developing serious games (see Fig. 1 for
detailed description). The prototype consisted of screenshots and was not interactive.
The prototype was merely used to show what an AF technology could entail to help
participants to envision and verbalize their needs.

Fig. 1. Prototype quality dashboard based on findings of focus group 1.

Screen 1: specific user-roles (e.g. physician, AMR-expert). Screen 2: overview of the
five topics that were deemed important (i.e. quality & quantity of cultures/AB treatment,
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resistance patterns). Trends over time are shown in graphs and coloured scores below
(e.g. results relative to the past 12 months). A benchmark with other regional hospitals
is shown below the graphs in coloured scores. When clicking on a graph, screen 3
opens: more details and background information (e.g. justification of score calculations).
Screen 4: discussion mode, HCW can upload interesting cases, improvement plans or
innovations to discuss.

Could Easily Envision the Anticipated Use in Practice

Focus Group 2. To realize the potential added value as envisioned in the first focus
group, participants indicated that elaborate AF, such as the examples provided, would
be interesting to use in practice. However, participants envisioned that the examples
would not be used in daily practice, but could be used in three “modes”:

(1) In (half) yearly meetings dedicated to AMR aiming to evaluate status quo, discuss
improvement strategies and strive for innovation. More frequent meetings were not
deemed relevant, since resistance patterns and working routines (incl. individual
behaviors) do not change fast, nor feasible, because of time-constraints.

(2) In ongoing educational meetings of residents (e.g. monthly) aiming to create
AMR awareness and to reflect upon one’s individual impact on quality and safety
of care through their own diagnostic and AB treatment behaviors.

(3) Asadecision-support system to make more proactive decisions both on individual
patient level (e.g. choosing the right AB given the culture results) and on policy
level (e.g. regularly changing empirical treatment policy).

The three modes could coexist in practice with different target groups, for whom the
technological functionalities should differ.

3.2 Functionalities
HCW Could Clearly Verbalize Functionality Needs for Each AF Mode

Focus Group 2. Consequently, HCW expressed needs with regards to AF content within
the before mentioned modes:

(1) Quality management: participants required an overview to quickly see what does
(not) go well and improvement suggestions. The task force, AMR-experts and
other interested HCW should be able to dive into the data in-depth (e.g. filtering
and zooming in on subgroups/-topics). Both trends over time and benchmarks with
other regional hospitals were required.

(2) Education: additional needs for educational purposes were the possibility to zoom
in to individual cases that can be reflected upon. AF should support reconstructing
and improving the reasoning underlying decisions (i.e. declarative information).

(3) Decision-support: participants required timely advice to optimize diagnostic and
AB treatments for individual patients (i.e. personalized medicine) and warnings to
proactively change empirical treatment.
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HCW Could Clearly Envision Preconditions to Foster Implementation

Focus Group 2. Participants thought that AF alone would not improve outcomes. Addi-
tional activities are required to engage HCW in accepting and using AF in one or
various modes such as creating a task force, having a consensus meeting and training
on how to use AF. Participants did not want responsibility for collecting, analyzing and
interpreting data, due to time constraints, insufficient data management skills and AMR
knowledge: “I think it can be dangerous for us to look at this ourselves... it is difficult
to assess quality.” (R3). To come to substantiated improvement strategies that fit AF
data and HCW working routines, and that contribute to improved individual patient care
and limiting AMR, participants required help from data-, quality-, and AMR-experts.

3.3 Design
HCW Could Clearly Verbalize Design Needs

Focus Group 2. Participants appreciated a clear and structured overview, with easily
interpretable graphs and an easy-to-use navigation structure (e.g. using workbook
tabs per topic): “Yes, I find it nicely structured. You still have to be careful not to present
too much information on one tab, but it works nice with the tabs.” (R4). Participants
preferred graphs over numbers, especially for scores that were too complicated to be
represented with a single score. Furthermore, there must be coherence between visuals
and scores (e.g. use green for positive). One participant indicated that choices on for
example colors and lay-out should be based on generic design rules for dashboards.

3.4 Participatory Research

Participants were enthusiastic about the participatory research, because it incorporates
their perspective from the start of development: “You start from the user groups that
you want to reach. From the whole process you learn if and how they are open for that
and how they want to be persuaded.” (R5). At first, participants had some doubts about
the qualitative and open nature of the focus groups. Along the way, participants realized
its added value, because the abstracted findings and prototype matched their needs
and context. However, concerns remained regarding generalizability of the findings: “Ir
could well be that it does not work in other hospitals ... We cannot just translate our find-
ings to the rest of the country.” (R3). Finally, planning focus groups with as many HCW
as possible was difficult, reflecting the time- and resource-intensive characteristics of
focus groups.

4 Discussion

This paper demonstrated how participatory, bottom-up development can serve as the
foundation for persuasive design and simultaneously increase engagement of end-users
to foster sustainable implementation. The approach allowed for continuous formative
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evaluations to iteratively elicit and sharpen HCW’ needs, contextual considerations and
their interdependencies to design persuasive technology. The participatory bottom-up
development persuaded end-users to remain engaged throughout the development pro-
cess. By paying attention to needs and contextual considerations from the start of the
persuasive development process, a fostering implementation context was provoked.

4.1 Persuasive Data-Driven Technologies

From the discussions on HCW’ needs and contextual considerations, persuasiveness of
AF technology mostly relied on content, functionalities and design. These are also of
importance to the Persuasive System Design (PSD) Model [31]. Our bottom-up partici-
patory approach revealed an additional layer to the PSD’s design principles, thereby
supporting the PSD postulates. By matching “top-down”-context requirements with
bottom-up HCW’ needs from the start of the development process, credibility support
elements (e.g. expertise) are incrementally and transparently integrated in the content
of the technology and in the end-users’ perceptions. Primary task support elements (e.g.
personalization) should be adaptable to the anticipated mode of use (e.g. quality man-
agement or training), while preconditions for successful AF use required changes in
current working and training schemes. Users and their context thus shape the process
of persuasive development and implementation, while reversely, the process shapes its
users and context. For each wicked behavior-inflected problem, the users and context
vary, requiring iteratively adaptable persuasive features and implementation strategies.
Thus, the PSD should be complemented with models and strategies from the early devel-
opment phases to increase persuasiveness and foster sustainable implementation, such
as via actionable AF [32] and the multidimensional benefit framework [33].

4.2 Bottom-Up Participatory Approach to Foster Engagement/Ownership

To optimize the fit between humans, their context and the persuasive technology, an
agile development process is required [34]. In this paper, we demonstrated why itera-
tive phases are crucial for successful development: both HCW and the research team
needed and used several sessions to clearly envision and verbalize their needs and the
direction of the project. Additionally, we believe that the iterative nature of the bot-
tomup participatory approach persuaded end-users (i.e. HCW) to engage with and take
ownership of the development of the persuasive technology. Engagement needs to grow,
especially for subjects that are not within the primary tasks of HCW, such as AMR
[35]. We saw increased engagement with the subject (i.e. AMR), but also with reflecting
on one’s work (i.e. embracing quality management). The focus groups provided time
to discuss matters that otherwise would have not been discussed. Also, the participa-
tory approach created enthusiasm among the participants for the research topic and a
stronger working relationship with the researchers. With that, it created more willingness
to facilitate other research activities, such as data collection. Effect on implementation
has yet to be determined, but participatory research has persuaded HCW to be closely
engaged with this research. We are convinced that this is a crucial precondition to realize
ownership and nurture local champions, which are highly recommended for successful
sustainable implementation [36]. This study concretized ownership by showing that
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HCW still require top-down support from data-, quality-, and AMR-experts to come to
substantiated and sustainable improvement strategies. Rethinking ownership in terms of
shared-ownership is thus required to embrace the true multidisciplinary nature of the
complex wicked problems that the world faces today.

4.3 Professionalizing Persuasive Design

The bottom-up participatory approach allowed us to continuously adapt the persuasive
design of the technology to HCW’ needs and contextual considerations. In the persuasive
design field, the need to match user, context and technology is not new [11]. However,
few studies explicitly report on how this match can be realized. This study adds to this
knowledge base by demonstrating the dependencies between HCW’ needs and contex-
tual considerations, and how the persuasive design can incorporate them. Furthermore,
it showed how a bottom-up participatory approach can help in iteratively optimizing the
user, context, technology fit. Crystallizing values and requirements from mixed-methods
and transparently reporting on the taken steps are required to further professionalize the
field of persuasive technology. First steps in that direction have already been taken by
Kip et al. [37] and Van Velsen et al. [30].

4.4 Strengths and Limitations

A limitation to this bottom-up approach is that top-down considerations were mostly
ignored. For example, only minimal efforts were taken to match Inspectorate audits
that are a legal obligation. Matching new to existing initiatives is one of the key-factors
of implementation and we did take actions to avoid ‘discovering the wheel all over
again’. We included top-down content by basing the discussions on existing quality-
indicators from AMR-experts. Also, top-down considerations were incorporated in the
questionnaire and focus group schemes by including AMR-experts in our research team.
Including the top-down perspective indirectly thus was an explicit choice within our
development project, because we were interested in studying the bottom-up approach
(i.e. letting the HCW’ needs and context guide the development process). Starting with
a small and homogeneous target-group allowed us to gain in-depth insights at the cost of
generalizability. This reflects a methodological issue apparent in all (pilot-) development
processes and urges the need for local adaptations to the to-be-developed technology.

5 Conclusion

A bottom-up participatory development approach has the potential to improve the per-
suasive design of data-driven technologies and simultaneously increase engagement of
end-users. This is a necessary precondition for the development of persuasive datadriven
technologies that foster sustainable implementation.
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Abstract. Ischemic Heart Disease (IHD) is the leading cause of early deaths
globally. It has been named as the leading cause of deaths in the United States and
the second in Canada. The key risk factors of IHD include high blood cholesterol
and high blood pressure, both of which can be prevented and managed through
heart-healthy diets containing low saturated fats, trans fats, and sodium. Therefore,
the goal of our work is to design a persuasive mobile app (called HeartHealth)
that motivates people, especially adults, to keep their blood cholesterol and blood
pressure at safe levels by eating heart-healthy diets. Our approach is in four stages.
First, we create a low-fidelity prototype that implements ten persuasive strategies,
and then assess the perceived persuasiveness of selected users towards the strate-
gies through an online survey. Second, we analyze the responses collected and
then select the most effective strategies which, in turn, are used to design the high-
fidelity prototype. Third, we conduct another study on the high-fidelity prototype
which requires participants to interact with the prototype and provide comments
through an online survey. Fourth, we perform thematic analysis on the comments
and then refine the prototype based on the results.

Keywords: Heart disease - Heart-healthy diet - Persuasive strategies - Mobile
app design - Persuasive technology

1 Introduction

Ischemic Heart Disease (IHD), also called coronary heart disease, is the buildup of
plaque in the heart’s arteries which can lead to heart attack, heart failure, or death [1].
According to the Institute for Health Metrics and Evaluation (IHME)’s Global Burden
of Disease (GBD) study, the IHD is the leading cause of early deaths globally and
projected to occupy the top spot till 2040 [2]. Similarly, the World Health Organization
(WHO) stated that cardiovascular diseases (CVDs), an example of which is IHD, cause
17.9 million deaths annually [3]. IHD can be effectively managed by reducing its key risk
factors, especially high blood pressure and high blood cholesterol, through heart-healthy
lifestyle choices [1, 4]. Specifically, preventing unhealthy diets that are high in saturated
fats, trans fats, and sodium is one of the most effective lifestyle changes that reduce the
risk of IHD [4, 5]. Thus, a solution is required that motivates people to monitor saturated
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fats, trans fats, and sodium in their diets in order to maintain their blood cholesterol
and blood pressure at normal levels as a preventive and control measure. While many
existing research has investigated persuasive technology (PT) usage for health and well-
being, including healthy eating [6-8], little work has been done regarding the use of PT
to motivate people with or without IHD to maintain normal blood cholesterol and blood
pressure levels through heart-healthy diets.

Therefore, the purpose of our work is to design a persuasive mobile app, called
HeartHealth, that motivates people to eat heart-healthy diets that contain low saturated
fat, trans fat, and sodium with the goal of maintaining their blood cholesterol and blood
pressure at normal levels.

Our approach is to first conduct a study that enables us to answer the following
research question: Which persuasive strategies are most effective in motivating people
to eat diets containing low saturated fat, trans fat, and sodium? We created a low-fidelity
prototype that implement ten persuasive strategies and then assessed the perceived per-
suasiveness of selected users towards the strategies through an online survey. Afterwards,
we analyzed the responses collected and then selected the most effective strategies which,
in turn, are used to design the high-fidelity prototype. Furthermore, we conducted another
study on the high-fidelity prototype which requires participants to interact with the pro-
totype and provide comments through an online survey. We performed thematic analysis
on the comments received and then refined the prototype based on the results.

The contributions of our work are: (1) The perceived persuasiveness assessment
led to the design of an app that implements the most effective strategies for preventing
and managing ischemic heart disease, thereby keeping its users engaged, focused, and
motivated; (2) The refinements done as a result of user comments on the high-fidelity
prototype will boost the app’s usability, as well as the overall user experience.

2 Background

2.1 Dietary Levels, Blood Cholesterol Levels, and Blood Pressure Levels

The American Heart Association (AHA) and other credible health sources have explicitly
stated the heart-healthy daily limit for saturated fat, trans fat, and sodium intake in their
online reports [9—12]. In addition, the heart-healthy blood cholesterol and blood pressure
levels were also mentioned [13, 14] to facilitate adequate monitoring. Table 1 shows the

Table 1. Recommended daily heart-healthy dietary levels

Daily value Remark
Saturated fat | 13 g or 5-6% of total calories Recommended total calories per day is
2000
Trans fat 2 g or less than 1% of total calories | Recommended total calories per day is
2000
Sodium 1,500 mg Sodium comes from salt and other
sodium-containing ingredients
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recommended heart-healthy dietary values, Table 2 shows the healthy blood cholesterol
levels based on age group and gender, and Table 3 shows the normal blood pressure
level. These tables informed the design of the proposed HeartHealth mobile app.

Limiting saturated and trans fats intake without exceeding the recommended daily
values shown in Table 1 will help lower or control high blood cholesterol [15]. Similarly,
reducing sodium intake will curb high blood pressure [11].

Table 2. Healthy blood cholesterol levels by age and gender

Age group Total cholesterol Non-HDL | LDL HDL
(mg/dL?) (mg/dL) (mg/dL) | (mg/dL)

0-19 <170 <120 <100 >45

20 and above (Male) 125-200 <130 <100 >40

20 and above (Female) | 125-200 <130 < 100 >50

4milligrams per deciliter of blood

Doctors use lipid panel to measure the total cholesterol, high-density lipoprotein
(HDL) cholesterol', and the non-HDL cholesterol levels. The Non-HDL cholesterol,
which includes low-density lipoprotein (LDL) cholesterol?, is calculated by subtracting
the HDL cholesterol level from the total cholesterol level. Thus, the blood cholesterol is
high if either the total cholesterol or non-HDL level is higher than the healthy cholesterol
level for the age groups and gender specified in Table 2 [13]. Table 3 shows the heart-
friendly blood pressure level according to AHA [14]. Systolic is the upper number of a
blood pressure reading (e.g., 110 mmHg/70 mmHg), while diastolic is the lower number.

Table 3. Healthy blood pressure level

Level | Systolic (mmHg) | Diastolic (mmHg)
Normal | <120 <80

2.2 Persuasiveness Versus Usability

According to Orji et al., “Persuasiveness is a term used in describing a system’s persua-
sive capability to motivate behaviour change. The perceived persuasiveness of a persua-
sive strategy or a system is an estimation of its ability to motivate behaviour change.”
[16]. On the other hand, “Usability is the extent to which a product can be used by
specified users to achieve specified goals with effectiveness, efficiency and satisfaction
in a specified context of use.” [17].

1 also called good cholesterol.
2 also called bad cholesterol.
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3 Related Work

Many existing works have designed persuasive technologies (PTs) to motivate healthy
eating [18, 19]. However, little work has been done in designing PTs targeted at IHD or
CHD to encourage heart-healthy diets and ultimately help in maintaining heart-friendly
blood cholesterol and blood pressure levels. One of the relevant works is that of Neubeck
et al. [20]. They conducted a review of existing literature on cardiovascular disease
(CVD) using persuasive technology. One of their findings is that real-time tracking of
biometric data enables reflection on current habits and encourages pursuit of long-term
goals. This also allows users to engage with a bigger picture of their health when they see
the patterns and connections in the collected data. Finally, they summarized the impor-
tance of CVD app features during various life stages. Regarding persuasive strategies,
they concluded that self-monitoring is moderately important for adults and older adults,
but of low importance to adolescents or teenagers. Reward, however, is highly important
for children, adolescents and adults. While personalization is moderately important for
adolescents and older adults, it is highly important for adults but of low importance
to children. Lastly, social comparison is highly important for adolescents, moderately
important for adults, but of low importance to older adults.

These findings provide useful insights in designing our PT to prevent or manage
IHD, since IHD is a type of CVD. For instance, we included the strategies mentioned
in the literature above as part of the persuasive strategies to be evaluated by users in our
first study.

4 Method

To answer the research question stated in Sect. 1, we designed a low-fidelity prototype
implementing 10 persuasive strategies and then conducted an online survey involving 8
participants. The aim of the survey is to assess participants’ perceived persuasiveness
[21] towards the implemented strategies, and to determine and select the most effective
strategies that will promote the intended behaviour. The selected persuasive strategies
are used in designing the high-fidelity prototype which, in turn, is evaluated by the
participants and then refined based on their feedback.

4.1 Prototype and Persuasive Strategies

The low-fidelity prototype implemented 10 persuasive strategies proposed by Oinas-
Kukkonen et al. [22] and widely-used in health apps [20, 23, 24]. The strategies are
personalization, self-monitoring, reward, tunneling, reminder, authority, suggestion,
reduction, praise, and social comparison. The low-fidelity prototype, which constitutes
a mobile app in its mockup form, is designed using the Balsamiq wireframing tool [25].
We created at least two screens modelling a typical user interaction with the proposed
HeartHealth app for each strategy. Figures 1, 2, 3 and 4 show the low-fidelity prototype for
self-monitoring, suggestion, reduction, and reminder respectively. Once the low-fidelity
prototype has been evaluated and responses analyzed, the high-fidelity prototype is
designed using only the most effective persuasive strategies. The high-fidelity prototype
was designed using the Fluid UI tool [26].
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4.2 Participants

Since the proposed mobile app (HeartHealth) is most suited for adults, participants
recruited for the two studies were adults between 18 and 44 years old. Tables 4 and 5
show the demographic information of the participants and the sample size for the first
and second online surveys respectively. The first survey (which focuses on assessing
perceived persuasiveness) was completed by 9 participants, but 1 was excluded from
analysis due to incomplete responses (i.e. majority of the strategies were not evaluated
by the participant). The average completion time for the first survey was 6.23 min.

Table 4. Demographics of participants for the first online survey

Age 18-24 (12.5%), 25-34 (62.5%), 35-44 (25%)
Gender Male (37.5%), Female (62.5%)

Sample size | 8

On the other hand, 8 participants completed the second survey, which focuses on
evaluating the high-fidelity prototype. 2 participants were excluded from analysis due
to incomplete responses (i.e. questions were skipped by the participants). The average
completion time for the second survey was 8.14 min.

Table 5. Demographics of participants for the second online survey

Age 18-24 (16.7%), 25-34 (83.3%)
Gender Male (33.3%), Female (66.7%)

Sample size | 6




132 0. Oyebode et al.

4.3 Survey Questions

In measuring the perceived persuasiveness of each strategy [21] using the low-fidelity
prototype, we asked the participants to indicate on a 7-point Likert scale to which degree
the strategy will (a) be relevant to them, (b) motivate them to change their diet, (c) make
them rethink their current diet. The online survey was created using SurveyMonkey [27].
On the other hand, the high-fidelity prototype was evaluated using open-ended questions
to elicit holistic feedback that can be used to refine the prototype. We asked the following
questions: What do you think about the ease-of-use of the app?, What can you say about
the overall look-and-feel of the app?, Can you share some ideas regarding how the app
can be further improved?

4.4 Survey Procedure

We conducted two online surveys each of which were made available to participants
on different days. The uniform resource locator (URL) of the surveys were sent to
participants’ email boxes and also shared on Slack. Once the first survey, which evaluates
the low-fidelity prototype, is opened by the participants, they were presented with a
short introduction about the objective of the evaluation, and then a screen requesting
their gender and age group. Afterwards, the participants were presented with a screen
for each of the 10 persuasive strategies. Each screen shows the low-fidelity prototype in
order of interaction, followed by the three questions for assessing participants’ perceived
persuasiveness of that strategy. On the other hand, the second survey, which evaluates
the high-fidelity prototype, presents a screen showing a link to an environment where
participants can interact with the prototype, followed by three open-ended questions for
eliciting user comments.

4.5 Data Analysis

To assess the most effective persuasive strategies for HeartHealth, we first computed the
mean score of three items measuring the perceived persuasiveness for each strategy per
participant. Using R language, we created boxplots showing the perceived persuasiveness
score for each strategy. The boxplots allowed us to visualize the differences in the
persuasiveness of the strategies with respect to the neutral rating (which is the value 4 on
the 7-point Likert scale). Moreover, thematic analysis was conducted on the comments
provided by participants of the second survey.

5 Results

5.1 Perceived Persuasiveness of the Strategies

We compared the perceived persuasiveness scores to determine the strategies perceived
to persuade users the most using the neutral rating as benchmark. In other words, we
selected only the persuasive strategies whose scores are above the neutral rating. As
shown in Fig. 5 and Table 6, perceived persuasiveness scores of the 10 strategies are
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above the neutral rating of 4. In decreasing order of persuasiveness, we found that self-
monitoring followed by suggestion, reminder, authority, personalization, and reduction
are the most effective strategies. On the other hand, praise, reward, tunneling, and social
comparison emerged as the least persuasive strategies, listed in decreasing order of
persuasiveness.

s LT

Perceived Persuasiveness Score

. “\ ~(\§ ~<\q ‘O{\ 'O¢ 8{ '66‘ {\4 \f‘) . (){\
P NN AR S R SR
@ < &,<<\°°\ PN
o 3 600"’\'

Fig. 5. Boxplots showing perceived persuasiveness of the 10 strategies on a scale of 1 to 7. The
blue horizontal line represents the neutral rating. (Color figure online)

Table 6. Means and standard deviations of perceived persuasiveness towards the 10 strategies

Persuasive strategy | Mean | Standard deviation
Self-monitoring 6.500 | 0.534
Suggestion 6.292 1 0.700
Reminder 6.125 1 0.589
Authority 6.125 | 0.665
Personalization 6.083 | 0.636
Reduction 6.083 | 1.095
Praise 6.042 | 0.806
Reward 5.833 | 0.564
Tunneling 5.625|1.618
Social comparison | 5.125 | 1.469

Since all the strategies were perceived to be effective based on the results above, we
implemented the 10 strategies in the high-fidelity prototype.
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5.2 Thematic Analysis of User Comments

The outcome of the thematic analysis conducted on the comments provided by the
participants who evaluated the high-fidelity prototype are summarized in Table 7.

Table 7. Themes, descriptions, and example of comments

Theme

Description

Example of comments

Ease of use

How easy the app is to
perform intended tasks

“The app is clear and easy to
navigate it also personalize
your experience which I really
love” (C1)

“Fairly easy. I didn’t know
what to do on the dashboard
when I first opened the app. A
pointer to the action I should
take may be necessary.” (C2)

User interface

Appearance and functionality
in terms of colours, images,
layout, fonts, and behaviour
of controls

“look almost like a real app;
love the overall theme and
colour and how these match
the topic “ (C3)

“overall, it is simple and well
organized” (C4)

Data sharing with Healthcare
Providers/Doctors

Ability to share data/reports
with healthcare providers or
doctors

“...export or share functions
to share collected data with a
health provider” (C5)

“the app may be linked with
your family doctor, so he/she
also check your progress *
(C6)

Additional navigation

Request for specific
navigation elements for
moving between certain
features

“...when starting the app
there is only one arrow to
move forward, there is no way
to go back to fix input
information.” (C8)

Theme customization

Ability to change the app’s
theme

“...allow users to change the
theme of the app” (C9)

While 100% of respondents are satisfied with the app’s user interface, 66.67%
believe the app is very easy to use and 33.33% believe it is fairly easy to use. Majority
of the changes recommended by the respondents (covering data sharing, theme cus-
tomization, additional navigation, and ease of use) have been implemented and more
refined high-fidelity prototype produced as a result. Some of the high-fidelity proto-
type for self-monitoring, suggestion, reduction, and reminder strategies are shown in

Figs. 6,7, 8 and 9.
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6 Discussion

The results of the perceived persuasiveness study revealed interesting information about
the extent to which intended users are persuaded by each strategy. For instance, self-
monitoring is perceived as the most persuasive of the 10 strategies (M = 6.5). Thus, the
proposed mobile app (HeartHealth) has a strong likelihood of motivating users to eat
heart-healthy diets since it allows them to monitor their diets and also measure the effect
of their diets on blood cholesterol and blood pressure levels through daily performance
tracking and trend analysis. Furthermore, users want to receive suggestions regarding the
right diets that can keep their heart healthy, hence the reason suggestion is the second most
persuasive strategy (M = 6.292). Users are also motivated by the app’s compliance with
heart-healthy recommendations from world-class and highly respected organizations
such as the American Heart Association (AHA) and National Heart, Lungs, and Blood
Institute (NHLBI). This positive disposition to the app’s trusted contents was reflected in
the high mean score of the authority strategy (M = 6.125). Moreover, being reminded or
notified of their food logging, blood cholesterol and blood pressure readings is equally
perceived by users as required for behaviour change (M = 6.125). With mean scores
above 6.0, personalization (M = 6.083), reduction (M = 6.083), and praise (M = 6.042)
are also effective for promoting heart-healthy dietary behaviour. For instance, users are
provided with personalized contents that address their risk level (which is influenced by
their age, gender, health condition(s), and family history). In addition, users are provided
quicker means for logging their foods (through barcode scanner and intelligent search
feature), and also praised for logging their foods. Also, reward and tunneling are also
persuasive but with lesser impact (M = 5.833 and M = 5.625 respectively). Social
comparison, however, is seen by majority as the least persuasive (M = 5.125) compared
to other strategies.

Although the sample size of the studies may not be enough to draw strong conclu-
sions about the perceived persuasiveness of the strategies, the perceived persuasiveness
assessment led to the design of an app that implements the most effective strategies
for preventing and managing ischemic heart disease, thereby keeping its users engaged,
focused, and motivated. In addition, the refinements done as a result of user comments
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on the high-fidelity prototype will boost the app’s usability, as well as the overall user
experience.

7 Conclusion and Future Work

We designed a persuasive mobile app, called HeartHealth, that motivates people to eat
heart-healthy foods containing low saturated fat, trans fat, and sodium using only the
persuasive strategies perceived to be the most effective for this purpose. We created low-
fidelity prototype implementing 10 strategies and then conducted an online survey to
assess participants’ perceived persuasiveness towards the strategies. Our results revealed
that all the strategies are effective to achieve our goal since their perceived persuasiveness
scores are above the neutral rating of 4. Furthermore, we created high-fidelity prototype
using the 10 strategies and conducted another online survey so that participants can
evaluate the prototype and provide feedback or comments which were then used to
refine the prototype.

Our future work is to conduct wider studies involving many participants that meet at
least one of the following recruitment criteria: (1) without heart disease nor with related
health condition(s), (2) without heart disease but with related health conditions (such
as diabetes, hypertension, or stroke), and (3) with heart disease. Also, we will introduce
physical activity tracking and allow users to integrate HeartHealth with their favourite
workout devices (such as Fitbit) or apps (such as Google Fit) since physical activity
helps to burn fats. We also plan to introduce coaching feature so that users can share
their progress directly with heart doctors, specialists, and nutritionists and receive real-
time advice or diagnosis. Finally, introducing features that discourage smoking habit,
which is detrimental to the heart, will also be considered.
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Abstract. Compromising smoking cessation applications’ effectiveness, many
users relapse. We propose that long-term adoption of persuasive technology is
(partly) dependent on users’ motivational orientation. Therefore, we studied the
potential relationship between user’s achievement motivation and the long-term
behavior change effectiveness of persuasive technology. One-hundred users of
a smoking cessation app filled out a questionnaire assessing their motivational
orientation and (long-term) behavior change rates. Based on research findings,
we expected that participants with stronger learning goal orientation (who are
focused on self-improvement and persistent when facing failure) would report a
higher long-term behavior change success rate. In contrast, we expected that par-
ticipants with a stronger performance goal orientation (focused on winning, for
whom solitary failures can undermine intrinsic motivation) would report lower
long-term success. Results confirmed our hypotheses. This research broadens
our understanding of how persuasive applications’ effectiveness relates to user
achievement motivation.

Keywords: Smoking cessation - Behavior change - Persuasive technology -
Health - Achievement orientation

1 Introduction

Health risks associated with smoking are well studied and reported. Research shows
that smoking is one of the factors leading to acute conditions such as lung cancer and
cardiovascular diseases [1]. A high majority of smokers realize health risks associated
with smoking, and consequently try to quit, however, fails in the effort [2]. There are dif-
ferent methods available for smokers to quit, for example, instructional and conditioning
methods. A recent trend in helping smokers quit is through the use of smoking cessation
applications (apps). These apps are designed to support smokers quit smoking through
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tracking, self-monitoring and distracting them from smoking [3]. It can be reasoned that
most of the smoking cessation apps are designed based on the principles of Persuasive
Technology (PT). PTs are technologies that are designed to change peoples’ attitudes
and/or behaviors without the use of coercion or deception [4, 5]. PTs have the potential
to be used as a tool for preventive health engineering. PTs have already shown potential
in supporting people to live with healthy lifestyle and can therefore help prevent a wide
range of medical conditions [6, 7]. Although PTs are promising in promoting healthy
behaviors, actual behavior change effectiveness is often limited. The limited effective-
ness of smoking cessation apps could be explained by the finding that most of these apps
are not grounded in theory [8]. Still, recent research indicates that smoking cessation
apps that are designed using behavior change theories are also not proving to be very
successful [9].

One major challenge for preventive health through the use of PT is to be able to
change human behavior over a longer period of time. It is frequently highlighted in
literature that PTs for smoking cessation show promise however the effect is rather
short-term. To date, it is hard to find a study that has evaluated and reported long-term
effectiveness of smoking cessation apps. Some of the research studies underscore that
long-term effectiveness of PTs for behaviors such as smoking does not even exist [10].
Therefore, the area relating to the long-term effectiveness of PTs in behavior change still
calls for further research. In this study, we investigated whether there was a correlation
between users’ motivations and long-term effectiveness of PTs.

Smoking remains the common most preventable cause of acute illnesses in the mod-
ern world [11, 12]. PTs can play an important role in addressing this problem. This could
be, for example, done through developing apps to support individuals to quit. Fogg [4],
explains the mechanisms of using computing devices through the functional triad. The
functional triad can be easily incorporated in a smoking cessation apps. As a tool, an
app can help individuals track statistics on the number of cigarettes smoked, as a media,
an app can present immediate feedback on health-related consequences and as a social
actor, an app can provide support, for example, through goal-setting, rewards, feedback
and even social support. One of the challenges for smoking cessation is that it cannot be
studied as a “single act of observable behavior”. In contrast to less frequent behaviors,
smoking brings in the factor of behavior change process and it is therefore that some
researchers argue that persuasion through technology should be studied as a long-term
process [13].

To the best of our knowledge, research on the long-term effectiveness of PTs is scarce.
Among the few, one study examined long-term effectiveness of wearable devices for pro-
moting fitness. This study concludes that users who adhere with PTs for a longer period
of time have different needs especially because they are expected to move a step further
towards maintaining a positive behavior [10]. The same could be the case with users of
smoking cessation apps. However, it is a highly contextualized and personalized area of
study. Ubhi et al. [9] studied smoking cessation apps and observed that 81% of the users
stopped using the app after just four weeks, which is an evidence of a low adherence
rate. Extended adherence is essential for any kind of behavior change as it is inherently
a long-term process. Experts from other disciplines including psychology and social
sciences have worked to understand the reasons for short-term adoption of technologies
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that promote healthy behaviors. The most cited work in this area is Technology Accep-
tance Model (TAM). According to TAM, whether an individual has an intention to adopt
a technology depends on two major factors i.e. perceived usefulness and perceived ease
of use [13]. TAM has been extended by including a third factor called social influence
and it has been further integrated with models of technology acceptance [14] and used
for investigating acceptance of persuasive robots [28]. We argue that TAM is not par-
ticularly useful when it comes to determining why people stay motivated in using PTs
in the long run. Firstly, TAM explains only about 40% of variance in adoption [15].
Secondly, the model is used to explain whether or not an individual has an intention to
start using a specific technology. Our argument is that initial adoption of a technology
is not sufficient enough to help understand why individuals continue or discontinue to
use that particular technology. It is therefore that we believe that long-term adoption
of a given PT leading to achievement of sustained behavior change largely depends on
individual users’ motivations. To investigate our hypothesis, we referred to the theory
of Achievement Motivation [16].

Little if any research is available on what motivates people to use and adhere with
PTs. Earlier researchers have postulated that adaptive motivational patterns play an
important role in long term success of a certain goal [17]. These patterns are behavioral
in nature and facilitate founding, continuing and achieving those goals that have high
value for individuals [17]. Dweck’s framework highlights two types of achievements:
Learning Goals and Performance Goals. Of the two, learning goals aim at improving
one’s abilities to perform better. For example, to quit smoking could be seen as a learning
goal for an individual to quit smoking would mean that the individual has to prepare to
quit smoking by learning and mastering the skills needed for such a behavior change.
Performance goals on the other hand can be seen as making a stricter target. For example,
planning to quit smoking by the end of the month. According to [18], adoption of
learning goals generally leads to better motivational patterns as compared with adoption
of performance goals [18]. Another, related theoretical framework distinguishes three
types of goals i.e. (i) Learning Goals, (ii) Performance-approach Goals and Performance-
avoidance Goals [19]. According to this framework, individuals position themselves
either around improving their competence or display an avoidance attitude. Simply
put, the two approaches are either aimed at achieving a goal with self-confidence to be
successful (through alearning goal or a performance-approach goal) or avoiding working
towards a goal anticipating fear of failure (through a performance-avoidance goal) [19].
They argue that adoption of approach-oriented goals often leads to high motivation when
compared with adoption of avoidance-oriented goals [19].

Subsequently, approach-oriented goals lead to formation of behaviors that are cen-
tered on positive outcomes. If this stands true, then it can be safely argued that approach-
oriented goals improve task engagement and greater potential of mastering a skill.
According to [20], the approaches towards goals depend on the context. One possible
explanation would be that performance approach goals are more likely to avoid failures.
However, changing from a learning goal to performance goal is less likely to happen as
failures do not necessarily undermine learning goals. In the context of smoking cessa-
tion, if an individual with a performance goal experiences relapse after quitting, there is
a chance that in the next attempt the individual might focus on avoiding another relapse
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rather than focusing on continuing quitting. On the contrary, if the same individual had
set a learning goal, the chance of shifting towards performance avoidance might be
far less because a relapse would not undermine the original goal. On the other hand,
performance-approach goals can lead to high performance and adaptive motivational
patterns when individuals experience a phase of success. One study shows that those
individuals who had set performance-approach goals actually scored higher grades than
those who had set learning goals [21]. This is an interesting finding and reveals that
learning goals are not always as effective as advocated.

To sum up, learning goals are linked with high intrinsic and adaptive motivational
patterns that is characterized by high persistence. The performance-avoidance goals have
a detrimental effect on motivational patterns and performance and lastly, performance-
approach goals can result in either negative or positive outcomes in terms of motivational
behaviors. It is important to note that majority of research on achievement goals was
carried out in the field of Education, Workplace and Sports [22, 23]. Adoption of achieve-
ment goals and its relation to sustained success in the area of PT for healthy behaviors
is not yet studied.

2 Objectives

This paper sets the first step towards investigating a possible connection between achieve-
ment motivation and PT behavior change effectiveness. Theories on achievement moti-
vation assert that challenges in behavior change could be tackled if individuals had
adaptive motivational patterns. Such motivational patterns are linked to setting learning
goals, and goals that are approach oriented. We therefore inferred that there might be a
link between the type of goal and the long-term success that an individual might expe-
rience through the use of PTs. We also investigated a possible connection between goal
types and success that individuals experience when using smoking cessation apps. The
objective is to identify whether there is any correlation between the type of achievement
goals and their long-term success through the use of PT. The following research question
is therefore developed:

What is the relationship between users’ achievement motivation and the effectiveness
of Persuasive Technology (smoking cessation app) for attaining sustained (long-term)
behavior change?

To investigate the research question, we conducted an online survey where partici-
pants reported their smoking cessation success, the type of achievement motivation that
they had and their demographical contexts. Through the analysis of a possible relation-
ship between participants’ smoking cessation success and their achievement motivation
helped come up with the following hypotheses:

Hypothesis la: Individuals who score higher on learning goals and performance-
approach goals also have a higher success rate in smoking cessation.

Hypothesis 1b: Individuals who score higher on performance-avoidance goals have a
lower success rate in smoking cessation.

Earlier studies have shown that adoption of performance-avoidance goals is unfavor-
able for intrinsic motivation and task performance when compared with the adoption of
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performance-approach goals and learning goals [19, 20]. We assumed that people who
score high on performance avoidance goals to have less chance to quit smoking when
compared with people who score higher on performance approach and learning goals.
Our assumption creates further hypotheses:

Hypothesis 2a: Individuals who score higher on learning goals stay smoke free for longer
period of time.

Hypothesis 2 b: Individuals who score higher on performance approach and performance
avoidance approach goals stay smoke free for shorter period of time.

3 Methods

An a priori power analysis using G* Power [24] indicated that we needed no less than 82
participants in order to have 80% power for detecting a medium sized correlation with
a two-tailed significance level of .05. A total of 100 (32 M, 68 F) participants took part
in the study. All the participants were proficient at the English language. In addition, all
participants were trying to quit smoking or had tried to quit. In addition, all participants
used a smoking cessation app to receive support in quitting smoking.

Recruitment was carried out through two different channels. First, participants were
recruited through a social media page “Smoke Free” from Facebook. This page hosted
a community who can find support to quit smoking. We posted a link to the survey on
this page regularly for a period of two months describing the objectives of the research.
Second, a group of participants were recruited at shopping malls and public transport
stations. Potential participants were asked if they had ever used a smoke cessation app.
Those who had used such apps were given access to the link to the survey and requested
to register their responses. Participants who clicked the link were directed to the survey
where a brief overview of the research was presented advising the participants about the
objectives, expected duration to complete the survey and data confidentiality policy. To
ensure that data is not duplicated, participants had to log in using their emails in order
to fill out the survey. Subsequently, participants were asked about the type/s of apps that
they had used for smoking cessation. An option of “None” was included for those who
had never used an app. The following three pages of the survey, participants responded
to questions about their smoking behaviors, achievement goals, and their demographic
context. On an average, it took six (6) minutes for the participants to complete the survey.
No monetary rewards were offered to the participants.

To examine participants’ smoking behaviors while using the Smoke Free app, we
included questions on smoking behavior in the survey. The questions were based on
previous studies [25, 26]. As there was no clear consensus in earlier studies on how
smoking cessation is measured, we decided to use a combination of questions to construct
a reliable measure. In all, seven (7) questions targeted smoking behaviors to measure
success and persistence. A factor analysis and analysis of Cronbach’s Alpha rendered
two (2) measures for smoking cessation performance. The first measure of performance
was the sum of answers to four (4) questions that indicated the success rate experienced
by participants. These measures showed high internal consistency (Cronbach Alpha =
.84) based on the following four questions:
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How many relapses did you experience while using the app?
Did you smoke since the intended day of quitting?

Do you smoke less after adopting to use the app?

Did you successfully quit smoking using the app?

The second measure of performance indicated the length of duration that participants
managed to stay smoke free. Participants responded whether they had remained smoke
free for less than a week, from a week to one month and from one to three months.
The duration of staying smoke free was used to measure the long-term performance in
order to test our second hypothesis. The third measure focused on participants’ adoption
of learning, performance-approach and performance-avoidance goals while trying to
quit smoking. For this purpose, we applied an adaptation of the Achievement Goal
Questionnaire developed by [21]. This questionnaire was used to examine the types
of achievement goals that university students adopted for a Psychology class while the
performance goal items measured their motivation to perform well in the class compared
to other students and contained six questions per goal types. While the classroom context
is highly different from smoking cessation context however we believe that it suited our
study as participants could still be motivated to perform well when compared to other
people in their quest to quit smoking. Further, the subject at hand is unique in the sense
that instead of learning Psychology, participants of this study had an opportunity to learn
more about smoking cessation. For these reasons, we rephrased the items developed by
[21] in order to fit the study context.

A factor analysis confirmed that the items could be divided into three independent
groups. Some of the items from the Achievement Goal questionnaire did not load high
on either of the three factors and were therefore dropped. Subsequent calculations of
Cronbach’s Alpha showed that the adaption of achievement goals questionnaire rendered
three internally consistent measures. First, a learning goal was calculated by averaging
the score on five learning goal questions with a high reliability (Cronbach Alpha = .94).
A performance-approach goal measure was calculated by averaging the scores on five
performance-approach goal items that showed high reliability (Cronbach Alpha = .91).
A performance-avoidance goal measure was calculated by averaging the scores on two
performance-avoidance goal items that showed significant reliability (Cronbach Alpha
= .84). Since the achievement goal items were rephrased versions of the original items
constructed by [21], the items were developed slightly different from the original ones
based on the context of the study. The factor analyses for internal consistency helped us
come up with three components. According to [27] several demographic measures are
closely connected to the success rate for to smoking cessation. Participants answered 11
questions on the demographical circumstances that might impact their smoking behavior.
These items were used for control variables as well as for validating measures that we
developed by comparing results to earlier studies. Important demographic variables
include the participant’s age, whether or not they have other smokers in their family,
their desire to quit smoking and whether or not they have invested money to buy the
smoking cessation app.
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4 The Smoking Cessation App

All participants [n = 100] used a smoking cessation app in their quest to quit smoking.
Majority of participants (89%) used the Smoke Free app that had main features com-
prising of a dashboard, diary and progress screen. Table 1 presents the means, standard
deviation, observed ranges, possible ranges and reliabilities for the main areas of interest
for this study. On an average, participants were highly successful in their quest to quit
smoking using the app. Three quarters of the participants indicated to be not smoking at
the time they completed the survey. In addition, most of the participants seemed to have
a learning goal-oriented approach with a mean average learning goal score of 3.92 on a
scale from 1 to 5.

Table 1. Means, standard deviation, observed ranges, possible ranges and reliabilities.

Variable Mean | SD | Observed range | Possible range | Cronbach’s alpha
Rate of cessation 9.22 |3.70 |0.00-12.00 0.00-12.00 .84

success

Performance-approach |2.39 |1.31 |1.00-5.00 1.00-5.00 91

goal

Performance-avoidance | 3.41 1.38 | 1.00-5.00 1.00-5.00 .94

goal

Learning goal 392 | 1.15 | 1.40-5.00 1.00-5.00 .84

Time not smoked 1.29 |1.27 |0-3* 0-3 -

*(0) = Less than one week; 1 = One week to one month; 2 = One month to three months; 3 =
More than three months

5 Results

Results of the study provided partial support for hypothesis 1a, which stated that individ-
uals who score high on learning goals and performance-approach goals are more likely
to have higher success rate in smoking cessation. In line with hypothesis 1a, participants
who scored higher on the learning goal measure also scored higher on success rate, as
indicated by a first order Spearman rank correlation which is controlled for the effects of
performance-avoidance goals, r(97) = .17, p = .092. Not confirming hypothesis 1a, we
observed no meaningful correlation between performance-approach goal scores and suc-
cess rate. Likewise, we observed insignificant zero-order correlations between success
rate and learning goals or performance-approach goals. Results supported hypothesis 1b
that stated that individuals who score higher on performance-avoidance goals will have
lower success rate in smoking cessation. In line with hypothesis 1b, participants who
scored higher on performance-avoidance goals scored lower success rates as indicated
by a first order Spearman rank correlation r(97) = —.18, p = .074. There was no support
for hypothesis 2a which stated that individuals who score higher on learning goals to
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be smoke free for longer time period. That is, results showed no meaningful correlation
between learning goals scores and the amount of time that participants reported to be
smoke free. Finally, results showed partial evidence supporting hypothesis 2b, which
stated that individuals who score higher on performance-approach and performance-
avoidance goals to be smoke free for a shorter time period. In line with hypothesis 2b,
participants who scored higher on performance-avoidance goals reported less often to
be smoke free for a long period of time, as indicated by partial Spearman rank correlation
r(96) = —.18, p = .078. Contrary to hypothesis 2b results did not show a correlation
between performance-approach goals and the amount of time that participants reported
to be smoke free.

The results indicate that the recruitment strategy had a highly significant relationship
with success rate, t (98) = —5.21, p < .00001, with participants who were recruited
through social media having higher scores. On an average, participants in the study were
successful with 54 out of 100 scoring the maximum 12 points on our measure for success
rate. On average, the participants had a success rate of 9.22 on a scale from 0 to 12. Most
of these participants were recruited through social media. A small group of participants
were recruited by approaching them in person. Highly significant zero order correlations
were found between measures for smoking cessation success rate and four items from
the demographic questionnaire. Firstly, participants who had indicated high desire to quit
smoking scored high on success rate, r = .54, p < .01. Secondly, participants with a higher
income also scored high on success rate, r = .35, p < .01. Thirdly, older participants
scored high success rates, r = .27, p < .01. Fourthly, participants who smoked more
cigarettes prior to the quitting attempt had a higher success rate, r = .38, p < .0l.
Except for the number of cigarettes smoked per day, the findings of this study are in line
with previous research on smoking cessation. In the presented study, we noticed that
participants who smoked more cigarettes before attempting to quit had higher income,
a higher desire to quit and more often used a paid app. This could be one explanation
for why participants who smoke more were more successful. We also found significant
differences in success rates for gender and whether participants used a free app or a
paid one. Females were more successful when compared with males, t (97) = —2.93,
p < .001. In addition, participants who indicated that they paid for the apps were more
successful when compared with those who used free smoking cessation apps, t (98) =
—3.81, p < .001.

6 Discussion

In this study, we investigated achievement goals and whether they can contribute to quit
smoking for a longer period of time. Our major focus was on the first three months of
effects of achievements goals because the majority of smokers give up their pursuit and
get back to smoking during this time period. Previous research on achievement goals
shows that certain types of goals are more beneficial for persistent behaviors. Learning
goals [21] have shown to lead to higher performance and intrinsic motivation. We con-
ducted an online survey with participants who had used a smoking cessation app. The
participants reported on their smoking behaviors while using the app, and we measured
their achievement goals (learning goal and performance goals) and demographic con-
texts. Supporting our hypotheses, results showed that participants who scored higher on
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the learning goal measure also reported to have a higher success rate. Results also indi-
cated that participants who scored higher on performance-avoidance goals reported to
have a lower success rate. Additionally, participants who scored higher on performance-
avoidance goals reported less often to be smoke free for a long period of time. Overall,
the results from the current study suggest that the existing theories of achievement goals
[21] can be generalized to the context of smoking cessation and PT.

Based on the results, we propose that people in the early stage of smoking cessa-
tion can benefit more from adopting learning goals. Learning about smoking cessation
could prepare people to quit by developing quitting strategies that they could later apply
in the process of quitting and in case of relapse. When people are fully prepared to
quit smoking, they might benefit from performance-approach goals. However, further
studies are called for to validate this proposition. In this study, we did not make any
distinction between different stages of smoking cessation that is indeed a limitation.
This study adds significant value to the field of PT as a first step towards investigating a
possible relationship between achievement goals and long-term success of PTs (apps).
The majority of research in the area of PT focuses on short term adoption, which we
believe is a limitation to the field itself. Furthermore, studies that investigated success
rates of smoking cessation apps do not investigate why some people are more successful
than others using the same app or technology and long-term effect and use of PTs is
also not well studied [10]. By recruiting both recent adopters and long-term users of a
smoking cessation app, we took the first step towards investigating reasons of failure
within the first few months of using such technologies. However, since we did not follow
up participants for a longer period of time, extended duration remains another limitation
of this study. However, we did try to include people with different levels of success and
found indicators that achievement goals of users to impact long term success.

Also, the current results suggest that personalization of persuasive technology (see
e.g., [29]) improves its effectiveness. That is, included in the design of technology (and
all contexts) are elements that activate certain goals. The current results show that fitting
(personalizing) this technology to user characteristics might be beneficial.

This study provides evidence that partitioning of learning goals, performance-
avoidance goals and performance-approach goals [21] can be applied in the field of
behavior change and PT. The results indicate that further research on the relationship
between achievement goals and quality of life could be promising. Finally, this study
highlights the negative effects of performance-avoidance goals and that these can be
applied in the context of behavior change and PT. The results confirm these effects in the
short term and provide an indication of the same for medium to long term. We believe
that these findings add value for PT researchers who investigate ways to improve quality
of life through continued long-term healthy behaviors.
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Abstract. Persuasive Technology (PT) as a field of research provides tremendous
opportunities for helping people improve their health and wellbeing. This paper
highlights opportunities for empowering rural female population through a sim-
ple text-based persuasive intervention. The study was performed in June 2019 in a
remotely located population in North-Eastern Pakistan. The target population were
young mothers who were frequent users of mobile phones and able to read text
messages. The study investigated whether simple Mobile-based Text Messages
based on Integrated Management of Childhood Illness (IMCI) could bring a pos-
itive behavior change in mothers such as breastfeeding, avoiding self-medication
when a child is sick and having the child immunized regularly. For data collection,
we opted to conduct Focus Group Discussions in order to gain richer insights. The
findings revealed that a high majority of the participants found the text messages
to be useful. More interestingly, just over the span of one month, these participants
reported to have a natural change in their behaviors.

Keywords: Persuasive Technology - Integrated Management of Childhood
Illness - Text- based messages - Pediatric health - Rural population - Focus
group - Qualitative findings

1 Introduction

1.1 Persuasive Technology

Persuasive Technology (PT) are interactive technologies (systems, applications) that are
designed and developed to motivate and support people in adopting and maintaining pos-
itive/ desirable behaviors [1]. Dedicated research in the area of PT over the past years
has shown promising results in an array of research domains especially health and well-
ness [1]. Using PT as a tool for bringing desirable behavior change through shaping and
reinforcing became more prominent when Behavior Change Support Systems (BCSS)
were introduced [2—4]. Recent years have witnessed a plethora of PTs aiming at vari-
ous aspects of health, wellness and general wellbeing. Some of the common examples
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include enhanced physical activity [5], healthy eating [6], smoking cessation [7], safe sex-
ual behavior [8], dental hygiene [9], safe driving [ 10] and mental health [11]. We are now
witnessing an increasing number of research projects in health and wellness domain that
is without doubt encouraging. However, a quick overview of available literature indicates
that investment in the area of PT for health and wellness is predominantly being made in
the western world. There could be several reasons for this shortcoming. For instance, lack
of funding, and lack or very little knowledge of PT. Therefore, it is of high significance
that PT and its likely impact is studied in low-income countries especially targeting rural
population. This is the main reason that a very narrow research problem is targeted in
this work that focuses on the very basics of PT i.e. Mobile — based messages for mothers
with an aim to educate them in looking after their children’s health. Before designing the
research procedure, a situation analysis was performed that revealed that there was a dire
need to educate mothers about raising healthy children.

1.2 Childhood Illness in Low-Income Countries

Mothers play a central role in children’s health that has been studied and reported as a
key communal and anthropological factor that can directly influence mortality rates in
children under five years of age [12]. Among others, a common reason for high infant
mortality rate in Pakistan is delayed medical help. This is because of several reasons
including lack of education, insufficient knowledge, and mere negligence [13, 14]. Infant
illness and high mortality rate are a continuous cause of concern for families and health-
care systems in low-income countries subsequently adding to the global disease burden
[15]. Literature reveals that a high number of infant mortality is caused by improper
assessment and lack of knowledge amongst parents and/ or immediate caregivers [16].
Poor or substandard healthcare facilities, distant location from primary healthcare units
and high treatment costs also contribute to the problem in low-income countries [17].
Growing popularity and acceptance of PT provides us with a unique and cost-effective
opportunity to address this critical problem. It is disappointing to note that there are
almost no research studies reported that highlight use of PT in low-income countries.
This is despite the fact that numerous articles have emphasized its effectiveness. It is
therefore that simple Mobile-based Text Messages could be delivered as an intervention
with an aim to enhance parents’ knowledge, understanding and skills that are necessary
for immediate primary health support to a sick child.

1.3 Integrated Management of Childhood Illness

The World Health Organization (WHO) introduced Integrated Management of Child-
hood Illness (IMCI) with an aim to overcome the obstinate problem of substandard child
healthcare especially in low — and middle — income countries [18, 19]. IMCI focuses
on improving children’s health through well-timed and suitable case management (for
common diseases). The objective is to induce an integrated child health education and
training for parents and immediate caregivers. Such trainings are meant to be delivered
through Primary Health Care units [20]. More importantly, trainings based on IMCI have
to be delivered through multidisciplinary teams as all members of a given primary health
care unit are interrelated. IMCI strongly emphasizes on the importance of community
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in improved child healthcare [21], which makes perfect sense. We strongly argue that
it is time to focus on parents and immediate caregivers especially now that we have
cost-effective and simple to use technologies such as PT. Our argument is supported
by [22]. Presented work is narrow and purposefully focused to explore the potential of
Mobile-based Text Messages on improving parents’ education and understanding on
children’s health. The content of the text messages was developed from IMCI guidelines
to educate parents by increasing their knowledge and improving skills when they are
dealing with a sick child with no immediate professional health support in the nearby
vicinity. It must be noted that PT has advanced over the past decade however using
Mobile-based Text Messages is more like taking a step back for contextual reasons. In
addition, the founding father of PT advocates simple steps for behavior change [23].

2 Related Work

Dedicated research can be found that shows how researchers and practitioners have
contributed to uplifting child healthcare standards [24, 25]. According to a study, IMCI
training and education has led to a significant improvement in assessment of danger
signs, assessment of co-morbidity and correct medical prescription [26]. Other studies
underscore that IMCI helps healthcare providers in superior health assessment, providing
better advice and prescribing right medication [27]. Literature also shows that medical
students who receive IMCI training perform much better in acommunity medicine setting
[28]. IMCI guidelines have been implemented and examined in a number of countries
and results show that there is a noticeable improvement in child health, however more
work needs to be done. As a matter of fact, the protocol (IMCI) has been (fully or
partially) implemented in more than 100 countries [15] yet the prime issue of high child
mortality rate persists to date. A good number of studies on child health have been carried
out in Pakistan. One study outlines that low female education is one of the major reasons
behind high mortality rates in rural areas [29]. Other researchers call for a separate
clinical setting for IMCI implementation [30], which is certainly a good proposition
however not really practical in a low-income country. Sadly, Pakistan has the world’s 3™
highest infant mortality rate [31] and mothers’ inability to assess a sick child’s situation
is one of the leading factors. This makes our study of great significance as it aims to
find a way (in this work using PT) to reach out distantly located, less educated mothers
through a cost-effective approach based on the guidelines set out by IMCI.

3 Procedures

3.1 Recruitment

The study was conducted in June 2019. Local Primary Health Units’ administrators were
contacted to inform perspective participants about the study. In addition, recruitment
pamphlets (in Urdu language) were distributed to households and local higher secondary
schools. The pamphlets explained in detail that the participation was voluntary and that
we were trying to seek support from young mothers who have children under 5 years
of age and that they had access to mobile phones. In response, we received expression
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of interest from 263 young mothers. An initial screening was performed and 68 were
excluded from the study as they were either medical assistants or had children above the
age of five years. Therefore, the total sample size of this study was 195.

3.2 Ethical Approval

Adhering with the international best practices and ethical code of conduct, we obtained
ethical approval from the local district’s authority. The ethical approval application
entailed aim of the study, detailed information for the perspective participants, informed
consent forms and an undertaking about the confidentiality of the participants’ data. The
study had no psychological or physical implications for the participants. We did not
initiate the study until having received the informed consent forms. Lastly, participants
were advised and explained that they had no obligation to complete their participation
and could opt out at any point of time.

3.3 Data Collection

The study lasted for one month. At the end of the study, participants were invited for
focus group discussions. The purpose of the focus groups was explained with the invi-
tation. The first author acted as a mediator of the focus group. The idea behind having
focus group discussions was to try and collect participants’ experiences and opinions
about the Mobile-based Text Messages. In other words, we wanted to observe whether
a simple intervention (based on the principles of PT) had a any influence on the par-
ticipants’ behaviors towards child healthcare. And that if they had observed a gradual
change in their children’s health related behaviors. Out of the 195 participants who com-
pleted the study, 30 agreed to take part in the focus group discussions. This is because
Pakistan’s rural population is a highly conservative society [32] and women hesitate or
avoid speaking out. It was logical to arrange three focus group discussions on the 3", 40
and 5™ of July 2019 in a local high school for females. Each focus group comprised of
ten participants. The moderator was accompanied by a female teaching staff so that the
participants felt comfortable. Each focus group lasted for approximately 60 min. Par-
ticipants were welcomed and thanked for their support. Refreshments were served and
discussion started with the question about their experience with the Mobile-based Text
Messages. They were advised and encouraged to give comments, suggestions openly
as this was going to help mothers. The moderator explained to the participants that the
content of the messages was designed using IMCI guidelines and that the language was
oversimplified for their understanding. Table 1 shows three of IMCI’s guidelines, a brief
description and examples of text messages.
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Table 1. Three IMCI recommended practices that were incorporated in the mobile-based text
messages for this study.

IMCI guidelines Brief description Simplified message example
Breastfeeding Breastfeed the infant for at “Your child’s health depends
least four months on the best food and that is
through breast feeding”
Health professionals’ advice | Always follow your doctor’s “Your child deserves the best
advice and do not forget to available treatment. Do not try
follow up self-medication. Always

consult the nearest primary
health care unit”

Immunization Ensure to complete entire “Immunization saves lives.
immunization before the first | Never neglect the mobile teams
birthday that reach you for

immunization. Keep a record of
completed and upcoming
immunizations”

4 Findings

The study was conducted to investigate whether simple Mobile-based Text messages
could bring a positive behavior change in mothers such Breastfeeding, avoiding self-
medication when a child is sick and getting the child immunized regularly. The assump-
tion was that text messages will improve mothers’ knowledge and skills leading to
improved child health. We also assumed that such a simple intervention based on PT
would be well received by the participants. Finally, we expected that simple interven-
tions are going to shape up positive behavior amongst parents (especially mothers). We
emphasized on mothers because men in rural areas of Pakistan do not play equal parental
role.

We were happy to receive the feedback from the participants of the focus group
discussions. All the participants from the three groups supported such interventions.
In other words, the intervention was well received by all the participants of the focus
groups. Indeed, one cannot ignore the fact that the intervention was focused on children’s
health. Participants were happy that the messages were simple yet informative, which
is in line with the proposition made by Fogg [23]. Below are some of the representative
comments:

4.1 Breastfeeding

“I have learnt that no matter what, I will breastfeed my baby. I will never
compromise on her health”. (Mother, 20 Years)

“Sometimes I used to delay feeding my baby. The messages were helpful in a way
that I started giving first preference to my child (baby)”. (Mother, 18 Years)
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“I am a year 12 student and have one baby boy (smiles). I think that the messages
about breastfeeding are going to help a lot of mothers”. (Mother, 19 Years)

“I am not good at reading text messages (giggles). But my elder daughter would
run to me and say it is time to feed the baby (her brother). I think this was so
beautiful”. (Mother, 25 Years)

“I am a bachelor’s student with a 3 months old girl. While the messages were
really good, it would have been even better, had you included the importance of
cleanliness”. (Mother, 22 Years)

4.2 Self-medication

“Having three kids is not easy. We live in a remote area and my babies suffer
Jfrom diarrhea regularly. I used to give them a lot of water but now I have started
consulting the lady health worker and use ORS. Also, I have started seeking advice
about cleaning, liquid intake and mosquito bite protection. Thank you.” (Mother,
26 Years)

“I used to give my baby cough syrup without any medical advice, but not now. I
see a doctor or a nurse and act accordingly.” (Mother, 22 Years)

“Because of the medical advice, I avoid giving any medicine at my own. I keep my
child clean, watch her and if she is not well, I immediately call the local doctor”.
(Mother, 20 Years)

“My sister and I are both mothers and we have a habit of giving our kids (babies)
Panadol whenever they are sick. From the last month, we have started following
the messages and realized that we were so wrong. I am so thankful and so is my
sister.” (Mother, 24 Years)

“The messages to avoid self-medication is (was) very good. Is there not a way to
interact with the sender to seek immediate advice?” (Mother, 21 Years)

4.3 Immunization

“I got married when I was 17 and I go to high school. My baby girl (5 months)
stays with my mom. The messages about immunization are (were) of great help. [
have already formed a diary for the entire year.” (Mother, 17 Years)

“The messages were really helpful as I had to get immunizations for my two boys
on different dates. Now I have started telling my friends too (smiles”. (Mother, 23
Years)

“Thank you. I will not forget my baby girl’s immunization.” (Mother, 20 Years)
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“I think you should increase the length of the study (research). We have a lot of
things (chores) to do and one month was too short of a period.” (Mother, 22 Years)

“Is it possible to send a message about immunization one day before? If that is
done, I am sure no child will be left out. In any case, I like this idea of sending text
messages”. (Mother, 21)

Having gone through the feedback received from participants, there are a number
of deductions that can be made. First, that the simple intervention was well received
by the participants. It was also encouraging to see that some of the participants wanted
a longer and interactive version of intervention. This small-scale yet significant study
and its results further support the scope and potential of Persuasive Technology (PT) as
the Mobile-based Text Based messages were actually what the PT community knows
as “Reminders” [33]. While designing the text messages (reminders) we paid detailed
attention to the target population and kept them simple. Mobile phones were purposefully
used as a delivery platform as mobile phone usage in Pakistan is very high [34]. It is
noticeable from this study that PT through simple interventions in rural areas can make
a positive impact. Reminders are already known to make a difference and the findings
from this study are no exception.

5 Discussion

The study was conducted to investigate whether simple Mobile-based Text messages
could bring a positive behavior change in mothers such as breastfeeding, avoiding self-
medication when a child is sick and having the child immunized regularly. Participants’
comments and feedback endorse the effect of Mobile-based Text Messages. Not only
did the participants of the focus group discussions find the intervention useful but they
also showed a desire for a long term and interactive study. This is highly encouraging as
we did not anticipate that kind of response. The findings also indicate that there is no real
need to develop and employ complicated interventions that supports previous research
findings [35]. On the contrary, simple interventions could perhaps be more effective.
One limitation of this study is that the entire focus was on children’s health that lead
to such a positive response. The other important limitation of the study is that only 30
participants agreed to take part in focus group discussions. However, we are preparing
questionnaires for those who did not feel comfortable in focus group discussions. It
might be argued that there is a lack of novelty in the work as it focuses on reminders
that has been deeply studied, however, it is worth noting that the impact of this study
stands out. The study follows Fogg’s recommendations by focusing on what might be
seen as a simple target behavior, applying persuasive techniques and trying to build on
small success [36]. Most importantly, presented work outlines that applicability of PT
in countries such as Pakistan where the very idea of persuasion through technology is
undermined. We therefore believe that this study and future research will broaden the
acceptance and applicability of PT in countries such as Pakistan and beyond.
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6 Conclusions

The paper presented qualitative findings of a relatively small-scale study that employed
Mobile-based Text Messages (Reminders) using Persuasive Technology (PT) and Inte-
grated Management of Childhood Illness (IMCI). Participants showed a positive attitude
towards the intervention and made useful suggestions that can be implemented in future
research. It was interesting to see that some of the participants had already shown a sign
of positive behavior change. Almost all the participants gave positive and supportive
feedback despite being from a rural area, which encourages us to design further studies
with a broader focus on IMCI-recommended practices. Lastly, findings from this study
indicate that simple PT intervention with meaningful messages is a significant trigger
that can lead to behavior change, which is certainly an interesting finding and calls for
future work.
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Abstract. While majority of previous research focus on reviewing mobile health
(mHealth) apps targeting specific health domain, this paper provides a comparative
systematic review of mHealth apps across multiple health domains with the aim
of deconstructing the persuasive strategies employed and their implementation.
Specifically, we targeted four health domains (i.e., physical activity and fitness,
diet, emotional and mental health, and health assessment and healthcare). We
retrieved a total of 639 apps from Google Play out of which 80 popular apps
were extracted (20 apps in each category). Three expert reviewers coded the apps
using 32 persuasive strategies (PSs) based on Persuasive System Design (PSD)
Model and Cialdini’s Principles of Persuasion. Overall, out of the 80 mHealth apps
reviewed, personalization is the most commonly employed PS (n = 77), followed
by surface credibility (n = 69), trustworthiness (n = 66) and self-monitoring (n
= 64). How the apps are implemented varies depending on the domain. Based on
our findings, we offer suggestions for designing mHealth apps to improve their
persuasiveness.

Keywords: Health - Wellness - Mobile apps - Persuasive strategies - Behaviour
change - Systematic review

1 Introduction

The proliferation of smartphones has made it possible to share millions of life-enriching
mobile apps to billions of people worldwide [1]. Many of these apps are health-related
and help in managing chronic or mild health conditions [2], supporting the adoption of a
healthy lifestyle or promoting healthy behaviours [3]. Specifically, these mobile health
(mHealth) apps are effective in promoting physical activity [3, 4], weight management
[5], dietary interventions [3], disease management [2], mental well-being [6], and so on.
However, for behaviour change to occur, developers of mHealth apps need to employ
persuasive principles or strategies [7, 8].

While previous research has conducted literature review on the persuasiveness of
mHealth apps [9, 10] or review apps targeting specific health domain [11-14], existing
work has not conducted a comparative systematic review of mHealth apps (on Google
Play or App Store) across multiple health domains (such as fitness, diet, mental health,
etc.) at the same time to the best of our knowledge.
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To fill this gap, we conduct a comparative systematic review of 80 mHealth apps
across four different categories with each category having 20 popular apps. The cate-
gories include physical activity and fitness, diet, emotional and mental health, and health
assessment and healthcare. The goal of this review is to identify and compare the per-
suasive strategies employed by the apps and how they were implemented. Three expert
reviewers coded the apps using 32 persuasive strategies (PSs) based on the Persuasive
System Design (PSD) Model [7] and Cialdini’s Principles of Persuasion [8].

Our findings show that for the Physical Activity and Fitness category, personalization
(n = 20) and trustworthiness (n = 20) PSs are the most commonly employed, followed
by self-monitoring (n = 19). For the Diet category, personalization (n = 20), commit-
ment/consistency (n = 20) and suggestion (n = 20) PSs emerged as the most commonly
employed, followed by reminders (n = 19). Moreover, under the Emotional and Mental
Health category, personalization (n = 19) and surface credibility (n = 19) PSs are the
most commonly employed, followed by liking (n = 17). For the Health Assessment and
Healthcare category, personalization (n = 18) is the most commonly employed PS, fol-
lowed by surface credibility (n = 16), and self-monitoring (n = 15). Overall, out of the
80 mHealth apps reviewed, personalization emerged as the most commonly employed
PS (n = 77), followed by surface credibility (n = 69), trustworthiness (n = 66), and
self-monitoring (n = 64). Based on our findings, we offer suggestions for designing
mHealth apps to improve their persuasiveness.

2 Related Work

Existing research has evaluated mobile health apps to determine the persuasive features
they provide. For instance, Langrial et al. [15] conducted a review to identify the per-
suasive features in twelve mobile apps for personal well-being using the PSD model.
Similarly, Chang et al. [6] evaluated twelve mobile apps for mental well-being using the
28 principles of the PSD model. They reviewed the apps based on user acceptance of
mobile services, mobile intervention design, and persuasive design. Furthermore, Azar
et al. [16] assessed the intervention strategies present in 23 weight management mobile
apps using four behavioural theories or models, which are the health belief model, trans-
theoretical model, theory of reasoned action/planned behaviour, and the social cognitive
or social learning theory. They also assessed the persuasive nature of the applications
using the Fogg Behavioural Model (FBM).

Rather than targeting a specific health domain, our work provides a comparative
systematic review of 80 mHealth apps across multiple health domains using both the
PSD model and Cialdini’s Principles of Persuasion. Specifically, we targeted four health
domains: physical activity and fitness, diet, emotional and mental health, and health
assessment and healthcare to uncover new insights and enrich the literature.

3 Methodology

In this section, we discussed the app selection criteria and coding process.
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3.1 Selection of MHealth Apps

We developed a Python script to automate the app selection process which involves
two stages. First, we searched for health-related apps that are free or free with in-app
purchases on Google Play using keywords appropriate for each category, as defined in
Table 1. We filtered our search results by selecting apps that belong to at least one of the
following relevant Google Play groups: health and fitness, medical, social, and lifestyle.
Second, we selected 20 most popular apps after sorting the total apps in each category in
descending order of number of installations, followed by average ratings and number of
reviews. Table 2 shows the apps summary per category based on number of installations,
average ratings and number of reviews. We ensure that none of the 20 apps in a category
is repeated in another category. In other words, we selected 80 unique apps in total for
coding and analysis. 92.5% of the 80 apps were updated in 2019.

Table 1. App Categories and Search Keywords, and the corresponding number of Unique Apps
retrieved.

App Category Description Keywords No. of Apps
Physical Activity and Apps that promote any | fitness, physical activity, | 195
Fitness form of physical activity | exercise, running,

or exercises, such as walking, cycling, etc.

walking, running,
cycling, etc.

Diet Apps targeted at healthy | diet, drink, food, 120
eating such as tracking nutrition, water, etc.
diet or food intake, as
well as water

consumption
Emotional and Mental Apps for mental health mental, emotion, 167
Health and emotion regulations | anxiety, depression,

such as helping users sleep, stress, etc.

control their feelings and
thoughts, as well as
anxiety, depression,
stress and sleep disorders

Health Assessment and | Apps that help with healthcare, health 157
Healthcare health assessment and/or | assessment, symptom,
diagnosis, as well as diagnosis, doctor, etc.
provide access to
qualified healthcare

professionals
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Table 2. Summary of 20 Popular Apps in each Category based on the Number of Installations,
Average Ratings, and Number of Reviews

App category No. of installations Average ratings No. of reviews (range)
(range) (range)

Physical Activity and | 10000000-500000000 | 3.7-4.8 60788-930822

Fitness

Diet 1000000-50000000 |3.4-4.8 8699-2165194

Emotional and Mental | 1000000-10000000 | 3.6-4.8 8686-298437

Health

Health Assessment 500000-10000000 4.1-4.8 5133-303407

and Healthcare

3.2 Coding and Analysis of Selected Apps

In the coding phase, we identified the persuasive strategies (PSs) employed in designing
each of the 80 mHealth apps including how the strategies were implemented using the
PSD model [7] and Cialdini’s Principles of Persuasion [8]. Both frameworks have been
widely used in deconstructing persuasive technologies over the years. From the PSD
model, we used all the PSs under the primary task support, dialogue support, system
credibility support and social support categories for coding purposes. From the Cialdini’s
Principles of Persuasion, we selected four out of the six available PSs since two strategies
(i.e., authority and liking) already existin the PSD model. Table 3 shows the 32 persuasive
strategies and their categories.

Figure 1 describes the coding process. Three expert reviewers installed the apps
on their Android smartphones and used the app features to perform various tasks while
taking note of the PSs and how they were implemented in their coding sheets. Afterwards,
the reviewers discussed the information captured on the coding sheets.

Table 3. Persuasive Frameworks, Categories and Descriptions, as well as the individual
Persuasive Strategies

Framework Category Description Persuasive strategies
PSD Primary task Support users in Reduction, Tunneling,
support performing their Tailoring,
intended tasks Personalization,

Self-monitoring,
Simulation, Rehearsal

(continued)
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Table 3. (continued)
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Framework

Category

Description

Persuasive strategies

Dialogue support

Provide feedback that
moves users toward
the target behaviour

Praise, Rewards,
Reminders, Suggestion,
Similarity, Liking, Social
role

System credibility
support

Support the
development of
systems that are more
credible

Trustworthiness,
Expertise, Surface
credibility, Real-world
feel, Authority,
Third-party
endorsements,
Verifiability

Social support

Motivate users
through social
influence

Social learning, Social
comparison, Normative
influence, Social
facilitation, Cooperation,
Competition,
Recognition

Cialdini’s Principles
of Persuasion

Set of principles or
strategies that
influence people’s
behaviour

Reciprocity, Scarcity,
Social proof, and
Commitment/consistency

Install apps on
Android phone

D

Perform various
tasks using app
features

J

4 Results

Record persuasive
strategies and
implementation in
the coding sheet

Compile coding
from three
reviewers

D

Fig. 1. The Process of Coding Apps

In this section, we present the apps review results. We discussed the persuasive strategies
identified in the apps and how they were implemented.

4.1 Persuasive Strategies Employed by Apps in Various Health Domains

Figure 2 shows the primary task support PSs employed by apps in the four health domains
or categories (i.e., Physical Activity and Fitness, Diet, Emotional and Mental Health,
and Health Assessment and Healthcare). Of the seven primary task support PSs, person-
alization is the most commonly employed strategy in all four categories, followed by
self-monitoring. Specifically, for Physical Activity and Fitness category, personalization
is the most commonly employed strategy (n = 20), followed by self-monitoring (n =
19) and reduction (n = 18). For Diet category, personalization is the most commonly
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employed strategy (n = 20), followed by self-monitoring (n = 19) and reduction (n =
19). However, for Emotional and Mental Health category, personalization is the most
commonly implemented strategy (n = 19), followed by self-monitoring (n = 11) and
tunneling (n = 11). For Health Assessment and Healthcare category, personalization is
the most commonly implemented strategy (n = 18), followed by self-monitoring (n =
15) and tunneling (n = 11).

= Physical Activity and Fitness = Diet = Emotional and Mental Health = Health Assessment and Healthcare
20 20

19 19 19 19
18 18
) 15
: 14
1 11
) 10
8
7
i 5 5
4
3 3
2 2
0 I 0 l I 0 () I
i Self-moni

Tailoring Simulation Tunneling Rehearsal

Primary Task Support

Fig. 2. Primary Task Support PSs employed in Physical Activity and Fitness, Diet, Emotional
and Mental Health, and Health Assessment and Healthcare categories

Furthermore, Fig. 3 shows the dialogue support PSs employed by apps in the four
categories. For Physical Activity and Fitness category, reminders (n = 17) is the most
commonly employed, followed by suggestion (n = 15) and liking (n = 12). However,
for Diet category, suggestion (n = 20) is the most commonly employed, followed by
reminders (n = 19) and liking (n = 10). For Emotional and Mental Health category,
liking (n = 17) is the most commonly employed, followed by reminders (n = 14) and

® Physical Activity and Fitness = Diet = Emotional and Mental Health = Health Assessment and Healthcare
20
19
17 17
15
: 14
13
12 12
10
- 9 9
8
7 7 7
6
° 4 4 4
3 3 3 3
I I I I 0 I I I 000
Reminders Suggestion Liking Rewards Social role Praise Similarity

Dialogue Support

Fig. 3. Dialogue Support PSs employed in Physical Activity and Fitness, Diet, Emotional and
Mental Health, and Health Assessment and Healthcare categories
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suggestion (n = 9). Finally, for Health Assessment and Healthcare category, liking (n =
13) is the most commonly employed, followed by suggestion (n = 12) and social role
(n=9).

Moreover, Fig. 4 revealed the system credibility PSs employed by apps in the four
categories. For Physical Activity and Fitness category, trustworthiness (n = 20) is the
most commonly employed PS, followed by real-world feel (n = 17), surface credibility
(n = 16) and expertise (n = 16). For Diet category, trustworthiness (n = 19) and expertise
(n = 19) are the most commonly employed PSs, followed by surface credibility (n =
18). For Emotional and Mental Health category, surface credibility (n = 19) is the most
commonly employed, followed by trustworthiness (n = 13) and real-world feel (n = 12).
Finally, for Health Assessment and Healthcare category, surface credibility (n = 16) is
the most commonly employed, followed by real-world feel (n = 15) and trustworthiness
(n=14).

= Physical Activity and Fitness = Diet = Emotional and Mental Health = Health Assessment and Healthcare

20
- 19 19 19
18
17
16 16 16
15 15
: 14
13
12
9
8
4
3 3 3
2 2 2
A1 mnlll n...

Trustworthiness  Surface credibility ~ Real-world feel Expertise Third-party Verifiability Authority
endorsements

System Credibility Support
Fig. 4. System Credibility Support PSs employed in Physical Activity and Fitness, Diet,
Emotional and Mental Health, and Health Assessment and Healthcare categories

Furthermore, Fig. 5 shows the social support PSs employed by apps in the four
categories. For Physical Activity and Fitness category, competition is most commonly
employed (n = 10), followed by social learning (n = 5) and recognition (n = 5). For Diet
category, normative influence is most commonly employed (n = 8), followed by social
learning (n = 7) and competition (n = 7). For Emotional and Mental Health category,
only social facilitation (n = 1) and social learning (n = 1) were employed. Interestingly,
for Health Assessment and Healthcare category, none of the apps employed the social
support PSs. Also, none of the four categories employed the cooperation PS.

Finally, Fig. 6 revealed the Cialdini’s Principles of Persuasion employed by apps
in the four categories. For commitment/consistency (n = 18) is the most commonly
employed, followed by reciprocity (n = 9) and social proof (n = 6). For Diet category,
commitment/consistency (n = 20) is the most commonly employed, followed by social
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proof (n = 10) and scarcity (n = 7). For Emotional and Mental Health category, reci-
procity (n = 6) is the most commonly employed, followed by commitment/consistency
(n = 5) and social proof (n = 3). Interestingly, for Health Assessment and Healthcare
category, commitment/consistency (n = 4) is the only strategy employed.

= Physical Activity and Fitness = Diet = Emotional and Mental Health = Health Assessment and Healthcare
10
R 8
7 7
5 5 5
. 4 4 4
2
1 1
. l o 00 00 00 00 0 I 0 0000
Social leaming C iti ive influence Social iti Social faci i Ce

Social Support

Fig. 5. Social Support PSs employed in Physical Activity and Fitness, Diet, Emotional and Mental
Health, and Health Assessment and Healthcare categories
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Cialdini's Principles of Persuasion

Fig. 6. Cialdini’s Principles of Persuasion employed in Physical Activity and Fitness, Diet,
Emotional and Mental Health, and Health Assessment and Healthcare categories

4.2 Persuasive Strategies Implementation in the Apps

Table 4 presents how the various persuasive strategies are implemented in the apps.
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Table 4. Persuasive Strategies and how they are Implemented in the Apps

Persuasive Strategy Physical Diet Apps Emotional and | Health Assessment and
Activity and Mental Health | Healthcare Apps
Fitness Apps Apps

Personalization Personalized Personalized Personalized | Use personal information

contents based
on users’
gender, age,
weight and
height;
customizable
language,
sound, music,

contents based
on users’
demographics,
height, weight,
location;
customizable
notification,
sound and

contents based
on users’
demographics;
customizable
theme, alarm,
sound, music,
language, etc.

to assign doctors;
customizable theme, font
size and language

etc. triggers, widgets,
language, etc.

Self-monitoring Graphs and Graphs and texts | Graphs/charts | Heartrate analysis,
texts that show | that show users’ | showing sleep, | symptom tracking,
users’ progress, mood, and sugar-level analysis,
progress, including current | emotion doctors’ report,
including and past analysis self-assessment report, etc.
current and activities
past activities

Reduction Predetermined | List of popular Meditation, -
lists of restaurants and | sleep,
exercise/sport | recipes with their | relaxation and
types and respective happiness
training plans | calories; cup goals are

sizes for drinking | broken down
water; barcode into smaller
scanner for food | achievable
logging tasks

Tunneling After question | After question Step-by-step | Guide users on addressing
answering answering steps, | guides on symptoms
steps, suitable | suitable exercise, | proper
exercise, fitness or training | meditation and
fitness or plans are emotional
training plans | provided health
are provided

Tailoring Exercise plans | Users can set - Medical scenarios and

are based on
users’ fitness
level

dietary
preferences and
get matching
recipes

learning contents are
based on area of specialty

(continued)
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Table 4. (continued)

Persuasive Strategy Physical Diet Apps Emotional and | Health Assessment and
Activity and Mental Health | Healthcare Apps
Fitness Apps Apps
Simulation Pictures show | Uses fat and slim | Animated -
the before and | avatars reflect images and
after effects of | the impact of avatars
performing performing demonstrate
various target behaviour | transitions
exercises towards good
sleeping habits
Rehearsal - - Rehearse Healthcare professionals
meditation and | can rehearse medical cases
gratitude (such as surgery-related
leading to cases)
happiness
Reminders Remind user to | Reminds users to | Remind or Remind users about
workout using | track meals and | notify users to | finishing pills using push
push water using push | meditate, sleep | notifications with sound
notifications notifications with | and wakeup, and text
with sound and | sound and text etc. using push
text notifications
with sound
and text
Suggestion Suggest Suggest daily Provide tips on | Suggest solutions to skin
number of calories, ounce how to have diseases and certain health
calories to of water, better sleep issues or symptoms
burn, fitness nutrition values, | and relaxation;
plan, daily food quantity, suggest better
steps, etc. etc. meditation
modes
Praise - Offer praises Praise users Healthcare professionals
using texts, for completing | are praised for managing
symbols and meditation medical cases
images after audios and
users log food other activities
and drinks
Liking Well-organized | Well-organized, | Attractive Well-organized, attractive,
and attractive attractive, icons/avatars simple, and easy-to-use
user interfaces | simple, and and user interfaces
with relevant easy-to-use user | illustrations,
pictures and interfaces great
videos animations
and cool
colours

(continued)
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Persuasive Strategy Physical Diet Apps Emotional and | Health Assessment and
Activity and Mental Health | Healthcare Apps
Fitness Apps Apps
Rewards Virtual rewards | Virtual rewards | Virtual Scores awarded for
in form of in form of points, | rewards in the | completing medical cases
badges and stars, badges, etc. | form of
trophies stickers,
badges, and
activity streaks
Similarity Girl avatar - - -

with pink
colours
provide
necessary
information to
female users

Social role

Forum
supports
conversations
between users

Forum and chat
features support
conversation

with other users

Virtual
therapist and
life coach to
respond to
users’ queries
or questions

Nurse, doctor and
advisor’s role to provide
medical assistance

Trustworthiness Contents are Contents are Contents are | Contents are related to the
related to the related to the related to the | target behaviour, with
target target behaviour, | target privacy policy statements
behaviour, with | with privacy behaviour, to gain user trust
privacy policy | policy statements | with privacy
statements to | and relevant policy
gain user trust | health notices statements;

user have
control over
data
Expertise Exercise types, | Meal plans, drink | Audios and Doctors are licensed

fitness plans
and training

suggestions,
recipes and

videos from
experts (e.g.,

experts

contents reflect | calorie content licensed
specialist reflect specialist | therapists),
knowledge knowledge etc.
Surface credibility Professional Professional Professional Professional interface with

interface with
limited or no
ads

interface with
limited or no ads

interface with
limited or no
ads

limited or no ads

(continued)
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Table 4. (continued)

Persuasive Strategy

Physical
Activity and
Fitness Apps

Diet Apps

Emotional and
Mental Health

Apps

Health Assessment and
Healthcare Apps

Real-world feel

Contact names,

Contact names,

Contact names

Contact names, email and

email and email and and email mailing addresses, and
mailing mailing addresses of | phone numbers of people
addresses, and | addresses, and people behind | behind the apps are
phone numbers | phone numbers | the apps are revealed
of people of people behind | revealed
behind the the apps are
apps are revealed
revealed
Authority World Health | — - -
Organization
and National
Institutes of
Health are
referenced in
app
Third-party - Endorsement by | — Endorsement/accreditation
endorsements British Medical by URAC, TRUSTe
Journal and Certified Privacy, HiTrust,
University of ClearHealth Quality
Sydney’s Institute, etc.
Medical Centre
and other
organizations
Verifiability Links to Links to external | Links to web | Links to web resources to
external websites for resources to verify information

websites from
training
contents to
provide further
details

supporting
videos; links to
websites for
more recipes

verify
information

Social learning

Forum for
sharing success
stories and
experiences so
other users can
learn

Sharable food
journal,
community and
newsfeed
features allow
users to share
progress and
experiences

Users can chat
in groups to
learn from one
another

(continued)
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Persuasive Strategy Physical Diet Apps Emotional and | Health Assessment and
Activity and Mental Health | Healthcare Apps
Fitness Apps Apps

Social comparison In a challenge, | Compare - -

compare hydration and
performance calorie levels
with that of with friends;
participating compare
users progress with
that of others
during a
challenge
Normative influence Community, Groups and - -
groups and community for

clubs for users
with similar
goals or
interests (e.g.,
running,
walking, or
cycling)

users with
similar goals or
targets

Social facilitation

Users can see
friends running
with them
virtually

Users can see
the number of
people also
meditating at
the same time

Cooperation - - — _
Competition Users compete | Users compete in | — -
in running, food-related
walking or challenges (e.g.,
cycling no chocolate, no
challenges fatty food, etc.)
for specified
duration
Recognition Leaderboard Leaderboard - -
reveals top reveals top
runners for performers for
public public
recognition recognition

(continued)
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Table 4. (continued)

Persuasive Strategy

Physical
Activity and
Fitness Apps

Diet Apps

Emotional and
Mental Health

Apps

Health Assessment and
Healthcare Apps

Commitment/consistency

Users commit

Users commit to

Users commit

Users commit to daily

to daily, daily, weekly or | to daily and plans and health goals
weekly or monthly water weekly sleep
monthly drinking and goals, as well
workout or weight reduction | as mood-based
exercise goals and meditation
goals/plans programs
Scarcity 65% discount | Limited time, - -
on premium large discount
offers that offers for
expire in 24 h | plan/subscription
upgrade and
premium
features
Social proof Each active Number of users | Shows the -
challenge who joined an number of

shows number
of participants;
groups/clubs
show number
of runners,
cyclers, etc.

active challenge;
number of group
members; etc.

users currently
meditating;
shows number
of members in
a chat group

Reciprocity

7 days and 30
days free
access to
premium
features

7 days and 30
days free access
to premium
features

7 days trial
period for
premium
features

4.3 Persuasive Strategies and App Effectiveness

For each category, we performed a bivariate Pearson Correlation (using SPSS version 25)
to determine whether a relationship exists between the number of persuasive strategies
implemented in an app and the perceived app effectiveness (based on average ratings).
We also performed the same computation for all apps combined. The results, as shown
in Table 5, revealed that for each category, there is no correlation (though not signif-
icant) between the number of strategies employed and app effectiveness. Overall, no
relationship exists between the number of persuasive strategies employed in an app and

its effectiveness.



Table 5. Relationship between Number of Persuasive Strategies and App Effectiveness based on

Pearson Correlation Coefficient (r)

Persuasive Mobile Apps for Health and Wellness

Physical Activity and
Fitness Apps

Diet Apps

Emotional and Mental
Health Apps

Health Assessment
and Healthcare Apps

Overall (all apps)

r(20) = 0.188, p =
0.428

r(20) = —-0.037,p =
0.877

7(20) = —0.126, p =
0.598

7(20) = 0.048, p =
0.841

r(80) = 0.044, p =
0.697
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5 Discussion

We conducted a comparative systematic review of 80 mHealth apps across four categories
(see Table 1) with the aim of deconstructing the persuasive strategies employed and their
implementation, and then provide suggestions on how the persuasiveness of mHealth
apps can be further improved using the insights.

5.1 Persuasive Strategies Employed Overall

Out of the 80 mHealth apps reviewed, personalization emerged as the most commonly
employed PS (n = 77), followed by surface credibility (n = 69), trustworthiness (n =
60), self-monitoring (n = 64), real-world feel (n = 59), reminders (n = 57), suggestion (n
= 56), liking (n = 52), expertise (n = 52), commitment/consistency (n = 47), reduction
(n = 45) and tunneling (n = 40). Other strategies were employed by less than 23 apps.
Research has shown that the personalization strategy was effective in promoting health-
related behaviours [9, 17] which, in turn, explains why 96% of the total apps implemented
1t.

5.2 Persuasive Strategies for Physical Activity

Based on our findings, all the reviewed apps under the physical activity and fitness cate-
gory employed both the personalization and trustworthiness PSs. Moreover, 95% of the
apps employed self-monitoring, 90% employed commitment/consistency and reduction,
85% employed reminders and real-world feel, 80% employed surface credibility and
expertise, and 75% employed suggestion. 65% or less employed other strategies. Exist-
ing research supported our findings. For instance, self-monitoring and reminders were
found to be commonly implemented in physical activity apps by [18, 19]. Another study
found that users are more persuaded by physical activity apps that implement primary
task support and dialogue support PSs [20], including goal-setting [21] which correlates
well with the commitment/consistency strategy [22].

5.3 Persuasive Strategies for Healthy Eating

Our findings revealed that personalization, commitment/consistency, and suggestion
PSs were implemented in all the reviewed apps under the Diet category. 95% of the
apps employed self-monitoring, reduction, reminders, expertise and trustworthiness PSs,
while 90% and 75% of the apps employed surface credibility and real-world feel respec-
tively. This shows that most mHealth apps rely on a mix of these strategies to promote
healthy diets among users.
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5.4 Persuasive Strategies for Emotional and Mental Health

Our findings showed that 95% of the reviewed apps employed the personalization and
surface credibility PSs under emotional and mental health category, while 85% and
70% implemented the liking and reminders strategies respectively. This outcome is
corroborated by previous research on persuasive mental health apps which shows that
primary task support PSs are the most commonly implemented, followed by system
credibility and dialogue support strategies [6].

5.5 Persuasive Strategies for Health Assessment and Healthcare Delivery

In health assessment and healthcare category, 90% and 80% of the reviewed apps imple-
mented the personalization and surface credibility PSs respectively. However, 75% of
the apps implemented real-world feel and self-monitoring, while 70% implemented the
trustworthiness PS. Only 60% and 45% of the apps employed suggestions and social role
PSs which are equally important to provide medical advice and facilitate doctor-patient
conversations.

5.6 Comparative Analysis

Table 6 shows the three most dominant persuasive strategies and the least dominant
strategies for each of the four categories.

In a world where precision medicine has become prominent, personalization is unar-
guably critical to tailor healthcare (such as treatment and prevention of diseases or
ailments) to individual patient. It is therefore not surprising personalization is the most
dominant in mHealth apps. Surface credibility is important for emotional and mental
health, as well as health assessment and healthcare delivery, due to the sensitive nature
of these issues. Users tend to be skeptical and critical of apps in these areas and that
makes it really necessary that the apps must be professionally looking, responsive, and
with visually appealing interface to be adopted. Any app that lacks these attributes may
be deemed incredible. Hence, surface credibility is a popular strategy in these domains.
Furthermore, self-monitoring is dominant in physical activity and fitness apps since
technological advancements in these areas have made it possible to automatically track
movements (while walking, running, cycling, etc.) in real-time through various sensors
on smartphones or wearable devices. Same applies to health assessment and healthcare
delivery apps, where various sensors can be used to track vital signs, such as heart
rate, blood pressure, temperature, etc. However, it is difficult to monitor food intake
and dietary levels in diet apps unless users supply this information manually, and that
explains why self-monitoring is not among the top in the domain of dieting.

5.7 Design Suggestions

Research has shown that social interaction can motivate individuals to achieve their target
behaviours [18, 23, 24]. However, only 21% of the 80 mHealth apps employed at least
one of the social support PSs. Designers of persuasive mHealth apps should consider
implementing social support strategies in their apps by providing features allowing users
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Table 6. Comparative Analysis of Persuasive Strategies across the four Categories
Physical Diet Emotional and | Health
Activity and Mental Health | Assessment and
Fitness Healthcare
Most Personalization | Personalization Personalization | Personalization
Dominant | Trustworthiness | Suggestion Surface Surface
Persuasive | Self-monitoring | Commitment/consistency | credibility credibility
Strategies Liking Self-monitoring
Least Rehearsal, Rehearsal, Similarity, Tailoring, Reduction,
Dominant | Praise, Authority, Cooperation, | Similarity, Simulation,
Persuasive | Third-party Social facilitation Third-party Similarity,
Strategies | endorsements, endorsements, | Authority,
Cooperation Authority, Competition,
Cooperation, Cooperation,
Social Social
comparison, comparison,
Competition, Social learning,
Normative Normative
influence, influence, Social
Recognition, facilitation,
Scarcity Recognition,
Scarcity
Social proof,
Reciprocity

to: (1) invite their friends to perform the target behaviour together, (2) compare their
performance with others performing the same activities, (3) be publicly recognized after
achieving important milestones that move them closer to their health goals, (4) learn
from other users’ experiences or success stories, (5) team up with (or join) other users
in performing a common healthy activity.

Designers should also introduce praise in their apps such that users are praised or
appreciated for every milestone achieved even if it seems small or trivial.

Finally, the relationship between the number of persuasive strategies employed in
persuasive app design and their effectiveness is an open area of research. Although many
existing persuasive apps employ multiple strategies, this analysis suggests that there is
no relationship between the number of strategies employed in persuasive app for health
design and app effectiveness as operationalized by the app rating. Hence, persuasive app
developers could employ fewer strategies and still be effective. This will reduce the app
complexity and reduce overall cognitive load on the user. This is in line with Orji et al.
[25] which shows that persuasive apps employing a single strategy can be effective.

6 Conclusion and Future Work

We conducted a comparative systematic review of 80 mHealth apps across four categories
with each category having 20 popular apps. The categories include physical activity and
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fitness, diet, emotional and mental health, and health assessment and healthcare. The
goal of this review is to identify and compare the PSs employed and how they were
implemented, and then offer design suggestions to improve persuasiveness of mHealth
apps.

Our future work will be a broader review involving additional mHealth apps from
both Google Play and App Store, spanning more health domains. In addition to PSs
in PSD and Cialdini’s Principles of Persuasion frameworks, others such as punishment
would be considered. We also plan to investigate the effectiveness of apps employing
multiple strategies in comparison to those employing a single strategy in actual app.
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Abstract. This paper provides a systematic review of mobile apps for waste man-
agement with the main aim of uncovering the persuasive strategies employed, their
operationalizations, the relationship between the number of persuasive strategies
employed and the apps’ effectiveness to achieve specific target behavior. Specifi-
cally, we systematically investigated 125 mobile apps for waste management and
identified distinct persuasive strategies, from the primary task support category of
the PSD model. Furthermore, we classified these strategies based on the kind of
waste management activities that the app was designed to support. Secondly, we
uncovered how each of the persuasive strategies was implemented in the waste
management apps to achieve the targeted outcome. Thirdly, we evaluated the rela-
tionship between the number of persuasive strategies employed in the apps design
and the effectiveness of the apps (measured by user ratings). The results show that
the apps cumulatively employed 251 persuasive strategies spread across the seven
distinct primary task support persuasive strategies as follows: reduction (n = 76),
tunneling (n = 9), tailoring (n = 37), personalization (n = 75), self-monitoring (n
= 31), simulation (n = 7) and rehearsal (n = 16). In addition, our findings show
that appropriate waste disposal, collection, recycling, and general waste man-
agement challenges were some of the waste management issues that the mobile
apps targeted. Based on our results, we offer some design recommendations for
operationalizing persuasive strategies in waste management app to increase their
effectiveness.

Keywords: Waste management - Mobile apps - Persuasive strategies -
Persuasive technology

1 Introduction

Proper waste management plays a significant role in ensuring the health and wellbeing
of the people [8, 14, 16, 18]. Efforts by governments and stakeholders around the world,
aimed at ensuring that citizens adopt positive waste disposal behaviors have been largely
ineffective [17, 20]; hence the calls for a new approach, which can be achieved via the
combined powers of technologies and persuasive strategies [8, 9]. As a result, there is
an unprecedented increase in the design and adoption of persuasive technologies (PTs),
which are capable of promoting a clean and sustainable environment. PTs are interactive
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systems that persuade users to accomplish desired behaviors as they use these digital
technologies [1, 3, 4]. The advancement and ubiquitous nature of mobile technologies
have created opportunities for users to interact with one another, learn new behaviors, and
accomplish targeted tasks [6, 7, 10, 12]. These advancements have inspired researchers
and designers to develop mobile interventions that target a variety of environmental
sustainability issues [15, 19].

Persuasive strategies are the building block of PTs that enables then motivate, influ-
ence, and assist users in adapting the desired behaviors [11]. As a result, they are pro-
gressively being implemented in a variety of systems or apps to engage users and support
them to achieve desired outcomes [2, 15]. Many apps exist, targeted at various forms
of waste management challenges such as waste trashing, collection, recycling, etc. [9].
However, there is a dearth of research about what persuasive strategies are implemented
by these apps and how they are operationalized to achieve the desired objective of
promoting sustainable waste management behavior.

Therefore, this paper provides a systematic review of mobile apps for waste man-
agement with the main aim of uncovering the persuasive strategies employed their oper-
ationalizations, the relationship between the number of persuasive strategies employed
and the apps’ effectiveness, the specific target behavior of the apps. Specifically, we
systematically reviewed 125 apps from the app store (Android and Apple), to identify
distinct persuasive strategies implemented on the apps. In addition, we distinguished
these strategies according to the kind of waste management activities that the apps
were designed to promote. Secondly, we uncovered how the persuasive strategies were
implemented in the waste management apps to achieve the target outcomes. Thirdly, we
evaluated the relationship between the number of persuasive strategies employed in the
apps design and the effectiveness of the apps.

The results show that the apps cumulatively employed 251 persuasive strategies
spread across the seven distinct primary task support persuasive strategies as follows:
reduction (n = 76), tunneling (n = 9), tailoring (n = 37), personalization (n = 75),
self-monitoring (n = 31), simulation (n = 7) and rehearsal (n = 16). In addition, our
findings show that appropriate waste disposal, collection, recycling, and general waste
management challenges were some of the waste management issues that the mobile apps
targeted. Based on our results, we offer some design recommendations for operational-
izing persuasive strategies in waste management app to increase their effectiveness. This
study is significant to the various stakeholders in the waste management business as its
findings will potentially inform the design of waste management interventions that will
be effective and promote clean and sustainable behavior.

To the best of the authors’ knowledge, no existing studies have conducted a systematic
review of apps or interventions for waste management to uncover the persuasive strate-
gies employed and their operationalization. This is essential to inform future research
in this area.

2 Literature Review

Persuasive strategies are techniques, which are implemented on persuasive technologies
to help users achieve sustainable behaviors [7, 10]. Persuasive technologies are interac-
tive applications (mobile and desktop systems) that are designed to motivate a change
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of behavior among users without coercion or deception [3, 4, 19]. Fogg (2009) designed
an eight-step process to building persuasive technologies [3], Oinas-Kukkonen and Har-
jumaa (2009) developed design strategies which could be employed in developing and
evaluating persuasive systems [13]. They described twenty-eight strategies otherwise
referred to as the persuasive system design (PSD) model. These persuasive strategies are
grouped into four categories Based on the kind of support that they provide to users of
a system: the primary task, dialogue, system credibility, and social support [6, 11] cate-
gories. In contrast to other categories, the primary task support strategies aid system users
in carrying out their tasks directly. The persuasive strategies in this group are Reduc-
tion, Tunneling, Tailoring, Personalization, Self-monitoring, Simulation, and Rehearsal
[11]. The reduction strategy motivates system users to perform target behaviors by
breaking down complex activities into simple tasks. The tunneling strategy motivates
users to carry out target behaviors by guiding them through a process or experience
during system use, hence reducing deviations. While tailoring information displays to
the potential interests, personality, context and other factors relevant to the user(s) will
potentially motivate system users to perform target behaviors, providing personalized
content and services will also influence users to carry out target behaviors within the
system. The self-monitoring strategy motivates users to achieve target behaviors by
helping them to keep track of their individual performances or status along the way.
The simulation strategy motivates system users by enabling them to see the relationship
between cause-and-effect and their behaviors. The rehearsal strategy provides a means
for users to rehearse a target behavior before performing it in the real world [13].

A review of related literature shows that several researchers have employed the
PSD model to deconstruct the persuasive strategies implemented in apps in different
domains [1, 5, 6, 11, 16]. The persuasive strategies from the primary task emerged as
the commonly employed PTs, hence our decision to focus on it in this paper.

In the health and wellness domain, Orji and Moffatt (2018) conducted an empirical
review of 85 papers to understand the effectiveness of PT's for health and wellness among
others [16]. Results show that tracking and monitoring (primary task support strategies)
are the most frequently used strategies [16]. Similarly, Kelders et al. employed the PSD
model to evaluate the effectiveness of web-based health interventions [5]. Findings show
that primary task support strategies were the most frequently implemented strategies
when compared to others [5].

Fewer studies have designed and evaluated PT interventions for a sustainable envi-
ronment. For instance, Rahuvaran designed mobile applications for water conservation
and power consumption in Denmark [19]. In addition, Nkwo et al. discuss a waste man-
agement app for encouraging students to adopt clean and sustainable behaviors and
protect the university environment via the provision of various personalized persuasive
displays and support [9]. There are a growing number of persuasive apps targeted at moti-
vating sustainable waste management behaviors. However, no research has investigated
the persuasive strategies employed by these apps to make them effective. Therefore, we
extend research in these analysis 125 apps to uncover the persuasive strategies from
the primary task support employed to promote intended behavior; sustainable waste
management. This will inform future research in this area.
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3 Methods

This section describes the methods we employed in our study. Here, we show the
persuasive app selection criteria and coding.

3.1 Selection of Sample Apps

CLINNTS

First, we used various search terms including “waste management”, “waste disposal”,
and “waste recycling”, to search for apps on the App Store and Google Play that is
related to the subject matter. In addition, we searched using various combinations of
search terms using ‘OR’ and ‘AND’. The search results show an initial list of 212 apps.
We applied a number of criteria to extract the apps that best fit the objective of the study;
we accepted only those apps that are designed to support waste management activities
and are in English (according to the app’s description and demo). In contrast, we left
out the apps that failed to suit the aforementioned criteria. We ensured that apps that
appeared in both App Store and Google Play were counted as one.

3.2 Coding and Analysis of Apps

The goal of coding the apps is to evaluate the number and type of persuasive strate-
gies employed in designing persuasive apps for waste management. We coded the apps
using the Persuasive System Design (PSD) model described by [13]. We chose this
model because it is a widely accepted framework for deconstructing persuasive systems.
Specifically, we used the persuasive strategies of the primary task support category to
code the apps since they are the commonly employed strategies that directly aid in
achieving the desired behavior. The primary task support strategies aid in understanding
the strategies that are used in helping users to accomplish the target tasks. In order to
identify the persuasive strategies used in the apps and how they were operationalized
to support pro-waste management behaviors, we downloaded and reviewed 125 apps
to identify the persuasive strategies using only the techniques from the primary task
support category of the PSD model. We agreed and ensured a mutual understanding of
the coding decisions at every point. In addition, we found how the strategies were oper-
ationalized on the persuasive apps to achieve expected outcomes. In the end, 125 apps
were accepted and considered suitable for coding (see Fig. 1). In addition, we collected:
app name, platform (i.e. iPhone, Android, or both), developer, date of the last update,
and price (i.e. free, fee-based, and free with in-app purchases), strategies implemented
and operationalization, target outcomes, and country/region. Moreover, we analyzed
our data using the following approach:

e Categorized apps based on the purpose and target behavior.

e We carried out a descriptive analysis of the collected data and calculated count and
average persuasive strategies employed in the apps.

e Calculated correlation co-efficient to find the relation between the number of strategies
implemented and the effectiveness of the app based on user ratings.
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Total number of apps retrieved n=212 Duplicates removed n=17
i0S App store n=67 o Same app in iOS App store and
Google Play store n=145 g Google play store
A 4
After duplicates removed
Total number of apps retrieved n=193
iOS App store n=50
Google Play store n=145
Total Apps excluded with reasons
v below n=68
App description assessed for eligibility I—' App not working n=16
Cannot login n=26
v Target behavior not inline n=14
App not in English n=1
Review: Apps included in review n=125

Fig. 1. Flow diagram illustrating exclusion criteria in various stages

4 Results

In this section, we present the results of our analysis. Specifically, we describe the primary
Task Support strategies employed in the persuasive apps for waste management, and their
implementations, the target purpose of the apps, as well as the relationship between the
strategies employed and their effectiveness.

4.1 Information on Selected Apps

A summary of the reviewed apps is provided in Table 1. 65% of all the apps reviewed
were updated in 2019.

Table 1. Summary of the reviewed apps

Mobile platforms | iOS (40%), Android (60%)

User ratings 5(6%), 4-4.9 (57%), 3-3.9 (5%), 2-2.9 (3%), 1-1.9 (1%), 0 or No rating
(28%)

App categories Productivity (26%), Education (17%), Business (17%), Lifestyle (6%),
Social (5%), Other 16 categories (29%)

4.2 Primary Task Support Strategies and Their Implementations in the Apps

A total of 125 shortlisted apps were reviewed from the app description in the store, the
app demos, and by downloading and using each of the apps. The apps were reviewed to
identify implementations of the 7 primary task support strategies (Fig. 2).
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Number of apps

Fig. 2. Persuasive strategies and frequency of use

Among the seven strategies (see Fig. 3), Reduction (n = 76) is the most employed
strategy in waste management apps followed by Personalization (n = 75), and Tailoring
(n = 37). Moreover, the persuasive apps implemented Reduction strategy as sugges-
tive search (as auto populate list), calendar view for garbage collection schedule with
color coding to indicate type of waste, etc., all in a bid to reduce efforts expended by
users in seeing and performing target behaviors. While many apps implemented Per-
sonalization strategy, it is operationalized as personalized language settings, notification
times, email reminders, saves location, profiles, preferences and payment options, others
implemented Tailoring through address-based garbage collection schedule, and location-
based services. The gaming apps implemented Self-monitoring through a visual display
of historys; statistics etc., while gaming apps implemented it through displays of player
progress, points earned, and levels completed per game session. The Rehearsal strategy
is implemented mostly in gaming apps via waste sorting video games. The apps imple-
mented the Tunneling strategy as step-by-step guides and a Do It Yourself (DIY) project
where users are expected to follow a given guide. Simulation strategy is implemented via
a display of city cleaning and its impacts on the environment and health, and wellness
of the people. These strategies were implemented to help users carryout their most basic
tasks which will potentially engender a cleaner and more sustainable environment.

4.3 App Categories by Purpose

We classified the apps into 16 categories (see Fig. 3.) based on the purpose and target
behavior intended by the app. Most of the apps (n = 48) were designed to aid regional
waste disposal. These apps are targeted to be used by residents of a city or municipality
and primarily offer collection schedule and waste sorting guide with respect to the
user’s home address. 15% of the app was designed to educate people about proper waste
management and waste management best practices. 10% of the apps are commercial
and were owned by private organizations. They are used for on-demand services like
dumpster rental in exchange for money. About 9% were designed as games that help the
user to learn waste sorting by playing a waste sorting game. Some game apps offered
points that can be redeemed as coupons. Five percent (5%) of the apps were designed to



188 B. Suruliraj et al.

manage food wastes. These apps allow users to track personal food waste and buy surplus
food from local markets. Four (4) apps were targeted for waste collection; these apps
offer on-demand garbage pickup services and allow the user to make a pickup request.
Five (5) apps were developed for Biomedical Waste Management (WM); these apps help
to ensure responsible disposal of Biomedical Wastes in hospitals and relevant facilities.
Five (5) apps were designed for the digital Marketplace. Marketplace apps allow its users
to post listings of used items like electronics, browse for items and make an inquiry to
buy. Three (3) apps were designed as Magazine. These apps offer periodical magazines
related to waste management and users can download or read the magazines in the app.
Three (3) apps were built for sharing information on Do It Yourself (DIY) Projects to
upcycle plastics or grow plants. Three (3) apps were designed for conferences related to
waste management; event apps that are designed to inform conference attendees about
expected waste management practices on the venue. One (1) app was designed for Data
collection. This app encourages users to report data related to waste management in the
region, and in turn provide a visualization of data from across the world. One (1) app was
designed as a Calculator. This app offers calculations related to wastewater treatment for
professionals working in water treatment plants. One (1) app was developed for Plastic
Waste Management. This app helps users to track their personal plastic usage and provide
suggestions for alternatives. One (1) app was built for Al aided waste sorting. This app
allows a user to take a picture of an item to be discarded and in turn provide disposal
guidelines using object recognition algorithms.

Number of apps

Fig. 3. Number of apps by their purpose

The top five categories discussed cover 80% of the total apps. Let us further know
about persuasive strategies employed with respect to the listed categories.
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4.4 Primary Task Support Strategies and App Types

As we reviewed to find the primary task support strategies employed in each app, we
found that out of 48 apps in regional waste disposal category, 79%(38), 73%(35),
58%(28), 13%(6), 19%(9), 2%(1) and 0%(0) employed Reduction, Personalization,
Tailoring, Self-monitoring, Rehearsal, Tunneling, and Simulation respectively. Out of
19 apps in the education category, 16%(3), 36%(7), 16%(3), 11%(2), 11%(2), 21%(4)
and 0%(0) employed Reduction, Personalization, Tailoring, Self-monitoring, Rehearsal,
Tunneling, and Simulation respectively. Out of 12 apps in the Commercial WM category,
67%(80), 25%(3), 0%(0), 50%(6), 0%(0), 8%(1) and 0%(0) employed Reduction, Per-
sonalization, Tailoring, Self-monitoring, Rehearsal, Tunneling, and Simulation respec-
tively. Out of 11apps in the Game category, 27%(3), 46%(5), 9%(1), 46%(5), 36%(4),
0%(0), and 36%(4) employed Reduction, Personalization, Tailoring, Self-monitoring,
Rehearsal, Tunneling, and Simulation respectively. Out of 6apps in the Food WM cate-
gory, 83%(5), 100%(6), 17%(1), 67%(4), 0%(0), 0%(0), and 17%(1) employed Reduc-
tion, Personalization, Tailoring, Self-monitoring, Rehearsal, Tunneling, and Simulation
respectively. Figure 4 highlights 16 subcategories of apps and the frequency of imple-
mentation of 7 primary task strategies. The data table highlights the number of apps
implementing each strategy by category.

Number of Apps
L

Primary Task Support Strategies

Fig. 4. Primary task support strategies by app categories
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The graph shows the simulation strategy is mostly employed by apps in the Game
category. Tunneling is the commonly used app in the educational category. DIY projects
category had the highest number of strategies (3.33) employed per-app followed by food
WM with 2.83 strategies per app and marketplace with 2.6 strategies per app. Regional
waste disposal, game, conference, Al aided waste sorting, clothing WM, and data collec-
tion had the average number of strategies between 2 and 2.5 listed in descending order.
Commercial WM, waste collection, magazine, biomedical WM, and education had an
average between 1 and 1.5 also listed in descending order. Plastic WM and Calculator
apps had an average of 1 strategy.

4.5 App Effectiveness and Persuasive Strategies Employed

To examine whether there is a relationship between the number of persuasive strategies
employed in the app design and the perceived app effectiveness (as assessed by the app
ratings), we performed Pearson’s correlation between the app rating and the number of
persuasive strategies. The results are r = 0.161 (no correlation) and p = 0.073 which
implies there is no significant relationship between the number of primary task support
strategies employed and efficacy of the app.

5 Discussion

The purpose of this study is to uncover the persuasive strategies from the primary task
support category and how they were operationalized in persuasive apps for waste man-
agement to promote a clean and sustainable behavior. In this section, therefore, we
discuss our results and highlight some of the most common implementations of these
persuasive strategies in the apps.

Generally, the waste management apps operationalized various persuasive strategies
in the range of 0 to all the 7. Seventeen (17) apps did not use any primary task sup-
port strategy. This is significant since technologies integrated with adequate persuasive
strategies are capable of changing users’ behavior and attitudes without coercion [4,
13]. Specifically, reduction, personalization, tailoring, and self-monitoring strategies, in
decreasing order emerged as the commonly employed persuasive strategies from the
primary task support. Simulation emerged as the least frequently used strategy, closely
followed by tunneling and rehearsal in the third place. With respect to the operational-
ization of the strategies in the apps, out of 76 apps that implemented reduction strategy,
forty-eight (48%) of apps implemented it as suggestive search (as an auto-populate
list) to reduce efforts in searching for relevant information. Other implementations are
Calendar view with color-coding to reduce time spent in knowing garbage collection
schedule by type, OR code/Bar code scan, login using third-party apps like Facebook
and Google. This is not unconnected to the fact that reduction is a popular strategy that
can potentially be used to reduce efforts expended by users in performing target behavior
[5, 11]. Out of 75 apps that implemented personalization strategy, Thirty-five percent
(35%) of apps operationalized it using personalized language settings which allow the
user to choose the preferred language. Other personalization implementations are notifi-
cation times, email reminders, save location, profiles, preferences and payment options.
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Out of 37 apps identified with Tailoring strategies, ninety-two (92%) of them imple-
mented tailoring via the provision of address-based garbage collection schedules and
location-based services. According to research, an interactive system which provides
tailored information to users and show personalized contents could guide and persuade
users to perform target behaviors [7, 10, 16].

Furthermore, the apps that implemented self-monitoring (n = 31) provided an exclu-
sive app screen to display history, statistics, environmental impact and amount of CO»
released. The gaming apps implemented self-monitoring via a real-time display of the
player progress points earned, and levels completed per game session. This is in line
with research suggestions that systems that allow users to keep track of their status
could be effective at helping them to perform their target behaviors [2, 15]. Meanwhile,
we uncovered that the Rehearsal strategy is only employed in games, and mini games
included in regional waste disposal apps. A player is encouraged to rehearse waste sort-
ing and disposal behavior by playing waste sorting games. Game tasks include dropping
each item in the appropriate bin, cleaning a city or disposing of garbage. This is impor-
tant because studies show that a system that provides a means through which a user
can rehearse target behavior before actually performing it, could potentially encourage
them to perform target behavior [1, 15]. Inadequate waste sorting knowledge is one of
the factors affecting waste management behaviors. In addition, the Tunneling strategy
is implemented to guide users in the attitude change process by providing a road map
[15]. We found that tunneling was implemented in apps for waste upcycling projects via
the provision of a roadmap to complete quizzes and articles, step-by-step guides and
a Do It Yourself (DIY) project of growing plants. This enables a user to follow a given
guideline to achieve a target behavior. Finally, the Simulation strategy was implemented
by simulating city cleaning and its impacts on the environment and health and wellness
of the people. Users can observe the link between inappropriate waste disposal and its
hazardous effects on the environment; e.g., burning of refrigerator and propane cylinder
will result in a blast or fire accident. These findings are in agreement with research [5,
8, 15].

6 Design Recommendations

Our result shows that several Waste management apps have successfully employed per-
suasive strategies from the primary task category to promote waste management behav-
ior. Hence, we recommend that persuasive technology designers who want to develop
a persuasive app for waste management could employ persuasive strategies from the
Primary Task Support category.

The Reduction strategy should be operationalized such that users could easily per-
form target behaviors without expending much effort. For example, the app could list
possible addresses of the nearest waste drop off locations to the user. It could be designed
as automatic detection of the user’s current location and suggest a closest waste drop-off
location. Other intuitive ways to operationalize this strategy is by using QR code, Bar
code scan for food items, Object recognition using camera to know to assist users in
sorting and disposing of items appropriately, implementing Google map to direct users
to the nearest waste drop-off location.
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The Personalization strategy should be operationalized such that the apps will offer
personalized content and services to improve user experience. This could be achieved
by presenting relevant content in the user’s preferred language, personalized reminder,
time and date for waste disposal. The user profile could be personalized with personal
photos, addresses, achievements, and payment options.

The Tailoring strategy should be operationalized such that the system delivers pre-
ferred content to specific user groups to improve user experience and facilitate the desired
behavior. For instance, the display of a garbage truck collection schedule should be tai-
lored to every zip code or perhaps, home address. This will enable users to check their
schedules and waste disposal accordingly. In addition, tailoring can be operationalized
in the form of player levels such as “easy”, “medium” and “hard” in waste sorting game
according to the user’s expertise. This will potentially enable users to learn and improve
their waste sorting skills.

The Self-monitoring strategy should be operationalized in apps that promote proper
waste management to help users to track or see their waste management-related perfor-
mances over time. The mobile app could show users a daily level of carbon-di-oxide
emission around their locality. They could be provided with options to track their con-
tribution to a clean environment by cutting down plastic use, reselling old electronics,
upcycling old items, etc. In addition, an impact chart with categories of waste will
potentially help the user to visualize their progress.

The Rehearsal strategy would be most effective in game environments. For instance,
users can practice waste sorting in a game. This will be helpful in assisting a user to
master how to appropriate sort their waste to the colored bins depending on the type of
waste. The user can apply the knowledge acquired via the waste sorting game into real
life by disposing garbage into the appropriate bins, thus ensuring efficient disposal and
easier recycling by the municipality.

We believe that these implementations could motivate users to adopt sustainable
waste behaviors and protect the environment.

7 Limitations

One of the limitations of this study is that we reviewed only apps that were provided in
the English language. Since there are apps that are in other languages, the results may
not generalize.

8 Conclusion

In this paper, we reviewed 125 waste management mobile applications using the Persua-
sive Systems Design (PSD) model to uncover the persuasive strategies from the primary
task support category. Two researchers independently reviewed the apps and documented
the identified strategies by first analyzing the app descriptions and demos, and eventually
installing, registering, and using the apps. The apps were classified into 16 categories
based on the specific target behavior and type of waste management activities it was
developed for. The results of the review uncovered that reduction, personalization, tai-
loring, self-monitoring, and rehearsal, in decreasing order, were the most commonly
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used strategies from the primary task category. Surprising, we found no connection
between the number of persuasive strategies employed in the apps and apps’ effective-
ness (measured using user ratings). In addition, we found that apps aimed at promoting
regional waste disposal, educating people of best waste management practices; commer-
cial waste management and games, were the common kinds of waste management apps
online. We discussed how each persuasive strategy was operationalized in waste man-
agement apps and offered recommendations for operationalizing persuasive strategies in
apps that could potentially increase user engagement and experience, as well as persuade
users to adopt sustainable waste management attitudes and protect the environment.

In our future study, we plan to explore user perceptions of persuasive strategies for
waste management via large-scale studies in order to identify the most preferred strategy.
We also plan to develop and evaluate the app for promoting waste management. We hope
the design recommendations will be helpful to designers who would want to develop
innovative apps for promoting waste management.
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Abstract. In many recycling systems around the world, waste is sep-
arated at the source. Their success therefore depends on an active par-
ticipation of households. However, especially young people have been
found to not consistently follow their local recycling schemes. A promis-
ing approach to tackle such suboptimal household recycling behavior
(HRB) is the use of persuasive technology. While existing studies have
highlighted its potential, they also commonly relied on waste container
augmentation. To better understand the requirements of augmentation-
independent HRB-related persuasive technology, a two-phase study was
carried out with young adults in Sweden. First, an online survey (N =50)
was used to establish the target users’ recycling-related problems, atti-
tudes and interests. Then, based on the survey results, a mobile phone
application was designed and evaluated in an iterative manner. This led
to the following design recommendations: (1) easy access to information
about optimal household recycling behavior, (2) employment of several
motivational strategies, (3) recognition of recycling scheme differences,
(4) regard of users as equals and (5) use of a readily accessible technol-
ogy channel. The technological format of persuasive technology interven-
tions was found to spark the users’ curiosity. Within a well-functioning
recycling system and along with engaging content, it could encourage
repeated use and elicit reflection to help break unsustainable household
recycling habits.

Keywords: Household recycling behavior - Persuasive technology -
User-centered design - Sustainable human-computer interaction

1 Introduction

With a growing population, increasing consumerism, urbanization and the inten-
sive use of packaged products, the amount of waste that we as humans produce
is steadily increasing. Particularly the waste that is not collected and recycled
has a large negative impact on public health and contributes to environmental
pollution and climate change [1]. Of the estimated 7-10 billion tonnes of urban
waste that are produced annually, 2 billion stem from households. By 2050, this
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number is predicted to rise to 3.4 billion [2]. A key approach to reducing the
negative impact of waste is recycling, which describes the general process of col-
lecting previously used materials and reprocessing them into products, materials
or substances [3]. However, for recycling to be effective, a well-functioning recy-
cling system and the cooperation of citizens is required. Due to the environmental
and economic benefits of recycling household waste, a policy goal in many coun-
tries, including Sweden, is to improve the household recycling behavior (HRB)
of their citizens [4].

In sustainable human-computer interaction, a widespread approach for
behavior change is the use of persuasive technology. This approach is sometimes
called ‘persuasive sustainability’ and mostly applied to consumption behavior
(related to energy, water, gas and solid materials), transportation, air quality
and CO2 emissions [5]. Recycling-related persuasive technology has received a
moderate amount of attention. Several studies have introduced eco-feedback sys-
tems to highlight its potential [6-8]. However, gathering eco-feedback data com-
monly requires augmented waste containers or additional equipment, which can
be costly and difficult to deploy on a larger scale. This paper aims to complement
the existing literature by exploring the role and requirements of HRB-related
persuasive technology that does not rely on augmentation of recycling bins or
the home environment. It first reviews the relevant literature before going on to
describe the survey and intervention methods used with the Sweden-based young
adult participants. It then describes the iterative design of the prototype and
concludes with key recommendations for HRB systems. These answer directly to
the existing challenges of engaging users with digital interventions in recycling.

1.1 Household Recycling Behavior (HRB)

HRB comprises the collection, preparation and separation of waste at home. The
extent to which citizens are asked to engage in these behaviors depends on the
implemented recycling system. The higher the citizens’ degree of involvement,
the better quality waste materials can be extracted. HRB can be considered a
habit as it occurs frequently, in a stable context and as an automatic response
to a specific context [9]. This entails the need for awareness raising [10]. There is
a consensus in the literature that young people tend to exhibit worse recycling
habits than older people [11].

In 2013, Miafodzyeva and Brandt [12] conducted a meta-analysis of prior
research that had investigated the determinants of HRB. The results revealed
that the convenience of the recycling facility is the strongest predictor of HRB. It
is closely followed by both moral norms, which are defined as personal concerns
about recycling, and information. Miafodzyeva and Brandt [12] concluded that
recycling needs to be portrayed as a pleasant yet meaningful activity and that
citizens need to be encouraged to follow good recycling practices sufficiently and
regularly. These findings are complemented by those of a 2017 meta-analysis
in which Varotto and Spagnolli [13] reviewed HRB-related persuasive strate-
gies and their effectiveness. They found that social modeling and environmental
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alterations are the most effective strategies, followed by combined interventions,
prompts/information, incentives, commitment and feedback.

1.2 Sweden as the Study Context

Sweden provides a relevant study context as the responsibility for handling waste
is divided between municipalities, producers, businesses and households [15].
This division in responsibility means that the initial sorting and disposal pro-
cess is of particular importance. It also means that the recycling schemes for
Swedish households differ depending on their geographic location. Across the
country, the schemes rely on a basic separation of paper, plastic, metal and glass.
Some municipalities have included economic incentives into their waste manage-
ment policies to encourage a higher participation in their recycling schemes [14].
Between 2014 and 2018, Sweden recycled and composted around 50% of its
household waste [15]. This stagnating percentage is a cause for concern, not only
with regard to the European Commission’s recycling target of 65% by 2030 [16].

1.3 Recycling-Related Persuasive Technology

Both within and outside of academia, technology has been used as a tool to
address unsustainable recycling behavior. The most relevant found consist of
four systems: (1) Weigh Your Waste, (2) BinCam/BinLeague, (3) the Trash
Game and (4) the Sorteringsguide. These are described below.

Weigh Your Waste is a platform for users to monitor their waste charges
and learn about related topics, including recycling, reuse and composting [7]. It
consists of a digital weighing scale at the bottom of a wheelie bin and a touch
screen monitor. The weight measurements of the waste are sent to the screen
via WiFi technology. Weigh Your Waste can be integrated along with ‘pay by
weight’ waste schemes or be used solely as an educational platform.

BinCam/BinLeague is a social persuasive system that aims to encourage
reflection and promote sustainable HRB [6]. Instead of a normal kitchen refuse
bin, users install a BinCam bin, which captures the bin’s content via a camera
and uploads the pictures onto a social media platform, where they are visible to
all users of the BinCam system. The pictures are then sent to a crowd-sourcing
service which identifies and counts the number of waste items. The numeric
values that are generated this way can be used for the BinLeague application
which visualizes and compares the recycling achievements and food waste savings
of the participating households. In an evaluation study, 22 participants used the
system for five weeks. Overall, the participants enjoyed using the system and
said that it made them more aware of their recycling behavior. However, across
households they also reported that it made them feel guilty or ashamed.

The Trash Game is a gamified system which aims to encourage better recy-
cling behavior [8]. It consists of (1) several bins which are augmented with a
camera to capture the waste and a screen to present feedback and (2) a mobile
application designed as a game. In the game, the users manage a recycling com-
pany and one of their main activities is to sort waste in order to improve their
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revenue. The sorting choices of each user are evaluated against the choices made
by all other users. The crowd feedback is also presented on the screens of the
bins. In a preliminary evaluation study, the participants (N = 35) indicated that
they liked the augmented bins and the application, but showed a tendency to
focus more on the classification task rather than the game as a whole.

Finally, the Sorteringsguide is a web-based application that aids the catego-
rization and disposal of waste [17]. Users can specify waste items and are given
information about their category (e.g. garden waste) and where they should
be disposed of (e.g. recycling center). The Sorteringsguide is only available in
Swedish and can be found on the website of Uppsala Vatten.

Weigh Your Waste, the Trash Game and BinCam/BinLeague follow the pop-
ular eco-feedback approach, in which feedback is given on individual or group
behavior to encourage more sustainable choices [18]. Hence, they rely on techno-
logically augmented waste containers and even additional equipment like the
stand-alone touch screen for Weigh Your Waste. In comparison, this study
focuses on interventions without such augmentation. This makes it easier to
apply the findings in different settings and reach a large audience. Similar to the
Weigh Your Waste and Trash Game studies, this study adopts a user-centered
approach in which the persuasive design is largely based on user input. It also
places importance on the technology’s role as an educational platform. The goal
was to design an application on household recycling that users would be moti-
vated to try out and ideally consult again if they had any questions on the
topic. In order to achieve this, the gathered user input extensively covers the
target users’ recycling-related attitudes, interests, problems and design requests.
An example of a purely educational approach from outside of academia is the
Sorteringsguide.

2 Methodology

The study consisted of: (1) the design, implementation and analysis of an online
survey and (2) iterative design work, including user evaluations. The results of
the online survey were thereby intended to inform the design work. The chosen
design methodology was Fogg’s eight-step design process as it specifically targets
persuasive technology [19]. The study phases linked to it as follows: literature
work, steps 1-3; online survey, steps 2—4; iterative design work, steps 5-7. Step 8
would be a further expansion of the designed application. Based on a consensus
in the literature that young people tend to exhibit worse HRB than older people,
the study targeted young adults aged 18 to 30. As it was conducted in the context
of the Swedish recycling system, participants were required to live in Sweden.

2.1 Online Survey

In the first phase of the study, an online survey was carried out among Sweden-
based young adults aged 18 to 30. It was intended to provide insight into their
recycling-related interests, problems and attitudes. In addition, participants were
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asked to assess their own HRB and state their requests and ideas for an HRB-
related application. The survey contained multiple choice and ranking items, as
well as open-ended questions. It was distributed via social media and accessible
for a total of four weeks. Fifty participants (35 female and 15 male) filled in the
survey. The average age of the participants was 24 years. The survey responses
were analyzed using descriptive statistics. For the open-ended questions, a the-
matic content analysis was carried out, similar to the one described by Braun
and Clarke [20].

2.2 TIterative Design Work

In the second phase of the study, a mobile phone application was designed and
evaluated in an iterative manner. The aim was to complement the results from
the online survey with findings from the design and evaluation process and to
compare the survey responses with feedback from the evaluation sessions. The
initial paper prototype was informed by the literature, findings from the online
survey, existing technology and a set of design principles adapted from Preece,
Rogers and Sharp [21]. It was improved in three iterations, each involving a task
analysis and a short semi-structured interview with one or two participants. The
participants were recruited via the author’s university network. The evaluation
sessions were audio recorded and lasted approximately one hour each. Based on
the final paper prototype, a digital prototype was built. It was intended to reflect
the obtained results and function as groundwork for future research.

3 Results

The results are divided into five subsections. Subsections 3.1-3.4 outline the sur-
vey outcomes, while Subsect. 3.5 describes the findings from the iterative design
and evaluation of the mobile phone prototype.

3.1 HRB Self-evaluation and Difficulties

Sixty-eight percent of the survey participants agreed that they could improve
how they prepare their household waste and 56% how they dispose of it. Linked
to these results, 32% agreed that they are often unsure into which container
they should put their waste items. Eighteen percent disagreed that they know
how many waste containers there exist for their household waste. Of the five
predefined response options, overflowing waste containers were reported as a
problem by the largest number of participants (58%), followed by difficulties
in dismantling waste (54%), difficulties in cleaning waste (32%), difficulties with
inconvenient locations of waste containers (20%) and difficulties with unclear/no
labelling of waste containers (18%). Fifty-four percent of the participants dis-
agreed that it requires a lot of effort to prepare and dispose of their household
waste correctly; 32% agreed. In the open-ended responses, one participant out-
lined their current work-around as: “At time when I don’t know what to do
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with the item at hand I just put it in the brdnnbart [burnable waste] container,
which I think is not good”. Two participants expressed uncertainty about the
location of recycling centers and waste containers (“finding where these damned
containers are”).

3.2 Recycling-Related Interests

Seventy-six percent of the survey participants disagreed that it does not make a
difference whether they recycle and 84% disagreed that they do not really care
about recycling. The participants wanted to learn about the impact of recycling
onto the environment (72%), how to integrate good recycling practices into their
daily life (64%), how different waste items get recycled (64%), the recycling
efforts of other people in the community (60%) and the recycling system in their
area (50%). A key theme in the open-ended responses was feedback. The par-
ticipants wanted to know about the “impact that [their] personal contribution
to recycling has on the environment” and if their HRB “made a difference”,
particularly in “reducing different environmental problems”. It would be moti-
vational for them to know that their HRB matters (e.g. “it would help motivate
me to keep up if I knew I made a difference”). Related to the idea of feedback
was the request to “monitor” or “track” recycling performances on a “weekly”
or “monthly” rhythm. The participants wanted to see the development of their
own HRB (e.g. “graphs of recycling habits over time”) and compare it to the
HRB of others (e.g. “everyone in the corridor I live in”). Other suggestions were
to “make groups and monitor a consolidated performance” and to use an appli-
cation as “something to talk about with other people and compare habits”. As
an additional step, goal-setting (e.g. “make people more aware about their opti-
mum possible recycling performance against their current performance”) and an
achievement system with “points” or “rewards” were suggested, which might
even “translate into something real in life”. This opinion, however, was not
shared by everyone as one participant preferred to have “no leader boards creat-
ing social pressure”. After having disposed of their waste items, the participants
were interested to know “what happens to [their] disposed items” and how they
would be transformed into new products and materials (e.g. “showing what your
recycled items become”).

3.3 Use Context

Another key theme in the open-ended survey responses was the participants’
wish for guidance when deciding which waste item they should put into which
container and how they should prepare and dismantle the waste. Their word-
ings suggest that they require decision support “at the time” or “in situations”
when they do not know what to do with a waste item. A particular focus was
on uncommon waste items, like ceramics, and waste items that “need to go to a
special station”. The participants were also interested in learning about house-
hold waste recycling more generally (e.g. “showing basics how to recycle/what is
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recycling” and “apps that show how to do the recycling in steps”). One partici-
pant asked for guidance when “making a choice on which product to buy (what
has a better chance of being recycled or what is easier to recycle, for example)”.
Two groups that were specifically believed to benefit from a HRB-related appli-
cation were people who changed their place of residence (“when you arrive at
the new place, or the people come from the place without recycling training”)
and students (“especially in student housing it is often unclear how the recycling
system works and there is no real explanation except for from other students
who have lived there before”).

3.4 Desired Platform, Content and Features

The survey participants were asked how interested they were in using an appli-
cation that would help them improve their HRB. On a scale from 1 to 10 where
1 meant not interested at all and 10 meant very interested, the average response
was 5.8 and the median response 7.0 (26% of participants). The participants were
asked to rank five types of applications according to how interested they were
in using them. The weighted average scores were: (1) an application that gives
feedback (3.44), (2) an application that visualizes the recycling system (3.20),
(3) an application that sends reminders (2.94), (4) an application that lets the
users communicate with recycling providers (2.82) and (5) a game (2.60).

A common request in the participants’ open responses were reminders
(e.g. “it would be nice to have something to teach me and remind me”). One
participant referred to the habitual nature of HRB, saying that they would
like “reminders for everyday habits to stabilise regarding recycling”. Not every-
one, however, shared this view as one participant asked for “no stressful alerts
and notifications”. Another request was a platform to communicate with the
recycling provider(s). Specifically, the participants wanted to use the platform
to let the recycling providers know about problems (“when there are parts of
the recycling system that don’t work well”), communicate “improvement ideas”
and ask questions (“then I could ask the people in charge right away”). To avoid
everyone asking the same questions, a Frequently Asked Questions section was
proposed.

Design-wise, a “well detailed” and “simple” design and “clarity” were seen
as important. Specific requests included “lots of pictures”, “small movies” and
something similar to “tutorial videos on YouTube”. One participant asked for
movies with “interesting facts about recycling”. At the same time, the applica-
tion should “not be patronising” or give the users the impression of being judged
(e.g. “anything that doesn’t make me feel bad and blamed”). Two participants
suggested the use of games/game elements but to shift the focus from the com-
petitive aspects to the explorational and cooperational ones (“In the case of
a game, [ would rather it either challenged me to do it or that it invited me
to explore the area, instead of any kind of social competition” and “Maybe add
some gamification and play not as an individual but as a community?”). Another
two participants liked the idea of presenting information on a map (e.g. “I would
also want to see some recycling place for electronics/paint etc on a map”).
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3.5 Design and Evaluation of the Prototype

The design of the mobile phone application was intended to incorporate the
requests by the survey participants but still give its users the autonomy to use
it in the way that would suit them best. It was also intended to encourage a
dialogue between the users and the recycling providers. Table 1 summarizes the
structure and features of the application and the changes made in response to

the user feedback.

Table 1. Prototype structure and development.

Function

Content

Development

Sign-up

Opportunity to create a
user profile; selection of
location and local recycling
scheme(s)

Several icons were
revised; a login
button was added

Home screen

A digital representation of
the local recycling scheme,
including relevant waste
containers; a search
function for waste items,
similar to the
Sorteringsguide [17]

The design of the
container
representations was
altered; a link to the
map was added

Map A map with waste container | Most substantial
locations and optional design change: two
directions; the collection screens and a map
times for each container pop-up were merged
and a possibility to set into a map screen
reminders for them; the with various features
option to indicate when a
container is full and
statistics on such
indications by other users

Communication | Frequently Asked Questions | The questions and

platform (FAQ); a chat function to | suggestions tabs
ask questions or make were merged; a
suggestions to the recycling |search bar and
provider(s); a noticeboard | private messaging
for the recycling provider(s) | feature were added
to make announcements

Background Links to additional A how to reduce

information recycling-related material waste link was
and statistics added

Settings A menu to adjust the A logout menu item
language, reminders and was added

account settings
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Overall, the participants of the evaluation sessions seemed pleased with the
design of the application. One participant positively mentioned the bottom nav-
igation bar as he could see all menu items at the same time. The participant
also described the design as “simple” and “to the point”. Three of the four
participants suggested independently of each other that the application could
be beneficial for people who recently changed their place of residency. In the
interviews, the participants reflected critically on their own HRB and how the
application could help them overcome their current problems. These problems
included a lack of knowledge on how to recycle milk cartons and waste containers
that were only labelled in Swedish. The four participants differed as to which
function of the application they found most useful: two participants liked the
search function for waste items, one the visualization of the recycling scheme
and one the waste container collection times. Screenshots of the final design
(excluding the sign-up process and settings) can be seen in Fig. 1.
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Fig. 1. Sample screenshots of the digital prototype.

4 Discussion

The research confirms the relevance of targeting HRB among young adults, with
Sweden as a case study. The results show that a large majority of the participants
believe that they can improve one or several aspects of their HRB, despite them
being potentially more interested in recycling than the average member of the
target population. The participants, however, also pointed out several issues
that limit their ability to correctly dispose of their waste, the most common one
being overflowing waste containers. These issues can be addressed by persuasive
technology but must eventually be solved by the recycling providers. Overall, the
survey participants showed a substantial interest in using persuasive technology
to improve their HRB. This opens up the possibility to use the technological
format of the interventions to attract interest.
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The participants of the evaluation sessions highlighted the potential bene-
fits of the designed application for people who recently changed their place of
residence. After relocating, people might be especially receptive to the provided
information as they are trying to settle in and look for guidance.

Together, the findings from the online survey and iterative design work led
to five recommendations for the design of persuasive technology that is intended
to improve their users’ HRB. They are outlined in the following section.

4.1 Recommendations for HRB Intervention Design

Recommendation 1: Easy Access to Information About Optimal HRB.
This recommendation was supported by the results of the online survey and
design evaluations. It confirms previous findings in the literature, notably those
by Miafodzyeva and Brandt [12] and by Varotto and Spagnolli [13]. The survey
participants indicated that they care about recycling but lack the knowledge to
always dispose of their household waste correctly. In the evaluation sessions, the
participants emphasized the usefulness of the application’s educational elements.
The easy access to the information was highlighted as most of the information
that the target users require is already available but not sought out.

Recommendation 2: Employment of Several Motivational Strategies.
The study results show that different target users are motivated by different
features. There does not exist a ‘one-size-fits-all’. In the survey responses, the
ranked average of the proposed types of applications were close together. The
answers to the open questions were also diverse and sometimes even contradict-
ing each other. Similarly, the participants of the evaluation sessions considered
different parts of the application helpful. This is in line with the result by Varotto
and Spagnolli [13] that combined interventions are among the three most suc-
cessful strategies to improve people’s HRB. Comparing the findings in [13] and
the survey outcomes more closely, a large overlap regarding the role of informa-
tion, prompts/reminders, moral norms and environmental concern can be seen.
What stands out is the role of feedback. Varotto and Spagnolli [13] found feed-
back to be the least successful strategy while the survey participants considered
it to be one of the most motivating features. Another interesting finding was
the survey participants’ lack of enthusiasm for the use of games as a persuasive
strategy. It got the lowest ranked average of the proposed applications and was
mainly supported by the participants in a non-competitive form. This is in line
with the findings in [8] that the users of the Trash Game focused more on the
classification tasks than the game scenario.

Recommendation 3: Recognition of Recycling Scheme Differences.
Due to a division in responsibility, the recycling schemes for Swedish households
differ depending on their geographic location. As HRB can only be sustainable if
it is in accordance with the local recycling schemes, persuasive technology needs
to cater for these differences.
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Recommendation 4: Regard of Users as Equals. The use of persuasive
technology comes with a variety of ethical challenges, so much care is required of
those who design and develop it. While they might consider sustainability a good
cause, it is crucial that the developed systems are unobtrusive and transparent.
Users should be made aware of the aims behind the persuasion and shown the
researchers’ underlying reasoning. Supporting the relevance of existing discus-
sions on ethics [22], several survey participants stated that they did not want to
use persuasive technology that was patronizing or would made them feel judged.
As can be seen from the BinCam/BinLeague application [6], pressure can be an
enticing tool to improve HRB. It should, however, be seen critically, not only
because users who associate negative emotions with a persuasive system are
unlikely to continue its use.

Recommendation 5: Use of a Readily Accessible Technology Channel. A
readily accessible technology channel means that the technology channel should
be accessible in the situations in which it is needed. By definition, HRB comprises
several activities which do not necessarily take place in the same location. So if peo-
ple want to consult an application as decision support, it should ideally be acces-
sible in all of the relevant locations. A simple way to achieve this is by focusing on
portable devices like mobile phones. The need for a readily accessible technology
channel was supported by the survey outcomes: the participants asked for situa-
tional decision support, particularly when they had to decide what to do with a
specific waste item.

5 Conclusion

For both economic and environmental reasons, countries around the globe aim
to increase the recycling rates for household waste. Using Sweden as its research
context, this study has established five recommendations for the design of per-
suasive technology which aims to promote sustainable HRB behavior without
the need for waste container augmentation. It has also highlighted the impor-
tance of HRB as an area for future research. A key component of the study
was the design of a mobile phone application. This design illustrates a way of
implementing the established key elements in an artifact and can be used as a
starting point for future HRB interventions.
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Abstract. Earth built environments are popular around the world due to their
health benefits, indoor environment quality, passive solar gains, aesthetics, ther-
mal efficiency, weathertightness, low cost of building materials and high function-
ality. However, residential earth buildings are unpopular in New Zealand (NZ),
despite their numerous benefits. Previous literature has shown that the lack of
awareness of earth buildings and their benefits is one of the main barriers to earth
construction. Persuasive technology is defined as the technology that is designed
to change attitudes or behaviour of the users through persuasion. Previous studies
looked at the applications of persuasive technology in enhancing student engage-
ment and motivation in educational settings. The primary purpose of this paper
is to apply Virtual Reality (VR) as a persuasive technology tool to promote resi-
dential earth buildings in NZ. The study initially explored the reasons why earth
buildings are unpopular in NZ using Subject Matter Experts (SME) views com-
bined with a review of past literature. We then designed and implemented a VR
model of a sustainable earth building including earth walls, rainwater harvesting
tank, dry toilet, solar panels, and green wall as a sustainable building model. The
VR model incorporated the key design principles of persuasive technology pro-
posed in the literature. This model was then showcased at Auckland Build Expo
2018 (ABE2018), for the public to view. The viewers who engaged with our VR
model were educated on the benefits of living in earth buildings. We believe that
this exploratory research will eventually contribute to making advancements in
finding new ways to effectively promote earth buildings for living in NZ.

Keywords: Earth buildings - Persuasive technology - Virtual Reality -
Sustainable buildings - Behaviour change

1 Introduction

Persuasive technology is defined as technology that is designed to change attitudes
or behaviour of the users through persuasion and social influence [1]. Such technolo-
gies are used in sales & marketing, education, politics, military training, public health,
lifestyle changes, management, and may potentially be used in any area of human-human
or human-computer interaction. Most self-identified persuasive technology research
focuses on interactive, computational technologies, including desktop computers, inter-
net services, video games, and mobile devices [2]. Persuasive design principles have
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been classified into four main categories, namely, Primary Task Support, Dialogue Sup-
port, System Credibility Support and Social Support [2]. Each category has its own
design principles. Previous studies looked at the applications of persuasive technology
in enhancing student engagement and motivation in educational settings [3-5].

Virtual reality is a simulated experience that can be similar to or completely different
from the real world [6]. VR in Persuasive Technology is an emerging and highly inno-
vative field, as it has been used as a persuasive technology to change people’s attitudes
and behaviours [7]. For example, Chittaro and Zangrando [8] found that immersive
VR can be an effective tool for changing attitudes concerning personal safety topics.
VR is becoming more prevalent with the advent of affordable consumer head-mounted
devices and has significant potential for influencing users’ attitude and behaviour. In
this exploratory study, we designed, implemented and preliminarily evaluated the effec-
tiveness of VR models in promoting sustainable buildings (earth buildings with other
sustainable features) in public. Firstly, we conducted a comprehensive literature review
followed by SME interviews to understand why earth buildings should be promoted in
NZ. Secondly, we created a VR model as a method of promoting and engaging earth
buildings with the public. This VR model was exhibited at ABE2018 as the first step
towards a comprehensive study of promoting earth-based sustainable construction in
NZ.

2 Earth Buildings in NZ

Earth building is an 11000-year-old practice of architecture using unfired earth material
[9]. It is well known that some of the oldest wonders such as ziggurats, aqueducts,
monasteries, temples and the Great Wall of China were also made of earth [10]. In this
widespread worldwide practice, earth is used to construct building components such as
walls, floors and even roofs. Widely used earth building methods include structural walls
made of earth (for example, mud bricks/adobe, pressed earth bricks, rammed earth and
cob), timber structural infill made of earth (rammed earth, brick, cob), internal earth
brick veneers, earth plasters and earth floors [9].

The NZ earth architecture has a history dating back to the mid-19" century. For
example, the Pompallier House in Russell built in 1842, the Broadgreen Building in
Nelson built in 1856 and Subritzky house (mud and stud-type construction) erected
in about 1860-1862 [11, 12] are good examples of early earth buildings in NZ. The
Indigenous Maori people have used earth to build their homes since long ago. For
example, earth has been used to gather refined fortifications and for the floors of houses
[13]. Europeans began building earth structures in the 19" century [14]. The British
introduced a fence and adobe block structure to NZ and adjusted the regional soil and
plant materials to suit the new environment [10]. Although this material was known
to exist in NZ as early as 1902, there are no known records of use so far, which has
many similarities with the situation in the United States [13]. In 1948, the Nelson area
began a renaissance of earth buildings, which started with the earth building 30 km west
of Nelson [15]. In 1971, benchmarking the history of earth buildings in NZ, Graeme
North, an architect, built a rammed earth house near Whangarei. Through this project, he
became an expert in earth building and straw bale architecture [15]. Graeme North is one
of the founding members of the Earth Building Association of New Zealand (EBANZ).
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In the 1990s, the use of the straw bale building technique was established, and since
1993 straw has been used in earth buildings. Another squashed earth house was built at
Riverside community in 1975 and various houses utilising squeezed squares were built
in Northland, Canterbury, and Marlborough during the 1970s and 1980s [16]. In the
1990s, NZ ushered in the golden period of earth buildings, during which a large number
of earth buildings were built.

Currently, the highest number of earth buildings in NZ is found in Nelson. It has
retained a considerable number of earthwork houses since 1945. A total of 144 earth
buildings have been preserved so far, and Nelson’s earth architecture laid the foundation
for the historical background of NZ from 1945 to 2010. The preservation of these earth
buildings shows that the earth building is suitable for construction in NZ. However,
because of the rapid progress of science and technology and the development of colonial
industry and infrastructure, society in NZ has primarily organised around the idea of
progression [17]. Therefore, historical earth construction is no longer as popular with
New Zealanders.

However, there are a few organisations who actively contribute to earth built envi-
ronments in NZ. EBANZ is the leading organisation which promotes the art and science
of earth and natural building [9]. Earthsong Eco Neighbourhood aims to design and
construct a cohesive neighbourhood whose layout, buildings and services demonstrate
the highest practical standards of sustainable human settlement [18]. Among the earth
builders, Terra Firma Earth Building Company finds a sustainable, traditional way to
build houses that will not damage the earth [19]. Bio Build specialises in healthy build-
ing for both people and the environment [20]. Solid Earth Adobe Buildings provide
consultation and education on natural building techniques [21]. In order to research the
current earth buildings in NZ, the primary researcher participated in the annual confer-
ence of EBANZ in Cromwell, NZ. Over three days, many earth buildings were observed
(Fig. 1). Meaningful conversations happened with EBANZ members about the future of
earth buildings.

Rammed earth winery, Wanaka Straw bale house, Luggate

Fig. 1. Examples of living earth buildings in NZ.

Earth buildings are characterised by the natural and excellent physical properties of
the soil. The natural attributes include the ability to work as an insulator and the ability
to conserve heat from within, sound and humidity adjustment and radiation protection
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[22]. Earth buildings are environmentally friendly, and even after using the structure,
the demolition does not have such a significant impact on the environment, because
not all soil resources are modified and come from the environment [23]. Compared
with concrete houses, earth building materials can reduce energy use by 85% during
transportation. Studies have shown that using soil can reduce energy use by 62%, while
during reinforced concrete frame structures construction energy can only be reduced
by 45% [24]. Despite the numerous benefits of earth buildings, they have not been
adequately utilised in the past due to lack of understanding of how they function in terms
of health and safety and sustainability of the earth. This may have resulted in relatively
few earth buildings at present. We believe that earth buildings can be effectively promoted
by changing people’s mind-set based on their perceptions of the numerous benefits of
earth buildings.

3 Mitigating Errors in Behaviour Change Interventions

Changing mind-set and behaviour has received a lot of attention in the fields of health-
care and marketing. Several important principles could be adapted within the context
of applying VR in developing new mind-sets for using more sustainable building tech-
nologies. VR also offers a reasonable cost-effective method considering, for example,
the cost of physically visiting some exemplars of sustainable building, media production
costs to, for example, televise these types of initiatives.

In regards to the building industry, we can expect the challenge of behaviour change
to be somewhat magnified given that the personal element is extended to an outward
object that does not directly affect one’s health in the short or long term in obvious ways.
We also need to consider the reward mechanisms for changing behaviour and whether
these rewards might be obvious in the short and longer-term.

It is useful to keep in mind the six major errors made by those who attempt to change
behaviour. These six common errors largely ignore scientific evidence from psychology
and sociology. It also helps us to develop new approaches incorporating behavioural
science. The six common errors identified by Kelly and Barker [25] are listed below and
also includes a summary description:

1. Ttis just common sense: In this context, common sense refers to the assumption that
human behaviour is obvious and requires little or no thought, thereby ignoring the
scientific evidence for positive behaviour change.

2. It is about getting the message across: This error assumes that getting the message
out to people in some form will lead to behaviour change, specifically in instances in
which messaging is the primary mechanisms used to impact on behaviour change.

3. Knowledge and information drive behaviour: Similar to the previous error, this
assumes that people lack knowledge and information that can only be obtained
from an expert source to help fill the gap in their own knowledge.

4. People act rationally: We often assume that people will do what is best once they
have obtained the knowledge and information. In other words, they act sensibly upon
rational appraisal of the evidence they have been given.
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5. People act irrationally: We also often assume that people act all the time irrationally
if they do not appear to change behaviour rationally based on the evidence provided
to them.

6. Itis possible to predict accurately: It is possible to predict behavioural outcomes to
some extent, but we are not yet able to predict behavioural outcomes accurately or
with any level of definitive certainty.

Unilever [26] have developed the Five Levers of Change as part of their sustainable
living plan. These have been researched extensively and have formed a basis for changing
the organisation from within, but also as part of their marketing strategy. According to the
Unilever [26] behaviour change and sustainability plan, “successful change comes from
a real understanding of people, their habits and their motivations.” This is very much
in line with the more individualised approaches also evident from the Kelly and Barker
[25] article exploring alternative modes for effecting behaviour change. According to
Unilever [26], fundamental changes in attitudes and behaviour are mandatory to create
a sustainable future. A common challenge in behaviour change models is what might be
referred to as a ‘relapse’ in medical and psychological terminology. This habit helps to
reinforce and remind people that the change they are making is a positive change.

Drawing from the principles listed above, we can develop VR prototypes to test and
improve in order to generate effective technology that could stimulate behaviour change
cost-effectively and in a safe way. Safe both physically and economically as it requires
limited access to actual construction sites for individuals and economically minimises
the risk associated with potentially new building methods and materials people may not
be familiar with. It also provides users with an immersive experience by stimulating
more of their senses. These are discussed in the sections below.

4 The Project Process

This exploratory study aims to establish the fact that VR models could be used as a
persuasive technology tool to encourage people to adopt sustainable living styles, such
as residing in earth buildings. The project process comprises of four key phases. In the
first phase, a comprehensive literature review was conducted to understand the popularity
of earth buildings in NZ. Afterwards, SME interviews were conducted (see Table 1 for
the profiles of the 7 research participants) to identify why earth buildings should be
promoted in NZ. The third phase focused on designing and implementing a VR model
of an earth building with other sustainable features. In the fourth phase, the VR model
was exhibited at ABE2018 for the public’s feedback.

Table 1. Research participants’ profile.

Participant’s profile

P1 | Has a Civil Engineering background. Researcher and Lecturer in earth architecture and timber
structures at the University of Auckland

(continued)
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Table 1. (continued)

Participant’s profile

P2

An earth building artisan who has 28 years’ experience in earth construction. A member of EBANZ
(www.earthbuilding.org.nz) and Solid Earth Adobe Buildings (www.solidearth.co.nz)

P3

Has a University degree in architecture. Coordinates the development and construction phases of
Earthsong Eco Neighbourhood (www.earthsong.org.nz), including making sustainable visions and

team decision making

P4

Has lived in earth architecture for 17 years. A member of Earthsong Eco Neighbourhood

PS5

A lecturer (natural building specialised) from the Unitec Institute of Technology NZ. Institute of
Architect (NZIA) award-winning registered architect with 30 years of experience in designing various

buildings

P6

A builder from the Bio Build (www.biobuild.co.nz)

P7

A passionate architect who built a rammed earth house with fascinating architectural features in

Auckland

In SME interviews, we asked the participants (P;—P7)’ views on the unpopularity
of earth construction and the reasons why we need to promote them. Table 2 presents a
sample (P1—P4) of the responses received from SME:s.

Table 2. SME interview findings.

Why are earth buildings not popular in NZ?

Why does the Earth Building need to be
promoted?

P1

NZ Earth building is not popular because
there is no good technical support

NZ doesn’t have a lot of bad weather, so the
earth building is very suitable for this
country. Because the earth’s building is very
cool indoors during the day and warm at
night

P2

In NZ, the market for earth building is
smaller than that for traditional timber
architecture. Although most people know
the existence of earth building, they do not
know enough about earth buildings

I often promote earth building around NZ.
Because I think earth building is one of the
most environmentally friendly buildings, all
building materials are easy to obtain and are
low-carbon materials. All the materials are
non-toxic and recyclable

P3

Mainly because the wood structure is the
mainstream building material in NZ, wood
structure construction time is faster than
earth buildings. In addition, NZ lacks the
technical personnel for the construction of
earth buildings

Courses related to Earth building are offered
in universities to let more young people
understand earth buildings

P4

Earth buildings take longer to build than
timber structures, rising labour costs

Earth building is one of the most
environmentally friendly buildings, without
the addition of chemicals, all materials are
natural materials
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The study has collected substantial qualitative information on the reasons why earth
buildings should be promoted for living in NZ. Earth buildings are non-toxic natural
buildings which use materials that come from the earth [22]. Therefore, it helps to
minimise environmental pollution caused by mining and burning coal to manufacture
other materials such as concrete and steel. Ultimately, earth built environments would
help to form a more synergistic and harmonious ecological effect. Earth buildings have
the characteristics of energy-saving and carbon emission reduction [23]. Earth can be
locally acquired, and a large amount of transportation cost and energy consumption
processing costs can also be reduced. Having more earth structures could contribute
towards reducing the negative effects of climate change and global warming. Soil can
be safely reused after the building life span has expired. Earth is one of the well-known
sustainable building materials. Earth buildings are characterised by good heat-insulating,
good thermal stability and excellent heat storage capacity. They also have high fire
resistivity and noise proofing qualities.

However, the total number of earth buildings in NZ is less than 1% of all entire
buildings. Most of earth homeowners live privately in rural or semi-rural areas. The
study found that many people share the same view that NZ earth architecture is unpop-
ular primarily due to a lack of awareness [13]. In addition, another reason why earth
architecture is not popular is because of a lack of technical capacity in NZ [27]. Large
construction companies believe that the market for NZ earth architecture is too small to
be profitable. In addition, the construction time of earth architecture is comparatively
longer than that of traditional timber buildings. A majority of New Zealanders think
earth construction takes significant time as opposed to conventional timber construction
[13]. Therefore, we believe that there is a need and responsibility to actively work on
increasing the awareness of constructing and living in earth built environments [28].
Previous literature has shown that tourists who have visited earth buildings would want
to live in earth houses. In addition, people who have visited earth buildings generally
appreciate them and actively recommend earth structures to their friends [13]. Therefore,
promoting earth buildings would help increase people’s understanding of earth archi-
tecture in the built environment. This would eventually promote earth buildings in NZ.
The responses received from SME interviews further strengthened the significance of
earth buildings. The responses revealed a need to change people’s negative perceptions
of living in Earth Buildings.

5 Design and Implementation of the VR Model

In order to address this, we design a project called Virtual Reality of Sustainable Living
Styles. It was a collaboration between selected students from the Bachelor of Construc-
tion and the Graduate Diploma in Information Technology (IT) at Otago Polytechnic
Auckland International Campus. The team’s key objective was to create a virtual model
of an earth house to showcase at the ABE2018. The virtual earth house included walls
made of Rammed Earth, Cob, Mud Bricks, Straw Bale and compressed earth blocks. In
addition, it consisted of dry toilets, rainwater harvesting tanks and solar panels to feature
a sustainable building.

To design the VR model, we took three design principles, i.e. Physiological Com-
fort, Environmental Comfort & Ergonomics, proposed by Alger [29], Hudelson [30]
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and LaValle [31] into account. The VR model development process included gather-
ing project requirements from the construction team, planning the model development
process, model designing (with Auto CAD and 3D Max software), development of the
VR model (using Google VR Architecture, Visual Studio IDE, C# language, JavaScript,
CSS scripting language and.net framework) and model testing and verification [32].

We employed agile methods to develop the virtual earth building. The agile Software
Development Life Cycle (SDLC) model is a combination of iterative and incremental
process models with a focus on process adaptability and customer satisfaction by rapid
delivery of working software product [33].

The first iteration of Proof of Concept (POC) was executed by providing a demo VR
model to the construction team (a lecturer and selected students from the construction
department) with minimum functionality. The POC was approved by the construction
team, and then the concept was continued. The second iteration was the first phase of the
actual development. In the second iteration, the interior parts of the earth building were
focused. Hotspots were then introduced to pass the views which the viewer needs to
open. In the third iteration, the exterior of the earth building was focused. In the exterior,
solar panels, green roof, garden, fencing, gate and a rainwater harvesting tank were
added. Figure 2 shows some screenshots of the exterior and interior of the virtual earth
building. After the successful development of the VR model, the project was deployed
(azure server was used) to the server. We also created five posters displaying earth wall
construction techniques to assist our VR project showcase at ABE2018 [32].

e\

Living room Rear view with rainwater harvesting tanks

I\

Bathroom and dry toilet Kitchen

Fig. 2. The VR model.

After we exhibited the VR project at ABE2018, construction students were asked
about their overall experience of being participants in this project. Firstly, students were



216 D. A. S. Samarasinghe et al.

asked about learning sustainable building features from VR models as opposed to learn-
ing from real construction projects. Even though most students commented that they like
to learn from real projects on-site, other students suggested that learning through VR
models would provide convenience and accessibility to sustainable building features.
They expressed that good quality VR programmes would help to save cost and time of
organising real construction site visits. Some students pointed out that VR models would
enable seeing the detailed aspects and intuition of the sustainable features before they
are installed on buildings.

Our VR booth at ABE User engagegemnt User engagegemnt
2018 through VR through VR

Fig. 3. The VR project exhibition at ABE2018.

The feedback received from ABE 2018 revealed that VR of earth buildings would
enable seeing the detailed aspects and intuition of the sustainable features before they
are installed on buildings. The people who experienced our VR model said that since
there are a few (<1% of total buildings) real earth buildings available in NZ, learning
about earth buildings features through VR models would give more learning possibilities.
Overall, the viewers said that they certainly enjoyed this experience. It was found that
viewers liked the details displayed in the model, as they are hard to see from a single
real building. A majority of the viewers expressed that the VR model was a realistic
experience. One said:

“It looked real to me, and I felt like I was walking inside the rooms. I like the textured
on the earth building walls, and it gives the real vibes exactly what we need” .

We found that overall, this was a positive experience. We believe that this exploratory
study can be further extended to a comprehensive project aiming to promote earth
buildings through VR models.

6 Persuasive VR for Promoting Earth Buildings

We argue that our VR model is a persuasive tool. The virtual sustainable building we
designed was based on the systematic framework proposed by Kukkonen and Harjumaa
[2]. It addresses the below four categories of design principles (Table 3).



Persuasive Virtual Reality: Promoting Earth Buildings in New Zealand 217

Table 3. Four categories of design principles.

Category 1
Primary task support

Reduction: System should reduce the effort that users spend in
regard to performing their target behaviour. Our model shows
examples of sustainable building features

Tunnelling: System should guide users in the attitude change
process by providing means for action that brings them closer to
the target behaviour. Our model displays information about
sustainable building features

Simulation: Systems should provide simulations for persuasion.
Our model will incorporate both sustainable and unsustainable
building features to allow users to make a comparison
Rehearsal: System should provide means for rehearsing a target
behaviour. Our model allows for the navigation of a sustainable
building

Category 2
Dialogue support

Similarity: System should imitate its users in some specific way.
Our model imitates a typical house, but with sustainable features
Liking: A system that is visually attractive for its users is likely to
be more per-suasive. Our VR model has a look and feels that
appeals to its users

Category 3
System credibility support

Trustworthiness: A system that is viewed as trustworthy
(truthful, fair, and unbiased) will have increased powers of
persuasion. Our model provides information that is informative,
truthful and unbiased

Expertise: A system that is viewed as incorporating expertise
(knowledge, experience, and competence) will have increased
powers of persuasion. Our VR model provides information
indicating expertise

Surface credibility: People make initial assessments of the
system credibility based on a first-hand inspection. Our VR model
has a competent look and feel

Verifiability: Credibility perceptions will be enhanced if a system
makes it easy to verify the accuracy of site content via outside
sources. Our VR model provides the means of verifying the
accuracy of the content

Category 4
Social support

Cooperation: A system can motivate users to adopt a target
attitude or behaviour by leveraging human beings’ natural drive to
co-operate. Our VR model currently provides means for offline
cooperation. The next version will include collaboration as part of
navigating the building by presenting avatars

Competition & Recognition: A system can motivate users to
adopt a target attitude or behaviour by leveraging human beings’
natural drive to compete and offer them public recognition. Our
VR model will include quizzes about sustainable building features
and will provide public attention for the users who do well on the
quizzes
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7 Recommendations and Conclusions

Due to the deterioration of the environment and global warming, human beings have
begun to realise that it is crucial to protect the environment and the earth. In order not
to damage the earth more seriously, human beings are starting to achieve a low-carbon
economy, and the construction of low-carbon buildings has become a global consen-
sus. Therefore, earth architecture has become one of the most mainstream sustainable
buildings at present. In NZ, having an earth built environment has many advantages.
Earth is a non-toxic natural material. It has a good heat retention capacity which suits
the cold climate in NZ. Earth is readily available. Therefore, earth built environments
help to minimise high Carbon emission due to small transportation. Since earth walls
are thick and heavy, they have high noise and fireproofing performance. These char-
acteristics are the reason why earth architecture should be rigorously promoted. It is
crucial to increase the awareness of the enormous benefits of earth buildings and struc-
tures. We believe our research paves the way for systematic design and development of
fully-fledged persuasive VR models dedicated to promoting such sustainable buildings.
Through the application of VR, we intend to start addressing the challenges associated
with behaviour change. VR offers a cost-effective method for people to be more fully
immersed in earth built environments in order to expose them to sustainable technology.
It could also potentially deal with issues around relapse into old habits by having multiple
immersive earth built site visits until habits and attitudes change. In the near future, we
hope to test our virtual sustainable building with people who work in the construction
sector. Therefore, the next step is to progressively work towards developing a platform
also to change the behaviour of the public who might purchase sustainable houses that
incorporate earth walls and other energy-saving building features.
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Abstract. Phishing has become a major security threat in this Internet age. Dubi-
ous computer geeks and malicious hackers tend to make use of this mode of cyber-
attack due to the ability of phishes to deceive unsuspecting users without being
prevented by various system security measures. The major reason why people fall
for phishing attacks is that they are mostly unaware of how to detect them. This
paper presents the design and implementation of a mobile persuasive game for
promoting online security by teaching people how to detect and avoid phishing
links. We also present the results and insights from the playability and persua-
siveness evaluation of the game. The evaluators reported an overall high level of
playability according to the Heuristic Evaluation for Playability (HEP). Above
all, the results show that the game is highly persuasive, hence is expected to effec-
tively motivate the desired behaviour of promoting online security. Based on our
results, we provided some design consideration and insights from the evaluators’
comments.

Keywords: Phishing - Persuasive games - Behaviour change - Heuristics for
evaluating playability

1 Introduction

Internet security and cyberattacks have become very important technological issues in
recent times. People have lost fortunes and even their lives due to a variety of cyber-
attacks. Phishing is one of the most popular media for malicious cyberattacks. It was
reported to be “the number one infection vector employed by 71% of organized groups
in 2017 [26]. Cisco Systems classifies it as an “increasingly common cyber threat” [5].
Webroot reported that “nearly 1.5 million new phishing sites are created each month”
[10]. Furthermore, PhishMe Inc. reported that the average cost of phishing attacks for
midsized companies is 1.6 million dollars [23]. Phishing mostly involves the use of spoof
emails and dubious links to fool unsuspecting Internet users into divulging their personal
information. This information is then used for a variety of criminal purposes like identity
theft, financial theft, and other fraudulent purposes [28]. A variety of information can be
collected by these criminals. They range from simple information like users’ full names
to critical information like users’ bank account and credit card information. Unlike many
other types of cyberattacks, phishing attacks do not focus on manipulating the victim’s
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system resources. Instead, it focuses on manipulating humans, their behaviours, and their
reactions to stimuli presented by the attacker through the victim’s computer. These kinds
of attacks are called semantic attacks. Developing effective system-centred interventions
to curb this kind of security attack is almost impossible because so many human factors
come into play when we discuss phishing threats. Some human factors that contribute to
the ease of falling for phishing attacks include user fatigue, user’s understanding level,
relevance to users, human haste and errors [11, 12].

Although several attempts have been made towards developing automated tools to
help curb this menace, an effective approach against phishing attacks is to ensure that
internet users’ behaviour towards internet activity and phishing is preventive rather than
corrective. Persuasive gaming has become a very popular way of reinforcing or changing
behaviours in diverse domains including Healthy Nutrition [13, 15, 21], Physical activity
[3,4, 7] and Disease Prevention [2, 18, 27]. The ability of Persuasive games to combine
fun, excitement and persuasive strategies to engage users and promote the desired change
in their behaviours makes it an attractive persuasive tool. Research has also shown that
persuasive games can be effective tools for promoting behaviour change.

In this paper, we present the design and implementation of a mobile persuasive
game called ‘Phisher Crush’, that teaches people how to identify and avoid phishing
links and emails. Phisher Crush employed six persuasive strategies: Simulation, Tun-
neling, Rewards, Praise, Feedback and Suggestion, and Liking in its design to achieve
the intended objective. We also present the results and insights from a playability and
persuasiveness evaluation of the game. The results show that the game is highly persua-
sive, hence is expected to effectively motivate the desired behaviour of promoting online
security. The evaluators reported a strong presence of the six persuasive strategies [20].
The results of the Playability Evaluation using the Heuristic Evaluation for Playability
(HEP) [6] showed positive gameplay experience, adequate game mechanics, and a high
level of usability. Based on our results, we provided some design consideration and
insights from the evaluators’ comments.

2 Literature Review

Gamified approach to educating people and creating awareness about phishing attacks
has been employed by existing research, with only a few incorporating persuasive design
principles to enhance knowledge acquisition and behaviour change. One of these few
works is the Phish Finder mobile game designed by Misra et al. [17] to enhance users’
confidence in dealing with phishing attacks. They adopted a theoretical model that com-
bines conceptual knowledge and procedural knowledge to improve users’ self-efficacy
to mitigate phishing attacks. Arachchilage et al. [1] discussed a similar gamified app that
aims to teach users the concept behind phishing attacks in addition to general knowledge
about phishing.

Furthermore, Anti-Phishing Phil is an online game (developed by Sheng et al.
[25]) that leveraged similar fish-worm concept used by Misra et al. and Arachchilage
et al. to train users on how to identify fraudulent websites and find legitimate ones.
The game’s training content covers IP-based, subdomain-based and deceptive phishing
URLSs. However, they did not employ persuasive strategies in developing the game.
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Rather than implementing a gamified anti-phishing concept, Kumaraguru et al. [14]
delivered an embedded training system, called PhishGuru that delivers anti-phishing
training messages during normal email use. In other words, users were sent a deliberate
but malicious email message in the course of their normal activities, and instead of
losing information when they ignorantly click on the phishing link(s) in that message,
they receive preventive anti-phishing training content. PhishGuru, however, is not a
persuasive system.

Finally, to evaluate game designs including mobile games, Desurvire et al. [6] devel-
oped the Heuristic Evaluation for Playability (HEP) which comprises of four game
heuristic categories: gameplay, game story, game mechanics and game usability. The
HEP authors argue that a heuristic approach to game evaluation can lead to highly usable
and playable game designs. We employed the HEP to assess the playability our Phisher
Crush game.

3 Phisher Crush Design Process

3.1 Early Design Phase

Before developing the persuasive game intervention, we had to fully understand the
problem area and the behaviour that needs to be addressed to solve the problem [9].
One of the major causes of phishing attacks is clicking of phishing links and carelessly
accessing emails from phishers. We researched the common forms that phishing links
and emails appear as and also consulted with an online security expert. This enabled
us to develop an adequate gaming objective for Phisher Crush. Some of these common
forms include:

(a) Hyperlinks that begin with a number.

(b) Strange email addresses or hyperlinks from a popular domain.
(c) Badly spelt domain names of email addresses or hyperlinks.
(d) Meaningless emails addresses and hyperlinks.

(e) Email addresses with too many special characters.

We also had to decide on the gaming concept to use for the game. Prior research
has shown that persuasive games are most likely to persuade if the gaming concept
is engaging and if the controls for the game are easy and straightforward [1]. This is
because if players focus all their cognitive power on trying to master the controls of the
persuasive game, they may be less receptive to the persuasive strategies implemented in
the game. We also wanted to pick a game that simulates the mental process that occurs
when people encounter hyperlinks online. Therefore, we decided to use the concept of
a matchup-memory game, which is a game genre that has one of the easiest controls.

We needed a list of real phishing links and emails for the game, therefore we down-
loaded a list of active phishing links from PhishFindR [22] for the malicious hyperlinks
and we also downloaded a list of phishing email addresses from Samudrala’s list of
spammers’ email addresses [24]. In total, we collected a list of 65,157 phishing links
and 182 spamming emails addresses for the game’s database. These hyperlinks and email
addresses formed part of the basic elements of the game as discussed in the following
section.
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3.2 Phisher Crush Gameplay

Phisher Crush is modelled after the same engaging concept of traditional match-up
memory games similar to MatchUp [16] and Remembery [8]. The primary task in this
game is for the player to match pairs of correct hyperlinks or email addresses as fast as
possible. When the game loads, a random array of malicious and unmalicious hyperlinks
and email address are loaded. The links and email addresses are hidden under seeds
represented by icons as shown in Fig. 1. Players are expected to click an icon to reveal
the hyperlink or email address hidden under it. Whenever the player clicks a second icon,
the player is prompted to confirm if the two exposed hyperlinks or emails addresses are
a match or cancel if they are not. A match is correct if the two exposed hyperlinks or
email addresses are both malicious or both unmalicious. A match is incorrect if one
of the hyperlinks or email addresses is unmalicious and the other is malicious. Players
are rewarded with points for matching two unmalicious hyperlinks or email addresses.
They are also rewarded for matching two malicious hyperlinks or email addresses. The
player loses points whenever he matches a malicious hyperlink or email address with
an unmalicious hyperlink or email address respectively, and the selected icons are reset
to allow the player to try another match. Each level of the game has a specific number
of correct hyperlinks that a player is expected to match. There is no limit to the number
of available levels in the game. The game has a countdown timer which begins at the
start of each level. A player proceeds to the next level if he can complete all available
matches before the specified time for the current level elapses. The higher the level, the
lower the time allotted to complete the task. This serves as an incremental difficulty
functionality as it urges players to make decisions fast. The game was implemented in
the Unity Engine platform and was developed using C#. The game targets the Android
mobile platform.
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Fig. 1. Game seeds with hidden hyperlinks and email addresses attached to them in Phisher Crush

3.3 The Persuasiveness of Phisher Crush

From literature, we applied 6 popular persuasive strategies from persuasive technology
research on our design [20] to make the game persuasive. They are:
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Tunnelling. “Using the system to guide users through a process or experience provides
opportunities to persuade along the way” [20]. We presented players with tutorials and
tips on how to identify phishing hyperlinks and how to play the game before the actual
gameplay (Fig. 2).
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Fig. 2. Implementation of tunneling in Phisher Crush

Simulation. We simulated the cognitive process that occurs when people encounter
links online. When people encounter hyperlinks or emails online, their brains try to
match their mental models of phishing links or non-phishing links to the links they see,
which helps them determine if they should click the hyperlink or not.

Rewards. “Systems that reward target behaviours may have great persuasive powers”
[20]. Players are rewarded for correct matches with points. There are also badges for
achieving different kinds of milestones. There is a badge for completing their first game,
then there are also badges for every 500 points accumulated by the user. We believe this
would engage and motivate the user to continue playing the game (Fig. 3).

Fig. 3. The reward badges in Phisher Crush

Praise. “By offering praise, a system can make users more open to persuasion” [20].
At different points during the gameplay, we praised the player for playing the game.
After going through the tutorials, the player is praised for completion. After each game
session, the player is also praised for playing when he wins (Fig. 4).
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Fig. 4. Implementation of praises in Phisher Crush

Feedback and Suggestion. Before each gameplay, we provided suggestions on what
phishing hyperlinks and email addresses look like. We also provided feedback on what
links and email addresses are malicious or not at the end of each gameplay (Fig. 5).
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Fig. 5. Implementation of suggestion in Phisher Crush

Liking. “A system that is visually attractive for its users is likely to be more persuasive”
[20]. We tried to make the game as visually attractive as possible with the use of attractive
colour combinations and animations.

4 Phisher Crush Heuristics and Persuasiveness Analysis

To ensure that the game was persuasive and user-friendly we ran a playability and persua-
siveness evaluation of Phisher Crush. We recruited persuasive technology stakeholders
to participate in the playability evaluation and persuasiveness evaluation of the game.
They were invited to the Persuasive Computing Lab at Dalhousie University and were
given a summarized description of a list of persuasive strategies. It consisted of a list of
all the strategies that we actively implemented, combined with some other persuasive
strategies that we did not implement. They were also given a summarized description of
the list of heuristics under the HEP [6]. These lists were given to the evaluators before
the game evaluation to study and familiarize themselves with them. After that, the evalu-
ators played Phisher Crush for about 20 min and noted the occurrence of any persuasive
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strategy and also identified any of the HEP heuristics that was satisfied. After the gaming
session, participants were asked to go through the summaries of the persuasive strategies
and heuristics again to rate each item on a Likert scale of 1 to 5 (1 = Not Present and 5
= Strongly Present), while giving qualitative comments about any of their observations.

4.1 Selecting Evaluators

We recruited evaluators for Phisher Crush with the following criteria.

(a) They must have experience in either developing or evaluating mobile apps.

(b) They must be researchers in the field of Persuasive Technology.

(c) They must have experience of persuasive strategies, preferably the PSD Model.
(d) They must have experience in either developing or evaluating mobile games.

We recruited four (4) evaluators who matched these criteria. This is in line with
Neilson’s Heuristic evaluation standard which suggests that we use between 3 to 5
evaluators when running a heuristic evaluation [19].

4.2 Results of the Persuasiveness Evaluation

At the end of the evaluation, we analyzed the quantitative data collected to determine the
persuasive strategies (PSs) the participants observed in Phisher Crush, as well as their
disposition towards the game’s functionalities. As shown in Fig. 6, out of the six PSs
implemented in the game, the mean score (i.e., the “x” shape in the figure) of only five
PSs were above the neutral mid-point of 3 for the 5-point Likert scale. In other words,
participants were able to strongly identify five persuasive strategies in Phisher Crush,
which are tunnelling, simulation, praise, rewards and liking. However, participants think
suggestion is weakly implemented in the game. Table 1 summarizes the ranking of the
PSs from the most observed to the least observed based on their mean values. Praise
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Fig. 6. Persuasiveness average rating observed by evaluators in Phisher Crush
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Table 1. Ranking of persuasive principle in decreasing order of mean

Persuasive strategy Mean (Standard deviation)
Praise 4.75 (0.50)
Rewards 4.50 (0.58)
Liking 4.50 (0.58)
Tunnelling 4.00 (2.00)
Simulation 3.25(0.96)
Feedback and suggestion | 2.75 (2.06)

ranked highest (mean = 4.75, sd = 0.50), closely followed by rewards (mean = 4.50, sd
= 0.58) and liking (mean = 4.50, sd = 0.58). Suggestion has the lowest ranking (mean
=2.75, sd =2.06).

An interesting point to note is that one of the persuasive strategies we intentionally
implemented was not identified as a very strongly-obvious strategy. The Feedback and
Suggestion strategy had a mean score of 2.75 which is below the midpoint of 3. This is
because most of the evaluators felt that the absence of dynamic tips during gameplay
would reduce the potency of the strategy.

4.3 Results of the HEP Playability Evaluation

Regarding the playability of Phisher Crush, the mean of all the four heuristic measures
were above the neutral mid-point of 3, as shown in Fig. 7. Usability ranked highest (mean
=4.04,sd =0.59) followed by mechanics (mean = 3.93, sd = 0.41) and gameplay (mean
=3.45,sd =0.69). The game story has the least ranking (mean = 3.27, sd = 1.00) (Fig. 7
and Table 2).

Since all these measures of playability were well above the neutral rating, we can
effectively say that Phisher Crush is optimally playable.
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Fig. 7. Evaluators’ disposition towards Phisher Crush’s average rating observed by evaluators in
Phisher Crush
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Table 2. Ranking of game heuristics in decreasing order of mean

Game heuristics | Mean (Standard deviation)

Usability 4.04 (0.59)
Mechanics 3.93(0.41)
Game play 3.45 (0.69)

Game story 3.27 (1.00)

4.4 Discussion: Design Considerations from Evaluators’ Comments

We evaluated our persuasive game to assess its persuasiveness and playability. The results
show that our game is persuasive enough and satisfies the game deign heuristics, hence it
has the potential to motivate the intended behaviour of promoting online security on the
users. Below, we discuss other insights from our evaluation in line with their implication
for persuasive game design.

One of the evaluators made this comment, “Simple game concepts make more sense
for persuasive games”-P4. This comment implies that it is better to make simple games
for persuasion than highly complex games. Complex games require a lot of cognitive
power to enjoy them. This places all the cognitive power of the player on the games
itself with little to use for the processing of persuasion, on the other hand, simple games
use less cognitive power. Therefore, we recommend that persuasive game developers
should make the game concepts simple and easy to understand.

An evaluator also suggested that there should also be a form of praise when the
player loses a level. In her words, “When I lost, I encountered a scene that just outrightly
told me that I lost. I felt bad and I believe users would feel bad too”-P2. This implies
that when implementing praise, persuasive technology developers should not only praise
players for winning a challenge, they should also get some form of praise for attempting a
challenge even if they lose. This would encourage the player to play more. Therefore, we
recommend that persuasive game designers employ praise irrespective of whether
they are winning or losing

Another evaluator pointed out the importance of a dynamic tutorial. In his words,
“I like the tutorial that occurs before the game, but it would be better if the tutorial
happens as the first game is being played”-P1. Humans tend to forget information if
they are loaded with a huge quantity of it over a short span of time. Therefore, it would
be better to have tips and instructions within the gameplay instead of having it before
the gameplay. This would foster a progressive kind of learning instead of the cognitive
overload that would occur if all information is given before gaming. We recommend
the use of dynamic real-time tips when developing persuasive games.

An evaluator pointed out a need to appropriately inform players some seconds before
ending the game after the time elapses. The game ends abruptly when the game time
elapses and there is no warning for the player to realize when the time is almost up. This
is an essential part of gaming. There is a need for visual cues for any significant action
that is about to occur. He suggested a change in the colour of the timer text to signify
the game is ending. Another evaluator suggested the use of sounds too. We recommend
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that persuasive game designers may employ the use of very significant visual or
audio cues for important events that may impact the gameplay.

5 Conclusion and Future Work

In this paper, we presented the design of a persuasive game titled, Phisher Crush, to
promote online security by teaching people how to identify phishing hyperlinks and
email addresses. We also presented the results of a game heuristics and persuasiveness
evaluation which shows that the game is highly persuasive hence is expected to be
effective at achieving the desired behaviour of promoting online security. Based on our
results, we provided some design consideration and insights based on the evaluators’
comments.

The results of the Heuristic Evaluation for Playability (HEP) showed a high level of
playability while the results of the Persuasiveness evaluation showed a strong presence
of six persuasive strategies.

A limitation of our work is that evaluators played the game for only 20 min which
may be a short time for an in-depth result. Also, hyperlinks and emails are not the only
ways phishing attack, however, they are the common ones and accounts for a greater
percentage of phishing attacks, hence our focus on them.

Future work will focus on evaluating the effectiveness of the game with respect to
promoting actual online security awareness on a larger population and diverse audience.
We also plan to extend the game eventually to account for other online security issues.
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Abstract. eHealth systems for behavior change need to cope with a wide vari-
ety of privacy requirements specified by governmental and other regulations.
We conducted a systematic review of scientific articles. Analysis of the articles
revealed General Data Protection Regulation (GDPR) compliant eHealth tech-
nologies, challenges posed by GDPR as well as early solutions for them. In addi-
tion, we highlight key GDPR issues to be considered when designing persuasive
technologies.

Keywords: GDPR - eHealth - Persuasive technology - Persuasive features -
Behaviour change

1 Introduction

eHealth technology seeks to enhance health care delivery [1]. It enhances the efficiency of
healthcare by reducing cost, improving the quality of care, and empowering stakeholders
by making personal electronic records readily accessible to them. It also provides a mech-
anism for collaboration between patients, health workers, and technology providers, and
thus educates and facilitates information exchange between health practitioners and
healthcare centers.

Persuasive eHealth technologies such as Behaviour Change Support Systems (BCSS)
help users change their behaviour over time [2]. Despite their usefulness, eHealth systems
are prone to ethical issues pertaining to informed consent, privacy breaches, and equity
issues regarding who can have access to the resources and the opportunities it has to
offer [3]. Privacy and security are a cause for concern due to the sensitive and personal
nature of health data. Without addressing privacy related issues, the rate of adoption
and use of eHealth applications and systems could to a significant manner be negatively
impacted [4].

Privacy of health data presents serious concerns when health records are electronic
[5]. Maintaining the privacy of health data involves ensuring confidentiality, integrity,
and availability of the data, as well as securing the collection, transmission, storage and
processing of the data. It further involves securing the technology itself, educating and
increasing the awareness of privacy and security breach issues, as well as complying
with policies and regulations to keep the data secured [6]. Two well-known legislations
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that regulate the handling of data are the Health Insurance Portability and Accountability
Act (HIPAA) and General Data Protection Regulation (GDPR) [7].

In this paper, the following research contributions are made: (1) analysis of the
influence GDPR has on the privacy requirements of eHealth systems, (2) identification
of challenges GDPR possess to the development of eHealth systems and how these
requirements can be fulfilled, (3) highlight key issues for designing persuasive features
of eHealth systems. The terms eHealth systems, applications and technologies are used
interchangeably in this paper.

2 Background

Although eHealth projects and applications do not always perform as anticipated [8, 9],
one important issue to consider is the resistance to change attitude of health professionals
which stems from the lack of reconciliation of their expectations and actual outcome of
eHealth systems [8]. In the development of eHealth systems, attention is often given to
the technical aspects leading to the neglect of the interdependencies that exist between
the technology, people, and the environment to reap the full benefits of such systems [10].
This calls for the adoption of a comprehensive approach to the development of eHealth
applications. One such approach is proposed by the Centre for eHealth Research and
Disease Management (CeHRes) as the CeHRes Roadmap [10].

CeHRes Roadmap. The CeHRes Roadmap is an approach that serves as a guideline for
eHealth development, implementation and evaluation. It adopts a holistic approach for
the development of eHealth technologies using an iterative and dynamic 5-phase frame-
work which encompasses participatory development, persuasive design techniques, and
business modelling [10]. The phases of the framework are contextual inquiry, value spec-
ification, design, operationalization and summative evaluation. (1) Contextual Inquiry:
The first phase focuses on gaining an in-depth understanding of the current state of
the problem at hand, identifies and analyses the roles and needs of the various stake-
holders who fall within the scope and context of the problem. (2) Value Specification:
This phase involves the identification and elicitation of the specific benefits (values) of
the technology based on stakeholder needs. These values can then be translated into
end-user requirements. (3) Design: Here, the identification of user requirements of the
system is followed by development mock-ups, prototypes, usability tests, technology
development, and the addition of usability principles and persuasive features to the
design are done [11]. (4) Operationalization: Plans regarding the operationalization of
the technology are outlined. Concrete activities such as pilot programs, advocacies, and
presentations are used to increase the awareness of the technology. (5) Evaluation: This
phase involves a formative and/or summative assessment of the impact of the designed
technology on the problem context and its stakeholders. Thus, the value added to the
stakeholder’s life should be apparent. The CeHRes Roadmap aids in the planning and
execution of the development process of eHealth technologies and can be a valuable tool
for the improvement of existing technologies.

General Data Protection Regulation (GDPR). The data protection regulation which
emphasizes on the need to protect citizens of the European Union (EU) from privacy and
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data breaches and the consequences of non-compliance was enforced in May, 2018 [12].
GDPR is famous for the penalties associated with non-compliance and the rights of data
subjects such as privacy by design, breach notifications, right to be forgotten, right to
access, and data portability which was not the case in previous legislations. In the event
of a breach or non-compliance, an organization can incur a fine to the tune of 4% of its
annual global turnover or 20 million euros (whichever is greater). GDPR requires the data
of people living within the EU to be processed within the EU regardless of the location
of the company. This means that any business entity that seeks to process the data of
EU citizens must have a representative within the EU. Consent is another requirement
of GDPR. GDPR demands user consent be clear, informative, accessible, written in
clear and plain language, and easy to withdraw from. GDPR also specifies requirements
for proper record keeping of internal data operations. The implementation of GDPR
in eHealth systems brings new design requirements, responsibilities, and expenditures
leading to significant impact on eHealth organizations [13]. In this paper, the CeHRes
roadmap will be used to identify the influence GDPR has on the development of eHealth
systems.

3 Methodology

A systematic review was conducted to identify GDPR implementations in eHealth
systems using data from the following databases: Proquest, IEEE Xplore, Ebscohost,
Web of Science, and ACM using the following keyword combinations: GDPR AND
(ehealth OR e-health OR mhealth OR m-health OR ‘electronic health’ OR ‘digital
health’, OR ‘digital interventions’ OR ‘online interventions’ OR ‘ehealth interventions’
OR ‘mobile intervention’ OR ‘e-health intervention’ OR ‘mhealth intervention’ OR
‘m-health intervention’, OR ‘mobile health’ OR ‘mobile app’ OR ‘mobile application’).

I Database search |—>| 213 articles retrieved I—}' 45 duplicates removed |->I 168 abstracts screened |

I 23 articles analysed |<—| S irrelevant articles excluded |<—| 28 articles downloaded |<—| 140 articles excluded |

Fig. 1. Selection process

A total of 213 articles were found, of which 168 unique articles were obtained after
deduplication. The titles and abstracts were screened for keywords and articles that did
not have any of the keywords were excluded. A total of 28 articles remained for further
analysis. Further screening was performed to exclude articles that were not relevant to
our objective. Articles included were directly or indirectly related to eHealth and GDPR.
5 articles were not relevant for this study and hence excluded. A total of 23 articles were
analysed. These articles can be found as publications [8, 14-35] in the reference list of
this paper. See Fig. 1
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4 Results

4.1 GDPR and Characteristics of eHealth Roadmap

The CeHRes roadmap employs participatory approach, persuasive design and business
modelling [10]. Quite naturally, not all the analysed studies utilised all these principles,
however, a number of characteristics of the roadmap were found in various studies.
Table 1 shows how the CeHRes Roadmap characteristics were evident in the analysed
studies.

Table 1. Characteristics of studies (N = 23)

Number of studies (N = 23) | % addressed
Contextual inquiry 22 95%
Value specification 22 95%
Design 16 70%
Operationalization 4 17%
Summative evaluation | 4 17%

Contextual Inquiry: A vast majority of the articles (22 out of 23) provided a detailed
analysis of the current healthcare provision as well as a thorough description of the
problem context, the strengths and weaknesses of the existing healthcare provisions
(eHealth system in use) in the light of privacy and GDPR. The remaining article (1 out
of 23) only analysed an existing system against GDPR requirements. The nature of the
analysis was such that the phases of the CeHRes framework were unobvious and hence
the roadmap was non-applicable to it. Some of the problems identified in the studies
were centered around data privacy [14, 15, 19-21, 23], consent [21, 25, 31], ownership
of user data [20, 27], right to data portability [27], security [19], right to be forgotten
[25, 28], cyber insurance to cover eHealth assets [28], among others. Interestingly, only
one article identified and analysed the stakeholders where surveys were used to collect
privacy concerns of stakeholders which were then translated into user requirements [19].

Value Specification: Privacy related values of the technology were identified and trans-
lated into requirements. A clear and specific goal as well as the associated values of
the technology were evident in 22 out of the 23 articles analysed. The values of the
eHealth systems to be designed were clearly articulated by specifying the demands from
the implementation context as well as how the set goals could be achieved. While some
studies approached value identification from the stakeholder perspective [19], others
sought to determine what could be improved or supported by means of an eHealth solu-
tion [14, 15, 18, 23, 25, 27, 29, 31, 33]. The identified privacy values thus formed the
basis for the requirements of the design of the technology.

Design: The output of the contextual inquiry and value specification phases translated
into a unified modelling language diagram [24], conceptual designs [14, 22], system
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architectures [15, 16, 18-20, 23, 25, 26, 28-32], and a high-fidelity prototype [17]. Per-
suasive features were identified from some of the studies. These include self-monitoring
[16, 18], personalization [17, 29, 31], reduction [23, 26], rewards [26], reminders [29],
and competition [29]. Gamification, a component of modern eHealth applications, which
encompasses persuasive features was also identified [29]. Some of the studies went ahead
to develop solutions [15, 18, 23, 28, 30] that solved the identified privacy issue (e.g. [21])
in the eHealth system.

Operationalization: A few studies (4 out of 23) implemented and tested their designs.
Four studies piloted their eHealth technologies in different forms including in a real-
world environment [18], a proof of concept [23], a field study [15], and an integration
into an existing system [28].

Summative Evaluation: Only a handful of studies (4 out of 23) evaluated their eHealth
technologies. Evaluation of the eHealth technologies were based on the values specified
[30]. Two studies assessed the impact on system stakeholders [18, 23], while another
evaluated the accuracy of a deep learning model that underpinned their privacy policy
extraction system [15].

4.2 GDPR and System Requirements

eHealth technologies identified from the studies include web applications (e.g. [16]),
Internet of Things (IoT) (e.g. [26]), cloud computing (e.g. [32]), artificial intelligence
(AI) [24], mobile applications (e.g. [31]), big data [33], and blockchain-based solutions
(e.g. [26]). These technologies varied in terms of application domain ranging from
general solutions to specific solutions such as solutions tailored for monitoring heart
conditions [31], well-being and fitness [7], human-disease infection [33], elderly care
(e.g. [29]), and remote care [16].

Static healthcare data includes data that may not change during the lifetime of a
person such as fingerprint and genome, whereas dynamic data includes data collected
when a user engages in an activity (e.g. heartbeat rate) and the state of the user (e.g. blood
test) [7]. Data is collected for an instance or continuously for both static and dynamic
data depending on the purpose of the data collection and as such the frequency and size of
the data collected, stored, and processed may require different methods and approaches.
Typically, data is collected from web applications (e.g. [14]), mobile applications (e.g.
[15]), IoT devices (e.g. [22]), or other health information systems [34], among others.
These are stored on local or remote servers and/or cloud services.

The rights enjoyed by data subjects sit at the heart of GDPR with 19 out of the
23 articles reviewed addressing data subject rights. Nine articles discussed the right to
access, five articles discussed the right to be forgotten, two articles addressed the right to
rectification, three articles addressed data portability, while 18 articles addressed privacy
by design. Interestingly, only one article addressed the issue of breach notifications.
Clearly, there exist a need for a more solid and consolidated effort in implementing data
subject rights in eHealth systems comprehensively to ensure compliance with GDPR
requirements.
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Table 2. Problems related to GDPR and proposed solutions

Theme Problem Implemented solution | Example study
Privacy Privacy issues related | Privacy by design Bincoletto, 2019. [14]
to electronic health model for managing
records such as data | electronic health
breaches records
Issues related to A system to predict Chang et al. 2019 [15]
readability of privacy | and extract privacy
policies of eHealth policies using privacy
systems concerns of users
Privacy issues caused | An architecture that | El Jaouhari and
by data leakage in secures remote Bouabdallah, 2018
remote digital health | transmission of sensor | [16]
interventions data
Privacy issues in Integrating GDPR Muchagata and
mHealth apps related | requirements into app | Ferreira, 2018 [17]
to user-app interaction | visualizations to
and transparency enhance transparency
Privacy issues Tokenization Paavola and Ekqvist,
associated with architecture to remove | 2017 [18]
storing health records | sensitive information
in the public cloud from health records
and encryption of the
data
Privacy/Security Vulnerability of A GDPR compliant | Diaz-Honrubia et al.,
electronic healthcare | platform for 2019 [19]
infrastructure to managing and
privacy and transferring eHealth
cybersecurity threats | data
Privacy and security | An architecture for Koutli et al., 2019
challenges related to | secured collection, [29]
IoT eHealth systems | storage and
processing of data
from IoT systems
Ownership The need to allow A GDPR controller to | Rhahla, Abdellatif,
data subjects to give full control of Attia, and Berrayana,
control their own data | data to data subjects | 2019 [30]
Privacy/Ownership Privacy challenges of | Use of blockchain to | Mohammad Hossein,

healthcare data

enable users control
their data

Esmaeili, Dargahi,
and others, 2019 [20]

(continued)
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Table 2. (continued)

Theme Problem Implemented solution | Example study
Trust/Ownership Trust issues emerging | A federated Koscina et al., 2019
during the exchange | blockchain [25]
of healthcare data application to enable
between institutions | trust and allow users
to own, control and
exchange their data
Problems associated | Blockchain based data | Zheng et al., 2018
with ownership and sharing systems to [26]
control of health data | enable users to control
and own their data
Ownership/Data The need for patients | A GDPR compliant | Stan and Miclea,
Portability to own and control blockchain 2019 [27]
their data and data application to give
should be in a format | control to the user
that support
interoperability
Consent Issues related to User-centered O’Connor et al., 2017
consent in eHealth electronic consent [22]
systems system that
incorporates data
subject’s rights
The need for adequate | Consent management | Hyysalo et al., 2016
management of framework to enable | [23]
consent in eHealth users of eHealth
systems systems manage their
own consent
Consent/right to be Issues related to A way to unlink Lutze, 2019 [24]
forgotten knowledge (remove) user data
management in from training samples
artificial intelligence
eHealth systems
Insurance Data risks emerging | A framework for risk | Hatzivasilis et al.
from digital health assessment and 2019 [28]
data insurance against
risks

The enforcement of the GDPR poses a significant amount of challenges to eHealth
systems. GDPR gives a new dimension to issues of security and privacy, putting the
user at the center of it all, with additional requirements that eHealth systems need to
comply with. Interestingly, we identified several challenges which we have classified into
high-level themes. These high-level themes represent the areas from which the reviewed
articles identified GDPR-related problems and to which they proposed solutions. Privacy
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is a theme that a vast majority of the articles focused on. While some discussed privacy
in eHealth systems in general, others were more specific, focusing on privacy of health
data, privacy during data transmission and storage. Some of the themes however overlap
with each other. A detailed description of the classification, the problems and challenges
identified by the studies, and their suggested solutions can be found in Table 2.

4.3 GDPR and Persuasion for Behaviour Change

Behaviour change support systems are developed with persuasive features that enable
and support users change their behaviour over time. From our analysis, only two per-
suasive features in eHealth systems were identified that targeted behaviour change: per-
sonalization and self-monitoring [29, 31]. Persuasion through personalization and self-
monitoring is carried out based on the data of the information system. It is important that
this data meets the GDPR requirements of the consent to collect, store and process data,
the right to access data, the right to be forgotten, as well as privacy. These requirements
must be properly incorporated into the design of behavioural change systems.

5 GDPR and Persuasive System Design

Persuasive System Design (PSD) is a model for designing and evaluating persuasive
systems [35]. The PSD model specifies key issues that have the tendency to persuade a
user. These include supporting the user to perform primary tasks of the eHealth system,
supporting the interaction between humans and the system, supporting the credibility of
the system and providing social support if necessary. Persuasion occurs via the content
of the eHealth system, software features offered, the credibility of the system to func-
tion and privacy trust. For example, the content and software features have conflicting
implications on the privacy of the user. Privacy issues are imperative because they act as
barriers that influence the use of eHealth systems [5]. In Table 3, we summarize persua-
sive features according to support categories of the PSD model with examples of GDPR
requirements and implementation for each.

Persuasive systems rely on user data such as goals, preferences, and lifestyle as well
as objective data such as phone app usage, heart rate, etc. obtained from mobile and
wearable device sensors [35]. The availability of such data enables persuasive systems
to create and make better recommendations to users (e.g. to match the content with
user preferences). Such user data is subject to GDPR requirements hence in building
persuasive systems, it is important to consider how the various data subject rights can
affect the performance of the system (e.g. the right to be forgotten).

Often, software features in persuasive systems are tailored for user segments and
hence not truly unique for an individual user [36]. Unique software features for an
individual user would require personal data and may raise privacy concerns. The possi-
bility of providing truly unique persuasive features to match an individual’s preferences
provides an interesting research opportunity but it is very complex [37]. Such features
could perhaps sustain behaviour change and/or equip users to commit to their set goals.
Such a feature is analogical to human gratitude when another human or creature demon-
strates thoughtfulness. As we aim to closely mimic human ways in human-computer
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Table 3. Persuasive principles and GDPR requirements
Category Example GDPR requirement Example GDPR implementation

Primary task support

* Systems should protect the
privacy of its users

Systems should allow users to
control their own data
Systems should seek the
consent of users when
collecting and processing
their data

Systems should limit data
collection to what is needed
for persuasion to be effective
Data collection and

processing should be recorded

for accountability

The app limits the amount of
data to what is needed for the
functioning of the app

The app allows users to
rectify incorrect information

Dialogue Support

* Systems should provide
feedback in a way that does
not reveal private or sensitive
information

The app displays important
information but not
information that compromises
the privacy of the user

The app allows users to use
pseudonyms or avatars instead
of their real names

System credibility support

* Systems should demonstrate
compliance with GDPR rules

The app displays the contact
details of the Data Protection
Officer (DPO) to enable users
to request information about
their data

The app provides a means for
users to configure privacy
settings

The app shows the logo of
privacy rules complied to

Social support

* Systems should preserve the
privacy of users in social
settings

The app informs and seeks the
consent of users before
sharing data with other users

interaction, unique and meaningful persuasive features in eHealth systems cannot be
overemphasized. Providing such unique features requires a large amount of user data
and huge computational capabilities which may not be possible with the current fourth
generation (4G) telecommunication networks. Perhaps the introduction of fifth genera-
tion (5G) and subsequent telecommunication networks could create this possibility. We
call for research into individualized persuasive features and encourage debates on the
perceived persuasiveness of unique features based on the preferences of an individual.
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6 Discussion

Research has shown that privacy remains a concern for electronic health records pro-
duced from eHealth systems [38]. Persuasive strategies such as monitoring, tracking,
and personalization affect the privacy of users. Not only is health data sensitive, it may
also trigger placebo effect [39] and/or undesired outcomes which may lead to coercion
[40] and falsification of information (by the user) [41]. These issues have the tendency
to affect the efficiency of an eHealth application particularly for systems that offer per-
sonalization and recommendations. As such, the designers and developers of persuasive
technologies should aim to protect the privacy of users as their own. This also applies
to third party data collectors [42].

This systematic review was conducted to identify the requirements of GDPR in
eHealth systems and technologies particularly those that persuade users. The results
obtained shows that lingering privacy concerns can be addressed when GDPR require-
ments are factored in the design and development of eHealth systems. The study confirms
that there is a relationship between privacy and GDPR requirements. Although GDPR
presents a tall list of requirements which may seem overwhelming or even impossible
to implement, we beg to differ. We argue this can be simplified if developers carefully
analyse the data required for persuasive software features, identify the privacy issues and
address them with the corresponding GDPR requirement (See examples in Table 3). This
analysis should be carried out at the onset of the software project. Using approaches such
as the CeHRes Roadmap as a guide, the privacy concerns of stakeholders can be iden-
tified in the contextual inquiry phase. Privacy values can be specified and incorporated
into the design and development of the eHealth system. Also, privacy requirements of the
technology such as frequency of data collection, storage and data processing activities
(e.g. anonymization, encryption) must be specified and incorporated into the design and
development of the system. The knowledge obtained from privacy concerns of stake-
holders and privacy requirements of the system can be useful information for crafting
meaningful and informed privacy policies. After the development, concrete plans must
be made to test and prepare the system for use. The plan must include benchmarks
which will be used to assess the functionality, privacy and security aspects of the sys-
tem by stakeholders in the evaluation phase. We advocate involving stakeholders as
much as possible from the contextual inquiry phase through to the evaluation phase
of the CeHRes Roadmap or any similar holistic eHealth development framework. This
will help address the privacy concerns of users and fulfil the requirements of privacy
legislations like GDPR.

Notwithstanding, some GDPR requirements such as the right to be forgotten [27]
and accountability requirement for artificial intelligence (Al) based technologies may
be challenging to implement [43—45]. While a data subject can request to be forgotten,
this request can also be rejected based on public interest. These critical issues must
be factored into the design. New fields of research such as explainable Al [45] seek
to make transparent the Al This is a step in the right direction to ensure transparency
and accountability of ‘Al-powered’ eHealth systems. It can therefore be assumed that
adherence to GDPR requirements in eHealth technologies will significantly increase
trust and transparency between developers of eHealth applications and its users which
may ultimately affect its adoption and use.
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7 Conclusion

In this study, we investigated how GDPR is implemented in eHealth systems as addressed
in literature. The relevance of a holistic approach to the development of eHealth systems
cannot be overemphasized especially when it addresses privacy concerns of stakeholders
and fulfils GDPR requirements. As the literature review shows, there is a missing anchor
in terms of the implementation of data subject rights. Only a few studies extensively
addressed data subject rights in the reviewed papers. To address such shortcomings, we
advocate an all-encompassing agenda that will empower and enable both researchers
and practitioners to work together to guarantee compliance of eHealth systems to GDPR
requirements. This can be done by ensuring that not only privacy but also data subject
rights, and system evaluation become a fundamental value anchored in eHealth systems;
particularly behaviour change systems and persuasive technologies.

The need for a human-centric viewpoint to the implementation of GDPR is yet to be
exhaustively discussed within the scope of eHealth systems. We hope that our study is
in itself a call to action concerning these issues.
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