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Preface

As technology continues to permeate people’s daily lives, the ability to alter human
behavior and attitudes through its use becomes critical in addressing societal and personal
challenges. Therefore, investigating the potential for technology to influence human
behavior, attitudes, and information processing is crucial.

The interdisciplinary research field of persuasive technology centers on designing,
developing, and assessing technologies that seek to influence individuals’ attitudes and
behaviors through informed persuasion, without resorting to coercion or deception.
Researchers aim to enhance people’s lives in domains such as health, sustainability, edu-
cation, and well-being by facilitating the setting and attainment of their self-determined
goals, resulting in behavior change.

The PERSUASIVE conference series is the leading venue to meet and discuss
cutting-edge theoretical, methodological, and technical perspectives and to present recent
insights from research and development. The conference provides a venue for net-
working between researchers and practitioners from all corners of the world. These
researchers have very diverse scientific backgrounds, ranging from engineering, com-
puter science, human-computer interaction, design, psychology, ethics, communication,
and many other specializations.

The 2023 conference was hosted by Eindhoven University of Technology. It was the
first purely onsite conference after three editions of online conferences due to the COVID-
19 pandemic. Previous editions of the conference have been successfully organized in
Doha (2022, online due to COVID-19), Bournemouth (2021, online due to COVID-19),
Aalborg (2020, online due to COVID-19), Limassol (2019), Waterloo (2018), Amster-
dam (2017), Salzburg (2016), Chicago (2015), Padua (2014), Sydney (2013), Linkoping
(2012), Columbus (2011), Copenhagen (2010), Claremont (2009), Oulu (2008), Palo
Alto (2007), and Eindhoven (2006). Thus, after 17 years it returned to its place of origin.

PERSUASIVE 2023 invited the following categories of papers:

e Technical papers that introduce novel persuasive technology approaches and solutions
alongside evidence of their potential.

e Empirical studies which seek to provide evidence and explanation of methods,
principles, and theories in persuasive systems.

e Conceptual-theoretical papers which primarily seek to contribute to the general
understanding of the field’s core themes and specificities.

e Other papers, e.g., literature reviews or experience reports.

In addition, submissions to the following special tracks were welcomed:

e Sensor-based Persuasive Technology — Future Wearable Technologies (promoted by
Marwa Qarage and Qammer H. Abbasi).

e Persuasive Technologies and Virtual Reality (promoted by Isaac Wiafe and Jaap
Ham).
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e Persuasive Social Robots (promoted by Emilia Barakova, Goldie Nejat, JongSuk
Choi, and Kazuhiro Nakadai).

This volume contains the accepted short and long papers presented during the main
track of the conference. In total, 68 papers were submitted of which 57 were long papers
(upto 12 pages) and 11 were short papers (up to 6 pages) by 197 authors from 25 countries
around the globe. The top five countries with respect to authors were: The Netherlands
(33), the USA (23), Austria (18), Canada (17), and Japan (15).

The submitted papers were reviewed by the Program Committee in a double-blind
review process conducted in EasyChair. Overall, 78 reviewers (all experts in the field of
Persuasive Technology) from 20 countries were assigned to review the papers. Review-
ers were allowed to indicate their interest in specific (anonymized) papers in a bidding
procedure. On the basis of these preferences, and using additional random assignment
and excluding conflicts of interest, at least three reviewers evaluated each manuscript.
The three detailed and constructive reviews provided the program chairs with significant
insights concerning the individual submissions but also ensured that the authors were
provided with high-quality feedback and recommendations for the final versions of their
papers. Building on these detailed reviews and numerical rankings, the Program Com-
mittee chairs selected the papers to be presented at the conference, and to be published
in this volume.

From the 68 submitted papers 26 were accepted, (24 long papers and 2 short papers),
leading to an overall acceptance rate of 38,24%. Authors for these 26 papers came from
14 countries: The Netherlands, the USA, Austria, Canada, Japan, the UK, Italy, Australia,
China, Switzerland, Ghana, Denmark, Qatar, and Israel.

The 18th International Conference on Persuasive Technology (PERSUASIVE 2023)
was hosted by Eindhoven University of Technology, April 19-21, 2023.

During the conference a doctoral consortium and eight workshops took place:

11th International Workshop on Behavior Change Support Systems

Personalizing Persuasive Technologies Workshop 2023

Persuasive Al Workshop

How can Persuasive Technologies be (Ethically) Repurposed for Digital Well-Being?
Using Serious Games to Support Inclusivity and Accessibility in the Mobility Sector
2nd International Workshop on Digital Nudging and Digital Persuasion

Al Methods for Health Behavior Change

Visual Interfaces and Interactions for Al-based Persuasive Systems

The main program consisted of 26 papers presented in seven single-track sessions.
Furthermore, the program included two keynotes, as well as a poster session and a panel
session. The keynotes were given by:

e Luca Chittaro, Director of the Human-Computer Interaction Lab, Dept of Mathemat-
ics, Computer Science, and Physics; University of Udine, Italy: “Designing Virtual
Reality and Serious Game Experiences for a Safer World”

e Astrid Rosenthal-von der Piitten, Director of Individual and Technology (iTec) Group,
Dept of Society, Technology, and Human Factors; RWTH Aachen University, Ger-
many: “The Complexity of Social Influence by Artificial Agents — How Intended Social
Influence Can Bring About Unintended Effects (... and new research ideas)”
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In addition to the papers presented in this volume, the conference also published
adjunct proceedings, which include abstracts of the keynote talks, the abstracts of
accepted poster submissions, the accepted position papers submitted to the doctoral
consortium, as well as contributions to the workshops.

The success of this conference is attributable to the dedicated efforts of a vast num-
ber of individuals. We extend our heartfelt appreciation to the authors for submitting
their exceptional work, the reviewers for their insightful and detailed feedback, and the
scientific and organizational chairs for their hard work in making this conference a valu-
able contribution to scientific knowledge and the Persuasive Technology research and
practice community.

March 2023 Alexander Meschtscherjakov
Cees Midden
Jaap Ham
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Sharing Speaker Heart Rate
with the Audience Elicits Empathy
and Increases Persuasion

Prasanth Murali®™)® and Timothy Bickmore

Khoury College of Computer Sciences, Northeastern University, Boston, MA, USA
{murali.pr,t.bickmore}@northeastern.edu

Abstract. Persuasion is a primary goal of public speaking, and eliciting
audience empathy increases persuasion. In this research, we explore shar-
ing a speaker’s heart rate as a social cue, to elicit empathy and increase
persuasion in the audience. In particular, we developed two interfaces
embedding the speaker’s heart rate over a recorded presentation video
- as an animated line graph (raw representation) and as a color coded
channel (abstract representation). In a randomized, counter-balanced,
within subjects study (n=18), we evaluated the concept using the two
interfaces along with a baseline no heart rate condition. We observed that
heart rate sharing significantly increased persuasion for participants with
normal baseline empathy levels and increased empathic accuracy for all
participants. Our qualitative analysis showed that heart rate was a useful
cue in highlighting the emotions of the speaker, making the participants
empathize with the speaker and pay more attention to the talk dur-
ing those times. Our findings lead to a discussion of using heart rate
as a social signal in a persuasive context, with implications for future
research.

Keywords: Heart Rate - Empathy - Persuasion - Social Biofeedback

1 Introduction

Public speaking is a necessity in most jobs including teaching [1], management
[84], and sales [67,91], and a large component of it is persuasive - to get an audi-
ence to buy into the speaker’s beliefs, thoughts, and intentions [15,33]. Speakers
tend to use a variety of persuasive tactics such as humor in speech [12,82], rel-
evant nonverbal behaviors and facial expressions [66,75], eye contact with the
audience [11,25], and appropriate voice tone [75] in order to persuade their audi-
ence. In addition, eliciting empathy and emotional appeal from the audience
is a core tenet of persuasive public speaking [12,88]. Studies on communica-
tion have identified that evoking empathy with the audience is a strong predic-
tor of how persuasive the speaker’s messaging can be [56,73,80]. Furthermore,
researchers have identified that narrative styles that appeal to an audience’s

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
J. Ham et al. (Eds.): PERSUASIVE 2023, LNCS 13832, pp. 3-21, 2023.
https://doi.org/10.1007/978-3-031-30933-5_1
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emotions complemented by credible information can make presentations more
compelling [4,21]. Persuasive messages that evoke empathy have also been shown
to be more successful not only in public speaking but in several other domains,
such as health behavior change [7,78,79], politics [96], risk communication [14],
and marketing [35,56]. Within public speaking, eliciting audience empathy can
not only lead to better persuasion and thus a more positive experience for the
speaker, but also, empathic audiences tend to be more engaged and entertained,
elevating their own experience as well [5,37,60,61].

Fig. 1. Embedded Heart Rate on the video recording of a presentation. We developed
two versions, Heart Rate as a Line Graph (left) and as a Color Coded Channel (right).

In our work, we leverage research on social biofeedback systems to elicit
audience empathy. Social biofeedback systems facilitate interpersonal communi-
cation, integrating biosignals such as heart rate into the communication context
[68]. These expressive biosignals [58], augment human-human communication
in a variety of contexts such as increasing intimacy among romantic couples
[59,81,94], affinity towards strangers [28,47,76], and engagement towards sports
participants [18,47]. Furthermore, research also shows that social biofeedback
is a viable design strategy that should be adopted to enhance technologically
mediated empathy [13,19,53,58,59,68,95,100]. Finally, social biofeedback is also
framed as a form of emotional self-disclosure [52,81,87], which is found to medi-
ate authenticity [26], liking [46,57], and trust [78] in other humans - all key facets
of persuasion. With that inspiration, we explored and evaluated the effects of
embedding a speaker’s heart rate on a recorded presentation and its impact on
audience empathy and persuasion. While the overarching goal of the research
is to support the elicitation of empathy and persuasion in synchronous speaker
audience scenarios, we used an asynchronous (recorded) presentation video of
the speaker to test the concept. Recorded settings that incorporate physiologi-
cal signals such as heart rate offer reminders to be mindful of each other’s emo-
tional states without getting invested in the person’s well-being [42,62,74,77,89],
thereby offering an ideal platform to evaluate our concept. In our study, the
speaker gave talks on France/Italy/Spain in order to convince an audience to
take a trip to those countries. Thus, we measured persuasion as the willingness
displayed by the audience to visit those countries [56], after listening to the
speaker’s talk. To the best of our knowledge, this is the first system to explore
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the sharing of speaker’s heart rate to elicit empathy and improve persuasion of
the audience in a presentation setting.

2 Related Work

Using Social Biofeedback to Elicit Empathy

One focus of our review was on identifying ways to elicit audience empathy
towards the speaker. Recent works at the convergence of physiological, affective,
and social computing research ( “social biofeedback”) have used physiological sig-
nals as social cues about someone’s emotional and/or cognitive states to augment
human-human communication and promote empathy [58,68]. The design of these
systems centers around sharing biosignals such as heart rate [2,36,38,45,95],
breathing patterns [16], electrodermal activity (“EDA”) [19], etc., to communi-
cate the emotional experiences of one user to another. The Social Biofeedback
Interactions framework categorizes these systems in terms of user group (pri-
mary/secondary), data flow (who has access to the feedback), data representa-
tion (collective/individual), temporal context (synchronous/asynchronous), and
physical context (distributed/co-located) [68]. In relation to that framework,
our work falls at the intersection of secondary user, uni-directional data flow,
individual data representation, asynchronous temporal context, and distributed
physical context dimensions. Within that niche, the authors of HeartChat [30]
show that embedding heart rate in a text messaging platform supports empathy
between people. In direct relevance to our work informing one of our conditions,
they identify that abstracting heart rate as a color-coded signal helped infer the
emotional state of the other person. In addition, our work is also informed by
Curran et al. on mediating empathy [19] in digital contexts. In that research,
the authors were successful in eliciting cognitive empathy (i.e., one’s capacity
to understand another’s emotional state) towards someone else, as opposed to
affective empathy (that relate to one’s ability to respond to another’s emotional
state) [8,22,30,55] through EDA signal sharing. We contribute further to this
growing body of work [19,36,53,58,59,95], by sharing speaker heart rate in the
context of recorded presentations, with the goal of eliciting audience’s cognitive
empathy and consequently persuasion towards the speaker’s message.

Designing a Persuasive System

Our review of the related work in the persuasive technology space focuses on
strategies and best practices to design persuasive systems. Typical strategies
draw from behavior change theories [34] in conjunction with Fogg’s seminal
work in this space [29], as best practices for developing persuasive technologies.
Broadly, out of the 8 principles listed by Fogg, the following are directly relevant
to our current study: (1)choose a familiar technology channel (video presenta-
tions), (2)imitate successful examples (recent developments on social biofeedback
systems), (3)test and iterate quickly (prototype and evaluate), and (4)expand on
success (share findings with the scientific community). While a common criticism
of this model is the lack of description of direct software requirements [3], we



6 P. Murali and T. Bickmore

looked into a follow up work by Oinas-Kukkonen et al. [72], who postulated seven
key directions as a lens to view the design of persuasive systems. Of relevance to
our work are that persuasive systems should be: (1)open, (2)unobtrusive, (3)use-
ful, and (4)easy-to-use. These dimensions lend themselves to Weiser’s notion of
calm technologies [92,93] that technologies that minimize software attentional
requirements lend to better usability. Our takeaway from the review so far was
thus two fold: a) heart rate should be visualized in an easily interpretable form
imposing less cognitive load on the audience. b) the placement of the heart rate
within the interface should be unobstrusive to the primary goal of the audience,
viz., listening to the speaker. Finally, we also reviewed Berdichevsky and Neuen-
schwander [6] as well as other recent work on introducing ethical guidelines for
the design of modern day persuasive systems [43,48], to additionally contribute
to this space by extracting design guidelines on facilitating heart rate sharing in
persuasive scenarios. Through our findings, we highlight a need for privacy, dis-
closure, training, accuracy, and cognitive load for leveraging heart rate sharing
as a persuasive technology.

3 System Design

For this formative study, we chose an animated line graph (raw representation +
persistent) and a color coded channel (abstract representation + ephemeral) as
two different representations of heart rate (Fig.1). The “raw” representation of
someone’s heart rate in the form of a line graph [36,59] has been observed to help
relate to emotional experience of other contextually over time due to its persis-
tent nature, whereas an “abstract” heart rate representation is ephemeral, and
has shown to provide a degree of ambiguity to make subjective interpretations,
both concepts finding utility in different scenarios [19]. While we acknowledge
that the design space of representing heart rate is vast, choosing effective proxies
from prior work for formative acceptance studies is argued as a good method
when prototyping a novel technology in HCT [40,50].

Heart Rate as an Animated Line Graph Condition: For generating the
heart rate as an animated line graph (“Line Graph Condition”) superimposed
on the video, we adopted the same approach followed by Curran et al. [19], in
their research. The heart rate was derived from the blood volume pulse data
[85], and then resampled 1Hz. We then used Matplotlib’s! animation class to
plot and overlay the heart rate graph on the frames of the recorded presentation
video in the periphery, as shown in Fig.1 - Left. The HR data then populates
the graph in real-time as the video plays.

Heart Rate as a Color Coded Condition: The color coded representation
(“Color Coded Condition”) presents heart rate as an ambient circle, that contin-
uously changes color 1 Hz using information from the heart rate file. We mapped

! https://matplotlib.org/.
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the heart rate to the HSV? color space, in the green to red range, closely follow-
ing previous research [36]. The color coding ranged from minimum to maximum
heart rate of the person. We again used Matplotlib to generate the color coded
plot, and overlayed this on the frames of the presentation video in the periphery,
as shown in Fig. 1 - Right.

No Heart Rate Condition: This condition had no heart rate (“No HR”)
information embedded in the video.

4 Evaluation Study

To investigate the empathic and persuasive effects of sharing speaker heart rate
with an audience, we conducted an evaluation study, closely matching the app-
roach in [19]. The study was split into two phases. In the first phase, we gathered
stimulus videos and synchronous heart rate data from a speaker (90 min ses-
sion). In the second phase, we showed this stimulus to audience participants as
they simultaneously completed an empathic accuracy task, followed by surveys,
and semi-structured interviews (60 min session). The overall study protocol was
approved by the institution’s review board, and participants were compensated
for their time. The participants for both phases of this study were recruited via
online advertisements. They were required to be at least 18 years old, read and
speak English, and have some experience presenting. Upon their scheduled visits
to the lab, we first obtained informed consent from the participants and they
completed the following surveys: baseline demographics and the Toronto Empa-
thy Questionnaire (“TEQ”) [83].

Phase 1: Collecting Speaker Stimulus Videos

After completing the baseline measures, the speaker was instructed to give three
presentations with the aim of convincing their audience to take a trip to France,
Italy, and Spain. To facilitate this, we provided a template of nine slides contain-
ing information on the geography, things to do, art and architecture, music and
cinema, food, and travel costs to visit each of those countries for a week. The
speaker was then given 10 min to prepare and 10 min to present an online talk
in front of a neutral confederate audience, in line with other studies on assessing
novel presentation technologies [69,70]. The presentation was videotaped. The
speaker also wore the Empatica E4 sensor®, to collect their heart rate during
the talk. After the presentation, its recording was retrieved and subsequently
played back for the speaker on a computer. While watching the playback, the
speaker was asked to perform a retrospective review of the presentation (“recall
task”), and record their affect levels, using a continuous affect rating application
[31], in line with previous studies on affect data collection using retrospective
review techniques [49,64,97]. Ratings were annotated every second on a scale

2 https://en.wikipedia.org/wiki/HSL_and _HSV.
3 https://www.empatica.com /research/e4/.
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of -10 (Negative Affect) to 10 (Positive Affect). To get them accustomed to the
interface, speakers completed a similar task on a 3-minute practice video, and
were given a chance to clarify any questions. Next, the speaker rated the level
of difficulty and their confidence in their retrospective review task using a two
item seven point Likert scale [19]. The entire process was then repeated for the
other two presentations.

Phase 2: Assessment of Stimulus Videos by the Audience

After completing the baseline measures, participants were briefed on the study.
Every audience participant watched all three presentations on France, Spain,
and Italy. For each of the participants, one of the presentations was randomly
assigned to have the speaker heart rate as an animated line graph, the other
had the speaker heart rate as a color coded channel, and the last presentation
had no heart rate. The order of presentations was also randomized and counter
balanced across all the subjects.

Next, participants were assigned to watch their first presentation and simul-
taneous review the affect of the speaker. Although the task requires the audi-
ence to both watch the video for the first time and parse the speaker’s affect
together, this methodology is consistent with other studies that seek to assess
the empathic accuracy of an observer towards a target [19,101]. The task was
similar to the recall task performed by the speaker. However, as opposed to rat-
ing their own affect, audience participants were asked to rate how they thought
the speaker was feeling on the same -10 to 10 affect scale continuously through-
out the video. Participants also received short verbal instructions describing
the task. The description consisted of the topic (France/Spain/Italy), reminder
of the affective rating task, heart rate (if present), and modality of heart rate
(line graph/color coded). Next, audience participants did a practice task, to get
familiar with the interface for affective rating. Following the completion of this
empathic accuracy task while watching the presentation, audience participants
were asked to complete surveys on the level of difficulty and their confidence in
their rating task [19], and were additionally assessed on the following measures:

— Persuasion: Adapted from the Empathy, Persuasion, Travel Willingness, and
Tourism Cognition constructs for an individual’s overall impression or atti-
tude towards traveling to a specific location [56], items shown in Table 3.

— Affective benefits and costs of the presentation interface: The survey measures
the benefits and costs of interfaces from an affective standpoint on Emotion
Expression, Engagement, Presence, Opportunity for Social Support, Unmet
Expectations, Unwanted Obligations, and Threat to Privacy (“ABCCT”), as
shown in Table2 [98].

— State Empathy: two item seven point Likert scale about the ability to assess
the audience empathy towards the speaker, shown in Table 1 [19,23].

Next, the audience were asked to participate in a semi-structured interview.
Finally, the entire process was then repeated for the other two presentations
(Fig.2).
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Persuasion - Normal Baseline Empathy State Empathy

1 I
10 :I: 10 I

No HR Color Coded Line Graph No HR Color Coded Line Graph

Fig. 2. Persuasion Scores for Fig. 3. State Empathy Across Condi-
Individuals with Normal Baseline tions

Empathy

5 Results

To analyze the data, we followed a mixed-methods approach. The self-reports
and affective ratings from the recall task were used as the data for quantitative
analysis. The recorded semi-structured interviews across all subjects( 3.5h of
audio data) were transcribed and the lead author of this submission open-coded
the audience responses for qualitative analysis [9,39], using the NVivo 12 soft-

Wa.I'€4 .

Participants: We recruited one speaker (“S”) and 18 audience (“A”) partic-
ipants for the study. The speaker was not intended to be representative of the
population but rather an example to generate stimulus for our study. The speaker
was 25 years old, identified as female, and expressed normal empathy levels
(TEQ =42). They had a suitable range in heart rate data (60bpm-110bpm)
with meaningful variations and was hence an appropriate fit for the experi-
ment. Among the audience, 10 participants identified as male and eight partici-
pants identified as a female. The participant group had a mean age of 29 years
(min =21, max =40). Of the 18 participants, 14 displayed normal empathy lev-
els (TEQ: 40-48) and four displayed high empathy levels (TEQ: 55+), based on
a median split, as measured by the Toronto Empathy Scale [83]. Research has
shown that the level of empathizing displayed by individuals may differ depend-
ing on their original trait empathy [71]. Thus, the inclusion of both normal and
high empathy participants enabled us to disentangle the effects of prior empathy
on our measures. Our participants also had varying presentation experience and
backgrounds ranging from students of biology to software professionals.

4 https://www.qsrinternational.com /nvivo-qualitative-data-analysis-software /home.
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Table 1. Average and standard deviation for the items in State Empathy Survey

Question with anchors (Not at all - | Line Graph | Color Coded | No HR
Very much, Scale 1 to 7)

How much did you imagine yourself in | 5.57(0.2) |5.33(0.28) 4.67(0.63)
the speaker’s situation today?

How much did you feel as if you were | 6.31(0.41) | 5.30(0.31) 4.67(0.67)
in the speaker’s shoes today?

Table 2. Average and standard deviation for the ABCCT Measure

Question with anchors (Totally Dis- | Line Graph | Color Coded | No HR
agree - Totally Agree, Scale 1 to 7)

The software helps me tell how the|4.30(1.21) |3.35(1.37) 2.93(1.38)
speaker is feeling.

I am excited about using the software. | 3.78(0.81) | 3.78(0.94) |3.56(0.85)
I have fun while using the software. 3.44(0.85) | 3.56(0.85) | 3.33(1.08)
The software helps me feel closer to the | 3.22(0.85) | 3.19(0.81) 3.11(0.75)
speaker.

I still keep thinking back to something | 3.67(1.08) | 3.11(1.23) 3.22(0.94)
the speaker shared using the software.

The software helps me feel more con- | 3.78(1.26) | 3.33(0.97) | 3.33(0.84)
nected to the speaker.

I worry that I am violating the|2.67(1.10) |2.61(1.02) |2.11(1.23)
speaker’s privacy when using the soft-

ware

Impact of Heart Rate Sharing on Audience Empathy: We used empathic
accuracy (the ability to read others’ emotions [41]), to assess how well the audi-
ence gauged the speaker’s emotions. In order to assess the differences between
the conditions (Line Graph vs Color Coded vs No HR) on empathic accuracy,
we used the Pearson’s Correlation Tests. The correlation was computed between
the time series data of the speaker’s retrospective review of their affect and the
audience’s review of the speaker’s affect. The average correlation values across
all the participants for the No HR condition was 0.34 +0.16 (p < 0.05), for Line
Graph condition was 0.52 +0.23 (p < 0.05), and for the Color Coded condition
was 0.55 + 0.29 (p < 0.05). In addition, there were also significant differences
among the three conditions on speaker-audience HR correlations assessed via
a one-way ANOVA, F(2, 51) = 5.71, p = 0.01. Followup posthoc comparisons
showed a significant difference between the Line Graph and No HR conditions
t(34) = 4.81,p = 0.03, as well as Color Coded and No HR conditions t(34) =
4.53, p = 0.04. No significant difference on empathic accuracy was found between
the Line Graph and Color Coded conditions t(34) = 2.65, p = 0.16. Further, our
analysis of the composite state empathy data (Table1) (Cronbach’s a@ = 0.85)
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Table 3. Average and standard deviation for the items in Persuasion Measure

11

Question with anchors (Totally Dis- | Line Graph | Color Coded | No HR
agree - Totally Agree, Scale 1 to 7)

The speaker was persuasive in convine- | 5.33(1.28) | 5.00(0.68) 4.56(1.38)
ing me to go to the place .

I feel that the information conveyed |6.22(0.94) |6.33(0.84) |6.22(0.94)
about the place is true.

I trust the information being conveyed | 6.22(0.64) | 6.11(0.75) 5.11(0.90)
about the place.

T’d like to pay a visit to the place. 6.22(0.64) | 6.11(1.23) 5.33(1.18)
I will prioritize the place as my next | 5.33(1.08) | 4.89(1.49) 4.11(1.23)
travel destination.

Watching this presentation has affected | 5.73(1.16) |5.77(1.06) |5.11(1.49)
my intention to visit the place in a pos-

itive way.

The place has become a travel destina- | 5.00(1.18) |5.55(1.19) |5.22(1.66)
tion I would like to visit.

If I have enough budget, I will visit the | 6.22(0.65) |6.44(0.70) |5.44(1.19)
place

using Paired Wilcoxon signed-rank tests showed that participants significantly
rated the Line Graph and Color Coded conditions significantly higher (Fig.3)
than the No HR condition (Z = 2.40, p = 0.008; Z = 2.70, p = 0.006).

These findings were further supported by qualitative feedback, where audi-
ence participants reported that having access to the heart rate helped achieve
“empathic connection”[A2] with the speaker. For instance, participant [A11] felt
that they could “put themselves in the shoes of the speaker”, especially when the
“speaker’s heart rate was rising”, “because I've [they have] certainly been in pre-
sentations where ['ve [they have] been nervous”. Other participants mentioned
that they can “feel it [speaker’s stress] themselves” [A14], and that “could relate
to the speaker’s emotions as she was presenting”, whenever a “noticeable change
in heart rate occurred” [A6]. On being asked to compare the two heart rate con-
ditions, participants felt that the line graph “helped contextualize and connect
with the speaker emotion as a whole over time” [A12], both when the “speaker
was displaying positive emotions such as excitement as well as negative emotions
such as stress” [A15]. On the other hand, the Color Coded condition “was more
impulsive and made them empathize with the speaker during moments of stress
but they just moved on when the color changed to green [lower heart rate]” [AT].

Impact of Heart Rate Sharing on Persuasion: Persuasion was measured
as a composite score (Cronbach’s a = 0.72) of item ratings from Table 3. Since
the core message of the presentation was to convince an audience to travel to
France/Ttaly /Spain, we measured persuasion by the willingness displayed by
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the audience to visit those countries after listening to the speaker’s talk. The
measure was adapted from Li and Liu’s work [56] on investigating the effects of
empathic tourism videos on tourists’ persuasion to travel. There was a significant
interaction effect of condition (Line Graph vs Color Coded vs No HR) and base-
line empathy levels (Normal vs High), on persuasion: F(2,51) = 5.22, p = 0.02.
Consequently, we performed Paired Wilcoxon signed-rank tests with Bonferroni
corrections to compare the pairs and observed that for participants with nor-
mal baseline empathy, significantly higher persuasion was reported (Fig.3) for
both the Line Graph and Color Coded video conditions as compared to the No
HR video condition (Z = —3.70,p = 0.03; Z = —3.56,p = 0.02). No significant
differences on persuasion was observed between the conditions for participants
with high baseline empathy levels.

Our qualitative findings suggest that participants paid more attention to the
presentation in the heart rate sharing conditions, possibly explaining the persua-
sion finding. For example, multiple participants reported that they “paid more
attention”[Al] and “stuck with the speaker”[A9], even when the speaker did not
say anything new. In addition, several participants mentioned that “having an
eye on the heart rate monitor like whenever it changes noticeably, made them put
some extra focus on the talk” [A13] and that “they actively gathered information”
[A18], even when the speaker was disengaging.

System Perception and Use: Table2 shows the average responses for the
questions focused on the benefits and costs of each of the interfaces, as defined
by ABCCT [98]. We conducted Paired Wilcoxon Signed-Rank tests on this com-
posite data (Cronbach’s o = 0.67) with Bonferroni corrections, and observed
that the Line Graph condition was rated significantly higher than both the Color
Coded condition and No HR video (Z=-3.52, p = 0.02; Z = -3.46, p < 0.01)
and the Color Coded condition was rated significantly higher than No HR video,
on the question “the software helps me tell how the speaker is feeling” (Z=5.51,
p=0.046). No other significant differences between the conditions were observed
across for the other items.

In the qualitative interviews, participants described how representations of
heart rate impacted their experience as the audience. Participants had a general
idea of how heart rate could convey both excited and stressed emotional states,
and “used it with cautious effect” during the empathic accuracy task. They
also reported trusting the Line Graph condition more as compared to the Color
Coded condition, because it helped them “contextualize and interpret the mean-
ing of heart rate in a more detailed manner” and “to reaffirm the understanding
of the presenter’s emotions.” Furthermore, this also translated in how they used
the heart rate information for the empathic accuracy task: participants in the
Line Graph condition used the heart rate “in equal parts”, “keeping a close eye
on when it spikes up or down”, with other cues such as facial expressions and
voice activity during the rating task. However, participants in the Color Coded
condition mentioned using the heart rate as a “secondary/supplementary signal”
to validate their original guess using the speaker’s affect.



HR Sharing in Presentations 13

Furthermore, we identified several key considerations for the design and
development of heart rate sharing in persuasive contexts.

Provide on Demand Control to Heart Rate: Participants were comfort-
able “sharing their own heart rate in speaking scenarios” [AS8], but “privacy
concerns” [A16] remain that could limit potential adoption of the technology.
From a speaker’s point of view, participants indicated that they wouldn’t want
the “audience to be aware of their stress levels” [A11], particularly “in evalua-
tive contexts” [A3]. This also aligns with Goffman’s work on self image [32] in
everyday communication, which shows that adding heart rate as an additional
social cue might create images of one self that is different than intended [81].
However, users ultimately tend to use the affordances offered by an interface to
positively impact the receiver, finding a way around the concerns [90]. Thus, to
best utilize the tool, we recommend providing both the speaker and audience
with features to control sharing and accessing the heart rate information respec-
tively, only on demand. This also lends itself to tackling the ’openness’ dimension
of Oinas-Kukkonen et al’s. [72] postulates as well as recent arguments for ethical
deployment in affective [69] and persuasive systems [48].

Provide Training for Using the System: One way to further improve
empathic accuracy would be to include a formal training where users learn the
meaning of heart rate, it’s relationship to affect, and how it applies to public
speaking, prior to using the software. This was also echoed by a participant in
that: “If you have a really good understanding of how heart rate is correlated with
how your neural thinking and your brain processing your information works, I
feel it is a really good tool” [A4]. This caters to Oinas-Kukkonen et al.’s [72]
postulates of persuasive systems needing to be easy to use.

Design for Reducing Cognitive Load: While the two heart rate conditions
shared similarities in other measures, a primary distinction was centered around
the cognitive load imposed by them. Most participants agreed that the Color
Coded Condition was “mildly distracting” [A5], and “sometimes effortful to use”
[A11], whereas the attention for Line Graph Condition could be “tuned in and
out” [A16]. Since heart rate data fluctuates sensitively and visualizing its changes
in the form of a color can be quite distracting when watching a presentation,
we recommend using general trends to represent it. This also makes the system
unobstrusive, catering to another of Oinas-Kukkonen et al.’s [72] postulates while
tapping into Weiser’s notion of calm technologies [92,93].

6 Discussion

Firstly, our analysis showed that participants with normal baseline empathy lev-
els reported significantly greater persuasion in the heart rate conditions. How-
ever, no effect on persuasion was found between the conditions for participants
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with high baseline empathy. We believe this can be explained by the multidimen-
sional nature of empathic interventions, as has been previously demonstrated in
research [20,44,95]. Similar to [17,63,71,86], we posit that participants with
high baseline empathy were already sensitive to changes in the speaker’s affect
because of their close attention and focus on the speaker’s facial expressions.
Thus, the overall utilization of heart rate could have been low in this case. In
contrast, participants with normal baseline empathy levels could have utilized
the heart rate information more during the experiment. The higher utilization
of heart rate by the participants with normal baseline empathy might explain
our findings on persuasion for that group. For those participants that utilized
the heart rate information, it is also possible to connect the findings on persua-
sion, in part, to self-disclosure effects. Heart rate sharing is a form of emotional
self-disclosure [52,59,81,87], and studies have shown that self-disclosure medi-
ates authenticity [26], liking [46,57], and trust [78], all constructs within our
persuasion measure (Table 3), which could have increased the acceptance of the
speaker’s message by the audience in the heart rate conditions.

Secondly, participants in our study not only used heart rate for information
about the speaker’s emotions but also for connection with the speaker, similar

o [81]. Research as also shown that self-disclosure can also increase feelings
of connectedness with one another [45,52,54,59,99], potentially explaining our
finding that heart rate sharing facilitated audience empathy towards the speaker.
In addition, social sharing of heart rate has been observed to remind someone to
consider and acknowledge both the presence and emotions of the other person
[24,100]. Researchers have referred to this as “mind perception”, and leveraged
it to design systems that tune one’s attention towards another’s affective cues
[19], shedding light on our findings around empathic accuracy.

Finally, our findings also indicated that participants used heart rate as a
multidimensional construct to assess emotions - depending on the representation,
the context where it occurred, and other cues such as facial expressions and voice
tone. Changes in heart rate can have different meanings depending on any of
these cues [10,27,51], and given its subjective nature, it is important to unpack
the effects of these factors to aid design of future systems.

7 Limitations

Despite the positive results, there are several limitations to our study, beyond the
small convenience samples used. We used just one speaker to generate the stim-
ulus videos; different speakers have different emotional experiences that could
be reflected by their heart rate, as well as persuasive capabilities unique to their
style, which was not accounted for in the current experiment. We also had more
participants with normal baseline empathy levels, which could have impacted
our results. We also used an animated Line Graph as a proxy for the raw repre-
sentation of heart rate and a color coded channel for the abstract representation
of the heart rate, based on previous research. However, different designs of heart
rate representation could yield different results, that need to be carefully exam-
ined and studied. We also used recorded, rather than live presentations, and
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the speaker and audience did not get to interact with each other as they would
typically. We also used brief presentations on prepared topics and did not assess
the longitudinal effects of viewing multiple presentations over time. Thus, our
results may not generalize to real-world presentations.

8 Future Work

Future work should consider unpacking the various design dimensions that
inform the development of a heart rate sharing application towards the goal of
persuasion in presentation contexts. We also did not explore the audience having
access to their own heart rate, in addition to the speaker’s. Empathic accuracy
in such symmetric systems might be higher since participants can contextualize
a speaker’s heart rate and their corresponding emotions by reflecting on their
own heart rate and emotions. Furthermore, systems like CardioLens [65] demon-
strate the potential of heart rate sharing in immersive Augmented Reality set-
tings. Given the focus on immersive presentations in the recent times, embedding
heart rate and seeing the effects on social-presence and co-presence of audience
and the speaker in addition to empathy and persuasion presents another excit-
ing opportunity for research. In addition, extending heart rate sharing to live
online presentations could shed light on the synchronous interplay of emotions
between a speaker and their audience. Moreover, it could also be interesting to
observe the effects of heart rate sharing in other public speaking scenarios such
as lectures and classes, where the focus might be more on the delivery of infor-
mation than persuading an audience. The relationship between empathy and
information retention in such scenarios could be interesting to investigate.

9 Conclusion

This work introduces the concept of sharing speaker heart rate with an audience
in online presentations. Using two heart rate visualizations, in comparison to a
baseline no heart rate video, we showed that heart rate sharing had potential ben-
efits on eliciting audience empathy and persuasion. Our findings and design rec-
ommendations will help extend the possibilities of persuasive computer mediated
interactions. Social biofeedback represents a promising approach for enhancing
experiential outcomes for speakers and audiences in online presentations.
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Abstract. Ethnic profiling is a growing concern for police organizations. How-
ever, attempts to reduce possible biases toward certain demographic groups have
shown little effect, possibly because of the unpopularity of the topic. This study
was set up to explore whether a dedicated VR training may contribute to officers’
knowledge, attitude and willingness to communication about ethnic profiling. This
was done by comparing effects of the VR training with that of the same training
presented in 2D with a smart phone, and a control condition in which no train-
ing content was administered. Although no results were found for attitude and
communication, the results do show some consistent results regarding knowledge
in favour of VR. In addition, VR proved to result in higher ratings of presence,
engagement, and enjoyment, indicating that in addition to providing more persua-
sive content, another strong advantage of VR as part of a training is the experience
it affords.

Keywords: Virtual Reality - ethnic profiling

1 Introduction

Although ethnic profiling has been on the EU agenda for years now, EU Parliament
reported being unsatisfied with the outcomes of a recent study proving (again) large
numbers of migrants experiencing discrimination and racial profiling inside the EU [9].
The demonstrations against racial profiling throughout the EU, triggered by the death of
George Floyd in May 2020 in the United States, reminded parliament members of the
urgency of the matter, and led to the adoption of a resolution for intensifying measures
to ensure human rights and strengthen training to prevent racial profiling [19].

Police officers engage in ethnic or racial profiling whenever they “use criteria, such
as race, colour, language, religion, nationality or national or ethnic origin, in control,
surveillance or investigation activities, without objective and reasonable justification”
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[7]. This constitutes illegal discrimination in the EU, US, and in international law [20].
People who are frequently stopped for no other reason than their appearance are often
embarrassed and humiliated, and may well lose trust in law enforcement. Eventually,
this may damage relationships between the police and various communities, to the extent
that cooperation with law enforcement decreases [20].

The potential damage to the police’s reputation and information position has urged
many law enforcement agencies to invest in means to prevent ethnic profiling. However,
attempts to improve officers’ knowledge and skills, so as to reduce possible biases toward
certain demographic groups, have shown little effect [6, 15, 16]. Many researchers have
discussed the factors that hinder adoption or limit the effectiveness of training programs
targeting ethnic profiling [10, 13, 14, 16, 18, 22-25]. Chief among these is that police
officers sometimes trivialize the issue and that accusations of being racially or ethnically
biased is felt as a direct attack on their professional identity, craftsmanship, and integrity.

A prerequisite of professionalizing police work is that ethnic profiling is a topic
that can be freely discussed in police teams. Officers should be willing to reflect on
their own day-to-day work practices and those of their colleagues, as well as to place
these practices under scrutiny and to discuss them. The sensitivity of the topic, however,
largely prevents such healthy conversations from happening in practice. An important
question would therefore be how police officers’ motivation to take part in them could
be stimulated. In this paper, we propose that the use of Virtual Reality (VR) holds part
of the answer. Not only do VR applications appeal to many, research has also shown
that content delivered through VR may be more persuasive than that delivered through
other means [e.g., see 4, 30]. On the one hand, VR may be a means to expose police
offers to content in a more persuasive way; on the other, the eagerness to engage in a VR
experience may well prove stronger than the resistance to enter a training about ethnic
profiling.

The question central to this research therefore is: To what extent does a 360°-VR
training contribute to knowledge, attitude and communication regarding (prevention of)
ethnic profiling?

2 Backgrounds

Virtual Reality (VR) is a medium that allows us not only to simulate reality, but also
transcend the restrictions posed by reality. In VR people can be exposed to situations that
in reality would be impossible or dangerous [26], such as walking on Mars, deep-ocean
swimming without Scuba gear, or balancing on a plank between two skyscrapers. The
latter situation typically results in feelings of stress and even fright, although partici-
pants know full well that they are in fact in a perfectly safe physical environment [1].
Perhaps not surprisingly, VR has found widely varying fields of application, ranging
from therapies to help people overcome phobias and post-traumatic stress to trainings
in which athletes and soldiers can learn new skills [1, 5].

VR can also be used to change social behaviour by virtually placing them in the
shoes of others. For instance, placing white people in the virtual body of a black person
caused a decline in their implicit racial biases [21]. Other research not only replicated
this finding, but also showed that the reduction in racial bias were still visible one week
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later [2]. Studies such as these suggest VR to be an effective means to let people take an
alternative perspective so as to reduce discrimination [also see 27].

In its best-known guise VR environments consist of computer-generated virtual
worlds in which the environment responds instantaneously to changes in viewing direc-
tion, movement, and eye level, allowing users to experience high freedom of movement
and interactivity. 360° VR-film simulation, or 360° VR for short, is another frequently
used format. In 360° VR, the user is exposed to environment based on 360°-video record-
ings from a limited number of camera positions. Although visually more realistic than
computer-generated environments, 360° VR has a more limited interactivity: the envi-
ronment does respond to changes in viewing direction, but not to movement and changes
in eye level. Sometimes 360° VR allows the user to make a limited number of choices in
order to proceed through an interactive scenario or to take another position in the virtual
environment.

2.1 Benefits of Virtual Reality

Because of its highly immersive nature, use VR has been argued to be beneficial for
the learning process [8, 17, 29]. Important in this respect are immersion and presence.
Immersion is the degree to which users are enveloped in the virtual environment while
stimuli from the real world are blocked; the use of VR headsets is particularly beneficial
for immersion [5].

Presence, or the sense of ‘being there’, relates to how users actually experience
immersion, i.e., the perception of the extent to which they perceive themselves to be
in the virtual, rather than the real environment. Although presence is not restricted to
VR, and can also be experienced when being engrossed in a book or movie, it has been
particularly well studied in the context of VR because if its strong immersive nature.
It has been shown, for instance, that immersion and presence have a positive effect on
the learning process, as both increase motivation and commitment of the trainee [8, 29].
Presence has also been positively related to the effectiveness of virtual treatments and
learning environments [8, 12, 17] and the persuasiveness of provided information [4, 30].
Based on these and other results, Cornet et al. [5] concluded VR to be especially suited
for education and training involving target groups that are known to lack motivation
to participate in more conventional programs. Reason for this is that VR is seen as
enjoyable and something people would like to experience. It is a great way to address
difficult issues like ethnic profiling, make issues like this more negotiable and learn from
the experience in VR.

2.2 A 360°-VR Training Against Ethnic Profiling

A VR training was developed to stimulate dialogue about ethnic profiling amongst police
officers, using scenarios closely matching day-to-day police work. To increase realism,
the VR environment was based on 360° camera recordings (also known as “VR-film
simulation”). The interactive scenario that was created allows users to take action, i.e.
to engage in interaction with civilians as they see fit; the scenario requires them to
repeatedly chose between two or more, either escalating of de-escalating, behavioural
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options. The behaviour of the civilians they choose to interact with is contingent upon
these choices.

The training consists of two parts, the interactive, 360°-VR simulation simultane-
ously administered to small groups of police officers, followed by a group dialogue in
which all officers take part (Fig. 1).

Fig. 1. Example of a choice during gameplay in which participants were given the choice between
apprehending (“aanhouden”) or dismissing (“deéscaleren”) the character.

Specifically, the simulation puts participants in a 360° VR environment in the position
of a police officer at the train station Amsterdam-Sloterdijk, a reasonably well-known
location for most Dutch police officers. A virtual police officer in the game asks them
whether they "see someone who is worth investigating”. The participants then have two
minutes to observe the people passing by. They can take action at their own discretion
based on their observations. Although dozens of people can be seen in the simulation,
the participants can only initiate an interaction with some of them (i.e., only the actors,
not regular pedestrians).

Among the characters that can be selected for interaction is a party of four adoles-
cent men, all with a supposed non-western background. Although they are laughing and
making fun, they do nothing illegal. Still, they can draw the attention of police officers,
particularly of those with negative experiences with similar-looking groups. As such,
participants could miss another man seeking dialogues with random pedestrians, appar-
ently, as turns out later in the game, to sell drugs. When having selected the party of
four, participants can choose to check for their identification, to apprehend, or to dismiss
them. Similar choices can be made when participants choose to interact with the drugs
dealer. Illustration 1 presents an example of a dilemma during gameplay.

Once having selected someone, participants are presented with a number of ques-
tions on how to proceed. Each question comes with two or three answer options to
choose from, including both escalating (i.e. identification check, search, fine, arrest),
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and deescalating options (i.e., to cease the interaction). With every presented question,
participants have a maximum of five seconds to respond. The time window is deliber-
ately short to stimulate more impulsive and fast decision-making. We consider this to
be more ‘honest’, and in line with the operational decisions in real life. Police officers
holding particular prejudices towards certain groups in society may be more focused on
characters in the game who ostensibly belong to such groups. If this is indeed the case,
they are at risk of missing the real culprit, who can be detected by deviant or criminal
behaviour. Moreover, these officers may also be more motivated to choose for escala-
tion (i.e. identification checks, searches, fines, arresting) rather than de-escalations (not
searching cars, sending away).

Upon completion, participants receive a code, ranging from ‘Alpha’ to ‘Juliet’,
representing the choices made during the simulation.

Subsequently, participants are encouraged to discuss their choices in the VR simula-
tion in group dialogue sessions. Trained discussion leaders start with identifying officers
who have made identical choices (as evidenced by identical codes), and inviting some of
them to expand on the choice they made and the reasons they did so. Next, participants
who have made different choices are invited to speak. The discussion leader frequently
linked back to the code of practice (‘handelingskaders proactief controleren’) that is part
of the Dutch National Police policy on proper conduct.

Exposure to others’ choices differing from their own, participants may feel chal-
lenged, or uncertain about their choices. This may lead them to re-evaluate their initial
point of view, causing them to engage in higher-level cognitive reasoning, and, ulti-
mately, stimulate awareness of their own potential biases in day-to-day police activities.
Part of this methodology is based on constructive controversy (Johnson et al. [11]).

2.3 The Present Study

To test the effectiveness of the 360°- VR training, an experiment was set up that compares
effects of undergoing the VR training with that of undergoing the same training presented
in 2D with a smart phone, and a control condition in which no training content was
administered. Based on the literature discussed above, we expect the following:

H1: In the VR condition police officers will report having more knowledge about
proper policing practice (Hla) and knowledge about ethnic profiling (H1b) than in the
2D and control conditions.

H2: In the VR condition police officers will have a more positive attitude towards
ethnic profiling in their work than in the 2D and control conditions.

H3: In the VR condition police officers will report less reluctance to discuss ethnic
profiling in their work than in the 2D and control conditions.

H4: In the VR condition presence (H3a), engagement (H3b), and enjoyment (H3c)
will be rated higher than in the 2D condition.

The commissioning organization, the Dutch National Police, also liked to know if
the effects of VR depended on participants’ work experience. Therefore, this variable
is incorporated here as well. As we do not have well-founded expectations as to such
potential differences, this variable is treated here as a covariate.
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3.1 Participants and Design

One hundred and three police officers (29 females, 74 males) participated in this exper-
iment, in groups of eight to 12, which had a one-factor, Presentation (VR versus 2D
versus control) between-participants design knowledge about ethnic profiling, attitude
towards (preventing) ethnic profiling, and perceived safety in communicating about
ethnic profiling constituted the dependent variables.

3.2 Procedure

Groups of police officers were randomly assigned to the control, 2D and VR conditions.
Those in the latter two conditions were informed that they would afterwards participate
in a group dialogue session. In the 2D condition participants received a smart phone
with a headphone to experience the simulation, and in the VR condition they received
a VR headset with headphone. In the control condition no simulation was provided;
participants in this condition received a questionnaire right away; in the 2D and VR
conditions this was administered afterwards.

After the training, groups in the 2D and VR conditions were directed to a separate
area, where the discussion leader was waiting to guide the group dialogue. The discussion
leader was blind to the conditions participants had been in; participants were explicitly
requested not to inform him about this.

In addition to the measures listed below, demographic variables as age, gender, and
number of years work experience were measured as part of the questionnaire.

3.3 Measures

All items were measured on a five-point scale from 1 (strongly disagree) to 5 (strongly
agree), unless indicated otherwise.

Knowledge. This was measured with various items, and breaks up in two aspects: self-
reports on the grounds participants use to stop someone in daily practice (we regarded
these as knowledge about proper conduct in practice) and more formal knowledge in
relation to National Police policy and the action framework resulting from this policy.

Knowledge About Proper Policing Practices. This was measured using the following
items: ‘“Please indicate to what extent you use the aspects below to decide whether to
check someone: a. Behaviour; b. Information; c. Appearance; d. Intuition; e. Previous
experiences” [1. Never; 2. Rarely; 3. Sometimes; 4. Often; 5. Always].

This question was repeated, this time with more concrete items than the ones above: a.
Availability of information specifically pointing to illegal conduct; b. Having a gut feeling
upon seeing one or more individuals; c. Previous experience with similar situations; d.
Overrepresentation of certain groups in crime statistics; e. Information suggesting that
someone was at one time active in crime; f. Behaviour and circumstances unequivocally
matching a modus operandi; g. Behaviour of civilians in response to police presence; h.



28 P. W. de Vries et al.

Seeing someone whose appearance (age, gender, clothing style, ethnicity, etc.) matches
that of groups causing nuisance or engaged in crime; i. Seeing someone who based on
appearance (age, gender, clothing style, ethnicity, etc.) does not belong at a location; j.
Presence of civilians at certain (‘criminal’) locations at certain times. Aspects a. and f.
are good grounds for a stop, whereas b., d, h., and i. carry a particularly high risk of
causing ethnic profiling.

Knowledge About Ethnic Profiling. This was measured with the following questions: “I
know what ethnic profiling entails according to National Police policy”; “This training
makes me more knowledgeable about (preventing) ethnic profiling [2D and VR con-
ditions only]”. As it would be easy to answer these questions in a socially desirable
manner, we also asked a more specific question: “Please indicate to what extent you
believe the aspects below can be used to decide whether to check someone according
to the code of practice [of the National Police]”, followed by aspects a. to j. described

above.

Attitude. This was measured with the following items: “I believe ethnic profiling is
a problem”, “This training makes me more motivated to prevent ethnic profiling” [2D
and VR conditions only], and “Preventing ethnic profiling will improve the work of
the police”. The first and last item correlated, with r = .47, and were averaged to form
one attitude construct to be incorporated in an analysis comparing all three Presentation
conditions.

Communication. This was measured with two or three items: “I am often reluctant to
discuss ethnic profiling when someone brings it up”” and “This training helps me to talk
about (preventing) ethnic profiling”. Because of the low correlation, r = .17, these items
were analyzed separately.

Experience. Experience-related measures targeted presence, engagement, and enjoy-
ment; these were not administered in the control condition.

Presence. Three items were created to measure presence. ‘During the simulation I often
thought I was at station Amsterdam-Sloterdijk’, ‘During the simulation the situation at
station Amsterdam-Sloterdijk felt realistic’ and ‘During the simulation the interaction
with the other people felt realistic’. The Cronbach’s « of this scale is .73.

Engagement. Two items were used to measure engagement: ‘During the simulation I
had the feeling that my choices influenced the course of the story’ and ‘During the
simulation I felt involved in the story’. The correlation was r = .65.

Enjoyment. One item was used to measure enjoyment, ‘I had a lot of fun during the
simulation’.

3.4 Practical Limitations

It quickly became apparent that the time available to the participants was limited to just
one hour. Because there was only one discussion leader, groups often had to wait for the
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group dialogue room to become available to them. Maintaining separate dialogue ses-
sions for groups in the 2D and VR conditions was therefore not possible in practice, and
we were forced to switch to sessions in with multiple groups form different conditions.

In addition, in hindsight the knowledge measures we adopted were conceptually more
diverse than we had in mind when we formulated the hypothesis. It would therefore make
little sense to be average them into constructs; instead we analyzed items separately in
multivariate ANOVAs.

4 Results

In the following analyses, the demographic variable work experience is incorporated as
a covariate. However, as its role is beyond the scope of this paper, only the multivariate
effect of the covariate will be reported. In addition, the items used to measure attitude
and communication did not differ between the conditions; for the sake of brevity, these
will not be reported.

4.1 Knowledge

Knowledge About Proper Policing Practice (General). A multivariate ANOVA was
conducted, with Presentation (control versus 2D versus VR) as independent variable, and
the extent to which behaviour, information, appearance, intuition, and previous expe-
rience are used to decide whether to check someone as dependent variables, and work
experience as covariate. This yielded a significant multivariate effect of Presentation, F’
(10, 192) =3.77, p < .001, Wilk’s Lambda = .70. Work experience also had a significant
effect, F (5, 95) = 2.48, p = .037.

Subsequent univariate analyses showed the effect of Presentation to be present for
behaviour (albeit only marginally so) and intuition (F (2, 99) = 2.90, p = .060 and F
(2,99) =9.68, p < .001, respectively).

Behaviour. Subsequent contrast for behaviour showed higher ratings for behaviour as a
ground for stops in the VR compared to the control condition (p < .021). No contrasts
were found between VR and 2D (p = .169), and 2D and the control condition (p = .256).
See Table 1a for means and standard deviations In the VR and 2D conditions, therefore,
participants were more likely to use behaviour as a ground for policing action.

Intuition. For intuition as a ground for stops, contrasts showed higher ratings in the
control condition than in both the VR (p < .001) and the 2D condition (p < .001); see
Table 1a. The VR and 2D conditions did not differ (p = .912). In other words, participants
in the 2D and VR conditions were less likely to use intuition as a ground for a stop than
those in the control condition.
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Table 1. Means and standard deviations as a function of Presentation; identical subscripts denote
(marginally) significant contrasts, and grey shading indicates the most preferable rating(s) for each
item.

Presentation
Control 2D VR

a. Knowledge proper policing (general) M SD M SD M SD
Behaviour 377, 078 3.92 0.78  4.18, 0.66
Intuition 3.90. 044  3.04, 0.97 3.09, 0.74
b. Knowledge proper policing (specific)

Information pointing to illegal conduct 400 0.84 3.92, 0.58 430, 0.51
Gut feeling upon seeing individual(s) 3.48.p 0.75 2.82, 0.77 291, 0.68

Information that someone was at one
time active in crime.

Someone who based on appearance does
not belong at a location.

c. Knowledge action framework

Gut feeling 3.52.5 075 227, 093  2.55, 0.83
Information that someone was at one
time active in crime.

352, 0.60 3.24y 0.85 2.23., 0,87

2.67. 089 2.29, 0.84 2.50 0.85

3.33., 0.86 2.89, 0.94 2.67, 093

Knowledge About Proper Policing Practice (Specific). When analyzing the reported
suitability of the set of more concrete behaviours, patterns congruent with the previous
results emerge. Specifically, another multivariate ANOVA was conducted, with Pre-
sentation (control versus 2D versus VR) as independent variable, the extent to which
participants will reportedly use the various aspects to decide whether to check some-
one as dependent variables, and work experience as covariate. A marginally significant
multivariate covariate effect was found, F (10, 90) = 1.77, p = .077. Moreover, the multi-
variate effect of Presentation turned out significant F' (20, 180) =2.41, p = .001, Wilk’s
Lambda = .62. Subsequently, (marginally) significant univariate Presentation effects
were found on “availability of information specifically pointing to illegal conduct” (F
(2,99) =2.59, p = .080); “having a gut feeling upon seeing one or more individuals” (F
(2,99) = 6.02, p = .003); “information suggesting that someone was at one time active
in crime” (F (2,99) = 4.25, p < .017);”seeing someone who based on appearance (age,
gender, clothing style, ethnicity, etc.) does not belong at a location” (F (2, 99) = 2.38,
p < .098).

Information Pointing to lllegal Conduct. Contrasts showed that this was more likely to
be used for participants in the VR condition than in the 2D condition (p < .033). However,
both the 2D and VR conditions did not differ from the control condition (p = .748 and
p = .135, respectively). See Table 1b for means and standard deviations.

Gut Feeling Upon Seeing Individual(S). As can be seen in Table 1b, this was less likely
to be used as a ground for a stop in both the VR and 2D conditions as compared to the
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control condition (p = .004 and p = .001, respectively). The VR and 2D did not differ
(p = .561).

Information that Someone was at One Time Active in Crime. This was least likely to be
used in the VR condition, as evidence by (marginally) significant contrasts between VR
and control condition (p = .005 and p = .099, respectively), and between the VR and 2D
conditions (see Table 1b). The 2D condition did not differ from the control (p = .167).

Someone Who Based on Appearance does not Belong at a Location. No  differences
were found between the VR and control conditions (p = .272), and the VR and 2D
conditions (p = .196). However, participants in the 2D conditions were less likely to use
this than those in the control condition (p = .034).

Knowledge About Ethnic Profiling. A univariate ANOVA was conducted, with Pre-
sentation (control versus 2D versus VR) as independent variable, and the extent to which
participants knew what ethnic profiling entails according to National Police policy as
dependent variables, and work experience as covariate. This yielded a non-significant
effect of Presentation, F' (2, 99) = 0.65, p = .53. Work experience had a significant
effect, F' (1, 99) = 5.40, p = .022.

Another univariate ANOVA, with Presentation (2D versus VR) as independent vari-
able, the extent to which participants believed the training made them more knowledge-
able about (preventing) ethnic profiling as dependent variable, and work experience as
covariate, did not reveal a significant difference between the 2D and VR conditions
either, F (1, 79) = 0.36, p = .55; the covariate was also not significant, F' (1, 79) = 0.26,
p = .609.

Finally, a multivariate ANOVA was conducted, with Presentation (control versus 2D
versus VR) as independent variable, the extent to which participants believed the various
aspects can be used according to the action framework of the National Police as dependent
variables, and work experience as covariate. In addition to a significant multivariate
covariate effect, F (10, 87) = 2.53, p = .010, a significant effect of Presentation was
found F (20, 174) = 2.00, p = .009, Wilk’s Lambda = .66. Significant univariate results
were found for having a gut feeling as a ground for a decision permitted by the action
framework, (F (2,96) = 14.54, p < .001), and information suggesting that someone was
at one time active in crime (F (2, 96) = 3.53, p = .033).

Gut Feeling. Subsequent contrasts showed that these were lower for VR (M = 2.55,
SD = 0.83) and 2D conditions as compared to the control (M = 3.52, SD = 0.75, p <
.001 and p = .001, respectively). The 2D (M = 2.27, SD = 0.93) and VR conditions,
however, did not differ (p = .201). See Table 1c for means and standard deviations. In
other words, participants in both in the VR and 2D conditions were more aware that the
action framework does not permit gut feeling to be used in policing decisions.

Information that Someone was at One Time Active in Crime. Contrasts showed that
ratings were significantly lower for VR as compared to the control condition (p = .009),
but not compared to the 2D condition (p = .372). The ratings in the 2D condition were
marginally significantly lower than in the control condition (p = .070). See Table Ic.
Therefore, similar to the previous item, participants in the 2D, and particularly the 2D
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conditions believed more strongly that the action framework is critical on information
suggesting that someone was at one time active in crime as a basis for policing decisions.

4.2 Experience

To test for differences between the 2D and VR conditions, a multivariate ANOVA was
conducted, with Presentation (2D versus VR) as independent variable, and presence,
engagement, and enjoyment as dependent variables, and work experience as covariate.
This yielded a significant multivariate effect of Presentation, F (3, 77) = 9.49, p < .001.
Work experience did not have a significant effect, ' (3, 77) = 1.60, p = .20.

Subsequent univariate analyses showed VR to result in higher ratings of presence
(Mp = 2.99, SD>p = 0.87 versus Myr = 3.85, SDyr = 0.60; F (1,79) = 28.35,p <
.001), engagement (M,p = 3.34, SD,p = 0.98 versus Myr = 4.08, SDyr = 0.52; F (1,
79) = 18.15, p < .001), and enjoyment (Mop = 3.84, SDop = 0.79 versus Myr = 4.30,
SDyg = 0.55; F (1,79) = 11.39, p < .001) than the 2D condition.

5 Conclusion and Discussion

The sensitivity of the topic ethnic profiling prevents many police officers to reflect on
their work and that of others, and to have healthy conversations about it on the work
floor. In this paper, we have explored whether the Virtual Reality (VR) is a promising
element in trainings against ethnic profiling. This was done by comparing effects of a
training based on VR with that of the same training using 2D presentation of content with
a smart phone, and a control condition in which no training content was administered.

Although we had envisioned the study to be of a strictly hypothesis-testing nature,
the changes we made in relation to the knowledge measures meant we have changed
tack to a more explorative path [cf. 28]. Multivariate analyses were used to curb the
risk of Type 1 errors that is associated with exploratory research. Be that as it may, we
would like to argue that our results provide at least minimal support for Hypotheses 1a
and 1b: the training with VR performed slightly better than that with 2D presentation of
content on a smartphone (and far better than the control in which no content was provided
whatsoever). The knowledge items that responded to the VR, and to a lesser extent the
2D conditions, were rather consistent — whether general, specific, or policy-related, the
knowledge items related to (information about) behaviour were more strongly favoured
in VR, and, to a lesser extent in the 2D condition, as opposed to the control. Items related
to intuition (or “gut feeling”), on the other hand, showed the reverse pattern.

Use of VR did not result in a more positive attitude towards (prevention of) ethnic
profiling, and neither did it affect reluctance to discuss ethnic profiling on the work floor;
Hypotheses 2 and 3, therefore, are rejected.

Finally, VR had a pronounced effect on participants’ experience. The used of VR
resulted in higher ratings of presence, engagement, and enjoyment than the use of a
smartphone (2D); Hypotheses 4a, 4b, and 4c are therefore accepted.

With a sensitive topic as ethnic profiling, we cannot exclude the possibility that
social desirability inspired at least some of the participants’ responses. Indeed, they may
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well have been motivated to portray themselves more favourably by answering in a way
that would correspond with the police organization’s policy. However, we would like to
point out that although social desirable response tendencies may have had an absolute
effect, but not necessarily a relative effect. In other words, as the police organization’s
stance on ethnic profiling was likely to be (partly) known among participants in all
conditions, a desire to respond in line with this stance may explain overall ratings, but
not the differences between conditions.

Unfortunately, the setup of this study did not allow us to establish effects of the
various trainings on actual behaviour, and neither did it allow us to study the robustness
of the findings. Instead, we had to make do with self-reports measured immediately after
the training. We feel it would be useful to know to what extent this training affects actual
communication in police teams and interactions with civilians, and how these effects
hold up over longer periods of time. Future research should therefore be directed to estab-
lishing the long- term effects of this VR training on knowledge, attitude, communication,
and corresponding behaviour.

Our study aligns with previous work showing that content delivered through VR
may be more persuasive than that delivered through other means, such as video clips
and still slides [30]. In addition, engagement, and especially presence, have been argued
and shown to increase motivation and commitment of trainees [8, 29], effectiveness of
virtual treatments and learning environments [8, 12, 17]. Although we did not test for
mediation, we have no reason to suspect that these findings would not apply to the current
work.

In addition to relatively high ratings of presence and enjoyment in the VR condition,
we also found high enjoyment ratings, underscoring the common idea that VR is enjoy-
able and holds considerable appeal to many people. We therefore cautiously agree with
Cornet et al. [5] in that VR is especially suited for education and training involving target
groups that are known to lack motivation to participate. Indeed, VR is a promising means
to expose police offers to content about controversial topics such as ethnic profiling in
a more persuasive way - after the eagerness to engage in a VR experience has proved
stronger than the resistance to the topic.
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Abstract. Virtual agents are often employed in persuasive applications, and dif-
ferent studies in the literature have shown that the gender of the agent may have
an impact on how users perceive the agent as a communicator. This paper adds a
new variable to this line of research, considering the possible effects of present-
ing the agent in Virtual Reality (VR) vs. Augmented Reality (AR). We measured
attentional allocation, perceived affective understanding, speaker credibility and
speaker strength. While attentional allocation was the same in all conditions, an
interesting pattern emerged for the other variables. The transition from VR to AR
apparently changed the perception of some communicator aspects to the advan-
tage of the female virtual agent. We also found associations between participants’
personality traits (in particular, extraversion) and perception of the agent. The
paper describes and discusses these findings.

Keywords: Virtual Agent - Communicator - Virtual Reality - Augmented Reality

1 Introduction

Humanlike virtual agents have been widely used in a variety of fields, including education
(e.g., [1, 2]), training (e.g., [3]), and healthcare (e.g., [4, 5]). Due to their capability to
simulate social interaction, research is increasingly exploring how to use them in roles
such as persuasive communicators (e.g., [6-9]) or learning facilitators (e.g., [10]), also
studying the perception of the emotions they convey (e.g., [11, 12]). In this paper, we
focused on the use of virtual agents as communicators that give hints about public
speaking for job interviews.

Virtual agents should appear credible, trustworthy, confident and non-threatening in
order to be effective and persuasive. A virtual agent might provide social presence, that
is a subjective feeling of being there with a “real” person and having access to his or her
thoughts and emotions [13]. Studies have shown that feeling socially present is linked
to several effective communication outcomes, including attraction and persuasion (e.g.,
[14, 15]). It is thus important that a virtual agent conveys strong social presence.

The literature indicates that the gender of the virtual agent may have an impact on
how the user perceives the agent as a communicator (e.g., [2, 16-23]). However, studies
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on these effects have reported mixed results. Moreover, the role of virtual agents and how
they are perceived has mainly been studied in immersive (e.g., [16, 21, 24, 25]) or non-
immersive virtual reality (VR) (e.g., [1, 2, 17-20, 22, 26]), whereas studies in augmented
reality (AR) are still rare [27-29]. In addition, to the best of our knowledge, there are no
studies that contrast how the same virtual agents are perceived when displayed in VR vs.
AR. To begin filling this gap, our research questions concern whether the perception of a
virtual agent changes when shown in VR vs. AR and whether the possible change might
depend on the gender of the agent. Specifically, this study aims to examine whether
user’s attentional allocation and perception of a male and a female agent’s credibility,
strength and affective understanding might differ in VR and AR.

2 Related Work

The literature reports mixed results regarding how the gender of virtual agents affects
users. While some studies found that certain categories of users preferred virtual agents
of the same gender as their own [20], other studies came to the opposite conclusion [16,
20] or have not found a gender preference of virtual agents by users [16, 17, 20, 21,
24]. Some studies have also focused on how users’ perceptions of virtual agents might
change based on agent behavior [18, 21, 24] and agent gender [18, 22].

Makransky et al. [16] compared learning outcomes of teenager students who learned
laboratory safety rules from virtual agents in immersive VR. The virtual agents exhib-
ited features intended to look more appealing to males (i.e., a sphere-shaped robot) or
females (i.e., a young female scientist). Results concerning social presence felt by stu-
dents revealed a nearly significant interaction between agent type and user’s gender, with
girls giving the same ratings to both agents and boys giving the female agent a higher
social presence rating than the robot agent. However, this result cannot be generalized
to a female vs. male agent comparison because the study compared a female agent with
a non-anthropomorphic robot.

Bailenson and Yee [24] examined the effectiveness of virtual agent persuasiveness
resulting from the chameleon effect (i.e., the tendency for mimickers to gain social
influence [30]) in immersive VR. The virtual agent, who was either male or female,
mimicked the participant’s head movements or reproduced those of another participant.
The study organized participants into gender-balanced groups that experienced one of the
two virtual agents performing one of the two behaviors. Measures included how much
realistic and pleasant the virtual agents were perceived. Results showed that the virtual
agent who mimicked participants’ head movements was viewed as more persuasive and
likable than the virtual agent who used recorded head movements. However, no effect
was found for gender of the participants or agents on the perception of the virtual agents.

Guadagno et al. [21] investigated the interaction between agent gender and partici-
pants’ gender using a male and a female agent with high or low behavioral realism. In the
high behavioral realism condition, the agent maintained eye contact with the participant
by moving the head, blinked the eyes and moved the lips in synch with speech. In the
low behavioral realism condition, the agent did not move. The study organized the par-
ticipants in groups that experienced one of the two virtual agents performing one of the
two behaviors. The authors measured how much the agent looked like a real person to
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participants and whether social presence changed with agent’s behavior. Greater social
presence was found when agents displayed high behavioral realism, but there were no
significant effects for gender of the participants or agents on this measure.

Gulz et al. [22] investigated how levels of visual femininity and masculinity of a vir-
tual agent might influence user’s perception of the agent, using four agents: two females
(one feminine-looking, one slightly masculine-looking) and two males (one masculine-
looking, one slightly feminine-looking). Participants were organized into four coun-
terbalanced groups, each one experiencing one of the two male agents and one of the
two female agents. Results showed that the feminine-looking female was perceived as
more personal, warm and pleasant than the slightly masculine-looking female. On the
contrary, there were no significant differences between the two male agents. Moreover,
users perceived male and female agents as equally (or almost equally) warm, intelligent,
emphatic, friendly, knowledgeable, personal, pleasant, and expert regardless of the lev-
els of visual femininity and masculinity. Significant differences were instead found in
objectiveness, decisiveness, and persuasiveness, with the female agents receiving higher
scores.

Qui and Benbasat [17] studied if changing demographic characteristics of an agent
might improve users’ social interactions with it. The considered demographic factors
were gender and ethnicity, and four virtual agents were used: a Caucasian female, a
Caucasian male, an Asian female and an Asian male. Results revealed that participants
gave better ratings to the agents with the same ethnicity as their own but there were no
significant effects of the gender of participants or the gender of virtual agents.

Rosenberg-Kima et al. [20] also focused on ethnicity and gender, comparing four
agents: two males (one White and one Black) and two females (one White and one
Black). Participants were Black females who were organized into four groups, where
each group experienced one of four agents trying to persuade participants of the value
of engineering. The same experiment was also conducted on a sample of White females.
Black females preferred the female among Black agents and the male among White
agents. White females had no gender preferences instead.

Nunamaker et al. [18] manipulated agent gender and behavior, and investigated the
perception of power, likeability, experience, and trustworthiness of the agents. The study
used a male and a female agent that could maintain either a neutral or smiling facial
expression as behavior. Participants experienced both virtual agents with both behaviors.
Each virtual agent was in an almost authoritarian position and asked the participants the
same questions about the contents of a bag. The results showed that the male agent
was perceived to be more powerful, trustworthy, and experienced than the female agent,
that was instead perceived to be more likeable. Moreover, smiling was viewed as more
pleasant whereas neutral behavior was perceived as more powerful.

Studies of the perception of virtual agents have typically employed immersive [16,
21, 24] or non-immersive VR [17, 18, 20, 22]. On the contrary, available studies of
humanlike virtual agents in AR are still rare [27-29] and, to the best of our knowledge,
have not investigated possible effects of agent gender on user’s perception. Furthermore,
the few AR studies used see-through headsets with a limited field of view, which can
make it difficult to perceive large virtual objects in their entirety.
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In this paper, we study user’s attentional allocation and perception of a male and a
female agent’s credibility, strength and affective understanding on a male sample using
VR or AR. We also assessed possible relationships between participants’ personality
traits and perception of virtual agents.

3 Materials and Methods

3.1 Participants

Since participant’s gender might influence perception of the agent, we focused this first
study on a male sample of 67 participants. They were recruited among undergraduate
Computer Science students of the University of Udine, and their age ranged from 20 to
28 (M = 21.82, SD = 0.20).

3.2 Virtual Environment

The virtual environment was developed in Unity version 2021.3.12f. In AR, the headset
was used in see-through video mode so that participants saw the actual room where the
experiment took place, and were able to see their own body. In VR, the headset was
used in non-see-through mode so that participants were unable to see the real world,
they saw instead a virtual reproduction of the same room, and they had a neutral human
embodiment that moved accordingly to the tracking of their hands and head. The space
in which the agent was positioned in VR and AR is depicted in Fig. 1.

Fig. 1. Space in which the agent was positioned in VR (left) and AR (right).
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3.3 Virtual Agents

The two virtual agents were chosen from the characters in the Microsoft Rocketbox
library [31] and purposely modified to be similar except for gender. The specific char-
acters were “Male_Adult_08” and “Female_Adult_01” in the library [31]. They had
the same age and the same height (1.72 m). Moreover, we added a white tank top to
the clothing of the female character and changed the color of the character’s shirt to
light blue, in order to make the clothing appear similar to the male character (Fig. 2).
The voices of the two virtual agents were synthesized using Azure Cognitive Services
text-to-speech: the male agent spoke with the “Benigno (Neural)” voice, and the female
agent spoke with the “Fiamma (Neural)” voice. The voice of the male agent was slowed
down by 9% to match the speech rate of the female agent. Both virtual agents delivered
the same 138-s speech in which they offered advice on how to appropriately introduce
oneself at a job interview.

Fig. 2. The female agent and the male agent.
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We made the agents blink their eyes and display similar facial expressions to empha-
size the speech. Moreover, while speaking to the user, they maintained eye contact and
performed a sequence of animations from the Microsoft Rocketbox library, following
the order listed in Table 1. The animated gestures performed by the two agents were
similar and followed Andre et al.’s [32] recommendations for developing a convincing
virtual agent. Each animation was fully performed before moving on to the following
animation. When the two-minute speech ended, the virtual agents switched from the
animation they were performing (i.e., “m_gestic_talk_relaxed_02" for the male agent,
“f_gestic_talk_relaxed_02” for the female agent) to the subsequent animation (idle) that
was performed for three seconds, then the session ended.

Table 1. Chosen characters and animations in the Microsoft Rocketbox library [31].

Virtual agent name Virtual agent gender Animations

“Male_Adult_08” Male “m_gestic_talk_neutral_02”

“m_gestic_talk_neutral_01”

“m_gestic_talk_relaxed_01"

“m_gestic_talk_relaxed_02”
“m_idle_breathe_01"
“Female_Adult_01" Female “f_gestic_talk_neutral_01”

“f_gestic_talk_neutral_02”

“f_gestic_talk_neutral_03”

“f_gestic_talk_relaxed_01”

“f_gestic_talk_relaxed_02”
“f idle_breathe_01”

3.4 Task

Participants were told to listen to a virtual agent who would speak to them for about two
minutes, offering advice on how to behave in a job interview.

3.5 Measures

Participants completed a demographic questionnaire before starting the session. Col-
lected data were used to balance participants between groups. They were: gender (par-
ticipants could choose among male, female, and non-binary), age, whether or not par-
ticipants were regular VR or AR headset users, and the number of hours they have spent
wearing such headsets.

Big Five Inventory-2 Extra-Short Form (BFI-2-XS). The BFI-2-XS was used to mea-
sure participants’ personality [33]. It is a 15-item short version of the Big Five Inventory
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with responses measured in a Likert format ranging from 1 (disagree strongly) to 5 (agree
strongly).

Attentional Allocation and Perceived Affective Understanding. Subscales from the
Networked Mind Measure of Social Presence [34] were used to measure participants’
social presence. Participants were asked to rate eight items on a 7-point Likert scale,
ranging from 1 (Strongly disagree) to 7 (Strongly agree). We used two subscales, respec-
tively measuring the two independent dimensions of “attentional allocation” (i.e., the
amount of attention the user allocated to and perceived to receive from the agent) and
“perceived affective understanding” (i.e., the perceived ability of the user to under-
stand the agent’s emotional and attitudinal states). The “attentional allocation” subscale
included four items (i.e., “I remained focused on the agent the whole time”, “The agent
remained focused on me the whole time”, “The agent did not receive my full attention”,
“I did not receive the agent’s full attention”), Cronbach’s alpha was 0.62. The “perceived
affective understanding” subscale included four items (i.e., “I could tell how the agent
felt”, “The agent could tell how I felt”, “The agent’s emotions were not clear to me”, “I
could describe the agent’s feelings accurately”), Cronbach’s alpha was 0.74.

Speaker Credibility and Strength. We used subscales from the same questionnaire
used in [35] to measure how participants perceived the speaker. Participants were asked
to rate 11 items on a 7-point scale anchored by bi-polar adjectives. We used two sub-
scales, respectively measuring seven dimensions of “speaker credibility”” and four dimen-
sions of “speaker strength”. The “speaker credibility” subscale included seven items
(i.e., dishonest-honest, uninformed-informed, untrustworthy-trustworthy, unintelligent-
intelligent, evasive-straightforward, unqualified-qualified, sincere-insincere), Cron-
bach’s alpha was 0.79. The “speaker strength” subscale included four items (i.e.,
unassertive-assertive, timid-bold, inactive-active, meek-forceful), Cronbach’s alpha was
0.82.

3.6 Procedure

Written consent for participation in the study was obtained from participants. They were
verbally briefed about the anonymity of the collected data. Then, they sat on a chair and
filled the demographic and BFI-2-XS questionnaires. The demographic data were used
to balance participants in the following four conditions: (1) male agent in VR (VR-M);
(2) female agent in VR (VR-F); (3) male agent in AR (AR-M); (4) female agent in
AR (AR-F). A Kruskal-Wallis test on regular use of headsets, and a one-way ANOVA
on age and hours of headsets usage confirmed that there were no significant differences
between the four groups. The experimenter asked participants to stand in a specific place
in the room and listen to a virtual agent who would give them a two-minute speech with
some tips on how to present oneself in a job interview. Then, the experimenter helped
the participants wear a Varjo XR-3 (a mixed reality headset with a field of view of
115° in VR as well as AR) and over-ear headphones. The virtual agent delivered the
speech at a 1-m distance from the participant. Once the agent finished the speech, a
blank black screen filled the participants’ view indicating the end of the session. At that
time, the experimenter helped the participants remove the headset. Participants filled the
questionnaires and were thanked for their participation.
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4 Results

All the analyses were conducted using SPSS version 28.0.1.0. Results are graphically
depicted in Fig. 3.

Agent Gender
Male —Female

Attentional Allocation Perceived Affective Understanding
7t
7
6
6
5 5|
a 4
3 3 /
2 2
1 1
VR AR VR AR
Speaker Credibility 7 Speaker Strength
v
6 6
_—_/
5 5 /
4 4
3 3
2 2
L 1
VR AR VR AR

Fig. 3. Scores of attentional allocation, perceived affective understanding, speaker credibility,
speaker strength.

4.1 Attentional Allocation

A 2x2 ANOVA was conducted with agent gender (male or female) and display mode
(VR or AR) as factors, and attentional allocation score as dependent variable. There
were no differences in attentional allocation between VR and AR, and between male
and female agent. Moreover, there was no interaction between agent gender and display
mode (Table 2).



44 M. Serafini and L. Chittaro

4.2 Perceived Affective Understanding

A 2x2 ANOVA was conducted with agent gender and display mode as factors and per-
ceived affective understanding score as dependent variable. The differences in perceived
affective understanding between VR and AR, and between male and female agent, were
not statistically significant. However, the interaction between agent gender and display
mode was close to significance (Table 2).

Table 2. Results of the 2x2 ANOVAs.

Scale Display mode Agent gender Interaction
VR AR P Male Female |p P
M (SD) | M (SD) M (SD) | M (SD)

Attentional 5.67 5.61 0.79 |5.61 5.66 083 10.79

allocation 0.97) (0.94) (1.05) (0.86)

Perceived 2.90 2.99 077 |2.83 3.06 040 ]0.08

affective 1.14) | (1.21 (1.09) | (1.23)

understanding

Speaker 5.67 5.74 0.78 |5.67 5.75 072 10.33

credibility (0.94) |(0.99) (1.09) (0.82)

Speaker strength | 5.04 5.23 0.56 5.17 5.10 0.84 1 0.003
(1.29) | (1.34) (1.29) | (1.33)

4.3 Speaker Credibility

A 2x2 ANOVA was conducted with agent gender and display mode as factors and speaker
credibility score as dependent variable. The differences in speaker credibility between
VR and AR, and between male and female agent, were not statistically significant.
Moreover, there was no interaction between agent gender and display mode (Table 2).

4.4 Speaker Strength

A 2x2 ANOVA was conducted with agent gender and display mode as factors and
speaker strength score as dependent variable. No statistically significant effect of agent
gender or display mode was found. However, as shown in Table 2, there was a significant
interaction between agent gender and display mode, F(1,63) = 9.63, p < 0.01, nP2 =
0.13: the mean score of the male agent was worse in AR (M = 4.78, SD = 1.64) than
VR (M = 5.54, SD = 0.72), whereas the score of the female agent was better in AR (M
= 5.66, SD = 0.80) than VR (M = 4.54, SD = 1.53). As suggested in [36], we used
Bonferroni correction for the analysis of simple effects of display mode separately at
the two levels of the agent gender and the simple effect of the agent gender separately
at the two levels of display mode. Results showed a significant increase in the score of
the female agent between VR and AR (p < 0.05) and a significant difference between
the score of the male and the female agent in both AR (p < 0.05) and VR (p < 0.05).
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4.5 Participant’s Personality Traits

A Pearson correlation was computed to assess possible relationships between the five
personality traits (extraversion, agreeableness, conscientiousness, negative emotionality,
open mindedness) and scores of attention allocation, perceived affective understanding,
speaker credibility and speaker strength.

The following statistically significant correlations were found: (i) a moderate posi-
tive correlation between extraversion and attentional allocation in the AR-M condition
(r =0.52, n = 16, p = 0.04); (ii) a moderate positive correlation between conscien-
tiousness and attentional allocation in the VR-F condition (r = 0.56, n = 17, p = 0.02);
(iii) a moderate positive correlation between extraversion and perceived affective under-
standing in the VR-F condition (r = 0.54, n = 17, p = 0.02); (iv) a moderate negative
correlation between extraversion and speaker credibility in the VR-M condition (r =
-0.57,n =17, p =0.02).

5 Discussion

Results indicate that there were no changes in attentional allocation between AR and
VR, and male and female agent, but results on perceived affective understanding, speaker
credibility and speaker strength display an interesting pattern. In particular, the strength
of the female agent was perceived to be significantly greater in AR than in VR, whereas
the strength of the male agent decreased in AR with respect to VR. Furthermore, there
were significant differences between the strengths of the virtual agents in AR as well as
VR, with the female agent perceived as stronger than the male agentin AR, while the male
was stronger in VR. Although the interaction was significant only for speaker strength,
and close to significant for perceived affective understanding, it is interesting to note
that results on all three variables (speaker strength, perceived affective understanding,
and speaker credibility) were consistent with the same pattern: perceptions flipped when
moving from VR to AR. In general, consistently with some studies in the literature, the
perception of the two virtual agents in VR does not appear to differ [17, 21, 24] (except
for the strength of the agent). Moving from VR to AR seems to enhance the perception
of the female agent while negatively impacting the perception of the male agent. To
the best of our knowledge, research on how the gender of the virtual agent influences
its perception in AR is not yet available in the literature. Looking at the pattern in this
study, we can hypothesize that closeness to reality obtained through AR in the virtual-
real continuum (i.e., the continuous scale ranging between the completely virtual and
the completely real [37]) might change the perception of the virtual agent. Since AR
makes it possible to contextualize the experience in the real world, we could conjecture
that this contextualization makes users’ perceptions of the virtual agent in AR very close
to those they would have in the real world. This would be consistent with studies of
human communicators in the real world reporting that when a woman’s communicative
behavior is the same as a male speaker’s, she is more likely to be perceived as more
good-willed, more correct, and more experienced than the male communicator [38].
Regarding the positive correlation found between conscientiousness and attentional
allocation, we can consider the fact that a conscientious person has a strong feeling of
responsibility and is deeply concerned about finishing duties and doing them correctly.
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As aresult, participants with higher levels of the conscientious trait may have diligently
followed the rules of the task in our study, which consisted of listening and paying
attention to the virtual agent.

Extraversion emerged as the trait that obtained more associations with the results.
Regarding the positive correlation found between extraversion and attentional allocation,
we can consider the fact that an extravert individual is more likely to be interested in
other people and social activities. In our case, the extravert participants might have
thus consistently reacted to the presence of an anthropomorphic social agent. Moreover,
earlier research has already shown that variation in extraversion is strongly associated
with the extent to which a social stimulus evokes enhanced attentional allocation [39].

Regarding the positive correlation we found between extraversion and perceived
affective understanding, we can consider the fact that extravert individuals have more
experience in social settings than introverts; therefore, they can decode nonverbal cues in
social interaction more accurately. Since more extravert participants are more confident
in their capability of detecting social cues [40], in our case, they might have assumed
that they correctly interpreted the emotional state of the virtual agent.

Regarding the negative correlation we found between extraversion and speaker cred-
ibility, we can consider the fact that extravert individuals are good at conversing with
people in the real world and enjoy doing it. We could thus conjecture that in our case
the absence of interpersonal interaction and the virtual nature of the agent led them to
be less impressed by the agent than introvert participants.

6 Conclusions

This study compared user’s perception of a male and a female virtual agent that gave
tips about self-introduction in job interviews. Contrasting immersive VR with AR, the
study assessed possible effects on user’s attentional allocation and perception of agent’s
credibility, strength and affective understanding. To the best of our knowledge, this is
the first comparison of this kind of AR vs VR. While attentional allocation was the
same in all conditions, an interesting pattern emerged for the other three variables. As
discussed in the paper, the transition from VR to AR seems to change the perception
of some communicator aspects to the advantage of the female agent. These results
motivate further investigation of the possible differences in the perception of virtual
agents displayed in VR vs AR, also to identify possible implications on virtual agent
design.

Two limitations of this study should be noted. First, the study used a limited size
sample. In future studies, we will aim to assess these results with a larger sample. Second,
the study was conducted on a male sample. Future studies should replicate the procedure
on a female sample to assess the possible role of users’ gender differences.

Finally, the virtual agent gave participants a brief speech about common sense tips
which are typically recommended for job interviews. It would be interesting to repeat
the study with a speech that deals instead with a divisive subject which could provoke
disagreement with participants.
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Abstract. One important element to provide reading enjoyment and to
persuade children to read (more) is providing children with books that
fit their interests. We structure filtering and recommendation of books
in a playful way via animated 3D characters. These characters have an
unusual mix of characteristics that can be related to categories of books,
while at the same time aiming for overcoming a filter bubble effect. In our
Augmented Reality application the characters playfully ‘structure’ the
process of book review and searching. We tested the prototype during two
within-subject sessions, testing reflecting on the book as well as searching
for books, with respectively 18 and 15 participants. When comparing to
a regular ‘writing a book report’-approach, children indicated they would
more likely want to use the app again for providing feedback about the
book to peers as well as for finding books. Although they wanted to look
again for the books and watch the accompanying localised video reviews
from their peers, almost half did not want to record videos themselves
again which points out a clear challenge for future improvements.

Keywords: kids - library - play - books - reading - AR

1 Introduction

Dutch primary and secondary school children have the lowest reading enjoyment
level of all 79 countries participating in the Programme for International Stu-
dent Assessment (PISA) 2018 research [8]. This is an alarming statistic, because
reading enjoyment positively impacts the development of reading skills [22]. To
make matters worse, there seems to be a negative trend, with reading enjoy-
ment levels being lower than in the PISA 2009 [8]. This could be the result of
decreasing skills which might be attributed to an increase of reading short texts
(e.g., text messages) and a decrease in reading long texts (e.g., books) [8,23].
As the report of the Dutch council for culture and education summarizes: ‘It is
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an important joint task to stimulate reading and make motivation for reading a
spearhead’ [23].

Merga [19] showed that finding the right engaging books is important to
create reading enjoyment. Children in that study (aged 8 to 11) commented
that they have difficulty finding books that suited their taste. Several primary
school educators reiterated this problem when interviewed as part of our current
study.

Adding pleasure to the process of visiting libraries and finding books is thus
not surprisingly a recurring research topic. There are large scale interactive
systems that facilitate browsing through a set of books, such as the camera-
projection floor surface of the StorySurfer [7], audio playback and recording
devices to leave —and listen to— reviews in public libraries [18], or interactive tech-
nologies such as new or free apps in school libraries (co-designed) by children [12].
The StorySurfer project emphasized the role of some physical movement within
the browsing process [7], the BibPhone emphasized the link between digital and
physical [18], and Itenge-Wheeler et al. emphasized the importance of school
libraries. For our current project we combined the focus on in-school libraries
with movement and location-based personalised interactions using smart devices.

In a typical library setting, the number of books is too large to scan through.
Therefore, besides providing pleasure, a practical focus in this domain is often
how to support browsing and dealing with (category-based) filtering in child-
friendly ways to keep the number of books manageable for the child. For instance,
the well-known participatory design work related to the International Children’s
Digital Library (ICDL) [10,11] details how they, together with children, came
up with properties and categories such as reading age, colour, and length. This
led to insights in how these can be integrated in screen- and child-friendly ways
with various trade-offs. Whereas Hutchinson et al. focused on children actively
browsing based on book properties, we instead facilitate exploring based on a
few reader ‘personas’. This is similar to the approach of stores like Amazon
who base book recommendations on the preferences of “other people like you”;
however, it is known that this approach may suffer from the filter bubble effect
[21]. We show how we address this by making personas that are not too precisely
constrained.

In our study we build on these starting points from related work. Similar
to [29] who built their application from theories on play and child development
[27], we are also targeting a playful experience and state of mind [1] building on
the elements of the PLayful EXperiences (PLEX) framework [14,16]. Following
standard HCI practices [15] we use interviews, surveys, and other feedback from
children, teachers, and a library expert. After discussing context and related
work, we will explain the ReadAR design rationale, and present the setup and
results of our study comparing the ReadAR application to typical approaches
currently used by the school, and end the paper with a discussion.

The main contribution of this paper is the context-informed concept of com-
bining peer book reviews with multi-faceted animated characters as a possible
direction for steering children towards finding books that fit their interests.



52 L. Wintermans et al.

2 Background — Playful Experiences for Finding Books

We build on related systems that go beyond traditional screen-based search for
finding books. We also used information obtained from experts and children, as
will be discussed in the next section.
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‘I like reading a lot! Especially | find
thrilling stories are great. | also like
books about magic and history.

Start P

Fig. 1. The ReadAR app explained in three pictures. On the left, a (translated) screen-
shot of the application. In the review mode, the child picks a character that fits the
book that was reviewed, and in the search mode they pick the character to search by.
For this character visualisation we customised Mixamo’s Mousey animated 3D model,
assigning different looping animations and colours. In the middle, an example of using
the tablet’s camera while walking around, the child sees the selfie-based book review by
a peer connected to the book of interest. On the right, a school library with books hav-
ing the AR markers attached, to identify the books currently available in the system.

With the StorySurfer children search for books in the library [7]. It consists
of one big floor surface that they can stand on, and a tabletop. Various book
covers as well as search interfaces are projected on these surfaces. Children can
use multiple themes to search by stepping on buttons and moving around. Based
on the input, similar to a Venn diagram, books that fit several themes are in
the overlapping part of a visualisation. By keeping the focus on one book for a
longer time on the floor, the book is selected and ‘sent’ to the tabletop where
they reveal new properties such as information about the author, a summary, and
related books. The StorySurfer seemed to foster social interaction, partly because
multiple users can use it at once. This created the opportunity for children to
‘look over the shoulder’ of others, potentially broadening their horizon.

With the BibPhone children can add audio annotations to books, which other
children can listen to [18]. By scanning RFID tags a child can either listen to
what was recorded onto the book or leave a message behind for someone else.
Reviews were provided by school classes of children that were invited to the
library. Evaluations showed that children liked listening to the recorded messages
on the books. Recording messages themselves, however, was often found to be
embarrassing by the children. This ties in with an important issue for user-
generated content: such systems are only as interesting as the content on it.
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The Department of Hidden Stories (DoHS) aims at storytelling and improved
engagement in a public library [29]. Children can create information relating to
books to be added onto the physical books via their barcodes. The concept
revolves around triggering storytelling and includes character cards, suggestions
to include a fortunate or unfortunate event, as well as instructions for content
such as ‘where does the story begin?’. The generated stories are related to the
books the children find in the library. There are two modes, one to create stories
and one to discover stories of other children. How the story is structured is left
open but in their evaluation children showed many key points of stories.

With the Search Wall, children can physically create their search with a
combination of tangibles [5]. For instance, rotating cubes with icons, rotating
knobs, and placing physical puppets (animal characters) that represent a media
type (e.g. comics [6]). On the central screen search results are shown in the order
of their popularity, scroll-able via knobs.

The ReadAR application is different in the following ways: we make use of
video and Augmented Reality, work in an in-school library, and have a different
approach to finding books (described later). Similar to related work we delib-
erately include active movement and relation to the physical environment for
exploring different books. We also include listening to another child’s review,
also with the aim to foster (mediated) social interactions. Similar to the app-
roach of the BibPhone, we include recordings of a book review by fellow children,
and similar to DoHS we do this by having a search and book review mode. To
further increase chances to generate interesting content, similar to DoHS we
included suggestions for content. For our case, as is also described in our context
analysis, we build on the traditional written book report forms.

3 Context Analysis

During the project we were informed by three teachers of the primary school
that participated in this research, each with more than 20 years of experience,
and by an education coordinator of ten public libraries. These interviews were
held online, as an unstructured interview. The interviews included discussing
what children do when they are looking for a book, the motivations for choos-
ing a book, and what problems the children experience when choosing books.
Additionally, a survey was conducted among primary school students.

3.1 Teachers and Expert on ‘Children Choosing Books’

The interviewees mentioned that most children primarily look at the cover of the
book, and furthermore at font size and images inside. One teacher mentioned that
children look at the number of pages, sometimes looking for the thinnest book
possible. The blurb on the back is often ignored. These findings fit with Reuter’s
study on (digitally) choosing books with the ICDL [26] and other studies [9,10].
Out of seven dimensions analysed by Reuter, the one mentioned as the biggest
influence on book choice was the metadata and physical entity of the book (e.g.,
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title, cover and front matter) [26]. Literature does show differences exist between
age groups, where these findings fit our target group of early elementary children
whereas older children are expected to make more use of summaries and genres
[9,10].

One teacher mentioned that some children have no systematic way of choos-
ing books, but simply walk up to the shelf corresponding with reading level and
choose a random book, putting it back when the cover does not appeal to them.
Level of difficulty was also part of the second most prevalent decision factor in
Reuter’s study, the ‘accessibility dimension’ [26]. In the school library of the
interviewees, bookshelves fit reading level, but were not sorted by theme.

Finally, a teacher remarked that children influence each other when choosing
books. When his students spend more time in the library, they start conversa-
tions and recommend books to each other. This fits with older children indicating
to rely more on their friend’s than teacher’s recommendations [9]. Our Read AR
application uses this by having other children suggest and give feedback about
books. Our system also acknowledges the difficulties of children with lower read-
ing levels, where we for instance link this to liking books with many pictures.

3.2 Teachers and Expert on ‘Problems Experienced by Children
When Choosing Books’

The teachers identified multiple problems that pupils experience in their
decision-making process. One of these is choice overload, which might reduce
the quality of the decision [4]. Libraries offer so many different choices that
children often do not know where to start. Children furthermore often lack the
verbal tools to describe which books they might like. They might know, but lack
the tools to define their taste. A teacher or librarian could help them discover
their literary taste, by asking questions and guiding them in finding a suitable
book. However, several teachers stated that while they would love to help their
students find a good book, they simply lack the time to do this for all students.

Teachers also stated that some children are unmotivated to make an informed
decision on what book to read. The process of choosing a book is deemed unim-
portant. Children often do not examine the contents of the book, but instead
focus on external things like the cover images and the size of the letters.

Finally, according to the library education coordinator, the typical setup of
a library, with rows upon rows of book spines, makes it hard for children to
see what is available and thus choose a book; they need more information. The
library does try to address these things, for instance by placing some books with
the cover towards the outside, but this is not sufficient.

3.3 Survey on Finding Books - Fun and Difficulty

We conducted a survey among pupils of the participating school, to get an idea of
their experiences or attitude towards the library and towards choosing books. We
focused on how easy and fun they consider the process to be. Similar to [3] who
targeted 8-12-year-old children, we used Likert-scale questions. After obtaining
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approval from the CIS ethical committee of the EEMCS faculty under RP 2021-
14, respondents were recruited via the participating school. The teachers of the
students then distributed the survey to those children for whom we had written
consent by their legal representative and approval for use of videos. Of the 40
participants, 25% were in the Dutch fifth grade (equivalent to US school system’s
third grade), 37,5% in the sixth grade, 20% in the seventh grade and 17.5% in
the eighth grade.

Fun experienced while choosing books Difficulty experienced while coosing books
. I find it easy to find a fun
| enjoy going to the library ] . book ¥ 1 |
I know where I can find the
I enjoy choosing a book || | ]
| always know where to look
In the library | have fun || | for my favorite books 1 ]
I would want to go to the | always succeed in finding a .
library more often fun book
I know well what kind of
| am happy when | can choose
u L books I like - -

a book

m% Completely disagree = % Disagree  m % Neutral =% Agree B % Completely agree % Completely disagree 1% Disagree W % Neutral =% Agree W% Con

Fig. 2. Translated responses of the children (5th-8th grade) on a 5-point Likert scale
about fun and difficulty while choosing and finding books (in any type of library).

Although we did not use a validated questionnaire, we did investigate reli-
ability of both constructs. The first construct, the amount of fun experienced
while choosing books, achieved acceptable reliability, with Cronbach’s a = 0.896.
The second construct, the experienced difficulty of finding books, had a lower
but still acceptable reliability, with o = 0.742. Removing the statement ‘I know
well what kind of books I like’ would result in an improved o = 0.761.

Responses to the question ‘Why is [this] your favourite book?’ were all quite
short. Children made two common arguments: a book being exciting/thrilling,
and a book being funny, but not with strong reasons for why they liked a book.
This fits with the expert interviews indicating it might be hard for a child to
verbalize their taste. Many of the arguments focused on only one or two aspects
of a book; whether it is funny, thrilling, has nice images, or is adventurous.

The results seem to indicate that the problems that children experience while
looking for books are not that related to knowing what books they like, nor to
a lack of enjoyment when looking for books. Rather it seems that there is some
difficulty in finding fun books and some resistance to going to and enjoying the
library. Elements we hope to address with the ReadAR application by providing
and going through recommendations in an ‘exploring’ way.

4 ReadAR

ReadAR was designed building on the related work and expert input, taking
PLEX elements [14,16] into account!, as well as design input from one teacher.

! During our design iterations we primarily took into account captivation, comple-
tion, control, discovery, exploration, expression, fantasy, humor, and sympathy. For
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This teacher also helped to inform us on the types of books to be included.
ReadAR was made in Unity and runs on an Apple iPadAir (2019) due to
availability and support for ARfoundation (i.e., ARkit for Apple devices). The
ReadAR app consists of two modes: a book review and search mode, similar to
[29].

4.1 Four 3D Characters

In ReadAR the children have to think about what type of person would enjoy
a certain book, expressed by choosing from a limited set of four virtual 3D-
animated characters (also see Fig. 1) with specific characteristics. The same char-
acters are used when looking for a new book to read. We recognise that ‘reading
stereotypes’ attached to the character could actually have negative effects on
children, such as filter bubble effects. To prevent this, we choose the reading
stereotypes to be broad yet specific, aiming to have all children finding a read-
ing stereotype they can somewhat relate to, or at least relate a book to. We
furthermore avoided visual attributes in the stereotypes that might alienate cer-
tain users on things other than reading preference. Striking a balance between
having enough options to choose from and having enough books per character,
four stereotypes were created in discussion with the teacher. In the app, the
characters introduce themselves and which types of books they like, see Table 1.

Table 1. The four types of characters in the ReadAR app, targeted to not fall too
much towards stereotypes but rather covering a wider range of books.

Name | Type of books Description

Peep | Funny books, sports books I don’t love reading... I'd rather go
outside to play! If I have to read
anyways, [’d want a funny book,
or a book about sports!

Fluff | Thrilling stories, fantasy books, |I like reading a lot! Especially
history books thrilling stories. I also enjoy books
about magic, and about the past

Pow | Realistic books, non-fiction books | I enjoy books that could really
have happened. I also really like
books with information!

Pika | Picture books, comics, books | I think reading is quite hard...
about animals, funny books That’s why I like when there are a
lot of graphics in the book. I also
really like books about animals!

instance, the characters’ traits are intended to be relatable and triggering emotional
feelings, similar to the suggestion in [14] that Sim characters might trigger sympathy.
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4.2 Book Review Mode

The reviewing of a book upon is supposed to happen upon returning it, and
consists of three main parts: taking a picture of the book to be returned, choosing
a character to which the book fits, and making a video telling why this book
belongs to this specific character. Similar to [29], these child-generated materials
are then used in the search mode.

The app starts by showing the camera feed with the instruction: ‘Create
a picture of your book’ and a big red button to take the picture. The child
can than navigate the four characters with two arrows, see Fig.1. The third
step consists of recording the video. The camera feed is put in selfie-mode,
and the child needs to press and hold a red recording button to start record-
ing the video, which is indicated with an instruction at the bottom. On the
same screen, some cues on what to say were added: on top as main instruc-
tion ‘Tell < Name character > whytheyshouldfindthisa funbook’ and next to
the selfie-feed ‘What did you think about the book?’, ‘What is the book about?’,
and ‘What type of book is it?’. These are the same questions that are on the
traditional book report that the children commonly used.

For recording and saving the picture of the book and the video, the NatCorder
and NatShare APIs were used to record video and save it to a specific folder. 2
The photos and videos that were recorded were kept on device, with each video
saved in a specific folder, representing the character the child has chosen. These
videos were (for now still) manually added to the AR experience in the search
mode based on markers and on basis of the book cover.

4.3 Search Mode

Finding (or: looking for) a book starts with the user choosing a character that
fits them. This is essentially the same interface as when returning a book, with
the descriptive text on the top of the screen changed to ‘Choose a character to
choose a book with’. After this, the interface becomes a viewfinder. When the
user hovers the tablet over one of the markers attached to the books that fits
the character they are looking with, a video of their peer who created a book
review on that book starts playing, see Fig. 1.

5 Method

To evaluate whether the prototype helped children choose books and made the
process more fun, we tested the prototype during two within-subject sessions
with respectively 18 and 15 participants.

Children were selected via a familiar teacher in the participating primary
school, inviting two classes of this school (Dutch fifth and sixth grade). These
were children from the age of 8 until 11 (same range as [19]), page = 8.9 with

2 NatSuite “NatCorder AP”, https://docs.natsuite.io/natcorder/ and NatSuite “Nat-
Share”, https://docs.natsuite.io/natshare/, accessed on 18th of June 2021.
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o = 0.96, including 7 boys and 11 girls. To provide more comfort for the children,
the tests were done with two children present each session at the school’s library.
Legal representatives signed both the consent form and separately we asked for
consent for use of the video recordings in the study, accessible only to the involved
participants during the study and to the involved researchers for a minimum of
10 years. This study including expert interviews was approved by the ethical
committee of our faculty.

In the first session we focused on the reflective part of the experience. Chil-
dren were asked to review a book of their choice with the Read AR prototype,
and to fill in a book report®. The latter was seen as the baseline alternative,
as this was currently in use in the primary school to make children reflect on
book choices. In the second session children were asked to find a book using the
ReadAR prototype and compare this to the current baseline of finding a book
without the help of the prototype.

Measurements mainly built on the Fun Toolkit [24,25]. The first form con-
sisted of four parts. An adapted smiley-o-meter [25] to measure fun (translated
and with revamped visuals, analysed with Wilcoxon’s signed-rank test based on
non-parametric characteristic of visual rating). A place where children could give
the activity a grade (based on their experience a 1-10 scale, using a t-test, assum-
ing a reasonable continuous scale with meaningful equal distances). Finally, there
were two open questions where they could write down what they found the most
and least fun (first author coding recurring responses and providing counts). For
the second session, a question was added concerning why they chose the book
they did, and a Visual Analog Scale (5-point scale from very hard to very easy,
using Wilcoxon’s signed-rank test) for experienced difficulty when looking for
a book. After exposure to both situations, another form was used to compare
the two experiences. On this form, the participants had to pick their preferred
situation. In addition, this form included an again-again table [25]. For each of
the elements of the experience, children could state whether or not they wanted
to do it again. For example, the elements in the again table for the first evalua-
tion session were: choosing a mouse (character), recording a video, writing down
what the book is about, giving the book a mark, using the iPad app, and filling
in the book report.

While the children were using the ReadAR prototype they were observed,
during which we paid special notice to playful behaviour. We made a draft
observation scheme with anticipated playful elements. Unfortunately, details are
outside the scope of this short paper (although we do briefly look at its potential
in the discussion). In total the sessions took six hours spread over two mornings,
during both mornings the sessions with two children directly following each other.

3 We used an online randomizer to decide who started in which of the conditions. After
each of the conditions they filled in the evaluation forms. In the second session, about
finding books, three children could not make it to school due to sickness(-related)
reasons.
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6 Results

We did not observe a significant difference in the reported amount of fun experi-
enced when comparing reflecting through a book report with reflecting through
the ReadAR prototype (Wilcoxon’s signed-rank test, Z = —1.883,p = 0.060).
However, the participants (61.1%) did report that they experienced more fun
using the prototype as compared to writing the book report. This fits with the
again-again table where 12 (out of 18) wanted to use the app again, 6 maybe;
whereas only 3 wanted to use the book report again 12 maybe and 3 not again.
There was no significant difference found in the overall grade given to the expe-
rience (freport = 8.21, pgpp = 8.94,T = 1.553,df = 18,p = 0.139). Children
enjoyed the characters that were included in the prototype, with 77.8% mention-
ing this as their favourite part of the application. The children disliked recording
the video review, for 66.6% their least favourite part (besides mentioned as least
fun in this open field, also in the again-again table 6x indicated as not again and
only 1x again).

There was no significant difference in the experienced difficulty of find-
ing a book when comparing finding a book with and without the prototype
(Wilcoxon’s signed-rank test, Z = —1.633, p = 0.102). More than half of the par-
ticipants (53.3%) reported they found it easier to find a book using the ReadAR
prototype. Looking at the types of reasons children gave why they chose a book:
we could observe that children more frequently gave a very general motivation
for their book choice when they chose a book without using the app. An example
of an overly general motivation is ‘it seems good’. With the Read AR prototype
instead (nine out of fifteen times) children mentioned an aspect that was fea-
tured either as a preference of one of the characters, or an aspect mentioned in
one of the reviews.

Children did experience significantly more fun when looking for a book using
the application, compared to finding a book without it, based on the Wilcoxon’s
signed-rank test (Z = —3.219,p = 0.001). The majority (86.6%) of the children
reported to have experienced more fun when using the Read AR prototype. This
also fits with results of the again-again table, 13 indicated wanting to do it again
using the app and 3 maybe; whereas for finding the book without the app only 3
again, 11 maybe, and 1 not again. The mean grade given for the experience is also
significantly higher (papp = 9.51 oupp = 45 VS Llwithout = 7-76, Ouwithout = 1.52)
for finding a book using the application (T' = 4.571,df = 14, P < 0.001).

Some of the favourite elements that were mentioned by the participants were
choosing the characters (also 10x again), watching the videos (11x again), and
looking for the videos (11x again). All children were able to pick a character that
fit them, and many children even checked out multiple characters. Sometimes
children got frustrated, because they thought there would be a video linked to
the book, but not every character contained a review for every book.
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7 Discussion and Future Work

From the evaluation with the primary school children, we see a significant
increase in the reported amount of fun when using the ReadAR prototype to
find a book. The children indicated to enjoy choosing the characters, looking for
videos, and watching the videos. We did not record a significant improvement
in the reported amount of fun when using the Read AR prototype to reflect on a
book. Children seemed to simply not enjoy recording the videos and were slightly
uncomfortable when recording their review. Even though nowadays children are
used to more regular video recordings (e.g., using Tiktok) this is still similar to
the findings of fifteen years ago when recording audio with the Bibphone [18].
We were also unable to see an improvement in the reported difficulty of finding
a book. We did get the impression that the book they chose using ReadAR was
more well-considered, although we cannot substantiate this with clear data.

7.1 Limitations

To make the children more comfortable, the evaluation of the prototype was
done in pairs of students. One student would start with using the prototype,
the other student would start with the alternative. In several cases, this led
to distraction for the student who had to do the alternative interaction, which
was arguably less novel. This could have influenced how children experienced
the interactions. Similar to studies with the BibPhone, for which the authors
reported technical problems including range and database connections [18], we
also had some usability issues. Several children did not understand that they had
to hold the recording button to keep recording, which led to some frustration
among them. In addition, for the first few students, the limit for the recording
time was too short (30s), which was solved on the spot (120s). Finally, it was not
that easy for children to switch characters as they had to close and reopen the
app. In general students seemed to have no difficulty doing this, as they tried
several characters. This difficulty might also be a potential strength, as it steers
the user to really go through one perspective before proceeding to the next.
We did not yet analyse book choices in detail. For instance, did they manage
to find a book that better fit them, and achieve the increase in pleasure of
reading? We do tentatively see a possible effect that the children give a more
elaborate argument for their book choice with the app. Although a different
medium comparison (app vs writing) and content (reading rather than ‘scientific
method thinking’) this seems to fit with Wijnen’s et al. findings when comparing
a learning task done with a robot instead of a tablet, that also indicated more
elaboration of answers with the more elaborate medium (there: the robot) [28].
At the same time, we see they do not yet more easily find a book with ReadAR.

7.2 Future Work: Towards Playful Child-Driven Intelligence
Suggestions

We see an interesting difference of our study and design with current apps pop-
ular among children, such as Tiktok. On the one hand, rather than have an
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Artificial Intelligence (AI) system decide the content-suggestion based on view-
ing/reading history, rather we have fellow children provide the content and fil-
tering. We also view this approach fits with the recurring values seen in related
work, such as ‘focusing on children’s sense of autonomy, agency, and empow-
erment’ [13, p205]. Unlike automatically learned reading profiles, the reading
stereotypes were also not to be found in the real world. Together with the teacher
we deliberately added elements that are a somewhat unnatural fit of an underly-
ing stereotype, purposefully going outside characterizations of occurring profiles.
This also has the practical use to get them into contact with other books than
they would normally read.

On the other hand, we see a difference with the apparent fun that children
can have in making and sharing videos for platforms such as Tiktok. We were
fascinated to see this finding from the Bibphone still holds [18], and can only
hypothesize to why this is. It is interesting to look for an alternative way of giving
feedback and to retrieve why children disliked recording the video. Maybe, the
children required more structure when talking about a book, or the opposite
if they feel forced. Or perhaps, children feel vulnerable showing their face to
others. One alternative to explore could be an avatar that repeats what the
child is saying, something like the popular ‘My Talking Tom Cat’ app?. Another
alternative is having an AR face filter to alter the face of the users to make
recording a video less intrusive. This might also diminish an urge seen with
Department of Hidden Stories to play ‘the game’ right, and a need ‘to know they
were doing the “right” thing’ [29, p1891]. Which leaves us to still wonder how
we can further the aimed-for playful attitude, rather than triggering a gameful
mindset of following predetermined rules in such systems (cf. [17]).

Furthermore, even if we manage to trigger more playful elements, we also
need to find suitable ways to measure this. Arrasvuori et al. suggest the use and
creation of a questionnaire to investigate the experience [1]. Perhaps for children
it might be worthwhile to instead employ observation schemes to see what kind
of playful behaviours are elicited. Currently we only did this in an informal
manner, with direct observations by the first author without proper checks for
validity and reliability (cf. [15]). In other studies with interactive products for
children, choosing the right training, schemes, and methods, authors managed to
get reasonable levels of agreement, including observations of other play categories
fitting interactive playgrounds [20] and Head-Up Games [2].

8 Conclusion

The ReadAR system with our participants clearly showed potential to truly
change the experience of choosing a book for a child. However, some elements
in the product should still be improved and need to be investigated on a longer
and larger scale. We also learnt that children did not enjoy recording the videos,
even though they appreciated those of others. We identified challenges and the

4 See https://play.google.com/store/apps/details?id=com.outfit7.talkingtom&hl=en
\&gl=US, accessed 26th of January 2021.
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potential for impact of more playful ways to search books, and urge others to
continue investigating similar directions.
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Abstract. Many goals people have, like getting into shape or getting
good grades on important exams, require small daily deferrable efforts,
like exercising or studying. To help people sustain these efforts over
time, behavioral research explored the use of interventions like planning,
reminders, commitment devices, and incentives. In an exploratory study,
we tested the effectiveness of these interventions in a real-life setting,
practicing exam questions, using four versions of a study app (mRAPID)
over 30 days. The basic app allowed users to plan their next study time
and get reminders for it. The other versions added either a commitment
device (a practice deadline), a contingent micro-incentive, or both. The
results of N = 58 participants suggested micro-incentives had a positive
effect whereas the commitment device had a negative effect of deadlines
on daily practice. We discuss the implications of these findings to behav-
ior design and the use of technology in behavior change, with a focus on
designing for behavior over time.

Keywords: behavior change + persuasive technology * habit
formation - incentives - deadlines * reminders * planning

1 Introduction

Many goals people have, like physical health and academic success, require small
and repeated daily efforts, like exercising or studying. In comparison with the
benefits of the larger goal, the costs of these daily efforts are insignificant, yet
because they can easily be deferred or put off “for later”, these efforts are highly
susceptible to procrastination amidst day-to-day distractions. To tackle this
problem, support people’s goals, and help them form good habits, behavioral
research proposed a variety of potential behavior change interventions, ranging
from incentives to nudges.
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Nowadays, many behavior change techniques are implemented as part of the
design of mobile apps and digital interventions [14, 18]. Mobile devices and appli-
cations are ubiquitous, can objectively measure behavior [13,18] and are often
designed to be persuasive and habit forming [9,10,16]. These aspects have led
to proliferation of research on human-centered technologies for behavior change
in computing [1,5,6,14,18]. As a result, mobile apps designed to help people
become more physically active, eat healthier, reduce stress, and increase pro-
ductivity, are currently used by millions around the world.

Despite this progress, a significant gap in behavior change research remains.
Technology-mediated nudges, even if effective, often have only modest effects on
behavior and usually do not persist over time [1]. Behavioral research still lacks
sufficient understanding of the mechanisms behind and the unintended conse-
quences of different incentive structures over time [8,11]. In particular, there is
not enough evidence on the interaction between different nudges and the long-
term effect of combining incentives and nudges on desired daily behaviors [11,25].
In behavior change technology, systematic experimentation and evaluation of
behavioral components implemented in mobile apps is lacking. Using mobile
devices, there is an opportunity to measure behavior in real time (e.g. physical
activity, daily practice) and provide personalized and timely behavioral nudges
and incentives [13,18,23].

The use of incentives for daily behavior became a popular research area with
successes in domains such as physical activity promotion [2], medication adher-
ence [12], and screen time reduction [19]. Incentives are generally effective in
changing behavior but must be designed properly [11]. For example, small incen-
tives can sometimes backfire and decrease motivation to perform the behavior
[11]. Behavioral designers should ensure extrinsic incentives do not decrease the
intrinsic motivation to perform a behavior [11] or increase the probability of
regretting a specific action [8]. Additionally, to be scalable, incentives should be
cost-effective and maintain effect on long-term behavior [11].

The nudging approach has provided behavior change designers a less costly
set of tools, such as reminders and planning prompts [5,7,18,23]. Reminders are
meant to help with the demands of daily life, to address procrastination and iner-
tia, and are generally effective in encouraging desired behavior [4]. Reminders
can be more effective when coupled with planning. In the context of daily behav-
ior, reminders about previously made plans (i.e. plan reminders) were found to
be effective for reinforcing healthy habits [21,24,26]. Extensive research exists
on personalizing and optimizing the timing and content of reminders and noti-
fications based on individual context and previous behavior [4,22,24].

An additional type of nudge involves the use of commitment devices: self-
regulatory techniques designed to mitigate the gap between intention and behav-
ior by clarifying timing, context, or the cost of future actions. Deadline is a form
of a costly commitment device. In a famous study, Ariely and Wertenbroch
[3] found that self-imposed deadlines can decrease procrastination and increase
performance of students in class. There is evidence suggesting that people under-
stand the limits of their self-control and therefore demand, and self-select into,
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costly commitment devices such as deadlines [3]. Yet deadlines do not always
work as intended. For example, recent research indicates that longer deadlines
can be more detrimental to goal pursuit than shorter deadlines [27].

The goal of our research is to design, implement, and evaluate a behavior
change technology that implements micro-incentives and daily deadlines. We
designed the mobile Reminders, Planning, Incentives, and Deadlines (mRAPID)
app to promote easily procrastinated behaviors amidst day-to-day distractions.
We evaluated the mRAPID mobile app and its behavioral components using
a field experiment (the RAPID Study), in the context of daily practice for an
important exam. The importance of the exam was highlighted for participants
by the use of a large monetary incentive that was guaranteed to the top 50% of
examinees in a post-study test. The goal was to increase the number of users’
sessions of practice for the exam, as well as the daily regularity of practices
across the 30 days of study.

In the design of the mRAPID app, we assumed that to promote exam prac-
tice, it was necessary that the app will allow planning of study sessions and that
it will provide reminders when the time for a session is reached. Therefore, even
in its most basic version, the app allowed users to plan their next-day study time
and get reminders when it arrives (Control condition). We compared this basic
version to three other versions that added either a daily deadline until which the
practice session should be completed (Daily deadlines only condition), a small
monetary incentive awarded for a successful completion of a practice session
(Micro-incentives only condition), or both a micro-incentive and a daily dead-
line (Both condition). Our primary research question focuses on the relative
effect of micro-incentives and daily deadlines on practice behavior over time.

This paper makes three main contributions. First, we provide empirical and
experimental evidence for the effectiveness of micro-incentives and daily dead-
lines in a real-life setting and over time. Second, we reveal that the effects of the
micro-incentives and daily deadlines are stronger in the long term than in the
short term, highlighting an important dimension that behavioral interventions
designed to impact behavior over time should consider. Third, we identify and
discuss the implications of our findings to behavioral science research, behavioral
design, and the use of technology in behavior change.

2 Method

2.1 Design of mRAPID App

Our research aims to explore the design and evaluation of behavior change tech-
nology for easily procrastinated daily behaviors such as exercising or study-
ing. We first design and study this technology in the context of daily practice
for important exams like the SAT, GRE, and GMAT. Our design process was
informed by prior research in behavioral science, and behavior change technolo-
gies. We first identified common behavioral barriers to achieve the goal of daily
physical exercising or studying such as procrastination, forgetfulness, and day-
to-day distractions. Then, based on evidence from prior research in behavioral
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science and behavior change, we surveyed the pertinent behavioral interventions
to change behavior in this context. Based on this process, we identified behavior
tracking, ability to create plans, and timely reminders as necessary features in
a study app designed to encourage behavior amid day-to-day distractions. We
further discuss two features of the mRAPID app we experimentally test in our
study: micro-incentives and daily deadlines.

1. Micro-incentives: Rewards are a central mechanism for behavior change tech-
nologies and habit-forming technologies. Micro-incentives are a class of mone-
tary incentives that are small enough to be delivered daily and are contingent
on objectively measured behavior.

2. Daily deadlines: Deadlines are a restrictive self-regulatory technique designed
to mitigate the gap between intention and behavior. Deadlines must be
seamlessly integrated with planning and reminders to increase motivation
to engage with behavior without decreasing ability to perform behavior.

We developed mRAPID based on the guidelines above for both the iOS
and Android platforms. To study the context of daily practice for an exam, we
connected our app to a commercial external application (the publicly available
“GMAT Question Bank” app by Veritas Prep) via an API to allow for tracking
of practices. Practice always happened in the external GMAT app (that we had
no control over) while behavior tracking, reminders, planning, micro-incentives,
and daily deadlines were delivered via our mRAPID app. Figurel shows the
main features of the study app: (1) tracking previous practices with feedback on
duration, score, and timing compared to reminders set by the user; and (2) the
ability to plan ahead and set practice reminders for the next day at the preferred
time for the user. Reminders with and without daily deadlines are delivered via
a push notification from the mRAPID app. A time for a reminder could only be
set once per day, and only starting the next day (to avoid allowing users to set
a reminder directly before practicing). After a reminder time was set, the app
sent a reminder on that time daily (i.e. users did not have to reset the time daily
unless they wanted to change the timing).

2.2 Participants

Participants were recruited to participate in a study that encouraged them to
practice GMAT questions. We initially enrolled N = 104 participants, with
N = 26 participants randomly allocated to each of four experimental conditions,
as described below. Participants were mainly advanced undergraduate students,
all from the same Israeli university. In a pre-survey, all but one of the participants
indicated that they had never studied for the GMAT before. 84% indicated they
did not plan to take the exam in the following six months. Of the 104 recruited,
nine participants were removed from the study due to technical errors with their
phones that did not allow proper functioning of the app. Of the remaining, we
focus on a subgroup of N = 58 participants, who engaged with the app and
completed at least one valid practice session (i.e. a session lasting at least 3 min
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GMAT Practice Reminder
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12:09AM) reminder
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Fig. 1. Screenshot of the mRAPID App from an iPhone device

answering at least 3 GMAT questions; see below) over the 30 days of the study.
We refer to this subgroup as the “active” participants. Notably, none of the
“inactive” participants asked for their monetary compensation nor participated
in the post-intervention mock exam (see below). Eventually, there were 11, 17,
17, and 13 active participants in the control, daily deadline only, micro-incentive
only, and both conditions respectively.

Participants’ compensation depended on the randomly assigned treatment:
in the conditions without micro-incentives, participants were given the local
currency equivalent of (approximately) 30 USD, independently of the number
and nature of practice sessions they completed. In the micro-incentive conditions,
participants were paid the local equivalent of (approximately) 1 USD for each day
(of the 30 days) in which they completed at least one valid practice session. This
procedure led to an average compensation of the equivalent of 24 USD per active
participant. In addition, N = 15 participants were compensated (approximately)
65 USD for succeeding in a mock GMAT exam at the end of the study.

2.3 Procedure and Experimental Design

The study was approved by the Technion Social and Behavioral Sciences Insti-
tutional Review Board. To participate in the study, participants were asked to
download two apps: the mRAPID study app we developed for the study and the
free and publicly available “GMAT Question Bank” app from either the Apple
App Store or the Google Play Store. The study ran for 30 consecutive days. All
participants were told their goal was to practice at least once a day, answering a
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quiz of at least 3 questions. They were also told that answering a 3-question quiz
in less than 3 min is extremely unlikely and therefore a valid practice session will
only be one in which 3 questions were answered in a duration no smaller than
3min. To motivate participants to practice, we announced that at the end of
the study, we will hold a mock GMAT test using GMAT questions taken from
the pool of questions in the Practice App, and participants who will be in the
top 50% among all those who take the mock test will be compensated the local
currency equivalent of (approximately) 65 USD. The mock exam consisted of 20
questions and was physically taken at the university lab.

All participants could use the basic features of the study app (track practices,
plan ahead and set reminders) and they could also use the GMAT app to practice
exam questions as many times as they liked during the duration of the study.
Our 2X2 experimental design resulted in a control condition and three treatment
conditions. Participants were randomized to one of four conditions: Control,
Daily deadlines only, Micro-incentives only, and Both micro-incentives and daily
deadlines. Detailed description of each experimental conditions is below:

1. Control condition: Participants are using the basic version of the mRAPID
app and can practice GMAT questions as much as they like and at any time.
They can set reminders and plan ahead as they like (though changing the
timing of reminders was allowed only once per day) but no daily deadlines
were set nor were micro-incentives given for practicing. Participants receive
30 USD for participation in the study.

2. Daily deadlines only condition: Participants are using the version of the
mRAPID app with daily deadlines but without micro-incentives. A dead-
line for completing a practice session is set for no later than 15 min after the
reminder time which is set in the system. Participants select the timing of
the reminder (and hence of the deadline) for the next day using the app’s
planning and reminder mode. The reminder time remains fixed for all future
days unless participants actively change it, which can be done only once per
day (starting the next day). There are no monetary consequences for not
completing the session within the set deadline. Participants receive 30 USD
for participation in the study.

3. Micro-incentives only condition: Participants are using the version of the
mRAPID app with micro-incentives but without daily deadlines. Participants
earn the equivalent of 1 USD for the first completed valid practice of each
day. Practicing more on the same day carries no incentive. Participants are
free to set their own reminders, but the incentive is not contingent on the
timing of the practice during the day. Participants are not compensated for
participation in the study beyond the daily incentives that they earn.

4. Both micro-incentives and daily deadlines condition: Participants are using
the version of the mRAPID app with incentives and with deadlines. This con-
dition essentially combines the previous two conditions. Participants earn the
equivalent of 1 USD for the first valid practice in each day that they complete
within the deadline (i.e. practice within 15 min of reminders). Participants are
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not compensated for participation in the study beyond the daily incentives
that they earn.

Our study includes two main outcomes: (a) Practice Days: we recorded the
number of days in which users had at least one valid practice session. This is a
measure of the regularity of practices over 30 days. In each of 30 days, a user
either practiced (at least once) or not. This is the main outcome in the study
since we incentivized only one valid practice session per day. (b) Practices: we
also recorded the total number of valid practice sessions since users could practice
as many times as they wanted. We used total number of practices as a secondary
outcome to measure habit formation and spillover effect of micro-incentives.

3 Results

Although we aimed for recruiting a larger sample we ended with too few par-
ticipants per condition to perform confirmatory analysis so we treat this study
as exploratory. Across the N = 58 active participants and all conditions, we
observed a total of 1115 practices (M = 19.2; Mdn = 18.5; Max = 70; Min = 1),
897 practice days (M = 15.5;Mdn = 16; Max = 30; Min = 1), and 193
reminder times set (M = 3.3; Mdn = 2; Max = 20; Min = 0). The descrip-
tive results per condition are presented in Table 1.

Table 1. Descriptive Results: Mean and Median number of practice days, valid
practice sessions, and reminders across the four conditions: control (N = 11), deadlines
only (N = 17), incentives only (N = 17), and both incentives and deadlines (N = 13).

Practice Days Practices Reminders
Control M =16.8, Mdn =18 | M = 22.6, Mdn =23 | M = 3.4, Mdn = 2
Daily deadlines | M = 9.4, Mdn =5 M =118, Mdn =7 | M = 2.7, Mdn = 2
Micro-incentives | M = 20.1, Mdn =27 | M = 24.9, Mdn = 30| M = 2.8, Mdn = 2
Both M =16.2, Mdn =20 | M = 18.7, Mdn =24 | M = 4.9, Mdn = 3
All Conditions M = 19.2, Mdn = 18.5 | M = 15.5, Mdn = 16 | M = 3.3, Mdn = 2

3.1 Association Between Planning and Reminders and Practicing

Our working hypothesis is that planning to practice and getting reminders for
it increase the chances of practicing. Because all versions of the mRAPID app
include a planning and reminders feature, we cannot validate this causal assump-
tion. We nevertheless verified that there is a positive correlation (r = .495,p <
.001) between the number of reminders a participant set and the number of days
that same participant practiced. That is, as expected, those who planned ahead
and set more reminders for the next day were also more likely to practice. The
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descriptive results show that participants in condition Both set slightly more
reminders than others. This observation may reflect the fact that to get the
daily incentive, participants in this condition had to practice within 15 min from
the reminder time that they set. Hence, unlike participants in other conditions,
those in condition Both were directly incentivized to plan ahead for practice
time. Yet, the difference was far from being statistically significant, possibly due
to lack of statistical power.

To test whether planning ahead was associated with the likelihood of practic-
ing the next day, we used a mixed-effects logistic regression predicting whether a
participant practiced on a specific day ¢ using an indicator for setting a reminder
time in day ¢-1 and including a random effect for participant (to control for
correlated observations within participants; SD = 2.45). The results showed a
positive and highly significant effect for setting a reminder on practicing the next
day: OR = 12.3,95%C1[5.8,28.7], x*(1) = 51.85,p < .001. Hence, as expected,
people who planned ahead for the next day and got a reminder in a desired time
were far more likely to practice that day.

3.2 Effect of Micro-incentives and Daily Deadlines

We now turn to test our main effects of interest. The descriptive results per
condition are presented in Tablel. Figures2 and 3 present violin plots that
demonstrate the difference between experimental conditions in the number of
practice days and number of valid practice sessions. The results hint that micro-
incentives tend to increase practice and the commitment device in the form of
deadlines tend to decrease the tendency to practice, in general and per day.

Due to the small sample size, we use the non-parametric Mann-Whitney
(Wilcoxon) test to estimate the effect of incentives and deadline factors inde-
pendently. In line with our research questions, we use a one-sided confirmatory
test to test if micro-incentives increase practice behaviors and a two-sided test to
test how deadlines affect these behaviors. Number of practice days was greater
with incentives (Mdn = 23.5) than without incentives (Mdn = 8.5), U = 308.5,
p = .042, r = .229. Number of practice sessions was also greater with incentives
(Mdn = 28.5) than without incentives (Mdn = 9), U = 310, p = .044, r = .225.
Number of practice days was lower with deadlines (Mdn = 9.5) than without
deadlines (Mdn = 25.5), U = 276.5, p = .026, r = -.294 Number of practice
sessions was also lower with deadlines (Mdn = 9.5) than without deadlines (Mdn
=27.5), U = 275, p = .024, r = -.297. These results indicate a positive effect of
incentives and a negative effect of deadlines serving as commitment devices on
the number of practice days and on the total number of practice sessions during
the study. We also do not observe differences between the control condition and
the treatment condition with both incentives and deadlines in the number of
practice days (Fig.2) and practice sessions (Fig.3). This results suggests that
the effect of incentives and deadlines cancel each other out when combined in
the same condition.

We also use several regression methods to check the robustness of our
findings. For the effects of incentives and deadlines on the number of prac-
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tice days, we used a mixed-effects binomial regression, as the dependent vari-
able is binary. To control for the correlation between observations of the
same participant, we introduced a random effect for participants (SD =
2.31). The results indicate that deadlines reduced the number of practice
days by 77%, OR = 0.23,95%C1[0.06,0.83],x?(1) = 4.97,p = .026. How-
ever, the (directionally positive) effect of incentives was not significant, OR =
2.86,95%C1[0.79,10.5], x*(1) = 2.61, p = .106.

Next, we evaluated the impact of the deadlines and incentives on the number
of valid practice sessions using a negative binomial regression, as the number of
practices can be any natural number. Using this analysis, we estimate that dead-
lines decreased the number of practice sessions by 63%, 95%C1I[39,101], p = .061,
a marginally significant effect, whereas incentives increased the number of prac-
tice sessions per participant by 33%, although this effect was insignificant 95%C'T
for IRR [0.82,2.14], p = .244. Note that each participant could only get an incen-
tive for practicing once a day. Hence, it may not be surprising that the effect
for incentives, insofar it exists, is stronger for the number of days practiced than
for the number of total practice sessions. In addition, we checked for interaction
effects using the above regressions, and found nothing in this regard. Complete
code for the analysis can be found in the Open Science Framework (https://osf.
io/vn73m/).

Effect Over Time. We now evaluate whether any effects of incentives and
deadlines are a result of initial reaction to the experimental condition or expe-
rience with the intervention over time. To do so, we divided the 30 days of the
experiment into three “blocks” of 10 days each. We analyzed the interaction
between each factor (deadlines and incentives) and time (i.e., blocks). Figure4
show that in all conditions, both the number of practice days and the number
of valid practice sessions tended to decrease with time. However, the decrease
appears to be sharper with deadlines than without. Moreover, when incentives
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for daily practices were provided, the decrease over time seems minimal, partic-
ularly when those incentives were not contingent on keeping a preset deadline.
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Fig. 4. Effects over time. (A) Median number of practice days over time across the
four conditions. (B) Median number of valid practice sessions over time across the four
conditions

To check these effects statistically, we implemented a mixed-effect binomial
regression with fixed effects for deadlines, incentives, block, the two-way inter-
actions of incentives and deadlines with block, and with random effect for par-
ticipant (SD = 2.63), predicting daily practice. The results show no indica-
tion for an interaction of block with the other factors. Yet, the main effect for
block was highly negative and significant, OR = 0.31,95%C1[0.25,0.38], x?(1) =
148.7,p < .001, suggesting that later in the experiment, participants were far
less likely to complete daily practices.

We also implemented a mixed-effect negative binomial regression with fixed
effects for deadlines, incentives, block, the two-way interactions of incentives
and deadlines with block, and with random effect for participant (SD = 1.02),
predicting number of practices. The results indicated that the positive effect
of incentives increased over time (interaction between incentives and block),
OR = 1.22,95%C1[1.04,1.42], x*(1) = 6.28, p = .012. That is, relative to partic-
ipants who were not directly incentivized to practice, those who were given incen-
tives had 22% more valid practice sessions for each additional block. In contrast,
deadlines tended to decrease number of practice sessions more over time (inter-
action between deadlines and block), OR = 0.86,95%C1[0.74,1.00], x*(1) =
3.89, p = .049. That is, relative to participants who were not under deadlines for
practicing, those who were under deadlines had 14% fewer valid practice sessions
for each additional block.
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3.3 Follow-Up Results

N=30 participants chose to take the final GMAT exam at the end of the study.
Although all of the participants were eligible to participate in the final exam,
our results show an obvious self-selection based on frequency of practices during
the study. Participants who took the exam (N = 30) had a median of 27.5 of
practice days while participants who did not take the exam (N = 28) had a
median of 4 practice days. To validate our assumption that more practice ses-
sions during the study are associated with higher chances of getting a high score
in the exam, we tested and found a significant correlation between number of
valid practice sessions and the final exam score (r = .48,p = .007). Notably,
controlling for the number of practices, there were no significant associations
between the condition a participant was assigned to and the exam score, sug-
gesting the interventions only affected the scores through their influence on the
number of practices. Moreover, the qualitative results reported above were also
replicated for the subsample of participants who took the final exam, although
there was clearly a severe lack of statistical power.

4 Discussion

The mRAPID study contributes to behavior change research and design of
persuasive technologies. The findings from this preliminary field study gener-
ally indicate that both daily deadlines to perform the targeted behavior and
direct micro-incentives provided for that behavior influence participants’ prac-
tice behavior over a period of 30 days. However, while micro-incentives increased
uptake of practice behavior, setting a deadline to perform the behavior gener-
ally decreased practice. The positive effect of daily micro-incentives was found in
comparison to conditions in which participants were paid the maximal amount
incentives for behavior could have provided. That is, the effect observed in our
study is probably not due to the payment itself but due to the direct link between
behavior and reward that was enabled by the design of mRAPID app. From a
habit formation perspective, the largest effects of both micro-incentives and daily
deadlines on behavior materialized in the last 10 days of the study, perhaps after
participants’ initial intrinsic motivation for behavior (that we assume was rela-
tively high as they chose to volunteer into the study) waned. This observation
implies that to sustain easily deferrable behavior over the long-term, providing
micro-incentives contingent on the behavior may be a promising design option
in behavior change technologies.

Our findings highlight a potentially crucial limitation in applying commit-
ment devices (i.e. deadlines) to change daily behavior. Since commitment devices
decrease the ability to perform behavior, these devices should be carefully
designed to sufficiently increase the motivation to act. Our findings identify
a negative effect of deadlines on daily behavior such as studying in contrast
to mainstream behavioral research, which often finds a positive effect [3]. In our
setting, the deadlines were applied on repeated daily behavior, as opposed to the
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more common single decision. In this setting, deadlines can potentially under-
mine habit formation. An interesting dimension to explore in future research
could be the differential effect of daily commitment devices on maintaining good
habits (e.g. studying, exercising) as opposed to breaking bad habits (e.g. smok-
ing, digital distraction) [20].

There is an active debate in behavioral research on the effect of small and
contingent incentives on behavior and performance. Previous research discovered
that you often have “to pay enough or not pay at all” since in many cases no
compensation was more effective than small compensation [11] with crowding
out of intrinsic motivation as the usual explanation for such negative effects on
performance [11]. Tt is also important to select the correct target for rewarding
behavior. In an educational context, prior research discovered that rewarding
student daily behavior such as school attendance is more effective than rewarding
academic outputs such as exam scores [15]. Our research builds on this prior
work by evaluating the effect of small incentives on daily academic input (i.e.
daily practice). Our findings indicate a potential positive and even cost-beneficial
effect of micro-incentives when applied in this context. This is a promising result
that should facilitate further research on how micro-incentives can improve daily
behavior and habit formation. This finding was obtained in the context of a
mobile app with the ability to plan ahead and receive timely reminders, which
allowed participants to maximize the effect of incentives on desired behavior.
This is an important element of behavior change technology design [23].

Our analysis indicated that the positive effect of incentives and the neg-
ative effect of deadlines mostly emerge over time as a result of learning and
experience. This highlights important implications for research on and design of
behavioral interventions. To change behavior, experience should ideally amplify
and not attenuate the initial effect of the behavioral intervention but too often,
the opposite occurs in such studies. Examples include crowding out of intrinsic
motivation due to incentives [11] and attrition due to excessive reminders or
deadlines. To evaluate the effect of experience, technology should be designed to
continuously and objectively measure the targeted behavior [13,18].

Our study design allowed us to investigate the differential effects on days of
practice, which were the proximal target of micro-incentives, and total number
of practice sessions which were not rewarded beyond once a day. We find that
that total number of practice sessions increased in the incentive conditions and
over time, indicating a positive spillover effect. That is, our findings suggest that
micro-incentives can help foster the habit of practicing, even when the incentive
was no longer in place. This is a particularly attractive result to designers of
incentive structures [11]. To achieve habit formation, the effect of an incentive
should remain even after it has been removed, and there can be spillover to
related positive behaviors that are not directly rewarded. Future research should
continue examining how behavior change research might achieve this goal.

We acknowledge that our study has a number of limitations. Our experiment
(N = 58) included a smaller sample compared to common practice in randomized
controlled trials (RCT) of behavioral nudges or incentives (e.g., [2]) but a larger
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sample than usual in similar research on design of behavior change technolo-
gies in human-computer interaction (HCI) and related fields (e.g., [17]). In some
domains, recruiting a large sample size in a trial of incentive is challenging due
the high cost incurred. Due to the small sample, we therefore consider our find-
ings preliminary with potential design implications. Despite these limitations,
this study design allowed us to discover a strong negative effect of deadlines in
the context of daily practice behavior. The generalizability of the negative effect
of deadlines and other commitment devices that can be applied daily is currently
unexplored and should be studied in greater detail in behavioral research.

Overall, our findings have unique implications to behavioral research and the
design of behavior change technologies. In the context of daily practice behavior
on a mobile app, micro-incentives have the potential to have a positive effect
on desired behavior while daily deadlines have a negative effect. These effects
arise over time as a result of experience of being in the study and using the app.
Therefore, behavioral research should examine the long-term effects of micro-
incentive and nudges and the experience mechanism that attenuate or amplify
the effects of behavioral interventions over time.
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Abstract. Research indicates that exposure to swearing, an experience often per-
ceived as a norm violation may affect individual and group behaviors. To further
explore this, we examined whether personal and group norms for swearing influ-
ence the extent to which exposure to swearing spreads virally and affects group
performance during an online group discussion. Participants engaged in an online
group decision-making task that assesses group performance and opinion polar-
ization. Results revealed that groups exposed to profanity and were permissive of
swearing were more likely to demonstrate deviant behavior that spread beyond
swearing (i.e., less task focus and less formal language) as compared to groups not
exposed to profanity. Furthermore, exposure to swearing decreased the quality of
group decisions and increased group polarization. These results have implications
for social norms and user behavior and productivity in distributed teams.

Keywords: Social Norms - User Behavior - Virtual Groups - Norm Violation

1 Introduction

1.1 Literature Review

Recently, in an effort to prevent instances of cyberbullying, the US state Arizona passed a
law deeming offensive language used in online settings, including profanity, to be a class
1 misdemeanor and punishable by up to 25 years in jail. This was significant as political
groups have made much headway in encouraging legislation to regulate sexual and
excretory acts in the media and online, but issues of free speech have generally made it
difficult to restrict profane language. For example, the US Communications Decency Act
(CDA) aimed at regulating pornographic and other profane material on the Internet was
successfully passed in 1996. Nevertheless, free speech advocates successfully overturned
portions of the bill aimed at regulating profane language just one year later. In further
support of free speech, a judge in London ruled that people should not be punished for
using profane language in public [1]. The judge argued that profanity is so common that
it has lost its shock value and no longer causes people distress. It is clear that there is
disagreement on whether or not such speech should be restricted. What is less clear is
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whether restricted speech has the intended effect of making society more “decent,” and
what the implications of restricted speech actually are.

Many of the aforementioned concerns and legal clashes are predicated on the assump-
tion that exposure to profanity negatively impacts behavior and might in some way be
contagious, infecting today’s youth and leading them to be more likely to use profanity
[2]. Yet, little research has tested the assumption that being exposed to profanity has
harmful effects.

1.2 Contagion of Indecent Behavior

Contagion of indecent behavior can be interpreted and understood within the framework
of the theory of normative conduct [3]. Similar to social learning theory [4, 5], the
theory of normative conduct proposes that we look to others’ behavior to guide our
own behavior. In general, if many other people are behaving a certain way, then we
may behave similarly — this is known as The Cialdini Effect [3, 6]. More specifically,
Cialdini and colleagues suggest we do this in order to understand the norms, or what
is consider appropriate or inappropriate, are in a given situation. They further propose
that there are two types of norms, injunctive and descriptive. Injunctive norms tell us
what we ought to do in general, are less context specific, and result from a lifetime of
experience, whereas descriptive norms tell us how others have behaved in a specific
context and are more strongly influenced by the here and now. Importantly, descriptive
norms can actually lead us to violate injunctive norms. For example, if one sees someone
in the act of littering, this may suggest that littering is acceptable in that particular park
because others are engaging in that behavior in that specific context (descriptive norm)
despite strong injunctive norms discouraging littering. Injunctive norms may also be set
by frequent exposure to normative information that is descriptive in nature. For example,
if one frequents a park that is heavily littered (vs. not littered), this suggests that littering
may be okay because others approve of it.

Research supports these assumptions. For example, people will litter more in contexts
that already contain litter, particularly after seeing someone else litter [3, 7], or vandalize
property that appears to be abandoned or uncared for [6, 8, 9]. That is, undesirable
behaviors may occur because of the descriptive norms being conveyed, and when we
see others performing a certain act, we will take their behavior as a cue to guide our own
behavior. Furthermore, evidence suggests that being exposed to just one person’s bad or
unethical behavior can set the norm that bad behavior for others is acceptable [10, 11].

We suggest that the theory of normative conduct affects profanity, such that when
a person uses profanity, observers may use it as a cue to guide their own behavior.
Specifically, we argue that being exposed to profanity may provide descriptive normative
information suggesting that other inappropriate behavior is acceptable. Supporting this,
several previous studies suggest that exposure to profanity, which is often seen as indecent
behavior, decreases motivation to engage in self-control [12]. Self-control can be broadly
defined as the act of exerting effortful control over one’s own thinking and behavior [13].
Generally, we engage in self-control (by effortfully refraining from engaging in negative
behaviors and/or engaging in appropriate behaviors) in order to maximize rewards and
minimize punishments or other unpleasant consequences. In effect, engaging in self-
control means following the rules and norms set by society.
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1.3 Online Disinhibition and Social Influence

Prior research on interpersonal interactions mediated by ICT suggests that there are four
key differences between this form of mediated-communication relative to face-to-face
interactions [10, 11]: 1) a temporal aspect; 2) the experience of relative/visual anonymity;
3) minimal importance of geographic location; 4) and a decreased focus on interactant’s
appearance. These differences have been shown to account for differences in interactions
in contexts ranging from work settings [16] to online dating [17] and generally suggest
that people interacting over ICT show more disinhibited behavior than they would if
interacting in person. Furthermore, because the norms regarding behavior in online
contexts is still evolving, people are often more sensitive to social norms created by the
specific online context [18]. Generally, this literature documents a greater propensity
for people to engage in disinhibited behavior, to disregard social cues associated with
other interactants (e.g., expertise) and violations of social norms dictating appropriate
behavior that exist in face-to-face interactions.

1.4 Overview of the Present Study

With the current study, we attempted to further examine whether personal and group
norms influence user behavior after being exposed to profanity. Specifically, we exposed
participants to swearing where group influence concerning the appropriateness of swear-
ing was unclear. To do this, we examined group norms in digital interactions (group per-
missiveness of swearing) as a predictor deviant chat behavior —i.e., task focus, grammar,
and language formality). Additionally, we examined whether or not being exposed to
profane language would lead to actual contagion of profanity within a group discussion.

This study contributes to the literature by examining group norms — specifically
group permissiveness of swearing -- in addition to personal norms and self-control after
exposure to swearing. Furthermore, given attention to the regulation of profanity on the
Internet, we sought to extend these findings to an online setting. Parents, media watchdog
groups, and political figures have become increasingly concerned that the fabric of
society is slipping into moral disarray owing to exposure to questionable content in the
media. These concerns have ramped up as of late due to the ready availability of such
content on the Internet. For instance, arecent report from Reppler, Facebook’s monitoring
service, reported that out of 30,000 Facebook profiles examined, 47% contained profanity
[19]. In this study, individuals participated in an online group discussion, in which half
of the groups were exposed to swearing. We predicted that being exposed to swearing
would lead to more norm violation within online chat discussions. We also predicted
that participants who were exposed to a confederate using profanity would be more
likely to use profanity themselves and demonstrate other instances of decreased self-
control. Finally, we predicted that group norms would moderate the effect of exposure
to swearing on self-control, such that groups who are more permissive of swearing should
demonstrate a reduction in self-control.

Additionally, the findings of [11] and normative conduct theory (the Cialdini Effect)
present the possibility that swearing may also be contagious. If exposure to swearing
can reduce an individual’s self-control, and rule violating behavior (including swearing)
is more likely to occur under situations in which people lack self-control [20], then
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exposure to swearing could lead to a contagion-like effect where exposure to swearing
leads others to swear themselves. This study explores this possibility by examining a
group discussion, in which some, but not all, groups were exposed to profanity in an
online chat environment. Chat logs were coded by trained raters to observe the presence
of swearing contagion as well as evidence of whether those exposed to swearing showed
other signs of decreased self-control.

2 Method

2.1 Procedure

One hundred and twenty undergraduate students (22% male) enrolled in introductory
psychology classes from a university in the Southeastern United States were recruited
to complete an online questionnaire that included a variety of personality and individual
difference measures. To assess perceived swearing norms, an adapted version of the
Permissiveness Concerning Swearing Scale (PCSS; see [21]) was embedded within this
questionnaire. The adapted version contained 3 new items including (“I don’t like music
that contains swear words”, “When other people swear, it offends me”, and “It often
bothers me when movies have swear words”). Several weeks after completing the online
questionnaire, participants were invited to the lab for an experiment on group discussions.

This study used a single factor (exposure to swearing vs. no exposure to swearing)
between subjects design. All groups were randomly assigned to condition. Additionally,
within all groups who were exposed to swearing, one participant was chosen by random
selection to use profanity during the group chat. Participants arrived at the lab with 2 to
3 other participants (total group size 3 or 4), matched for gender, and were told that they
would be participating in a study in which the purpose was to learn about how people
get to know each other and work together in an online chat environment. They were
then informed that to help facilitate their group discussion, the experimenter would ask
them to complete a group task called the desert survival task. The desert survival task
has previously been used in small group research [22], and requires group members to
rank order 15 items in order of importance that they would like to have in a survival
situation.

Participants were each seated individually in separate lab rooms and given several
minutes to look over the survival task and items on their own and rank order them. At
this point, within the swearing condition, the experimenter approached the randomly
assigned swearer while they were alone in waiting for the Google Hangouts chat to
begin. The experimenter filled the participant in on the true nature of the study, provided
them with a list of suggested phrases involving profanity, and then asked the participant
if they would be willing to use profanity 3 times (once every 5 min) during the group
chat!.

After completing their individual rankings, participants were informed that they
would be discussing these 15 survival items in a group chat for 20 min. We asked them to
discuss their individual rankings and to try to come to a group consensus on the order the

1 Only one participant declined to use profanity and this group was excluded from the final
analyses.
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items should be ranked (from most to least important). Participants communicated from
their individual lab rooms using Google Hangouts chat feature. After their discussion,
participants rankings were re-assessed, then each participant was individually suspicion-
probed, debriefed, thanked for their time, and dismissed.

3 Results

3.1 Chat Coding

Overall, there were a total of 33 groups (19 were exposed to swearing, 14 were not). None
one in any of the groups reporting knowing the other participants in their groups. Two
independent raters coded the online chat transcripts. Coding categories were generated
by the researchers and included contagion (the number of times participants other than the
assigned swearer used profanity), and several behaviors that we believed operationalized
the extent to which the groups demonstrated loss of self-control. These included the
number of times the chat went off topic (e.g., any time participants discussed something
other than the desert survival task), the amount of laughterthat occurred within the chat
(e.g., use of “lol” and “ha”), and the number of grammatical errors and slang use or
text speak (e.g. OMG, thnx, u)3 that occurred within the chat. We conducted correlation
analyses to assess interrater reliability. The correlations between the coders were high,
suggesting acceptable interrater reliability. The correlations were: perfect correlation for
contagion, p < .001, number of times chat went off topic, r = .97, p < .001, amount of
laughter within the chat, r = .95, p < .001, and amount of grammar errors/slang use, r
= .90, p < .001. Because we had such high reliability, we used an average for each of
the categories for the main analyses.

3.2 Main Effects

Next, we conducted a series of multiple regression analyses, using the [23] cross-centered
method. In each model we included condition (swearing exposure vs. no swearing expo-
sure), group acceptance of profanity, and the interaction term of these two variables
as predictors of contagion and the coded self-control categories. Group acceptance of
swearing was computed by averaging the group members’ scores from the PCSS mea-
sured several weeks earlier. The PCSS yielded acceptable reliability (M = 3.95, SD =
.89, a = .81). There were no significant main effects of condition or group acceptance

of profanity on contagion or the self-control measures®*.

2 Given the serious nature of the discussion topic (a survival task), we argue that laughter was a
good indicator of lowered self-control.

3 “lol” was counted only as laughter and not as text speak for the analyses.

4 Results did not vary based on the gender of the group (all groups were same-sex). Thus, analyses
are collapsed across group gender.
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3.3 Group Norms

We found several significant interaction effects between condition and group acceptance
of profanity on contagion and the self-control measures. There was a significant interac-
tion effect of condition and group acceptance of profanity on contagion, b(29) = .93, ¢
= 3.10 p = .004. Simple effects tests demonstrated participants other than the assigned
swearer used more profanity in groups who were exposed to profanity and who were
also more permissive of profanity, b(29) = .399, t = 3.77, p = .001.

Additionally, there were significant interaction effects of condition and group accep-
tance of swearing on the self-control categories, including the number of times the
discussion went off topic, b(29) = 6.42. t = 1.07, p = .03, the amount of laughter that
occurred during the discussion (29) = 8.93, t = 2.01, p = .05, and the amount of
grammatical issues/use of slang that occurred during the discussion, b(29) = 18.91, ¢t =
2.29, p = .03. Specifically, simple effects tests demonstrated that participants in groups
exposed to profanity who were also more permissive of profanity, were more likely to
go off topic in their discussion, b(29) = 5.57, t = 2.62, p = .01, to use laughter within
the discussion, b(29) = 11.13, t = 3.37, p = .002, and use slang and make grammatical
errors, b(29) = 14.98, t = 2.44, p = .02. No such effects were observed among those
who reported disapproval of swearing on the PCSS.

Finally, in order to ensure that the confederate swearers did not significantly change
their own chat behaviors after swearing and influence the nature of the conversation,
we had two new independent raters, different than the raters mentioned above, code
the online chat transcripts specifically for the swearers (confederates). We examined
the categories mentioned above (number of swear words used, number of times the
swearer went off topic, number of times the swearer laughed, and number of grammatical
errors/slang for each swearer). We then subtracted the scores specific to the swearer
from the overall group values, leaving us with a sum value for the group of unknowing
participants. We then conducted a series of ANOVAs comparing the swearer to the
unknowing participants on the main outcomes. In general, we found that the unknowing
participants were more likely to change the topic F(1, 36) = 5.04, p = .O3,np2 =.12,
use laughter within the chat topic, F(1, 36) = 8.87, p = .005, npz = .20, and also
make grammatical errors and/or use slang, F (1, 36) = 33.07, p < .001, npz = .27 as
compared to the swearers. In terms of the number of curse words used, all swearers
used exactly 3 profanities as instructed, and any additional profanity was introduced
to the conversation by the unknowing participants. These findings suggest any changes
in the conversation after the introduction of swearing was likely due to the unknowing
participants as opposed to the swearer.

3.4 Discussion

The results of this study demonstrated that profanity served as a cue to normative expecta-
tions for behavior in online chats. Consistent with predictions, we found that exposure to
profanity was contagious and related to less self-control; however, this was moderated by
attitudes towards profanity. Specifically, groups who were exposed to profanity and who
were also more permissive of profanity, were more likely to engage in less controlled
behavior (e.g., using more profanity, chatting off topic, laughing, using more slang).
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Overall, this provides evidence of the Cialdini Effect in another context, one online
rather than in an offline context, and suggests that when individuals who are accepting
of swearing are exposed to profanity, they may consider the use of swear words as a
signal that self-control exertion is not required within that context. Furthermore, these
results were demonstrated in a context in which disinhibited behavior is often observed.

3.5 Limitations

These findings are not without their limitations. First, the data were collected using a
convivence sample of college students rather than examined using a more diverse sample
of adults. Furthermore, while we controlled for individual perceptions on the social
acceptability of swearing, these norms may vary by the gender of the swearer, the gender
composition of the group, and the social context surrounding the interaction. Because
data were collected solely with same-sex groups, these results may not generalize to
mixed-sex groups. Furthermore, because the majority of participants in the sample were
women, these results may be more applicable to groups of women rather than groups of
men. Future attempts at replication of these results should examine whether the results
generalize beyond the sample characteristics reported in the present study.

3.6 Implications

Overall, it is likely the case that because of the rules and regulations pertaining to
profanity, most individuals are aware that profanity is a norm violation, regardless of
their tolerance of it. Thus, one implication of these findings is that strict rules prohibiting
the use of profanity, making it anti-normative, may largely contribute to it being a cue
to other deviant behavior, specifically to those who are already tolerant of profanity
and might question these rules. This has implications for widely popular Internet sites
such as Facebook, as can be seen in the example of Arizona’s recently passed law
deeming offensive language used in online settings to be a class 1 misdemeanor. However,
while such campaigns on anti-cyberbullying are much needed [24], by creating strict
regulations and punishments, this may actually serve to further bolster the relationship
between profanity and deviant behavior. Future research should more closely determine
how profanity affects those who are not tolerant of it, and importantly, how regulations
on profanity directly influence cyber bullying and other deviant user behaviors.
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Abstract. Most individuals are aware of the wastefulness of plastic packaging
but do not know what sustainable packaging exactly is or choose not to buy it.
In an effort to educate consumers about the sustainability of their products, the
current study employed an evaluative conditioning approach in which sustainable
and unsustainable products were paired with affective images of climate change.
We hypothesized that conditioning consumers with positive and negative images
of nature would either reinforce or weaken their perception of the sustainability of
the product. Sustainability Ratings revealed that consumers already had a strong
opinion about (un)sustainability of the product packaging. Nevertheless, the infor-
mation provided during the conditioning phase impacted their ratings such that
sustainable products that were paired with a negative image were perceived less
sustainable after conditioning. These results have implications for communication
practitioners and pave the way for future research into evaluative conditioning as
a technology to impact consumer attitude and behavior.

Keywords: Evaluative Conditioning - Affective Images - Sustainability -
Behavior Change - Implicit Associations

1 Introduction

Pollution from fossil-based plastic waste may take up to thousand years to decompose
completely [1] and thereby waste related to packaging affects the quality of air, soil, and
water, accelerating the problem of climate change [2, 3]. While consumers have become
increasingly aware of their environmental impact, excessive consumption patterns still
exist [4]. Even for those consumers who wish to act sustainably, survey studies show
that they could not correctly describe an ecological-friendly packaging or did not have
a clear idea of what it looked like [5, 6]. In this way, the behaviors consumers (and thus
all of us) perform on a daily basis have a longer-term effect on the health and well-being
of their own, but also of other individuals and on society at large [7].

Although many consumers, when asked, express preference for green and sustainable
products [8], they do not always purchase them [9]. This discrepancy between what
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people say and what they do is labeled as the attitude-behavior gap [10], which is an often
encountered problem for responsible consumer behavior. Recently, Leeuwis et al. [11]
proposed a framework for the design of behavior change interventions that could promote
pro-environmental attitude and behavior among consumers. In their review, Leeuwis
et al. [11] specifically investigated evaluative conditioning (also known as affective or
emotional conditioning) as a potential method that could change consumers’ behavior
toward more sustainable purchase decisions and therefore bridge their attitude-behavior
gap.

Evaluative Conditioning (EC) is a type of learning that is facilitated by pairing a
neutral stimulus to a stimulus that is already (dis-)liked until the previously neutral
stimulus elicits the same affective response in the desired direction [12, 13]. EC has
shown to be effective [14] on subjective attitude and behavioral measures [15] although
some studies found EC effects only on attitude but not behavioral measures [16] or
the other way around [17], and some reported no change at all [18]. In environmental
research, EC has been adopted by presenting images or texts concerning positive or
negative natural scenes when a subject grabbed a product in a virtual reality supermarket
[19]. The study showed that an EC intervention of this kind could affect consumer
attitudes and behavior until two weeks after the experiment [19].

Another EC study in the health domain paired images of snack foods with images
of potential adverse health consequences in order to promote healthy eating [20]. They
showed that the pairing of snacks with health risk information influenced food-choice
behavior directly after the experiment towards healthier choices. Moreover, before and
after the conditioning phase, implicit attitudes were assessed with the Implicit Associ-
ation Test (IAT) [21], where fruit (healthy choice) and snacks (unhealthy choice) were
coupled to words communicating pleasant and unpleasant attributes. They found that
compared to a control group who received no health risk information (i.e., no condition-
ing), the intervention group showed significantly higher IAT scores after conditioning,
indicating that unhealthy food was perceived less pleasant [20].

The IAT is a psychological test intended to detect automatic and subconscious pref-
erences by measuring the time it takes an individual to classify a stimulus into two
categories [21]. In some contexts, implicit attitudes are considered to be a more reliable
predictor of behavior than explicitly expressed attitudes because they are less likely to
be guided by social influences and desire to conform to peer group norms [22]. In pre-
vious environmental research, implicit tests provided different results on sustainability
ratings than explicit surveys, showing low congruence between explicit and implicit
sustainability orientations [23, 24].

There have been few investigations on consumers’ perceptions towards sustainable
packaging and the impact that evaluative conditioning can have on their attitudes toward
products. The current study aims to fill this gap by exploring the potential of evalu-
ative conditioning as a technique for development of future persuasive technologies
in environmental research. We collected a dataset of climate change images including
strongly-valenced (both positive and negative) nature sceneries. By pairing these images
with either products in excessive plastic packaging or foods without any packaging, we
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investigated how the perception of product packaging changed before and after expo-
sure to climate change and nature images. We hypothesized that conditioning consumers
with negative images of climate change would weaken their perception of sustainability
for product packaging and conditioning with positive images of nature would reinforce
it. While EC is consciously perceived, it has an automatic or unintentional effect [12],
therefore we both measured attitude change using explicit sustainability ratings and
inferred attitude strength from the associative response latencies.

2 Methods

2.1 Participants

A total of 70 respondents (17 Male, 51 Female, 2 Non-binary; Mg, = 20.74, SDgge
= 3.44) were recruited to participate in an online experiment. They were all university
students and received course credit in return for their participation in the experiment. The
study was approved by the Research Ethics Committee of Tilburg School of Humanities
and Digital Sciences. Prior to the experiment, participants read an information letter and
singed an informed consent form. After preprocessing the data (see section Analysis for
the exclusion criteria), 4 respondents were removed, leaving 66 subjects in the analysis
(16 Male, 49 Female, 1 Non-binary; M 4e. = 20.58, SDgq. = 3.10).

Before the experiment, a power analysis was conducted using g*power [25] to deter-
mine the number of required subjects in the study. We set the power at 0.95, the alpha
level at .05, and the effect size of the primary outcome at d = 0.5 (in line with a review
on evaluative conditioning [12] and used by Hollands et al. [20]). Concerning a paired
Wilcoxon rank test, the required sample size would be 57. This number was oversampled
to ensure that after data rejection the sample size would still be sufficient.

2.2 Stimuli

Product images were selected based on their appearance on a Dutch grocery retailer
website! and websites with open creative licenses such as Pexels.com. Images were
selected based on their packaging; they either contained no packaging, re-usable, recy-
clable packaging (including packaging that claimed to be better for the climate) or
products that were packed in (excessive) plastic. The images from the websites were
modified such that their background was white and the logos on all packages were made
unrecognizable.

In an initial test for stimuli validation, we explored the sustainability perception of
these products (n = 94) by asking 94 subjects to rate the sustainability of their packaging
on a 7-point Likert scale. Sustainability in this case was defined: “in the sense of packages
owning attributes aiming at reducing the product’s environmental footprint. Think of the
materials of the package, recyclability and ecological footprint”. The products were then
sorted based on this initial rating test and the top and bottom nine products were selected
to serve as stimuli in the main experiments. Products with the highest Sustainability
Ratings (M = 6.57, SD = 0.03) did not include any packaging, while products with the

! https://www.ah.nl/producten.
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lowest Sustainability Ratings (M = 1.93, SD = 0.15) were all using unnecessary extra
plastic (Fig. 1).

' »/‘\

i

y

(A) (B)

Fig. 1. Examples of product images included in the test. (A) Products whose packaging was rated
most sustainable and (B) products which packages were rated most unsustainable.

The climate related images for the evaluative conditioning were selected based on
another stimuli validation test. In this test, nature images promoting either positive or
negative emotions were gathered from three sources: an openly available database of
affective climate change images by Lehman et al. [26] where images were rated on
relevance, arousal and valence; an openly available database of positive nature images
by Dal Fabbro et al. [27] that were rated on arousal and valence; and images that were
obtained from websites with creative licenses such as Pexels.com and Unsplash.com.
When looking for images online, search terms such as ‘waste’ and ‘pollution’ were
used to search for negative images. To keep the images in both negative and positive
conditions as similar as possible, we tried to match their context. For instance, if the
selected negative image showed a polluted ocean, we would search for ‘ocean’ and
‘water’ to find its positive counterparts in the same context. In this validation test, 125
respondents rated a random subset of 20 out of 35 images (11 negative, 10 neutral and 14
positive images) on their valence, arousal and relevance to climate change on a 9-point
Likert scale. Afterwards, subjects performed a pairing task where negative images were
presented together with four neutral or positive images which researchers thought might
be visually or contextually resembling them. Subjects were instructed to choose one of
the four images that they considered the most appropriate opposite of the shown negative
image. Each subject rated 6 out of the 11 pairs that were included in the study.

From all climate related images, six pairs (positive vs. negative) were selected to
be used in the conditioning experiment (Fig. 2). The selection was based on subjects’
pairing and how large the difference in valence ratings were. The average difference
in valence evoked by this selection of pairs was 3.60 (SD = 0.53), where the average
valence rating for positive images was 6.34 (SD = 0.60) and for negative images was
2.93 (SD = 0.14) (#(5) = -13.33, p < .001). The arousal (M = 4.66, SD = 0.31) and
relevance (M = 5.52, SD = 0.64) ratings for positive images were lower than the arousal
(M =17.07, SD = 0.10) and relevance (M = 6.91, SD = 0.33) for the negative images
(5)=16.17,p < .001; W =21, p = 0.03). On average, the match between the selected
pairs as perceived by the subjects was 48.40% (SD = 10.78%), meaning that almost half
of the subjects selected this positive image as being the best counterpart to the negative
one presented (out of four choices).
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Clean ocean vs unclean Healthy beach vs pollute Healthy forest vs fire

704 2,93

3,07

Fig. 2. Example of affective images that were presented during the EC phase. The pairs were
defined by the subjects, and were selected when the difference in their valence ratings was the
greatest. The mean valence score is provided below each image (on a 9-point Likert scale).

2.3 Procedure

The experiment was administered online using Qualtrics and could only be taken on
desktop. Subjects read the information letter and were only able to continue when they
signed the informed consent (Fig. 3). First, subjects answered questions regarding demo-
graphics and plastic attitude, then New Environmental Paradigm (NEP; Dunlap et al.
[28]), and Health Consciousness (HC; [29, 30]). After that, they conducted the Sustain-
ability Association Task (see details below) on 18 product images. This was followed
by Evaluative Conditioning (EC) phase where subjects received positive or negative
information (affective images) about 6 sustainable and 6 unsustainable product images
(note that 3 sustainable and 3 unsustainable products were not included in the condi-
tioning phase in order to serve as control items). The EC phase was repeated three times
to ensure associative learning. After that, the Sustainability Association Task was once
again conducted to evaluate attitude change. Afterwards, subjects were debriefed that
the presented combinations in this study were not real but rather served as experimental
manipulation and subjects were thanked for their participation.

Information + Consent Questionnaires Pre-EC SAT EC phase Post-EC SAT Debriefing

Subjects read Demer’?Phlcs' (B prodict Aages ?2 OfjthesTRroducT The same 18 product ~ Subjects were

n . New Environmental were evaluated with  images were coupled . :

information letter and 1 e i images were debriefed and
P Paradigm (NEP), the Sustainability to positive or i .

sign informed consent i e N - evaluated with the thanked for their

_ Health Consciousness Association Task negative climate Figiagots
before they continue SAT participation

(HC) (SAT) change information

Fig. 3. Overview of the procedure of this experiment.

2.4 Questionnaires

The demographical questions assessed the gender and age of the subjects as well as their
responsibility for grocery shopping at least for most of their meals. Subjects’ environ-
mental belief was assessed with the New Environmental Paradigm (NEP; [28]) (including
15 items answered on a 5-point Likert-scale). Thereafter, Health Consciousness (HC)
[29] was measured by 4 items on a 7-point Likert scale. Health is considered important
for grocery purchase decisions [30]. A question about the consideration of the negative
impact of plastic packaging was added according to [31] where subjects were asked
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“To what extent do you think about the negative impact of plastic packaging on the
environment?”.

2.5 Sustainability Association Task (SAT)

The perception of sustainability and wastefulness of each product was assessed before
and after the EC phase with the Sustainability Association Task (SAT). This task is based
on the presumption that the strength of an association between an object (i.e., product)
and an attribute (i.e., sustainability) is reflected in the subject’s Response Latency: when
stimuli are easy to process (which is the case for objects and evaluations that are perceived
to be congruent) subjects respond faster to these stimuli [32]. Compared to Likert-scale,
this may better represent the subjects’ opinion or cognitive process [33]. These basic
assessments of evaluative priming [32] provide the basis upon which the IAT has been
developed [21, 34] and is preferred for the measurement of attitude accessibility [35].
The SAT consisted of the presentation of a product image with the words Sustainable
or Wasteful (one at a time) underneath. Subjects answered whether they thought these
words fit the product using E (No) and I (Yes) keys on the keyboard (see Fig. 4). Subjects
had 5 s to answer each trial. The timer was shown on top of the screen as a blue bar
that was filling up. If subjects could not answer on time, the test moved to the next
trial. Before the task, there was a practice block where subjects could practice the task
with two products and two association (four trials in total) that were not included in
the analysis. After the practice round, subjects were once again presented with the task
explanation and were granted 5 s to place their fingers on the keyboard. The same was
true for the post-EC task.

Yes No

Sustainable

press E press|

Fig. 4. Example trial of the Sustainability Association task. Nine sustainable and nine unsus-
tainable products were presented with both words Sustainable and Wasteful (in total 36 trials).
Subjects had to press E (Yes) or I (No) within the time limit of five seconds.
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2.6 Evaluative Conditioning (EC)

The EC phase comprised of six conditions. From each group of highly sustainable (n =
9) and highly unsustainable (n = 9) products, three images were paired to a positively-
valenced nature image, three were paired to negatively-valenced images and three prod-
ucts were not paired at all. In the group of sustainable products, this led to three products
where sustainability was reinforced, three products where sustainability attributes were
weakened, and three products that were not conditioned (i.e., sustainability perception
should not be changed). Similarly, for three wasteful products the wasteful association
was weakened, for three products the wastefulness attribute was reinforced and for three
products no affective information was provided. Each product was shown for 1 s, fol-
lowed by the climate image for 1 s. Then a fixation cross was shown with an inter-trial
interval that varied between 800 and 1200 ms before the next combination was shown.
All combinations were shown three times. In between every block, a grey circle was
shown where the subject could choose to take a break and continue when they felt ready
to do so.

2.7 Analysis

Responses were filtered when the response latency was below the lower boundary of
300 ms or above 5000 ms as in [36]. Subjects were removed from analysis completely if
more than 10% of the SAT trials were filtered. Responses to trials with Wasteful associa-
tion were re-coded such that yes meant unsustainable and no meant sustainable. Data was
calculated per person and condition. This means that for every subject, their responses
to each product group (sustainable vs. unsustainable; 3 products each) receiving one of
the three affective conditioning options (either Positive, or Negative, or No Affect (NA))
were summarized as Sustainability Rating and Response Latency for that product group.

The explicit Sustainability Rating was calculated as the number of yes answers
to Sustainable trials and no answers to Wasteful trials divided by the total number of
included trials for that subject in that condition (maximum of six). Consequently, the
Unsustainability Rating would be 1 minus the Sustainability Rating. Response Latencies
were calculated as the average time it took each subject to respond to the six product-
attribute combinations presented in each of the EC conditions.

Besides the Sustainability Ratings and the corresponding Response Latencies, Asso-
ciative Strength was calculated that combined both measurements into one compre-
hensive value. The Associative Strength reflects both the Sustainability Rating and the
strength of that rating by incorporating the Response Latency and is calculated according
to Eq. 1. Here, %yes is the percentage of trials in which the subject answered yes when
the word Sustainable was shown and no when the word Wasteful was shown (reversed
for the %no), RTyes and RTy, are the averaged reaction time corresponding to those
trials, and RTyeqn is the grand average of RTs over all trials in the pre- or post-EC tests
together for a specific subject. This grand averaging was employed in the equation to
normalize the RT values per participant and successfully reflect their variation between
conditions and measurements, which is an important modulation in response latency
research [34]. Reaction times (RTyes, RTpo, and RTean) were reversed in the equation
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such that a shorter reaction time indicated a stronger association.

(%yes X ﬁ) - (%no X ﬁ)
: 1)

RT yean

Consequently, the obtained Sustainability Ratings, Response Latencies and Asso-
ciative Strengths from the pre-EC and post-EC SAT tests were compared using paired
Wilcoxon Rank test due to non-normal distribution of all metrics. Since, there were mul-
tiple comparisons per product type and metric, the alpha level was adjusted to 0.016. In
calculation of questionnaire scores, the odd questions of the NEP were reversed before
the average score was calculated for each subject.

3 Results

3.1 Subject Demographics

The average Environmental Belief (NEP) in the sample was 3.58 (SD = 0.44; on a scale
of 5). The average Health Consciousness (HC) score was 5.19 (SD = 0.94; on a scale
of 7). In total, 68.18% of the sample was responsible for their own grocery shopping for
the majority of the week. This distribution was similar between genders. There was also
no difference in NEP or HC scores between genders. Most subjects indicated to think
about the negative impact of plastic packaging but buying it anyway (36.92%) or not
buying it sometimes (32.31%). A minority looked at alternatives (12.31%) or did not
think about the impact at all (18.64%).

3.2 Sustainability Association Test

The results from the SAT are presented in the following paragraphs using three metrics
that describe an explicit measurement (Sustainability Rating), the accessibility of the
opinion (Response Latency) and the implicit Associative Strength Score, which reflects
how strongly that product is associated with sustainability.

3.3 Sustainability Rating

The Sustainability Rating is the number of times the subject responded that a product
is sustainable: either by answering yes when the attribute Sustainable was shown or
no when the attribute Wasteful was presented. Figure 5 demonstrates the Sustainability
Ratings for both product categories before and after EC in three directions (Positive,
Negative, NA). As can be seen in this figure, for both product categories the pre-EC
SAT test shows considerably strong opinions: the median is at 100% for most of the
sustainable products and at 0% for most of the unsustainable products.

While these rather explicit measurements show small differences in the general
outcome of the pre- and post-EC tests, the difference was significant for the Sustainable-
Negative condition, where the sustainability perception of sustainable products was
weakened after conditioning with negative climate images (W = 653, p = .012). Even
though the medians of both pre- and post-EC tests are the same in this condition (Mdn
= (.83), this result is caused by the greater variation that was observed in the post-EC
test compared to the pre-EC test.
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Fig. 5. Averaged Sustainability Ratings per subject for each condition in pre- and post-EC SAT
tests (x p < .016).

3.4 Response Latency

The result of Response Latency is summarized in Fig. 6. There was no difference in
average Response Latency per subject between the pre- and post-EC tests. Response
Latency for sustainable products was in general faster in the pre-EC test (Mdn = 1007,
IOR = 370) than the post-EC test (Mdn = 1077, IQR = 532), while for unsustainable
products this was the other way around (pre-EC test: Mdn = 1234, IQR = 512; post-EC
test: Mdn = 1109, IOR = 483).

When comparing pre-EC and post-EC SATs, unsustainable products showed signifi-
cant decreases in Response Latency in all conditions. The products that were conditioned
with positive affect were responded faster in post-EC test (Mdn = 1107, IQR = 449) than
in pre-EC test (Mdn = 1256, IQR = 507) (W = 1514, p = .009). Similarly, unsustainable
products that were reinforced with negative affect (W = 1502, p = .011) (pre-EC: Mdn
= 1201, IQR = 449; post-EC: Mdn = 1056, IQR = 431) or not conditioned at all showed
significantly faster response in post-EC test (Mdn = 1107, IQR = 425) than in pre-EC
test (Mdn = 1329, IQR = 607) (W = 1603, p = .001).
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Fig. 6. Averaged Response Latencies (ms) per subject for each condition in pre- and post-EC
SAT tests (x p < .016).
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3.5 Associative Strength Scores

Associative Strength scores (Fig. 7) were lower after negative conditioning of unsustain-
able products (W = 1448, p = .029), although this result cannot be considered significant
after correction of multiple comparisons. Nevertheless, it shows that negative affective
images paired to unsustainable products could strengthen the unsustainable association
subjects had.

Sustainable pre-EC @ Sustainable post-EC Unsustainable pre-EC @  Unsustainable post-EC
Sustainable Unsustainable
p-03

Associative Strength

NA Negative Positive NA Negative Positive
Conditioning

Fig. 7. Averaged Associative Strength per subject for each condition in pre- and post-EC SAT.

4 Discussion

This study aimed to establish the potential of evaluative conditioning as an intervention
for changing consumers’ perception of (un)sustainable packaging. Using images of
(un)sustainable products that were paired with affective images of natural scenery, it
was demonstrated that reinforcing information about a product’s environmental impact
did not significantly change subjects’ perception of the product. That is, when sustainable
products were conditioned with positive images of nature and unsustainable products
were conditioned with negative images of climate change impact, Sustainability Ratings
remained unchanged. However, when sustainable products were paired with incongruent
affective images (i.e., negative images), we observed a significant weakening effect
of conditioning on subjects’ Sustainability Rating of the products. For unsustainable
products, the Association Strength towards unsustainability was reinforced when paired
with negative images.

The explicit Sustainability Ratings that were collected in pre-EC SAT test (see Fig. 3)
revealed a ground truth in the selected product images: before conditioning, the sustain-
able products were perceived very sustainable and the unsustainable products were per-
ceived very unsustainable. This implied however, that reinforcement conditioning could
not really affect the perception of these products, as they were already rated very high or
low on sustainability. However, we did observe that reversing the association by condi-
tioning the products in the unexpected direction could change the Sustainability Ratings
toward a weakened perception. Although this induced change was not large, there was
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more variability in the post-EC responses in that sustainable products were perceived
slightly less sustainable and unsustainable products were rated slightly more sustain-
able. For future research, we would therefore suggest exerting the same conditioning
paradigm but with products for which consumers are uncertain about its sustainability.
Previous research already showed that repeatedly presenting an object paired with an
affective stimulus seems to be effective in increasing attitude availability [37], for exam-
ple four repetitions of an advertisement already increased the associative strength of the
brand with the advertised attitude (although the direction of the attitude itself was not
impacted by the ad) [38].

Our results provide an interesting insight in the attitude availability of consumers.
The fact that Response Latencies before conditioning were lower for sustainable products
than for unsustainable products, shows that consumers tend to have a faster evaluation
of sustainable rather than unsustainable products. While showing a product without
packaging might activate the sustainability perception at once, a product in packaging
seems to require more cognitive processing to assess the material. After conditioning, the
difference in Response Latencies disappeared, indicating that after the information phase
(i.e., EC) the evaluation time for all conditions became similar. For all unsustainable
products, this marked a significant decrease in Response Latency. Thus, one might argue
that the mental availability for wasteful products is not pronounced: it requires consumers
observable effort to appraise wasteful products, whereas for sustainable products the
appraisement seems to require relatively less effort. The importance of fluent processing
of sustainability is also underlined by [39] who highlighted that the pure existence of
ecolabels on food packaging does not mean these labels are perceived or cognitively
processed.

The combination of Sustainability Rating and Response Latency into one metric of
Associative Strength provided additional information: here the results showed that nega-
tive conditioning had stronger effects on Associative Strength than positive conditioning.
That is, the products that were paired with negative affective images showed the largest
decrease in Associative Strength after the conditioning phase, while the products paired
with positive affective images did not show a significant change in Associative Strength.
This effect is known in the psychology field as the negativity bias [40]: negative news
tends to activate individuals more than positive news [41].

In discussing these results, one should consider that the sample of this study was
young, educated and primarily female. Previous studies have shown that gender, age
and education can impact climate change engagement and concern [42-45], although it
varies between countries whether young or old people are more concerned with climate
change [46]. Besides, reaction time during association tasks can increase with age [47].
Another factor to note is participants’ background and personal experience of climate
change. Although this study was conducted in the Netherlands, the recruited sample con-
sisted of university students with a large percentage of internationals. We did not collect
participants’ nationality, but it can be speculated that some of the affective images were
of less or more relevance to these participants depending on their country of origin (e.g.,
Dutch participants might relate less to beaches with palm trees than a participant from
Southeast Asia). All nature imagery employed in the study were first rated by another
group of respondents in a stimuli validation test to minimize such effect. Nevertheless,
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it is advised that future studies incorporate more variety in their sample to reflect for
these differences. Moreover, it would be useful to investigate the difference in the effect
of evaluative conditioning on subjects with various education levels.

A challenge in this study was defining sustainability for a product. Given that various
factors could influence a product’s environmental impact (e.g., transport, deforestation,
water and soil quality), we decided to direct participants’ attention to only packaging of
the product and not the product itself. However, it is possible that despite many reminders,
some subjects forgot this criterion when evaluating the products. For example, for a
product like “avocado”, it is commonly known that this “green gold” requires a lot of
water, deforestation and transportation emissions [48], whereas in our experiment this
product was presented without packing and hence was categorized in the sustainable
group (also by subjects in the prior stimulus validation task). In the same line, the
healthiness of the content of the packaging can also have an effect: the healthiness
perception of the product might elicit similar or even stronger effects than relating
the product or packaging to environmental problems [19, 30]. In order to minimize
this impact of such errors, we randomized the (un)sustainable products over all three
conditioning conditions, and hence the risk of error caused by a specific product should
have been equally distributed across conditions.

Since this study taps into real-life problems such as climate change, excessive con-
sumption and plastic waste, the implications beyond academic literature should also
be discussed. Our study showed that emotional conditioning on sustainability could
be a key asset in moving consumers towards more pro-environmental behavior. Future
research could further explore this emotional connection in other modalities as well. For
example, in Virtual Reality supermarkets, environmental impact messages could pop up
when the user makes a purchase decision. This could then be used as an educational
tool to make consumers aware of the impact of their food choices and empower personal
response efficacy beliefs, which may ultimately affect their environmental behavior [19].
Thus, future technological advancements could include evaluative conditioning as an
interaction paradigm to persuade consumers towards more pro-environmental behavior.
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Abstract. In this paper, we propose a purchasing support system for
offline stores that can present information to users without being eva-
sive by interactively presenting a small amount of product information
according to their interest in the product as predicted by the system. We
design and implement a proof-of-concept system for an actual use case
scenario: a snack purchasing area in an office. We evaluated the effective-
ness of the proposed system through a snack purchasing experiment with
11 participants. Experimental results suggest that the proposed method
can induce user interest and encourage viewing and that some users may
receive and consider the information presented while making a purchase.

Keywords: interactive display - purchasing support system

1 Introduction

People make decisions in various everyday situations, but they sometimes make
decisions without examining each option in depth and without clear criteria for
judgment. This human tendency may lead to the vicious circle of repeatedly
making choices that are good in the short term but have bad consequences in
the long term. For example, in purchasing lunch and snacks that occur every
day, people often decide what to buy based on whether or not they like the taste
or if it fits their mood. Continuing to make such decisions may make you happy
in the short term because you can eat what you like. Still, long-term, it may
lead to an unbalanced diet and cause lifestyle-related diseases such as obesity
and diabetes due to nutritional imbalance.

Therefore, in such situations, it is ideal if the information system can sup-
port a convincing choice that considers not only taste and mood but also other
information, including nutrients, that can lead to long-term benefits. Currently,
many offline stores place displays near product shelves from which commercials
are broadcast in a marketing-like effort to draw attention and interest to their
products. Following this approach, presenting nutrient information from a dis-
play near the product shelf may affect attitudes and purchasing behavior at the
time of purchase.
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However, the one-way presentation of information from displays in offline
stores can adversely affect the purchasing experience [5,6,16]. One of its adverse
effects is advertising avoidance, defined as any behavior that the audience per-
forms to reduce the level of contact with the advertisement [19]. There are three
types of advertisement avoidance: “cognitive avoidance” (intentional disregard
for information), “emotional avoidance” (negative feelings and emotional reac-
tions to information), and “behavioral avoidance” (avoidance behaviors other
than lack of attention) [18]. Therefore, in designing an information system to
support behavior change at the time of purchase, it is important to consider
information presentation methods that reduce these avoidance behaviors and
increase the acceptability of the presented content.

In this study, we aim to design a purchasing support system for offline stores
that can present information to users without being evasive by interactively pre-
senting a small amount of product information according to their interest in the
product as predicted by the system. Herein, we designed and implemented a
proof-of-concept model of the system for an actual use case scenario: a snack
purchasing area in an office. The design of the proposed system is based on
the results of previous studies [15] that show that the quality and quantity of
information people are receptive to vary depending on their interests. In this
paper, we present our information presentation model and functional hypothe-
ses, as well as clarify the design and implementation of the proposed system. We
also evaluated the effectiveness of the proposed system based on our hypotheses
through a purchasing experiment with 11 participants. Experimental results sug-
gest that the proposed method can induce user interest and encourage viewing
and that some users may receive and consider the information presented while
making a purchase. Our research will contribute to providing new insights into
the design of information presentation methods for offline stores and expanding
the design space for interactive purchasing support systems.

2 Related Works

2.1 Interest Estimation Method

Several methods have been proposed to estimate internal mental states, such as
interest and wondering during purchase. Li et al. used the camera of a smart-
phone to estimate eye gaze and compared the user’s gaze on the Google Play
Store screen with the areas of interest reported by the user [13]. The results
showed that users looked significantly longer at areas in which they reported
interest than at other areas. They also used features such as eye gaze infor-
mation and the user’s favorite categories to achieve a binary classification of
interested or uninterested, resulting in an AUC score of more than 90%. Jacob
et al. use a spectacle eye tracker to obtain gaze information and estimate which
newspaper articles users are interested in [9]. In addition, Karolus et al. per-
formed interest estimation for presented images using multiple gaze estimation
and gazing information metrics, and found that they achieved better accuracy
than random in all estimations [10]. Several studies of offline store purchases
that investigate the relationship between the position of purchased products on
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the shelf and eye gaze [1,3] also suggest that eye gaze information at the time of
purchase is a very important feature in expressing people’s interest. Following
the findings of these previous studies, we develop a method for estimating the
level of interest in products displayed on snack shelves based on the user’s gaze
during offline purchases.

2.2 Interactive Display and Purchasing Support System

Previous studies have shown that presenting calorie information [4], changing
the price of healthy products, suggesting healthy alternatives [2,8], presenting
information on the purchase of healthy others to less healthy users [7], etc. have
been suggested to influence users’ food choices. However, these studies primarily
focus on investigating analog approaches that do not use information systems and
do not investigate whether users accept presentations via information systems
when making offline purchases. This study focuses on how to put information
such as nutrients into the buyer’s consideration via interactive displays installed
in offline stores.

Several interactive information presentation systems for the offline environ-
ment have been proposed. Schiavo et al. proposed a presentation method that
calculates the level of interest in a public display based on the user’s face and
body orientation and position and changes the content step by step according to
the level of interest [17]. In addition, Kim et al. proposed a method for switching
detailed and comparative information about two products in an experimental
environment according to the user’s line of sight [11]. However, in an offline pur-
chase with multiple candidate products displayed on shelves in front of them,
it may not be easy to attract users simply by switching information according
to their behavior. Therefore, designing an information system that can present
information in a way acceptable to users is still considered a remaining challenge.

3 Proposed System

3.1 Design of an Information Presentation Model

This study aims to develop a presentation method that increases the likelihood
that users will view information even if they are not interested in it and a system
that changes their purchasing behavior. The model for determining whether a
person will view information is considered to have much in common with the
technology acceptance model (TAM) [14], which determines whether a person
will use a system. Based on TAM, our study focused on the level of interest in
information and the amount of information as parameters that can be sensed and
estimated in the targeted purchasing scenario. They have the following character-
istics: (1) People do not view information when their interest in the information
is low, (2) If the amount of information is too large, people are less likely to view
the information because of the burden. To get users to watch information, it is
considered effective to make them interested in the information or to reduce the
amount of information. Based on this, we thought that by presenting a small
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Fig. 1. System overview

amount of information related to the interest, which is easy to accept, and by
strengthening the user’s interest, we could make users accept more information
outside of their interest, which is inherently difficult to accept.

In this study, we assume that the item of interest to users (hereafter referred
to as Focused Item) is the product. During the purchasing behavior, the user
obtains information as needed from products (hereafter referred to as Gazed
Information). At this time, by presenting unseen information to users, for exam-
ple, nutritional information on the back of the package, a change in behavior
based on new decision criteria can be expected.

3.2 System Configuration

This system was designed for 1 person as a first step. The system consists
of a computer (Windows10, Intel Core i9-11900K, 128 GB), a depth sensor
(Azure Kinect DK), an eye tracker (Tobii Eye Tracker 5), a display (21.5-
inch, 1920 x 1080 Pixels), and a shelf where products are placed (Fig.1). The
depth sensor captures users and calculates the three-dimensional posture. An
eye tracker calculates the gaze of users looking at the display. The system that
generates the display using the data sent from sensors was implemented using
Unity. The size of the entire product area is H90cm * W74.5cm, and the size
of each product is approximately H25cm*W14cm. Purchasing users look at the
products in front of the shelf. While selecting items, users can view information
on displays placed next to the shelf. In this scenario, 15 products are placed in
boxes on the shelf.

3.3 Implemented Features
To confirm the effectiveness, we set the following 3 hypotheses.

H1 Interactive presenting a small amount of information related to their inter-
ests triggers the users’ interest in the system and encourages them to look
at the information.
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Fig. 2. Information to be presented to users (actual system is in Japanese, product
images is actual package). In Japan, sugar refers to the value that also includes starch.

H2 By encouraging users to view, they receive and consider the information
presented to them.

H3 User’s consideration of the presented information changes the purchase out-
come.

In this study, we chose commercial snacks that offer a variety of flavors and
allow for uniformity in package size and price. The content of the presentation
was determined based on a questionnaire to users conducted in advance. Based
on the results of the questionnaire, “Pea-flavored chips” was applied to the unin-
teresting products, and “dietary fiber (hereafter referred to as fiber) information”
and “Pea-flavored chips information” were applied to the uninteresting informa-
tion. (Figure 2)

Two-stage Interest Detection. We implemented a two-stage interest detec-
tion method that stably acquires the head position and posture with the depth
sensor and then narrows down the user’s target of interest with the eye tracker
and the display UI for stable detection.

Stage 1: Interest Detection Using Head Position/Posture from the Depth Sensor.
The system calculates the user’s head position and orientation vector from the
skeletal information estimated using the depth sensor. It also calculates a vector
from the head to the product position. By determining the angle between these
two vectors and the distance from the user for each product, the interest level
in the product is calculated in the range of 0.0-1.0. The smaller the angle and
distance, the higher the interest level. The interest level calculation is performed
with a guaranteed speed of 60 fps or higher.
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Stage 2: Narrowing Down Interests using the Eye Tracker and Display UI. Prod-
ucts that are within the top 3 interest levels and above the threshold are con-
sidered “Candidate Items”. Candidate Items are presented on a display, and the
products whose gazing is detected by the eye tracker are considered of “Focused
Item.” This method displays information at the timing when the user’s interests
are determined. The system updates the level of interest when a facial stillness
decision or gaze stillness occurs. The system notifies users of this with a noti-
fication tone. This feature allows information to be presented interactively in
response to non-explicit user input.

Presentation Content Design. The presentation content design based on the
detection results is described below.

Presentation of Interest-Based Summary Information. The system displays
nutritional information for that product as summary information when it deter-
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mines Focused Item (Fig. 3 left). By displaying less information at the beginning
of the presentation and displaying new information the more user views the
content, the system achieves presentation with the amount of information cor-
responding to the user’s level of interest in and acceptance of the information.

Presentation of Summary Information Outside of Interest. Even after the infor-
mation on Focus Item is presented, other products set as Candidate Products
continue to be presented on the display. When the user looks at these images,
summary information on the products that are different from Focused Item is
presented.

Presentation of Detailed Information Outside of Interest. Once gazing at the
summary presentation is detected, the system presents additional detailed infor-
mation about Focused Item (Fig. 3 right). This system presents “detailed dietary
fiber information”. After adding the effect of highlighting fiber data in the nutri-
tional information, present detailed information on fiber. A button for transition
is displayed in the lower right corner of the screen, and when gazing at this but-
ton is detected, the presentation proceeds to the next step.

Presentation of Comparative Information. The system uses the 2 axes of sugar
and fiber to present information that encourages comparison between Focused
Item and other products (Fig. 4). A product with low sugar and high fiber content
(“Pea-flavored snack” in this case) was selected for comparison with the Focused
Ttem.

4 Experiment

The purpose of this experiment is to find out how interaction with the proposed
system leads to changes in users’ attitudes and awareness during purchasing and
to test the hypotheses described in the previous section. To achieve this goal, we
conducted a simulated purchasing experiment in the snack purchasing area in an
office. 11 students (10 males, 1 female, age: M = 22.5, SD = 0.934) participated
in the experiment. None of the participants had any background information
about the experiment prior to participating in the study.

4.1 Settings

We adopted a within-participants design and observed the experience of two con-
ditions: presenting Fig. 2 from the display as the existing method and presenting
Figs. 3 and 4 according to interest as the proposed method (The detailed process
of the proposed method is described in the previous section). The experimental
environment is shown on the left of the Fig.1. A display is installed next to
the snack shelf, and information is presented from the display. A depth sensor
is placed behind the display and a eye tracker is placed on the display. These
sensors are used to measure the participant’s viewing time and estimate the
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Fig. 6. Results of survey responses

degree of interest in snack shelf and displays. Participants were asked to select
one of the 15 types of snacks displayed on the shelf they would like to buy. Here,
participants didn’t pay actually and received a snack as a reward. Participants
experienced each condition once, in the order of the existing method and the
proposed method. We set a one-week washout period to reduce the influence
of order effects. Furthermore, the participants were instructed not to share the
contents of the experiment with each other during the period. Before the exper-
iment, we were told that some information would be presented from the display,
and that there would be a questionnaire and an interview after the experiment.
Additionally, a calibration was performed to improve the accuracy of the eye
tracker. The experimental description and questionnaire are the same for the
existing method and proposed method conditions. After each experiment, the
participants were asked to complete a questionnaire about their buying experi-
ence and the system. The questionnaire included the following questions, which
were answered by the five-case method:“Did you pay attention to the information
presented in the display?”, “Did you pay interest on the information presented in
the display?”, “Did you confirm or agree with the nutritional information before
purchasing the product?”, “Would you consider purchasing food with nutrients in
mind in the future?”. After all experiments, participants were interviewed about
each purchasing experience.



System for Induce Accepting Unconsidered Information 113

4.2 Results

Results for Hypothesis 1. Figures5 and 6 show the results of the display
viewing time and attention/interest questionnaires obtained from the system,
respectively. Figure5 is a graph of viewing time on the vertical axis and each
participant’s ID on the horizontal axis. The green bar and dotted line repre-
sent the participant’s viewing time and its average for the existing method, and
the orange bar and dotted line represent the participant’s viewing time and its
average for the proposed method. Figure 6 is a box plot with the results of each
questionnaire on the vertical axis and the methods on the horizontal axis. Blue
indicates the results of the existing method, orange the results of the proposed
method, and the white dots are the mean values. Here, each response is on a 5-
point Likert scale, with the addition of the option “did not see the presentation”
(corresponding to 0). Note that the vertical scale is a 6-point scale from 0 to 5.
The result of Fig. 5 shows that the average viewing time for the proposed method
was 25.3 (sec), while the average time for the existing method was 12.6 (sec),
indicating that the viewing time has increased. The attention and interest results
in Fig. 6 show that the distribution of responses is biased toward the upper side
of the graph, indicating an upward trend in responses for the proposed method.
These results suggest that our proposed method may tend to attract buyers’
attention and interest more than the existing method.

Results for Hypothesis 2. The results of consideration(now) and consider-
ation(future) in the Fig.6 show that the proposed method does not show an
upward trend compared to the existing method. The distributions in the Fig. 6
show that the interquartile range is widening and the dispersion is increasing
in both cases. The results in the Fig.5 show a large variation in viewing time
among participants, and the difference is particularly pronounced for the pro-
posed method, indicating that the response results are expected to vary depend-
ing on viewing time. To investigate the relationship between viewing time and
responses, Fig. 7 shows a scatter plot of viewing time and responses. The results
in the figure show that the proposed method (orange) has a stronger correla-
tion between viewing time and responses than the existing method (green). The
results suggest that longer viewing of the presentation based on our proposed
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Fig. 7. Relationship between time and survey responses. From left to right, the corre-
lation ratios are 0.37, 0.90, 0.20, and 0.58. (Color figure online)
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method, compared to the existing method, may lead to decision making with
acceptance and conviction of the presented information. In Hypothesis 2, we
focus on users who viewed the system for more extended periods. Thus, we split
the participants into two groups, one that regarded the display more and the
other that did not, and examined the results of the group that viewed the dis-
play more. The results of the survey responses of the top 6 viewers in terms
of viewing time (6 persons) are shown in the Fig.8. Here, the two results of
“consideration(now)” and “consideration(future)” show an upward trend in the
responses, indicating that the respondents are considering presented informa-
tion when making decisions. In addition, the items of attention and interest also
showed an upward trend for these groups.
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Fig. 8. Results of survey responses (top6)

Table 1. Participant’s pre-purchase mood, reasons for purchase, and products pur-
chased

Participant ID | System | Mood Reason Purchased
product
(target
: Pea-
flavored
snack)
P3 existing | something sweet fiber other
proposed | something sweet taste, fiber other
P6 existing | something salty taste other
proposed | something sweet taste other
P8 existing | something sweet taste other
proposed | something high in calories | taste, calories | other
P9 existing | nothing taste other
proposed | something like chips taste, fiber target
P10 existing | something like chips taste, mood | other
proposed | something light taste other
P11 existing | something salty taste other
proposed | something salty taste other
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Results for Hypothesis 3. The top 6 viewers were surveyed to determine
how the reasons for purchase and products purchased, obtained through ques-
tionnaires and interviews changed compared to their initial mood at the time of
purchase. The results are shown in Table 1. The results show that the number of
respondents who cited some nutrients as the reason for purchase was three in the
proposed system, compared to one in the existing method. Regarding the behav-
ioral change in the choice of snacks, only one person in the proposed method
bought the snacks that were the target of the inducement. He revealed in an
interview that he had initially wanted to try a different type of chips, but was
persuaded by the system to opt for the pea-flavored chips. The other participants
chose the one that conformed to their initial mood. The interviews revealed that
a certain number of participants did not want to be conscious of nutrients when
purchasing snacks in the first place. This suggests that purchasing snacks may
have been a more difficult scenario to make people aware of nutrients than deci-
sions such as meal menu choices. Since previous research [12] has clearly shown
that it is challenging to design information systems that have enough impact
on changing behavior in short-term decision-making, the fact that 1 out of 11
people changed can be viewed as a positive starting point. In addition, given the
results of partial support for hypotheses 1 and 2, there may be a possibility that
continued presentation over a long period could induce behavioral change. This
underscores the need for further research.

5 Discussion

Acceptance Difficulty of Information. Asshown in the experimental results,
the total viewing time was longer for the presentation of the proposed method
compared to the existing method. However, the proposed method did not
increase the viewing time for all content, and it varied depending on the infor-
mation category. For example, for the proposed method, the average viewing
time for the product summary information was 7.1s, while that for the fiber
information was shorter, at 4s on average, which was less likely to be viewed.
In the interview, participants mentioned the category of information and the
amount of information as reasons for not viewing the fiber information, such as
not considering fiber when purchasing snacks and not wanting to read too much
information. As these comments suggest, the summary information, which was
viewed for a longer period of time, was indeed the type of information often used
for selecting snacks, and the amount of information was about 1/4 of the fiber
information in terms of the number of words. This suggests that the acceptabil-
ity of certain information for a given product can be estimated from the amount
of information and whether that information tends to be used in general when
the product is purchased. Therefore, we define the difficulty of accepting certain
information as a characteristic of that information, as “Acceptance difficulty of
information”, derived from the above two variables.

Using this acceptance difficulty, the experimental results can be explained as
follows. In the proposed method, participant’s level of interest was increased by
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viewing the information of the product of interest, and participants was willing
to view the summary information. However, the level of interest may not have
been high enough to make the participants willing to view the fiber information,
which has a higher level of acceptance difficulty.

Level of Interest in Information Categories. On the other hand, in the
experiment, there were individual differences in the amount of time the same
information was viewed. For example, when presenting the fiber information in
the proposed method, 4 participants watched for only 1s or less, 5 participants
watched for 34 s, 1 participant watched for 7.7s, and the participant who watched
the longest watched for 14.6s. In the interview, the participant stated that the
participant is usually health-conscious and was interested in fiber information.
Another participant who watched the presentation for 8s stated that the pre-
sentation triggered a fiber-conscious purchase. Thus, it can be considered that
the level of interest in the information category also affects the viewing time,
and this interest may be inherent in users, or it may be aroused by presentation.
Combined with the model we described in Chap. 3, it can be considered that
interest in information categories and products has similar characteristics and
influences the user’s information acceptance.

In the proposed system, by increasing the level of interest in products, we
tried to increase the acceptability of various types of information outside of the
interest, without distinction. From the above discussion, the model in Sect. 3
can be improved by considering the acceptance difficulty and the interest in the
information category.
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Fig. 9. Information acceptability model derived from the experimental results. It rep-
resents the conditions under which user can accept certain information. When the
information acceptability of the user exceeds the acceptance difficulty of the informa-
tion, the user can accept the information.

Information Acceptability Model. Based on the above discussion, the model
in Chap. 3 is modified as follows, considering the acceptance difficulty of infor-
mation and level of interest in the information category (Fig.9). First, from the
amount of information and the extent of how much the information tends to be
used when the product is purchased (General usage tendency of information),
the acceptance difficulty can be defined as a constant that is unique to each
piece of information. On the other hand, the user’s acceptability of information
can be derived from the user’s level of interest in the product and information
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category at that time. Those are variables that change from moment to moment
depending on the user’s internal state during purchase. When the information
acceptability of user exceeds the acceptance difficulty of information, the infor-
mation is accepted and viewed by the user.

If the model is reliable, it is possible to estimate the user’s level of accept-
ability and acceptance difficulty for each piece of information, and to select
information that is likely to be viewed. In addition, it is also possible to present
information that increases the level of acceptance of other category of infor-
mation, and to adjust the amount of information according to general usage
tendency of information.

Limitations and Future Work. In this section, we discuss the limitations
of this study. First, we have not been able to verify the validity and accuracy
of the interest detection method. In the post-experiment interviews, many par-
ticipants favorably received the information that products of their interest were
presented, but there were a few comments that products of no interest were dis-
played. Therefore, the accuracy of the interest estimation method needs to be
evaluated and improved. Furthermore, there were cases where the estimation of
the interest have changed while the participants was comparing the shelf and
the presented information, and the content of the presentation changed, confus-
ing the participants. We need to discuss how to realize context-sensitive interest
estimation.

Moreover, the effectiveness of the proposed presentation method was only
verified in a single scenario, i.e., a one-time purchase of snacks. Although our
experiment included a one-week washout period, it is possible that the order
effect may not have been completely removed. In addition, since our experiment
was a simulated purchase without payment, the behavior may be slightly dif-
ferent from the actual purchase. We plan to study the long-term impact of the
proposed approach in actual purchasing situations, examining its effectiveness
not only for low-cost, high-frequency purchases, but also for expensive, infre-
quent purchases.

In addition, the model proposed in the previous section only considers the
parameters identified from the results of this experiment, and it is possible that
a variety of other parameters are involved. We believe that by evaluating the
validity of the model and improving it through further experiments, it may be
possible to develop a presentation method that uses a small amount of interest-
related information to increase the acceptance of information outside the user’s
interests, and a behavior change system that uses this method.

6 Conclusion

In this paper, we proposed a purchasing support system for offline stores that
can present information to users without being evasive by interactively present-
ing a small amount of product information according to their interest in the
product as predicted by the system in real-time. We designed and implemented
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a proof-of-concept system for an actual use case scenario: a snack purchasing
area in an office. We evaluated the effectiveness of the proposed system based
on our hypotheses through a purchasing experiment with 11 participants. The
experimental results suggest that the proposed method can induce users’ inter-
est in the system and encourage them to watch the information, and that users
may receive the information presented and make a purchase, even if partially
considered.
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Abstract. Persuasive design techniques have often been presented where the
desired behaviour is primarily within personal boundaries, e.g., one’s own health
and learning. Limited research has been conducted on behaviours that require
exposure to others, including correcting, confronting mistakes and wrongdoing.
Challenging misinformation in others’ posts online is an example of such social
behaviour. This study draws on the main persuasive system design models and
principles to create interfaces on social media to motivate users to challenge mis-
information. We conducted a questionnaire (with 250 participants from the UK) to
test the influence of these interfaces on willingness to challenge and how age, gen-
der, personality traits, perspective-taking and empathy affected their perception of
the persuasiveness of the interfaces. Our proposed interfaces exemplify seven per-
suasive strategies: reduction, suggestion, self-monitoring, recognition, normative
influence, tunneling and liking. Most participants thought existing social media
did not provide enough techniques and tools to challenge misinformation. While
predefined question stickers (suggestion), private commenting (reduction), and
thinking face reactions (liking) were seen as effective ways to motivate users
to challenge misinformation, sentence openers (tunneling) was seen as the least
influential. Increasing age and perspective taking were associated with increased
likelihood of perceived persuasiveness and increasing openness to experience
was associated with a reduction in the likelihood of perceived persuasiveness
for “predefined question stickers”. Increasing openness to experience was asso-
ciated with increased likelihood of perceived persuasiveness for “thinking face
reaction”, while increasing age was associated with a reduction in the likelihood
of perceived persuasiveness for “private commenting”.

Keywords: Persuasive system - misinformation - fake news - online social
behaviour - social media design

1 Introduction

The growing proliferation of misinformation has raised interest in devising ways to
combat it. Since social media plays a paramount role in disseminating misinformation [1,

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
J. Ham et al. (Eds.): PERSUASIVE 2023, LNCS 13832, pp. 123-141, 2023.
https://doi.org/10.1007/978-3-031-30933-5_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-30933-5_9&domain=pdf
https://doi.org/10.1007/978-3-031-30933-5_9

124 S. Gurgun et al.

2], technology-based solutions to detect and mitigate misinformation are being proposed
and used. Such solutions rely on artificial intelligence (Al) and machine learning [3, 4].
Despite offering promise, the existence of misinformation in recent events such as the
COVID-19 pandemic [5] and Ukraine-Russia War [6] demonstrates that these techniques
have limitations. In addition to algorithmic approaches provided by digital platforms
and legislative measures taken by governments and social media platforms, individual
attempts to correct misinformation have also been effective [7].

Although challenging misinformation is effective in reducing the spread of mis-
information [7, 8], research shows that when people encounter misinformation in the
online sphere, they tend to remain silent [9-12]. However, challenging others helps the
poster correct or delete the shared information and helps others in the network adjust
their perceptions about the content [13]. Therefore, users’ silence contributes, albeit
unintentionally, to the propagation of misinformation.

Studies on why people remain silent when they encounter misinformation indicate
that users have interpersonal, intrapersonal and institutional concerns such as fear of
being harassed, fear of conflict or lack of institutional support [10, 14]. Gurgun et al.
[15] identified six reasons that might impact users’ decisions to challenge others who post
misinformation: self-oriented, relationship-oriented, others-oriented, content-oriented,
individual characteristics, and technical factors. While it is necessary to overcome the
barriers that hinder users from challenging misinformation, it is also worthwhile to
design social media platforms that are more persuasive and encourage users to challenge
misinformation.

Inadigital environment, information systems may be designed to influence behaviour
change [16]. Such systems are often referred to as persuasive systems [17] or persuasive
technology [18]. These systems address behaviour change in areas where the intended
behaviour is primarily within personal boundaries such as one’s own wellbeing [19]
and academic performance [20]. However, to the best of our knowledge, a few studies
have addressed behaviours including interactions with other people. One study found
that persuasive technology can promote acceptable workplace behaviour and etiquette
[21]. As incorporating persuasive techniques into social media has been shown to lead
to greater behaviour change and more engagement [22, 23] they could be applied to
motivate users to challenge misinformation.

In this paper, we aim to develop an understanding of which persuasive techniques
may aid users in challenging others in an environment where algorithms and a homoge-
neous network impede exposure to adverse opinions [24-26]. Given the lack of research
on users’ reluctance to challenge misinformation on social media, we aimed to provide a
starting point and investigate potential solutions based on persuasive design principles,
linking them to user characteristics such as personality traits, perspective-taking, and
empathy. While we do not claim completeness in our coverage of design techniques
and user characteristics, our choices were informed by theory. Personality traits have
been shown to influence the willingness to participate in discussions, e.g. extroverts are
typically more willing to do so [27]. In addition to that, evidence from the literature sug-
gests that there is a significant relationship between persuasive strategies and personality
traits [28, 29] To the best of our knowledge, no attempt has been made to examine the
associations between perspective-taking, empathic concern and persuasive techniques.
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Perspective-taking refers to the ability to adopt the perspective of other people [30].
According to research, perspective-taking influences attributional thinking and percep-
tions of others. For example, those who with a higher perspective-taking tendency made
the same attributions to the target as they would have had they been in the same situation
[31]. As giving negative feedback, disagreeing and confronting are related to the percep-
tion of others (e.g., whether they perceive it as futile or harmful to their relationship), we
also examine whether perspective-taking has an association with the perception of the
persuasiveness of the proposed interfaces. Empathic concern signifies the development
of emotions of compassion and concern for those experiencing negative events [30].
Individuals with higher level of empathic concern are more likely to acquire positive
attitudes toward being a decent and moral person and not to harm others [32]. Therefore,
since empathy might be a useful component for challenging misinformation, we also
investigated whether the interfaces we presented are associated with users’ empathic con-
cern. This insight may help for the future interface design to motivate users to challenge
misinformation. In this paper, we aim to answer the following research questions:

RQ1: To what extent do users think that current social media design helps them
to challenge misinformation?

RQ2: Can we increase users’ willingness to challenge misinformation on social
media through introducing persuasive interfaces?

RQ3: Do age, gender, personality traits, perspective-taking, and empathy have an
impact on users’ acceptance of these interfaces?

2 Method

Our work aims to investigate whether we can design new persuasive interfaces in social
media to increase users’ willingness to challenge misinformation. To achieve this goal,
first, based on relevant literature, we explored effective persuasive tools that aid in
increasing engagement or participation in the online social sphere. To stay within a man-
ageable scope, we selected seven strategies (Table 1). Then, we created a high-fidelity
prototype of a possible implementation of each strategy in the context of challenging
misinformation. We then conducted a survey to assess users’ perceptions of the influence
of each prototype on their willingness to challenge misinformation.

2.1 Prototype Design

In order to create interfaces for challenging misinformation, we started with reviewing
the pertinent literature regarding the tools and techniques that have a positive impact
on motivating people to engage more in online discussion environments. We reviewed
literature regarding the design recommendations suggested for promoting healthy dis-
cussions [33], strengthening engagement in discussions [34] and increasing participation
in online communities [35]. We selected seven techniques based on their practicality and
possibility to embed within social media design with no costly requirement. The inter-
faces have been deemed face valid through a combination of expert review and pilot
testing with users. Descriptions of the techniques applied in this study, which were
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adapted from [36] are shown in Table 1 and prototypes are available on Open Science
Framework (see https://osf.io/3x74c).

Table 1. Persuasive Strategies, corresponding descriptions and implementations

Strategy

Description

Our Implementation

Reduction

A strategy of reducing complex
behaviour into simple tasks

Private Commenting (PC): This
option makes private messaging
easier. Instead of copying the link
to the post in the private message
section to refer to it, users can
comment privately on the post
directly by clicking the “send
privately” button

Suggestion

A strategy that offers fitting
suggestions

Predefined Question Stickers
(PQS): A sticker set with
pre-written questions for users to
choose from when they want to
challenge, e.g. stickers with labels
like “what is your source”

Self-monitoring

A strategy that enables monitoring
of one’s own status or progress

Tone Detector (TD): An
emotional scale mood indicator
that enables users to visualise how
their comments are likely to sound
to someone reading them. As the
user composes a comment, the
indicator on the scale starts to
move based on the word
selections, writing style and
punctuation, e.g., aggressive vs
friendly

Recognition

A strategy that provides public
acknowledgement for following
certain behaviour

“Fact Checker” Badge (FCB): A
badge that provides public
recognition for users who correct
misinformation occasionally

Normative influence

A strategy that displays norms
regarding how most people behave
and what behaviour they approve
of

Social Norm Message (SNM): A
pop-up prompt regarding other
users’ acceptance and positive
disposition towards correcting
misinformation on social media

(continued)
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Table 1. (continued)

Strategy Description Our Implementation
Tunneling A strategy that guides users or Sentence openers (SO):
provides means to persuade Pre-generated sentence openers to

guide users to challenge
misinformation, e.g. “My
argument is...”

Liking A strategy that highlights the Thinking Face Reaction (TFR):
persuasiveness of visually A fun and appealing reaction that
attractive implies questioning the content

Recommended techniques were visualised to mimic Facebook’s current user inter-
face in the survey. The content displayed to participants was about an asteroid that will
be possibly hitting Earth. This news was a misinformation article that appeared in CNN’s
iReport news hub in 2014' and was widely shared. We presented the interfaces to partic-
ipants as a scenario. Before showing the interfaces, we informed the respondents about
the scenario that the news is false, as this study was not to determine whether individuals
can discern misinformation but rather to assess perceptions of the persuasive techniques.
Additionally, care was taken not to include any political or social issues as these topics
may influence users’ decisions to challenge the misinformation regardless of the persua-
sive technique used [37, 38]. To make the scenario more realistic and prevent participants
from perceiving the account as anonymous, we intentionally did not obscure the name
and photo of the Facebook user sharing the content. The account holder was named Alex
to avoid gender confounding as it is a gender-neutral name. Facebook was selected as the
social network site for this study as it is the most used online social network worldwide
with approximately 2.91 billion monthly active users [39] across all age groups [40]. The
questions were about challenging an acquaintance, as previous research showed that it
is more difficult to debate or challenge weak ties than strong ties [41]. Before presenting
the interfaces we also explained that Alex is a contact who is known but not as close as
a friend or family member, which also controlled for familiarity and personal ties.

Below, we explain each of the interfaces that we used and how they exemplify the
persuasive design principles.

Private Commenting (Reduction). A private mode of communication such as direct
messaging (DM) or private messaging (PM) can be preferred by users who hesitate
to counteract misinformation due to fear of embarrassing the sharer [42]. Although
Facebook provides private communication channels (e.g., Facebook Messenger), private
commenting is proposed as it simplifies the challenging process. Private messaging
requires effort. In contrast, private commenting allows users to engage with the content
while scrolling through their feeds.

1 https://www.cnet.com/science/cnn-posts-asteroid-to-hit-earth-article-people-take-it-seriou
sly/.
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Pre-defined Question Stickers (Suggestion). By suggesting to users some questions
to challenge, we aimed to aid users who struggle with starting challenging misinforma-
tion. We developed three exemplar questions based on Toulmin’s model of argumentation
[43] which we implemented as stickers. As stickers are impersonal responses, they may
alleviate the psychological and social costs associated with confronting, questioning and
challenging by typing directly [44].

Tone Detector (Self-monitoring). Self-monitoring is one of the most popular persua-
sive strategies [45] and it helps people become more self-aware about their behavioural
patterns [46] which also helps them to self-regulate [47]. One potential reason people
do not challenge misinformation is that they want to avoid being viewed as aggressive
[15]. A tone detector guides users to improve their self-awareness regarding how they
sound to others, which would likely be helpful for those who are concerned about how
their comments come across.

Fact Checker Badge (Recognition). In addition to providing public recognition,
badges can function as incentives for people who challenge misinformation. SNS like
Foursquare or StackOverflow have also used badges as a tool to encourage users to
increase their level of engagement [48].

Social Norm Messages (Normative Influence). Normative social influence can be
successfully used in persuasive technologies to alter existing behaviour [49, 50]. Social
norms refer to the beliefs that individuals hold about others in a social group and what
others in that social group do or think [51-53]. People are more likely to engage in a
behaviour if they perceive it to be commonly accepted by others [54]. Taking that into
account we proposed a hint prompt that provides information regarding injunctive norms
(what most people approve of).

Sentence Openers (Tunneling). Tunneling is defined as guiding a user through a com-
plex experience [36]. We used sentence openers to lead users to complete the sentences.
In many cases, it is rhetoric rather than facts that causes contradictory opinions [55]. Sen-
tence starters have been shown to facilitate expression of disagreement [56] and enhance
the quality of online discussions [57] as they can steer thoughts and conversation in such
a way that they keep conversations grounded [58].

Thinking Face Reaction (Liking). Facebook launched the “Like” button to enable
users to show their affection for the content and introduced the “Reactions” feature
to provide users with more ways to express their reactions to content in a fast and easy
way [59]. The reactions feature has positively influenced engagement levels on Face-
book [60]. As reactions are intended to be a way to express appreciation for the content
with one-click, we used thinking face reactions to motivate users to challenge [61].

2.2 Data Collection

The survey was conducted online using Qualtrics, an online survey design platform.
Before survey completion, participants were informed about the study objectives and
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asked to provide their consent to participate. They were provided with information
regarding the confidentiality of the data, their freedom to participate and the right to
withdraw from the study as well as their access to the study findings. Data was collected
between 315 May and 7™ July 2022 through Prolific™ (www.prolific.co), an established
online participant recruitment platform for research studies.

2.3 Participants

250 adults living in the UK completed the survey and received payment (around £4). The
following inclusion criteria were used to recruit potential participants: 1) aged 18 years
or older; 2) using Facebook with an authentic identity 3) encountered misinformation on
Facebook. Of those respondents who answered the demographic questions, 57.2% (143)
were female, 41.6% (104) male, and 1.2% (3) non-binary. 17.8% (44) were aged 18 to
24 years, 37.2% (92) were between 25-34, 26.7% (66) between 35-44, and 18.2% (45)
over 45 years. Most respondents (62.8%, 157) had at least a university degree, 22.8%
(57) had completed secondary education and 14.4% (36) had not completed secondary
education.

2.4 Measures

Demographic Characteristics
Participants answered questions about their age, gender and educational level.

Perceived Prevalence of Existing Tools to Challenge Misinformation

Participants were asked to rate the extent to which they think social media provides tools
or ways for users to challenge misinformation on a seven-point scale (1 = None at all 7
= A great deal) M = 3.37, SD = 1.6).

Perceived Persuasiveness on Willingness to Challenge

For this study, we developed seven prototypes informed by PSD and presented the
participants eight high-fidelity prototypes including the standard comment box (SCB).
Participants were asked how much each interface influenced their willingness to chal-
lenge misinformation on a seven-point scale (1 = Far too little 7 = Far too much).
Prototypes were presented in random order for each respondent.

Personality Traits

The 10-item Big-Five inventory (BFI-10) [62] was used to assess the traits of
extraversion, agreeableness, openness to experience, conscientiousness and neuroticism-
stability. Each trait is measured by two items on a five-point Likert scale (1 = Strongly
disagree to 5 = Strongly agree). Higher scores imply higher levels of each personality
trait. The BFI-10 showed good reliability and validity [62].

Perspective-Taking and Empathic Concern
Perspective taking and empathic concern were assessed with the seven-item perspective-
taking and seven-item empathy subscales from the Interpersonal Reactivity Index (IRI)
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which assesses level of empathy and individuals’ capacity to understand and feel the
emotions of others [30]. It is widely used to examine the impact of empathy on var-
ious outcomes, including prosocial behaviour [63] and intergroup relations [64]. The
perspective-taking subscale consisted of seven items (o = .78) such as “I try to look at
everybody’s side of a disagreement before I make a decision”). Empathy subscale con-
sisted of seven items (o = .81) such as “When I see someone being taken advantage of,
I feel kind of protective toward them.”). The items are answered using a 5-point rating
scale ranging from on a 0 (does not describe me well), to 4 (describes me very well). To
get a single score for each participant for each construct, we averaged the answers to the
items.

2.5 Data Analysis

Data were analysed using SPSS version 28. Descriptive statistics were used to report
demographic information and the extent to which users think social media provides
them with tools or techniques to counteract misinformation. As the data was not nor-
mally distributed, non-parametric tests were used. Spearman’s rank-order correlation
was used to analyse the association between continuous and ordinal data. A Wilcoxon
signed-rank test was conducted to investigate differences in willingness to challenge mis-
information between the status quo (standard comment box) and PSD-based interfaces.
Interfaces were considered persuasive when users rated them as more influential than
the standard comment box in motivating challenging misinformation. Binomial logistic
regression analyses were performed to determine whether age, gender, personality traits,
perspective-taking and empathy influence willingness to challenge misinformation.

3 Results

3.1 Social Media Tools to Challenge Misinformation

Most participants (58%) agreed that current social media platforms do not provide
enough tools or ways to challenge misinformation. Only 26.8% believed that tools social
media provides for challenging misinformation are prevalent. A Spearman’s rank-order
correlation was run to assess the relationship between age and evaluation of the tools on
social media to challenge misinformation. Age was negatively correlated with agreement
that social media offers tools to challenge ry (248) = —.153, p < .05. Older participants
were less likely to think that social media provide tools for challenging misinformation.

3.2 Comparing the Perceived Persuasiveness of Each Interface

A Wilcoxon signed-rank test asssessed the effect of the interfaces presented on users’
willingness to challenge misinformation. As shown in Table 2, “predefined question
stickers”, “thinking face reaction” and “private commenting” elicited a statistically sig-
nificant positive difference (z = 243, p < .05,z =5,p < .00l and z = 7.2, p <
.001 respectively) and “sentence openers” showed a statistically significant negative
difference (z = —2.7, p < .05) in their influence on willingness to challenge misin-

formation compared to the standard comment box. Excepting sentence openers, most
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participants rated PSD-informed implementations as having more influence than the

standard comment box.

Table 2. The influence on willingness to challenge for each presented interface versus standard

comment box (N = 250)

Predefined Stickers (PQS) N Mean Ranks | Sum of Ranks | Z P
Negative Ranks 802 110.84 8867.50 —2430" | <.05
Positive Ranks 129° 1 101.38 13077.50

Ties 41°¢

Thinking Face Reaction (TFR) | N Mean Ranks | Sum of Ranks |Z P
Negative Ranks 659 1 93.04 6047.50 ~5.005" | <.001
Positive Ranks 136° | 104.81 14253.50

Ties 49t

Private Commenting (PC) N Mean Ranks | Sum of Ranks |Z P
Negative Ranks 478 99.67 4684.50 —7.239" | <.001
Positive Ranks 162" | 106.55 17260.50

Ties 41

Sentence Openers (SO) N Mean Ranks | Sum of Ranks |Z P
Negative Ranks 1021 96.22 9814.00 27141 | <05
Positive Ranks 76K 80.49 6117.00

Ties 72!

Fact Checker Badge (FCB) N Mean Ranks | Sum of Ranks |Z P
Negative Ranks 93™m  1102.62 9543.50 —.139" 0.89
Positive Ranks 103" | 94.78 9762.50

Ties 54°

Social Norm Message (SNM) N Mean Ranks | Sum of Ranks |Z P
Negative Ranks 76P 111.68 8488.00 —1.821" | 0.06
Positive Ranks 1239 192.78 11412.00

Ties 51°

Tone Detector (TD) N Mean Ranks | Sum of Ranks |Z P
Negative Ranks 918 99.47 9051.50 —1.344" 1 0.17
Positive Ranks 110t | 102.27 11249.50

(continued)
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Table 2. (continued)

Predefined Stickers (PQS) N Mean Ranks | Sum of Ranks |Z P
Ties 494

a. PQS < SCB b. PQS > SCB c. PQS = SCB d. TFR < SCB e. TFR > SCB f. TFR = SCB

2. PC < SCB h. PC > SCBi. PC =SCB . SO < SCB k. SO > SCB 1. SO = SCB

m. FCB < SCB n. FCB > SCB 0. FCB = SCB p. SNM < SCB q. SNM > SCB r. SNM = SCB
s. TD < SCB t. TD > SCB u. TD = SCB.

* Based on negative ranks.

q Based on positive ranks.

3.3 Effects of Age, Gender, Personality Traits Perspective Taking and Empathy

9 <«

We investigated whether the positive impact of “predefined question stickers”, “thinking
face reaction”, “private commenting” and the negative impact of “sentence openers”
regarding perceived persuasiveness on willingness to challenge compared to the standard
comment box were impacted by age, gender, Big Five personality traits, perspective-
taking and empathy. We computed a difference score for each user and each interface
by subtracting the level of the standard comment box reflected in users’ ratings from
the level of influence of presented interfaces. The difference score ranged from —6 to 6.
Binomial logistic regression was performed using this score as a dependent variable to
ascertain the effects of age, gender, personality traits, perspective taking and empathy
on the likelihood that participants consider the presented interfaces to be more or less
persuasive than the standard comment box. Positive difference scores were encoded as
1 which indicates that users found the presented interfaces more persuasive than the
standard comment box. Any scores of zero or below were encoded as 0, which indicates
either that there was no difference between the standard comment box and the interfaces
or that users rated interfaces as less persuasive than the standard comment box.

A binomial logistic regression was performed to ascertain the effects of age, gender,
personality traits, perspective taking and empathy on persuasiveness ratings. Linearity of
the continuous variables with respect to the logit of the dependent variable was assessed
via the Box-Tidwell [65] procedure. A Bonferroni correction was applied using all
eight terms in the model resulting in statistical significance being accepted when p <
0.0027. Based on this assessment, all continuous independent variables were found to
be linearly related to the logit of the dependent variable. The Hosmer and Lemeshow’s
tests suggest that the models for PQS, TFR, PC and SO provide good fit to the data.
The result of the binary logistic regression estimates for each interface are presented
in Table 3. Age and perspective taking were significantly positively associated with
“predefined question stickers” (b = 0.04, p < .01 and b = 0.08, p < .05 respectively)
such thatincreasing age and perspective-taking were associated with increased likelihood
of positive influence of “predefined question stickers” relative to the standard comment
box. However, increasing openness to experience was associated with a reduction in
the likelihood of positive influence (b = —0.21, p < .01). Openness to experience was
associated with belief in the persuasiveness of the “thinking face reaction” such that as
it increased, the positive influence of “thinking face reaction” of 1.24. (b = —0.24, p <
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.01). Age was significantly negatively associated with “private commenting,” such that
as age increased, belief in the persuasiveness of private commenting decreased (b = —

0.04,p < .01).

Table 3. Binomial logistic regressions predicting the difference score between standard comment

box and presented interfaces

PQS TFR
Coefficients B SE |Exp(B) |B SE | Exp(B)
Age 0.04* ]0.01|1.04 —0.01 [0.01/0.99
Gender (Female) —0.38 |0.31/0.68 —045 /0.3 |0.64
Extraversion 0.11 0.08 | 1.12 0.01 0.08 | 1.01
Agreeableness —0.18 [0.1 |0.84 0.01 0.09 | 1.01
Conscientiousness —-0.12 {0.1 1 0.89 0.06 0.1 | 1.07
Neuroticism —0.02 |0.080.98 0.03 0.08 | 1.03
Openness to experience —0.21*]0.08 | 0.81 —0.24*10.08 1 0.79
Empathy —0.03 |0.04]0.97 0.01 0.04 | 1.01
Perspective Taking 0.08** 10.04 | 1.08 —0.01 |0.04 0.99
Constant 1.14 1.543.14 1.75 1.53]5.75
Modal summary
Hosmer and Lemeshow X2 | 5.28 9.87
df 8 8
p Value 726 27
Nagelkerke R2 0.11 0.07

PC SO

Coefficients B SE |Exp(B) |B S.E |Exp(B)
Age —0.04* {0.01 | 0.96 0 0.01 |1
Gender —0.15 |0.31 | 0.86 —0.5 ]0.32 |0.61
(Female)
Extraversion 0.06 0.08 | 1.06 —0.06 [ 0.09 | 0.94
Agreeableness 0.06 0.1 |1.07 0.02 |01 |1.02
Conscientiousness —-0.09 0.1 |0.91 —-0.13 /0.1 |0.88
Neuroticism 0.01 0.08 | 1.01 —0.04 | 0.08 | 0.96
Openness to experience | —0.09 | 0.08 | 0.91 —0.14 | 0.08 | 0.87

(continued)
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Table 3. (continued)

PC SO
Coefficients B SEE |Exp(B) |B S.E |Exp(B)
Empathy 0.04 0.04 | 1.04 0.02 ]0.05|1.02
Perspective Taking 0 0.04 |1 0.04 10.04 |1.04
Constant 2.06 1.6 |7.83 0.66 1.62 | 1.93
Modal summary
Hosmer and 9.22 4.83
Lemeshow X2
df 8 8
p Value 32 7
Nagelkerke R2 0.1 0.05

*p <.0l. % xp < .05.

4 Discussion

4.1 Lack of Tools for Challenging Misinformation on Social Media

While social media platforms such as Facebook rely on persuasive tactics to increase
engagement with the platform which is important for commercial success [66], they do
not seem to encourage critical thinking or enabling questioning of the content. On the
contrary, several features they provide such as “hide post” or “unfriend” are used as tactics
to discourage users from voicing concerns through facilitating less confrontational, yet
less constructive, alternatives [67] as users may more easily avoid, rather than confront
content. Our results showed that the majority of participants thought social media did
not provide enough tools or ways to challenge misinformation. Although some features
such as “commenting” or “direct messaging” may be used as tools to challenge misin-
formation, it can be argued that users do not regard them as tools provided to challenge
misinformation. This necessitates the development of more persuasive or engaging tools,
and ones which users would also perceive to be explicitly available for such purposes.

In our study, age was significantly negatively associated with reported lack of tools,
such older participants were less likely to believe that social media offered tools for
challenging misinformation. This might be because younger people, who were raised
in an environment with a wealth of digital possibilities are more receptive to different
social media features than older people [68]. This difference is to be expected given
that young people were raised in an environment with a wealth of digital possibilities,
whereas older people learned about such digital opportunities as adults [69] This may
also explain why older adults are less likely to report correcting others [70], though we
recognise that there are other potential explanations here, such as different perceptions
of acceptable behaviours (see below).
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4.2 Influence of Social Media Interfaces on Challenging Misinformation

Social media interfaces may be considered as far more than just a means of provid-
ing access to information. They are also a way to alter users’ attitudes and behaviours
by creating opportunities for persuasive interaction [17]. Previous research investigated
persuasive technologies to motivate users to change behaviours relating to themselves
such as diet [71] and physical activity [72]. However, as challenging misinformation
also includes interpersonal relationships in the online environment, the results may shed
light on the influence of these persuasive techniques in interactive processes. Our results
showed that “predefined question stickers” (suggestion), “thinking face reaction” (lik-
ing) and “private commenting” (reduction) influenced users the most and “sentence
openers” (tunneling) influenced users the least to challenge misinformation. The sug-
gestion technique was perceived as more persuasive than the standard comment box. In
other words, people prefer the system to offer them prepared options to facilitate chal-
lenging misinformation, rather than having to write comments themselves. Along with
providing suggestions to users, software-imposed interaction structures also make com-
munication more impersonal [73], which may affect users’ perceptions of information.
The effectiveness of the “thinking face reaction” shows that liking as a technique posi-
tively impacted users’ willingness to challenge misinformation relative to the standard
comment box. In addition to being visually appealing, the thinking face also allows the
user to provide an impersonal response by clicking a reaction, which may account for the
positive influence. Our findings showed that people found “private commenting”, which
is a preferred way to challenge misinformation [42], more persuasive than the standard
comment box. In addition to simplifying the process, doing so in a private way may also
contribute to its positive impact. As much as a reduction technique implemented in the
form of private commenting seems to be successful, the inability of others to view the
interaction is a concern as research shows that observing corrections helps individuals
change their own misperceptions [74].

Tunneling in the form of “sentence openers” was found to be less persuasive than
the standard comment box. This might be because although participants are given the
starters of the sentences, they still need to write their arguments which may require more
effort on their side. Prior research identified the importance of perceived ease of use in
users’ acceptance of information technologies [75]. In this case, solely guiding the user
does not seem to be an effective strategy to motivate users to challenge misinformation.
However, future work could investigate whether it helps users create more constructive
responses.

4.3 Effect of Age, Openness to Experience, and Perspective Taking on Influence
of the Interfaces on Challenging Misinformation

Age, openness to experience, and perspective taking are moderated the effect of the
interfaces that persuaded people more than the standard comment box. The positive
association between age and “predefined question stickers” indicated that older adults
found using prewritten statements more influential than the standard comment box. The
negative association between age and “private commenting” shows that younger adults
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found it more influential to challenge misinformation in private. These findings sug-
gest that as individuals age, concerns about self-presentation reduce and they feel more
comfortable expressing themselves in public in line with previous research indicating
that older adults tend to be less self-conscious and report fewer experiences of negative
feelings such as shame, guilt and embarrassment relative to younger adults [76]. How-
ever, as people age, they choose to challenge misinformation in a more impersonal way,
which may be an indication that they value their relationships with others. Perspective-
taking is another predictor for “predefined question stickers”. We found that users who
have a greater tendency to consider events from the viewpoints, feelings, and reactions
of others [77] find these stickers more persuasive than the standard comment box. As
perspective-taking is related to make the same attributions to the target [31], it could
be argued that participants are more likely to accept these stickers if they receive them
as a response. Openness to experience negatively predicted both “predefined question
stickers” and “thinking face reaction,” such that users with higher levels of openness to
experience did not feel that these two interfaces were more persuasive than the standard
comment box. Individuals high in openness to experience, which refers to having an
active imagination or artistic interests [62] may possess unique cognitive processes and
thinking styles that enable them to challenge misinformation effectively in their own
ways or using innovative methods. Therefore we anticipate they may not need any addi-
tional tools to challenge misinformation as they might already utilise their own methods
of doing so.

4.4 Threats to Validity

This study had several threats to validity that could affect the quality and generalisability
of our findings. Our sample consisted of users from the U.K only. Research has shown
that in Western societies open discussions and direct confrontation are more socially
acceptable [78, 79]. The measure we used to assess the influence of the interfaces on
willingness to challenge misinformation was based on self-report meaning potential
biases such as social desirability bias.

We chose Facebook as an example of a SNS to test our proposed persuasive tech-
niques, but it is possible that the results may differ for other SNS platforms. User cultures,
interface design and user experience may differ across social media platforms [80, 81].

We acknowledge that our explanation of the results reflect one possibility. Alterna-
tive explanations can also be plausible. Therefore, future research is required to fully
understand the results.

5 Conclusion and Future Work

We conducted a survey with 250 participants to assess how users perceived the persua-
siveness of seven PSD-informed design interfaces compared to the standard comment
box on willingness to challenge misinformation. Our study provides novel contributions
to Persuasive Technology by identifying which interfaces users consider to be most
persuasive in motivating individuals to challenge others on social media. In addition,
these results provide insights into techniques that can be utilised to persuade people who
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hesitate to confront the perpetrators in instances of racism, sexism or prejudice on social
media. By demonstrating that particular techniques are perceived as persuasive in users’
willingness to challenge we pave the way for future social network design features to
motivate users to challenge when they encounter misinformation. We also noted that
users’ demographics and psychological factors impacted their evaluation of different
techniques, with younger users tending to favour private messages more than their older
counterparts.

One of the study limitations was the use of self-reporting to assess the influence of
each interface on the willingness to challenge, though further work could experimen-
tally assess changes in users’ levels of challenge with varying design implementation.
Similarly, although we selected just seven techniques from the PSD framework, future
research could investigate whether other techniques influence willingness to challenge
misinformation. Another area for future work would involve examining whether other
variables such as self-efficacy or self-enhancement are associated with the use of PSD-
informed techniques. Our results provide information regarding the level of influence of
each technique, but future research may further explore the reasons, or at least require
users to provide a rationale, for the ratings they provided, and factors influencing their
acceptance of persuasive techniques. Many people who witness acts of racism or prej-
udice refrain from confronting the offenders [82]. Future research could investigate
whether these techniques might influence willingness to confront such perpetrators.
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Abstract. Women’s perceptions of persuasive design principles implemented in
a mHealth app to support breastfeeding have not been previously explored. This
study aims to explore the persuasive features of a persuasive mHealth app (the
Milky Way app) from the perspective of breastfeeding women to recognize design,
functionality, and usability issues. The study used an online survey to gather
women’s perceptions of the persuasive design principles assimilated in the Milky
Way mHealth app and explore their overall experience with the app. Quantitative
responses were analyzed with descriptive analysis to explore women’s percep-
tions of the implemented PSD features. A qualitative thematic analysis method
was used to analyze participants’ responses input to the online survey. A total
of 168 women participated in the study survey. The results of the One-Sample
T-Test showed that the perception scores of the various PSD features are statisti-
cally significant and higher than the neutral rating of 3 (p < .001). This indicates
that participants perceived the features implementations as persuasive. A total of
96 women provided qualitative inputs, with an overall of 288 text inputs. Three
themes emerged: Overall user experience, Opportunities for app improvements,
and Technical aspects. The Milky Way app was perceived as an informative and
credible app that is feasible for breastfeeding promotion and support. The results
from this study strongly supported the use of the Milky way app for promoting
breastfeeding, with particularly positive feedback received from breastfeeding
mothers. Practical design recommendations for improving the app based on the
findings are offered.

Keywords: Persuasive system design - mHealth - Breastfeeding - Persuasive
system - behaviour

1 Introduction

1.1 Breastfeeding and mHealth

The establishment, practice and maintenance of breastfeeding are associated with
improved maternal and child health. Despite the various benefits of breastfeeding and
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targeted antenatal and postnatal support programs, rates of breastfeeding continuation
and exclusivity remain low and fall short of the World Health Organization 2025 goals [1,
2] The low global prevalence of breastfeeding calls for the examination of new technolo-
gies and solutions. Mobile health (mHealth) technologies, such as mobile apps, can be
a promising solution in supporting breastfeeding continuation [3]. Additionally, a major
role of electronic health technology (e.g., mHealth) is to provide broader healthcare, and
the importance of such mHealth-based breastfeeding support has increased significantly
during the COVID-19 pandemic.

1.2 Persuasive System Design Model

Persuasive technologies are interactive information technology designed to motivate
behavior change mainly through persuasion but, importantly, not through coercion [4].
Researchers, mHealth app designers and health practitioners have been interested in
persuasive systems for health as tools for promoting healthy behavior. In persuasive
technologies, it is suggested that the persuasive systems design (PSD) should aim to
enhance motivation and promote active user participation [5].

The PSD model introduced by Oinas-Kukkonen and Harjumaa [6] offers a system-
atic method of understanding the persuasion context. The PSD model enlists persuasive
design principles that comprise four principles, that is, (1) primary task support, (2)
dialogue support, (3) system credibility support and (4) social support. The four PSD
design principles provide an insightful understanding of the interaction between users
and technologies [7]. Oinas-Kukkonen and Harjumaa’s PSD framework encompasses
various features to optimize human-computer interaction, influence users’ attitudes, and
ultimately support users in achieving their personal target behavior. Thus, incorporating
the PSD model in the development and design approach may facilitate the implemen-
tation, acceptance, and effectiveness of mHealth applications [8]. For instance, Primary
task support focuses on persuasive features that support carrying out the primary activ-
ities, that is, the tasks that lead to the attainment of the aims of the system, while Dia-
logue support refers to human-computer dialogue and techniques which aim to motivate
users to use the system and achieve the goals. The system credibility support principles
enhance users’ perception towards the believability of the design and trustworthiness of
the system. Lastly, social support principles focus on motivating system users through
social influence to enhance their motivation and self-confidence in attaining their targeted
behavior [6].

Existing systematic reviews have investigated the persuasive techniques and strate-
gies most often used in mHealth technology. Win et al. [9] conducted a review to iden-
tify the persuasive system features most frequently used in computer-mediated physical
activity technologies. Their results showed that the persuasive strategies most frequently
utilized by the technologies were tailoring, tunnelling, reminders, trustworthiness, and
expertise. Other reviews that investigated the most commonly applied persuasive strate-
gies in health-related technologies found that self-monitoring, tailoring and personal-
ization are among the most frequently applied persuasive principles in the examined
technologies [10, 11].

Researchers are also using the PSD model to understand the influence of persuasive
mHealth technology and to improve this influence and the uptake of mHealth technology
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[12]. These technologies motivate user behavior through a variety of methods, such as
providing relevant information, encouraging social and physical activities, and offering
feedback [13]. However, the persuasion has to be intentional in the design of the tech-
nology for the purpose of guiding the user towards an attitude or behavior change for the
technology to be truly called “persuasive” [14]. As a result, several persuasive mHealth
apps have been developed for health promotion purposes. [9, 15-18].

Despite the increase in implementation and acceptance of persuasive mHealth apps,
little is known about end-user perceptions and the opinions of each persuasive design
feature [19]. For persuasion to be meaningful, mHealth apps must encourage positive
user behavior and transform their ordinary experiences to be aesthetically pleasing [20].
Therefore, there is a need to explore users’ perceptions of mHealth apps as they may
influence users’ engagement with health-promoting apps [21].

1.3 The Milky Way Breastfeeding mHealth App

Research has highlighted the feasibility of the PSD model in designing breastfeeding
mHealth apps [22]. Despite the development of numerous apps aimed at assisting breast-
feeding mothers [23], a recent study has identified a key challenge in the implementation
of these mHealth apps [24]. This challenge lies in designing breastfeeding mHealth apps
in a manner that not only attracts the interest of users, but also keeps them engaged to a
sufficient degree that promotes behavior change [24]. This underscores the significance
of considering user engagement and behavior change when designing breastfeeding
mHealth apps and highlights the need for further research in this area. One promis-
ing approach for addressing this challenge is the use of the PSD model. Research has
indicated that the PSD model is particularly well-suited for the design of breastfeeding
mHealth apps, making it a valuable tool for addressing the identified challenge [25].

The Milky Way mHealth app is the first app based on the PSD model to support
breastfeeding motivation and to improve mothers’ access to support from early pregnancy
to the postpartum period, with a focus on benefits and acknowledgement of challenges.
The Milky way app involves nineteen PSD features, each represented in the app by
different strategy implementation. Table 1 presents the main PSD features presented in
the Milky Way. The app is publicly available as a free app in the major app stores (i.e.,
Apple App Store and Google Play). In a recent pilot-testing, the app was found to be
effective in showing acceptability and usability [17].
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Table 1. Main PSD features in the Milky Way app and the corresponding implementation

Persuasive design feature

How the feature is presented in the Milky Way app

Reduction

The app’s layout was simplified into four sections: Home,
Preparation, Milky Supply and FAQ

Tunnelling

The app lists the benefits of breastfeeding, and there is much
information under the FAQ section used to provide opportunities to
persuade women towards breastfeeding

Tailoring

The app was tailored for women with the intention of breastfeeding
The app has a section explicitly tailored to provide information to
women who may have a perceived low milk supply

Simulation

Pictures showing mothers nursing happily advocate that
breastfeeding is emotionally beneficial and can improve the
mother-infant relationship

Suggestions

Suggestions were offered if women doubted their ability to
breastfeed due to low milk supply

Similarity

The app has a variety of pictures of breastfeeding women from
different cultural backgrounds to remind women that many other
women breastfeed in the world

Sensitive topics, such as sore nipples, were proposed

Liking

The app has many family-friendly photos

Social role

The app has a link in the forum section that provides users with
opportunities to connect with community members and support
network

Trustworthiness

The app has referenced and linked national and international health
and research authorities, e.g., World Health Organisation; National
Health and Medical Research Council; Australian Breastfeeding
Association

Expertise

The app offered a full disclaimer about the app information and the
developers of the Milky Way app

Surface credibility

The logo of the University was located on the first page

Real-world feel

The app provides full information about the institution behind its
content and information

Authority

The app refers to an authority such as the NSW child and family
health centre and maternal and child health service

Third-party endorsements

The app is supported by the Local Health District

Verifiability

Answers in FAQ sections are supported by offering links to serval
credible websites

Social learning

Links to the Australian Breastfeeding Association Facebook page
can provide an opportunity to find out about other breastfeeding
women

(continued)
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Table 1. (continued)

Persuasive design feature | How the feature is presented in the Milky Way app

Social comparison Users can compare and relate their experience with breastfeeding
with other with other women’s stories

Users can share information related to their breastfeeding via
social networking link

Normative influence Connecting with the Australian Breastfeeding Association,
Facebook may leverage normative influence or peer pressure
Cooperation Provides a means to interact with others through online interaction
so users feel that they are part of a community with a common
interest
1.4 Aim

A number of researchers have focused on the implementation of the PSD features and
functionalities in various mHealth apps, but there remains a need for a more detailed view
of users’ perceptions of the employed persuasive principles and how they interact with
PSD features to help guide design processes. These facts prompted this study to inves-
tigate perceptions towards persuasive strategies. Therefore, this study aims to explore
the persuasive features of an mHealth app (the Milky Way app) from the perspective of
breastfeeding women.

2 Methods

Quantitative and qualitative data were obtained from the Milky Way app users through
an online survey. Ethical approval was obtained for this study from the University of
Wollongong, the Human Research Ethics Committee (Approval No. 2021/009). All
participants were informed of the study, agreed to participate, and gave written consent.

This study used convenience and snowballing sampling methods. The study recruited
the target participants anonymously using social media such as Facebook, Instagram,
and WhatsApp. To participate in the study, the participants should be: (1) women who
were pregnant or mothers who were breastfeeding or had experiences of breastfeeding,
(2) being 18 years or older, (3) capable of reading and writing English, and (4) had
an Apple/Android-based smartphone. All participants were required to download and
explore the Milky Way app on their phones before completing the survey.

Descriptive statistics were computed for quantitative data derived from the survey.
Nineteen survey items were asked, including 5-point Likert scale questions, with a score
of one indicating total disagreement and five indicating total agreement with the proposed
statements.

The survey was based on the assimilated PSD features in the Milky Way app. The
survey items were developed in several stages following best practices of the instrument
development [26]. First, an extensive literature review was conducted to identify rele-
vant studies, and then a set of items were proposed and ensured each persuasive design
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principle employed in the Milky Way app was appropriately reflected in the item. Then,
the items were further developed and validated by a modified Delphi technique incor-
porating the assessment of the Content Validity Index (CVI). The study result indicated
that the research instrument demonstrated high content validity. The modified Delphi
study is described in detail in a published study [27].

A qualitative thematic analysis method was used to analyze participants’ responses
input to the online survey supported by the Qualitative Research Data Analysis Software
QSR NVivo 12 for the coding process. Initial codes were created by reading text inputs
several times to produce a list of themes summarizing the data based on the issues
discussed. Themes were defined to explore women’s opinions and experiences.

3 Results

3.1 Participants Characteristics

A total of 168 women participated in this study. The demographics analyses (see Fig. 1)
indicated that the study participants were predominantly aged between 30 and 39 (54.2%)
and married (88.7%). The study participants varied in terms of educational backgrounds,
although commonly educated to a tertiary degree (71.4%), while 39.3% had full-time
employment.
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Fig. 1. Participants’ demographic information

3.2 Analysis of the Quantitative Survey Results

User Perceptions of the Milky Way PSD Features. The average response score for
each feature for analysis was calculated, and then a One-Sample t-test was used to
measure the perception of each feature in comparison to the neutral score 3. The results
indicated that the mean score (4.05 & 65) was higher than the neutral score of 3, and
thus, all the Milky Way app features were perceived in the app. The perceptions scores
were statistically significantly higher than the neutral score, t(167) = —21.7, p < .001,
and the p-value shows strong significance within the 95% Confidence Interval.
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Presence of PSD Design Principles in the Milky Way app. Figure 2 shows the aver-
age scores of the perceived perception of each of the app’s PSD features. Sixteen features
were perceived to be the most perceived features, with an average of 4.2 each, while
Reduction, Liking and Authority were perceived to be the least perceived features.
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Fig. 2. The average scores of the perceptions of the persuasive features in the Milky Way app on
a scale of 1 to 5 (The dotted vertical line represents the neutral rating of 3).

3.3 Analysis of Participants’ Qualitative Data

Out of 168 women participating in the study, 96 provided qualitative inputs with an
overall of 288 text inputs. The data was distilled from the answers provided in the
qualitative part of the survey. With respect to the thematic analysis, the research team
classified users’ qualitative inputs into three categories: Overall user experience, Tech-
nical aspects, and Opportunities for app improvements suggested by users. Throughout
the study, women’s feedback and comments are included verbatim, including spelling
and grammatical errors.

Theme 1. Overall user experience. Usability is an important aspect of the user expe-
rience of the Milky Way app. Findings from thematic analysis of qualitative comments
showed that women perceived the app as easy to use and functional. Women reported
that they like the app “Visual information” and “Like the functionality of this APP” as
it is “well organized and easy to use”.

Women'’s perceptions of the Milky Way app interface aesthetics were positive. The
app’s visual appearance has been perceived as “appealing”. Women rated the app as
visually appealing because it provided them with quick access to information and did
not overwhelm them with the choice “Easy to read information and not to much info so
you don’t feel overwhelmed”. Visual design aims to improve the app’s aesthetic appeal
and usability. App visual attractiveness can be seen as an essential factor in the overall
user experience of the app as users tend to perceive attractive apps as more usable, as
evident in the following comment “When I breastfed in the past, I was often stressed and
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sleep deprived in these early weeks and a clear and visually effective app is important. |
need to be able to find the info I need quickly, which this is app has”. Moreover, women
appreciated the simplicity and rationality of the Milky Way app interface as women
commented, “The interface of The Milky Way is perfect and coincident with its logic.”.

Moving from one section to another in the app is an important task for app users as
apps with easy navigation make it easy to accomplish any desired task. Most women
reported that the Milky Way app is “simple to navigate” and “easy to navigate”. Women
were guided through the app process by simplifying the homepage of the app, reducing
the required user’s tasks and providing efficient access to information” I also like that
there are lots of specific categories like Positions, Skin to Skin, so I can find what I
need immediately.” and advice about professional healthcare services “I like the page of
websites and support services. It’s clear and easy to see which link to click for support”.

Several women pointed out that the Milky Way was useful as it was easier to use an
app than websites, especially when using a smartphone to access the internet: ”That’s
it’s right on hand to click through rather than flicking through a pamphlet or googling or
waiting for an appointment with a healthcare provider.” The concept of convenience was
highlighted as mothers need frequent access to breastfeeding information. The Milky
Way app was found especially convenient for first-time mothers: “I like how the Milky
Way is convenient for the inexperienced baby mama”. Users, who commend the app,
highlighted its utility, demonstrating the usefulness of the Milky Way app. Based on
the results, users strongly perceived the Milky Way app as informative as one woman
said, “I think the amount of information on each topic is concise and provides a good
overview”.

Being informative was the most commonly reported app feature that women per-
ceived and appreciated. Women reported the usefulness of the app as an educational as it
is “helpful in learning to breastfeed”. Access to social/community support and sharing
mother breastfeeding stories normalizes the challenges of breastfeeding and encourages
self-motivation. Facebook was embedded as the primary sharing platform, given its pop-
ularity and accessibility. Participants praised this feature; one woman reported she liked
that the Milky Way app “Connect more Mum together to share ideas” and other women
echoed that they liked the Milky Way app as: “experienced breastfeeding mothers can
share their experience” and because: “It shows experiences of others”. To some extent,
the Milky Way app adapts its elements and layout to the women’s queries. The results
indicated that the app provides a tailored experience to its users. “I also like the ‘Milk
Supply’ quiz like function - this provides good info.” Overall, women appreciated the
fact that their most commonly faced milk supply issues could be explained and resolved
through the tailored answers shown.

The Milk supply section was favoured by many women “There are a lot of articles
on how to properly breastfeed and produce more milk” and other women agreed “I also
like the ‘Milk Supply’ quiz like function - this provides good info”. This section was
seen by one woman as “The troubleshooting for suspected low supply” which points
out that the Milk Supply section has the ability to resolve breastfeeding issues that
may occur. Perceived low milk supply is regarded major barrier to breastfeeding and
usually, women reach out for support to overcome this barrier. Thus, it was suggested
to even add more information, for instance, about: “exclusive pumping and methods to
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increase your supply”. The analysis indicated that women perceive the Milky Way app as
credible. The credibility of the app and the information delivered by it was prominent in a
number of women’s inputs. Trustworthiness of the app was an aspect that women highly
appreciated because it contains links to other evidence-based publications that support
the evidence-based practice, as one woman described “The evidence based research
links”. Women indicated the value of having access to trustworthy and relevant sources
they could trust and access when needed to*“Uses reputable links, so information is at
least reliable.”. Women responded favourably to the fact that the information provided in
the Milky Way app is backed up by generally accepted guidelines and scientific evidence
“I like that the information is backed by studies and links to further reading of studies”.
Besides, women were attracted to the app due to its logo*“The logo it very appealing”.
This indicates the value of the Milky Way app logo, which was purposefully designed
to visually represents the identity of the app developers (the University of Wollongong).

Theme 2. Technical aspects. Women’s feedback provided an overview of the issues
faced when exploring the Milky Way app. Technical design difficulties faced by the
Milky Way app users included the app font colour on some of the pages. One woman
mentioned difficulties in reading text due to blurred background: “When I tap on some
pages of the app - there is white text over the blurred background photo which is also
white in the upper right corner. This means that I cannot read most of the text.”. Although
this issue was raised by some women in their feedback, others pointed out that the font
colour in some sections of the app does not affect the positive impact of the app:
“I wasn’t a fan of the transparent background but that is only aesthetics and doesn’t
impact the effectiveness of the app.” Furthermore, one women found the app to be a bit
too basic”Very simplistic” and suggested that the simplicity of the app may not be of
primary importance.

Women mentioned accessibility features as a potential approachability barrier to
the app. Accessibility is a critical factor that enables users who have disabilities to
access support and information. The results showed some possible accessibility issues
in regard to users with visual disabilities:” The app is not accessible to people with
vision impairment. It does not work with Voice Over on iPhones. So it would not be able
to help mothers who are blind and quite often given out of date information.”.

Theme 3. Opportunities for app improvements. Women who participated in the
study provided various ideas for app improvements. Modifications related only to the
aesthetic appeal of the app were proposed, including changing the font colour and
improving the use of images to improve the visibility of the app text: “The font colour
makes it difficult to read, I advise to change the font colour or the background colour in
the app”. Further optimization suggestions regarding the app design were to include
more videos. The addition of more visual information was notable: “As I mentioned
above its need more visual and audio to improve the information delivery for those who
prefer to watch and listen.”. Supporting other languages was recommended and seen
as “greater benefit” as it will become easier for mothers based on their language to access
the appropriate content for them; thus, the Milky Way app would reach a much wider
audience. The personalization feature, which involves users in-app input or involve-
ment, was highly suggested. For example, women suggested adding breastfeed tracker
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option would be beneficial “Add a timer and diary option to add when you breast fed,
for how long the feed was and from which side you fed”. This suggestion would increase
the interactivity of the app as women point out that “Interactivity in the app would also
be important - a place for women to track nursing sessions and nappy output perhaps.

Various suggestions were proposed in regard to adding specific breastfeeding-
related information into the app, such as allergies “address issues such as allergies
for example cows milk protein and soy”, breast cancer “there should also be ways in
preventing cancer in the breast” and the relation between breastfeeding infants and
night sleep “I couldn’t see any information on breastfeeding and sleep”, “put some
more specific information about the benefits of breastfeeding for example how do we
know that formula feeding increases risk of obesity compared to breastfeeding, what
were the actual outcomes of those studies”.

Women believe that the addition of more information would increase mothers’
motivation to continue breastfeeding: “I think that would motivate mothers to continue
to try to breastfeed and they would be more informed about what their babies are going
to be missing out on in they formula feed”.

4 Discussion

Key factors that set the Milky Way breastfeeding app apart from many others are the
use of PSD model principles, most obviously through the included features and func-
tionalities. This paper set out to explore the Milky Way app that aims to promote and
support breastfeeding. The study presents the results from an online survey exploring
participants’ perceptions of the assimilated persuasive features in the Milky Way app.
Previous literature suggests it is fundamental to consider how persuasive principles are
presented as design features, as this will impact the “potential persuasive effectiveness”
of an app in influencing users’ behavior and attitude [28]. The study identified several
PSD features used in the Milky Way app that were perceived well. The online survey
findings reported that all app features were perceived significantly above the median by
the study participants. The study also provided a quantitative endorsement of the overall
persuasive features. Tunneling, credibility, expertise and social support were perceived as
rather valuable among participants. Moreover, the vast majority of the ninety-six partici-
pants who contributed qualitative inputs reported a positive experience and appreciation
of the provided app features, yet only minor design-related issues were pointed out, such
as (font colour, images quality and accessibility), and there were no negative comments
regarding the core functionality of the app. The thematic analysis indicated that the first
theme (Overall user experience) accounted for almost 60% of the input data, and only
24% and 14% accounted for Opportunities for app improvements and Technical aspects,
respectively.

Following the One-Sample t-test, it can be concluded that all the implemented PSD
features in the Milky Way app were almost equally perceived well. The fact that the
PSD features are seen by and for all included participants in this study indicates that
persuasion is present and could aid the desired change in attitude or behavior. This is
further supported by participants’ text inputs perceiving the app as informative, simple
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to use, appealing, and useful in supporting breastfeeding. Overall, the qualitative themes
were related to app design and support needs. The themes highlight the importance
of presenting the authenticity of the app. Participants noted the value of having well-
known resources they could trust and that were easy to access when needed. In line with
previous research, the credibility of the persuasive system is considered a key factor that
affects users’ continuance intentions to use the system [29]. One of the main features that
were also noted by the participants included providing relevant information that is easy
to access. The majority of the participants acknowledged the amount and quality of the
information in the Milky Way app; nonetheless, participants expressed a strong desire for
the app to have practical material that can support them in different situational contexts
in order to motivate breastfeeding. This association between acquiring information and
breastfeeding motivation is supported by a number of existing studies in the broader
literature [30, 31]. Additionally, information that was to the point and concise was seen
as highly appreciated; otherwise, participants implied they could feel overwhelmed and
would be easily disengaged.

4.1 Emergent Themes and Theories

The qualitative data were further examined. The examination of the results of the thematic
analysis showed that many of the participants’ input data could be mapped to existing
health behavior changes and the design of technology theories.

For instance, opportunities for app improvements are related to the Value Sensitive
Design (VSD). This approach advocates for integrating human values into technolo-
gies throughout the design process [32]. The study participants indicated that the app is
missing individual-specific meaningful breastfeeding information. Examples requested
are integrating a feeding timer/tracker in the app, also requested targeted breastfeeding
information, practical skills training and mother-and-baby feeding advantages. Assess-
ing how technologies align with the norms and values of stakeholders is crucial to VSD.
The VSD method would recognize the experiences of the stakeholders and their values.
Thus, this study suggests that persuasive app design should respond to and align with the
provided information and values of both direct and indirect stakeholders. This finding
was consistent with a previous study by Davis [32], which emphasized the significance
of user involvement in the design process and the application of VSD to persuasive
technologies aimed at influencing behavior and attitudes.

Behavior could be explained as a combination of motivation, ability, and opportu-
nity. The resultant themes are related to the constructs of the information-motivation-
behavioural skills (IMB) model [33]. The IMB model can reflect the behavior change
mechanisms and comprise three dimensions; accurate information to be translated to
behavior performance, personal and social motivation to act on such information; and
behavioral skills to effectively implement the health behavior. The participants pointed
out that the app consisted of information delivered by the visual presentation and educa-
tion (tips and advice), and motivation was provided by self-adjustments, goal attainment,
feedback, and connection to social community support. Thus, the app aligns well with
the IMB model.

Furthermore, reflecting on the participant’s suggestions for improvements, a feeding
tracker app component was commonly suggested. Although such an addition might
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provide convenience for mothers, their breastfeeding decisions most likely would not be
influenced by this feature alone. As the IMB model specified, health-related information,
motivation, and behavioural skills are the primary determinants of the performance of
health behaviours. A recent investigation of feeding trackers indicated that mothers
primarily need credible information to guide their breastfeeding decisions along with
the tracker [34]. Therefore, utilizing the principles of VSD and incorporating the IMB
model constructs that have a significant impact on behavioral changes, the addition of a
breastfeeding tracker element to the Milky Way app, given it was perceived as informative
and credible by the majority of participants, would be a valuable enhancement.

4.2 Mapping Themes to PSD Design Principles

The themes generated from the thematic analysis regarding users’ perceptions and opin-
ions of the Milky Way app were mapped to their corresponding persuasive strategies of
the PSD framework.

Primary task support involves features that aid and motivate users, which in this
study were to tailor the presented information, simulate pictures showing the benefits,
guide users into the behavior change process, and enable behavior rehearsal. The find-
ings of the study indicate that functionalities that employ primary task support features
were highly perceived. However, though the Milky Way app provides app-tailored con-
tent to its users, the addition of a personalization feature was commonly requested.
Oinas-Kukkonen [35] asserts the importance of understanding diverse user segments for
designing successful persuasive systems and states that “specific target audiences may
request very different kinds of software features”. It has been pointed out that tailoring
and personalizing mHealth apps enhance their effectiveness and thus increase their capa-
bility for persuasion [36]. Thus, this study recommends the addition of functionalities
personalized to user characteristics along with offering adaptive, contextual suggestions
as they would enhance users’ perception of the persuasive features provided in the app.

Dialogue support principles such as suggestion, similarity, liking, and social role
were reflected in the Milky Way app and perceived well. However, liking feature slightly
differed from the overall perceptions. Oinas-Kukkonen and Harjumaa [6] offers describe
Liking feature as it should be “a system that is visually attractive for its users is likely to
be more persuasive.”. Based on the findings, participants were doubtful about the visual
attractiveness content as some appreciated the app’s pleasant interface design while
some criticized the simplicity of information display. Modifications suggestions related
to aesthetics and functionality included unclear font color and some blurred images.
Although participants indicated that, in their opinion, the app’s effectiveness is not
adversely affected by minor visual faults, aesthetics remains one of the main concepts that
may affect user experience and technology behaviour [29]. Prior research has stated that
visual aesthetics influence users’ perception of dialogue support in persuasive systems
[37, 38]. Thus, this study advises that app designers should modify the layout, graphics,
and visual appeal experiences into aesthetically pleasing experiences. Moreover, it is
useful to provide a help function in the app to accommodate different phones and provide
enhanced accessibility settings.

Participants showed their appreciation of trustworthiness, expertise, and verifiability
features which are an implementation example of Credibility support principles. The
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results demonstrated that participants’ knowledge of the app’s information sources (e.g.,
official government-recognized websites) and expertise (e.g., healthcare professionals)
enhanced their credibility judgment of the app. This highlight one of the most noticeable
insights from this study’s results that information credibility positively mediates the
relationship between digital-health technologies users and trust, as authenticity was
frequently noted by the participants. Evidence already affirms that persuasive apps are
particularly effective in persuading users to complete their target behavior when they
implement trustworthiness, expertise, and authority strategies [39]. App designers must
strive to establish trustworthiness and trust with the full user experience in mind so that
trust can be imbued appropriately in the app [40]. It has been shown that users’ visual
judgments influence their perceptions of credibility [29]. Regardless of the credibility
support capacity, this PSD principle is a noted gap in mobile apps [41]. Accordingly, the
app should exhibit symbols of authority to clearly refer to people or organizations with
authority, such as visible, e.g., official government websites and global health authorities
and provide genuine information or details of the organization and/or people involved
in providing the app’s content. Therefore, this study recommends that persuasive health
app designers should implement strategies in the system credibility category to motivate
behavior change and increase engagement.

The features of the Social support principle leverage the power of social influence
in motivating the users to perform a target behavior. Implementations include provid-
ing links to a community forum for peer support and opportunities for women to share
experiences who have similar goals. Although the Milky Way app did not offer exclu-
sive social/community support, participants still appreciated the provided platform for
sharing their journey with others because sharing enables individuals to learn about
others’ abilities and performance and thus feel more motivated. Lehto et al. [42] found
that social support was to be important in determining users’ continuance intention to
use the persuasive system. Therefore, this study suggests the inclusion of a community-
sharing platform for app users, so they become immersed in their interactions with other
individuals or groups via the app.

5 Conclusion

This paper explores women’s perceptions of the employed persuasive design features
in the Milky Way mHealth breastfeeding app. Feedback from women indicated that
the app was designed well and positively embraced. The evidence-based information,
educational materials, and credibility were appreciated. To optimize the user experience
of the app, several design recommendations were proposed. The finding will inform the
refinement of the next version of the app as a potential mediation for sustained behavior
change. Insights derived will be helpful to other researchers and developers to inform
future persuasive technology reaching out to breastfeeding women through persuasive
information systems.
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Abstract. Non-communicable diseases (NCDs) are the leading cause of global
deaths and an increasing economic burden. Adherence to treatment among NCD
patients is generally low due to the demanding treatment plans (i.e., lifestyle
changes). Persuasive systems are a promising approach to complement traditional
NCD care to support patients in behavior change and increase long-term adher-
ence. However, we ask ourselves: To what extent does current persuasive sys-
tems research address the need for continuous, comprehensive, and adaptive NCD
care? And where are the blind spots that need to be addressed by developers and
researchers of more comprehensive persuasive systems? To answer these ques-
tions, we analyzed 57 articles on persuasive systems for NCD care in a systematic
literature review. Our results show clear gaps in research and design of persuasive
systems. We conceptualize comprehensive persuasive systems in the Fogg-PDSA
matrix combining social (e.g., medical professionals) and technical aspects (i.e.,
persuasive applications) of persuasion.

Keywords: Fogg behavior change model - persuasive systems - continuous
care - non-communicable diseases - systematic review

1 Introduction

Non-communicable diseases (NCDs) such as diabetes and hypertension are the leading
cause of global deaths [1]. NCDs require complex treatment (i.e., lifestyle changes) in
close collaboration with medical professionals, frequently over the lifetime of a patient.
However, NCD patients often do not adhere to treatment [2]. Do current persuasive
applications contribute to better adhering to NCD treatment? At first sight, this is the
case: There are tens of thousands of mobile health applications motivating and enabling
NCD patients to change their behavior, and there is ample scientific literature on per-
suasive systems design [3]. However, at second sight, there are questions: NCDs require
continuous, comprehensive, and adaptive care [4]. Do current persuasive applications
provide that? Do they cover the whole medical cycle instantiated in the Plan-Do-Study-
Act (PDSA) method? Prior work [3, 5, 6] questions that as they uncover challenges
for persuasive systems in healthcare without conceptualizing the root cause for these
challenges in detail. Consequently, we asked the following research question:
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To what extent does current persuasive systems research address the need for contin-
uous, comprehensive, and adaptive NCD care (RQ1)? And where are the blind spots that
need to be addressed by developers and researchers of more comprehensive persuasive
systems (RQ2)?

We address this research question with a systematic literature review. First, we con-
ceptualize our understanding of comprehensive, persuasive systems for NCD care in
the Fogg-PDSA matrix. Second, we study the existing literature through this lens to
elicit the extent to which existing knowledge addresses the needs for NCD care. For
this, we analyze the coverage of the Fogg-PDSA matrix across all reviewed articles and
the coverage of the PDSA cycle in each paper. The latter allows us to identify research
potentially adopting a comprehensive approach for persuasive systems. Lastly, we ana-
lyzed a subset of 13 articles for their comprehensive persuasive system approach to gain
in-depth insights into the current state of research. This study aims to open the door
for future research on designing persuasive digital health systems moving beyond the
current task-centricity. Such systems could assist in guiding users through the various
opportunities for increasing adherence and improving their health outcomes.

2 Related Work

2.1 NCD Care

Non-communicable diseases (NCDs) are responsible for 41 million, which is equivalent
to 74% of deaths globally every year [1] and responsible for most healthcare costs in the
European Union [7]. Most NCDs, such as diabetes or hypertension, require continuous
treatment due to their chronic nature. NCD treatment often includes a combination of
medication and lifestyle changes to alleviate symptoms of chronic conditions [4]. Such
treatment plans often target comprehensive changes in physical activity and nutritional
behavior, as the current lifestyle is often the root cause of NCDs [8]. Lifestyle changes
are demanding as they require patients to break habitual behaviors formed over decades
of sedentariness and malnutrition to achieve sustainable health outcomes [9]. Medical
professionals (e.g., doctors or dietitians) and patients engage in a continuous and close
collaboration to adapt the treatment plan to the patient’s needs and context. Despite
those efforts, adherence to the treatment of NCDs is persistently low because due to
the required continuity, comprehensiveness, and adaptivity. While adherence to simple
treatments involving medication intake is generally high (91%), only 19% of the patients
follow prescribed lifestyle interventions (i.e., exercise plans) [2].

Medical research has recently adopted quality improvement methods to break down
long-term care for medical conditions such as NCDs into iterative cycles. Such closed-
loop control systems are a promising approach to ensure comprehensive care [10]. The
Plan-Do-Study-Act (PDSA) method is a widely accepted quality improvement method
in healthcare and digital health applications [11]. The control loop of a PDSA cycle
aims to improve therapy adherence by, firstly, expediting adjustments of interventions
impending to fail and, secondly, by taking the patient’s preferences and limitations into
account for adaptation to personal needs. A PDSA cycle in the medical context consists
of four phases: In the plan-phase, medical professionals and patients define objectives
and develop a therapy plan. In the do-phase, patients execute the plans (i.e., taking
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medication, exercising, or other lifestyle adoptions) and document their progression.
Data is analyzed individually and collaboratively in the study-phase to finally identify
adjustments for the upcoming cycles in the act-phase. The PDSA cycle starts anew by
integrating the adjustments into the therapy plan [11]. The comprehensiveness and wide
acceptance in healthcare make the PDSA cycle a suitable lens for analyzing digital health
applications as it resonates with NCD care’s longitudinal and iterative characteristics.

2.2 Persuasive Technology in Healthcare

Persuasive Systems are a complementary approach to the PDSA method as they are
more easily scalable and usually come at a lower cost than solely relying on humans
[12, 13]. Since 2001, research on persuasive systems has become an emerging trend,
growing exponentially after the introduction of smartphones in 2009 [3]. Unsurprisingly,
persuasive systems have long found their way into the healthcare sector due to their
potential to address key NCD care challenges. There is ample evidence of the potential
to increase adherence with persuasive systems [14].

Despite its popularity, the term “persuasive systems” appears to need further clar-
ification in the context of NCD care. Persuasive systems are “‘computerized software
or information systems designed to reinforce, change or shape attitudes or behaviors
or both without using coercion or deception” [15]. Behavior change is achieved as the
outcome of the co-existence of three factors: sufficient (1) motivation and (2) ability
of a user to perform a behavior, and (3) a trigger initiating the behavior [16]. Research
on persuasive systems has produced a vast number of persuasive strategies and design
frameworks based on this fundamental understanding of behavior change [15, 17]. The
persuasive system design (PSD) model is one of the most popular frameworks, providing
designers with actionable advice for designing and evaluating persuasive systems [18].
The definition mentioned above and the PSD model strongly focus on the interaction
between a user and an application designed to persuade the user to perform a specific
task. However, systems usually span further as they include more social aspects, such
as other stakeholders and structures, besides the technical aspects (i.e., technology and
task) [19].

In this study, the definition mentioned above by Oinas-Kukkonen and Harjuma [15]
better describes our understanding of persuasive applications as they focus on a spe-
cific task. We adopt a more comprehensive perspective on persuasive systems as they
are embedded in a specific health situation, including persuasive applications, tradi-
tional applications such as patient health records, the user, and other social aspects
paramount in NCD care (e.g., medical professionals). Thus, we aim to understand how
the existing research and design of persuasive systems address the need for continuous,
comprehensive, and adaptive NCD care.

Seven recent studies reviewed the state of persuasive systems research in healthcare.
Three of these studies focus on actual digital health applications available to the public
[20-22]. The four remaining studies review the available scientific literature [3, 5, 6, 23].
Despite the promising prospects and the popularity of persuasive systems, all studies
report mixed results and identify three challenges for persuasive systems in healthcare.

First, researchers and designers currently have an imbalance in their focus. Many
reviews report a strong focus on a few persuasive strategies [5, 20, 21]. Geuens et al.
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[21] report an average of 5.8 persuasive strategies across 28 apps for chronic arthritis
with a strong focus on system credibility support and task support, neglecting dialogue
(0.5 principles per app) and social support (0.01 principles per app). Existing persuasive
systems appear to only focus on specific parts of the PSD and Fogg behavior models.

Second, we lack an understanding of the effects of individual and groups of per-
suasive strategies. Oyebode et al. [20] could not find a correlation between the number
of persuasive strategies employed in 80 apps and their effectiveness. Asbjgrnsen et al.
[5] remain inconclusive on the ideal combination of persuasive strategies for long-term
behavior change. Finally, the literature often fails to explain why specific strategies are
less frequently used or are seemingly less effective [6]. While the variance in adherence
can partly be explained by choice of the intervention style and the instantiated design of
the persuasive strategies [23], there is a need to evaluate the engagement of real users
with specific persuasive strategies to determine which strategies and combinations work
best in real life [22].

Third, existing research often does not provide insights into the sustainability of
persuasiveness. Asbjgrnsen et al. [5] identify a gap in research on supporting to main-
tain weight loss (i.e., the changed behavior) with digital health. Geirhos et al. [22] draw
similar conclusions and further criticize the lack of anchoring of such apps in scien-
tific evidence (available for only 8% of 120 apps). Taj et al. [3] also identify a lack of
theory-grounded persuasive systems. They call for closer cooperation between behav-
ioral scientists and designers and more comprehensive research on how their knowledge
can be combined in real-world digital health applications.

In summary, the current work strongly focuses on the effectiveness of persuasive
application designs guided by the PSD model and other frameworks. The existing litera-
ture reviews identify three main challenges resulting from this task-centric perspective:
(1) an imbalance in research and design focus only partially covering all design areas,
(2) unclear effects of individual persuasive strategies and their interrelations with each
other, and (3) a lack of focus on sustaining behavior change. While the studies call for
more research to resolve these challenges, they do not question whether the current tra-
jectory in research and design helps provide the comprehensive support needed for NCD
care. This raises the question if the existing literature on persuasive systems addresses
the need for continuous, comprehensive, and adaptive NCD care. We are missing a
systematic approach to connecting behavior change theories, persuasive strategies, and
insights from clinical practice. In this study, we adopt a comprehensive understanding
of persuasive systems to assess the current state of research.

3 Methodology

To address our research aim, we performed a systematic literature review following the
approach proposed by vom Brocke et al. [24]. The categorization of persuasive strategies
in the Fogg-PDS A matrix allowed us to assess if the existing persuasive systems research
comprehensively covers the requirements for continuous NCD care (RQ1). We could
further identify and review a subset of articles indicating to address all phases of the
Fogg-PDSA matrix to elicit blind spots that need to be addressed by designers and
researchers in future work to increase persuasiveness in continuous NCD care (RQ2). In
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the following sections, we outline our approach along the five phases of the methodology:
(1) definition of review scope, (2) conceptualization of topic, (3) literature search, (4)
literature analysis and synthesis, and (5) results.

3.1 Definition of Review Scope and Conceptualization

We first familiarized ourselves with the existing literature on persuasive systems in
healthcare to define the review scope (see Sect. 2). Then, we reviewed meta-analyses
on behavior change with digital health for NCDs by searching PubMed and Cochrane
library. We analyzed 5 meta-analyses to conceptualize our research topic [8, 12, 13,
25, 26]. As a result, we extracted a list of 57 persuasive strategies and behavior change
techniques applied in digital health. This list served as the foundation of our coding
schema in our analysis. Furthermore, the meta-analyses informed the definition of the
search query for the literature search. As a result of this phase, we conceptualize the
Fogg-PDSA matrix as our understanding of comprehensive, persuasive systems and the
lens through which we study the current state of persuasive systems in NCD care.

3.2 Literature Search

In this phase, we collected the literature by searching the Scopus database. After iterative
discussions in the author group, the following final search query was used:

ALL (“digital health”) OR ALL (ehealth) OR ALL (mhealth) OR ALL (“patient
portal”) OR ALL (“electronic medical record”) OR ALL (emr) OR ALL (wearables)
OR ALL (“personal health record”) OR ALL (phr) OR ALL (“mobile app”) OR ALL
(“digital therapeutics”) OR ALL (“electronic health record”) OR ALL (ehr)

AND | (ALL (“behavior change”) OR ALL (“lifestyle change™))

AND | (ALL (“non-communicable disease””) OR ALL (“chronic disease”) OR ALL
(overweight) OR ALL (obesity))

We limited our search to the subject area of computer science, including human-
computer interaction, information systems, and medical informatics. Additionally, we
only considered publications from 2018 or later due to the fast technological advances.
Finally, we only included literature published in outlets with a better or equal C rating.
The ratings were taken from Serenko et al. [27] and The German Academic Association
of Business Research [28].

In the following, we screened the title and abstract of each article to assess their fit
for our study. Borderline cases were discussed in the author group, and uncertainties
were resolved before screening the full texts of each article. Further exclusions were
made if the full texts did not cover persuasive strategies or behavior change techniques.

3.3 Literature Analysis and Synthesis

In three steps, we analyzed the remaining articles using the qualitative data analysis
software MAXQDA. First, we coded the articles using the persuasive strategies iden-
tified in Sect. 3.1. This analysis gave us a profound understanding of the persuasive
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strategies employed and their instantiated designs. After coding of approx. 20% of the
articles, the coding schema was refined iteratively in discussion between the authors.
For example, the initial code “feedback” was one of the most found strategies in the
meta-analyses. We decided to adjust our coding as it was considered too broad. We
assigned all code segments initially coded with feedback to different strategies that have
feedback characteristics but are more specific. We found 36 from the initial 57 strategies
in the literature. Second, we applied our conceptualization of the Fogg-PDSA matrix to
the coding schema. Three researchers assigned each strategy to one of the dimensions of
the Fogg behavior model (i.e., ability, motivation, trigger, and goals; we defined target
behavior as goals in this study). We discussed differences in assignments and resolved
any differences. We repeated the same process to assign the strategies to the PDSA cycle.
All strategies except three could be assigned to one field in the Fogg-PDS A matrix. Third,
we reviewed our coding before synthesizing the data.

Our synthesis included three steps: First, we created the Fogg-PDSA matrix to illus-
trate how many papers covered each field. Each study could potentially cover every
field. However, a study would only be counted once per field if it employs more the one
strategy. This illustration highlights focus areas and gaps across the reviewed literature.
Second, we analyzed the coverage of the different phases of the PDSA cycle and their
transitions within the individual papers. We define transitions as the coverage of sub-
sequent phases. An example of a transition could be from plan to do to study (P-D-S)
if all these phases are covered in a single paper. This step allowed us to understand the
focus of individual studies and identify a subset that promises to cover all PDSA phases.
Third, we analyzed this subset in more detail. We created a Fogg-PDSA matrix for this
set of articles and aggregated the employed strategies in a separate table. Furthermore,
we searched for explicit mention of any continuity or improvement method and analyzed
whether any medical professionals were involved in the systems. Finally, we looked at
those papers’ aims and goals. We consolidated the data and documented our findings.

4 Results

The search in Scopus yielded 780 results. 134 papers met our selection criteria, and 108
were considered relevant after an initial review of the title and abstract. After screening
the full text of the remaining 108 studies, 57 were included in our literature review. In the
following, we first present the results across all reviewed articles in Sect. 4.1. Figure 1
highlights the focus areas and gaps in the Fogg-PDSA matrix, and Fig. 2 illustrates the
coverage of the PDSA phases in individual papers. These results allow us to answer
our first research question by assessing the extent to which current persuasive systems
research addresses the need for continuous, comprehensive, and adaptive NCD care. We
then present our in-depth analysis of articles promising to cover the complete PDSA
cycle in Sect. 4.2. This detailed analysis answers our second research question as it
uncovers blind spots that need to be addressed by developers and researchers of more
comprehensive persuasive systems.
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4.1 The Fogg-PDSA Matrix

Figure 1 shows the coverage of the Fogg-PDSA matrix, indicating the number of stud-
ies employing persuasive strategies in each field. The matrix uncovers an imbalance
in the reviewed literature: Most articles emphasize the do-phase (47.5%) and neglect
the act-phase (13.4%) of the PDSA dimension. A similar observation can be made for
the Fogg dimensions, where motivation (38.6%) and ability (35.1%) receive the most
attention from research, while goals (10.9%) are rarely covered. Furthermore, when
looking at individual fields, motivation (32), ability (33), and triggers (31) in the do-
phase are the only fields covered by more than half of the reviewed publications. The
fields study-ability (21), act-motivation (18), and study-motivation (17) are addressed
by approximately a third of the publications leaving the remaining fields below 25%
coverage. Our analysis further shows four fields not covered by the reviewed literature.
Goals do not appear in the do-phase, which can be explained by the PDSA cycle: Per-
suasive systems aims at motivating and enabling users after the goals are defined. The
do-phase is not intended to review or adjust goals, as this is done in the following phases.
However, the reviewed literature rarely discusses goals in the study- (2) and act-phase
).

Furthermore, triggers are only covered in the do-phase, leaving the other three phases
empty. This is due to our coding schema that consisted of triggers that only fit the do-
phase. Finally, the areas study-goals (2), act-goals (7), and act-ability (2) are rarely
addressed by the reviewed publications without an obvious explanation similar to the
do-goals area.

findings density
Fogg
goals motivation ability triggers

plan 13 1 15 0 19.3% 30

do 0 47.5%

PDSA

study 2 19.8%
10
act 7 2 0 13.4% §
= 0
10.9% 38.6% 35.1% 15.4%

Fig. 1. Fogg-PDSA Matrix covering all reviewed articles

In our analysis, we further categorized individual articles into the covered PDSA
phases to identify studies adopting a comprehensive approach (see Fig. 2). For example,
we analyzed if an article employs persuasive strategies in adjacent phases (e.g., plan-
and do-phase) and categorized them accordingly (e.g., P-D). Except for the do-phase
(18), only a few articles focus on a single PDSA phase (4). Eleven studies employed
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persuasive strategies in two PDSA phases with an almost exclusive focus on P-D (5) and
D-S (5), neglecting S-A (1) and A-P (0). Most of the eleven studies covering three PDSA
phases focus on P-D-S, like the other studies covering one or two phases. Furthermore,
13 out of 57 papers employ strategies in all PDSA phases. Overall, 35 out of 57 articles
do not address the act-phase at all.

coverage count

P D s A PD D-5 S-A A-P P-D-§  D-5-A  S-A-P A-P-D P-D-5-A

Fig. 2. Coverage of PDSA phases (phase + transition) for individual articles

4.2 In-Depth Analysis of Articles Covering the Complete PDSA Cycle

We further analyzed the 13 articles covering all PDSA phases in-depth regarding the
employed strategies and their linkage, the evaluation method, and the involvement of
medical professionals as part of the PDSA cycle.

We created another Fogg-PDSA matrix to illustrate some interesting insights into
the 13 selected articles (see Fig. 3). While the do-phase (35.5%) still receives the most
attention, the phases are much more evenly distributed across these articles leaving act
(17.2%) only closely behind plan (24.7%) and study (22.6%). In addition, motivation
(43%) appears to be at the center of attention in these articles. Compared to all reviewed
literature, goals (15.1%) are studied more closely, making triggers (10.7%) the least
attended dimension.
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findings density

Fogg
goals motivation ability triggers

pa 24.7% L

do 35.5%

PDSA

study 22.6%

act 17.2%

instances

15.1% 43.0% 31.2% 10.7%

Fig. 3. Fogg-PDSA matrix for 13 selected articles

Furthermore, we identified the five most applied persuasive strategies for each PDSA
phase (see Table 1). The list contains eight motivation strategies with social support being
applied the most (8), five ability strategies with suggestion as the most used (9), two
triggers (i.e., reminders (8) and prompts/cues (7)), and one goal strategy (i.e., goal setting

().

Table 1. Five most common strategies per phase (We only found four strategies for study and act
in the articles), M = motivation, A = ability, T = trigger, G = goal

Plan # | Do # | Study # | Act #
goal setting (G) 7 | suggestions (A) 9 | self-monitoring | 8 | reward (M) 7
(A)

action planning 5 | social support (M) | 8 | visualizing 8 | adaptive goals (A) |5
(A) progress (M)
social learning 4 | reminder (T) 8 | social 6 | praise (M) 4
M) comparison (M)
assist in setting 3 | prompts/cues (T) |7 |review behavior |2 | vicarious 1
optimal challenge goals (G) consequences (M)
(A)
reduction (A) 2 | social competition |4

M)

Despite the promising insights from the matrix above (see Fig. 3), our in-depth
analysis of the articles raised multiple concerns. First, none of the studies explicitly
address any form of continuous care or quality improvement approach. As a result,
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only Noorbergen et al. [29] seem to explicitly address the need to connect individual
persuasive strategies while also failing to attend to the continuity required in NCD
care. Second, the aims of the studies vary between acceptance and persuasiveness [30—
33] and medical outcomes [34, 35]. Third, the studies employed different evaluation
approaches. About half of the studies, mainly focusing on acceptance and persuasiveness,
adopted approaches such as (online) surveys [20, 30, 36], think-aloud sessions [33], or
a combination of literature review and expert interviews [37]. Only a few studies draw
their data from extended usage in experimental or real-world settings [31, 32, 34, 35].
Lastly, only one study explicitly involves medical professionals in their system to provide
user feedback and context-dependent resources [29]. However, this study remains only
theoretical and is not yet implemented in an actual application.

5 Discussion and Conclusion

In this systematic literature review, we aimed to understand if the existing persuasive
systems research comprehensively covers the requirements for NCD care. We concep-
tualize persuasive systems for NCD care in the Fogg-PDSA matrix combining Fogg’s
behavior change model and NCD care approaches. This lens uncovers the extent to which
current persuasive systems research addresses the need for continuous, comprehensive,
and adaptive NCD care. We identify blind spots that need to be addressed by developers
and researchers of more comprehensive persuasive systems. Our study offers profound
insights into potential reasons for the persisting challenges in persuasive systems design.
Thereby, we provide guidance in three areas:

First, we observe an imbalance in research efforts as most reviewed papers focus
on the do-Phase (see Fig. 1). This existing research contributed to our in-depth design
knowledge of motivating and enabling users to achieve their goals. However, design-
ers of persuasive technology appear to have a task-oriented view of persuasion. The
widely adopted PSD model advises designers to analyze the persuasion context (i.e.,
intent, event, strategy) before designing a persuasive system [15]. This approach offers
valuable guidance for designers; however, it limits the scope to three aspects: the user,
the persuasive technology, and the task. This view is also evident in the Fogg behavior
model, where behavior change is reduced to one exact point in time. By strictly following
this guidance and the resulting strong focus on a small number of persuasive strategies,
researchers and designers seem to be caught in a self-confirmation trap. In this trap,
the instantiation of persuasion strategies varies across studies, but the strategies are not
questioned. Compared to the do-Phase, the other three phases of the PDSA cycle are
mostly under-researched. The studies rather focus on confirmatory instead of exploratory
studies that create new knowledge on persuasive digital health. As a result, the persua-
sive strategies are instantiated in a new context (i.e., NCDs) with limited knowledge of
transferability, potentially explaining part of the challenges.

While the task-oriented perspective is acceptable for most persuasive technology, it
does not account for the characteristics of NCD care (i.e., continuity, comprehensiveness,
adaptivity). This study complements our understanding of behavior change through
persuasive technology with the PDSA cycle to factor in the dynamics of NCD care. This
matrix allows us to identify gaps in our knowledge and provides guidance for future
research to successfully design persuasive technology for NCD care.
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Second, our analysis of the coverage of the PDSA phases uncovers neglect of the
transitions between the phases. A core principle of the PDSA cycle is the interconnection
of each phase. For example, a user reviews their progress (do) towards their goal (plan)
in the study-phase and adjusts according to this (act). We found that the transition from
study to act to plan hardly receives attention from research (see Fig. 2), and only 13 papers
in our review address each phase of the PDSA cycle with at least one strategy. Yet, none
of these studies explicitly anchored their design in any improvement method, and we
found little to no linkage between the phases. For example, the current designs focus on
sending motivational messages such as “You can do this” or aim at improving ability
by suggesting immediate measures to achieve the goal (e.g., “If you take a 5-min walk
now, you are likely to reach your daily step goal”) instead of linking the interventions to
the plan-phase [33]. This limitation is even more evident when looking at the study-act
transition. Most studies animate the users to reflect on their behavior by offering an
overview of goal attendance for a set time (e.g., weekly); however, they almost entirely
neglect the need for actionable measures to improve goal attendance. This resonates with
Asbjgrnsen et al. [5], who found unclear effects of strategies and their interrelations as
a critical challenge in sustaining the effectiveness of persuasive technology. This uni-
dimensional focus could be caused by the task-oriented perspective and partially explain
the mixed outcomes as it shapes the designers’ mental model of persuasion. Researchers
and designers emphasize the do-phase as this is where they think persuasion happens
and thereby risk losing their users as they miss to satisfy the need for continuous care.
However, suppose persuasive systems support the user throughout the PDSA cycle by
better linking the phases (cf. [38]). In that case, they could further personalize the user
experience and reduce discontinued use caused by non-contextualized goals and the
resulting difficulties in reaching those goals.

Evidence from medical research suggests that adherence to the principles of the
PDSA method and the completion of a complete cycle significantly influence patients’
health outcomes [4, 11]. To better support their users in achieving their goals, persuasive
digital health must support users to act following the review of their progress toward their
goals (study). Repeatedly completing these cycles personalizes the user’s goals and plans
and allows persuasive systems to deeply understand their users and their preferences.
Consequently, we call for research to investigate the potential of this broadened view
on persuasive digital health to sustain long-term behavior change. We invite researchers
and designers to question our current understanding of persuasive strategies and design
knowledge. The Fogg-PDSA matrix suggests that comprehensive NCD care requires an
innovative rethinking of existing and potentially developing new strategies to interlink
all four phases.

Third, we only found one study out of the 13 papers covering the PDSA cycle that
considered the involvement of medical professionals in their design while remaining
conceptual [29]. Still, this study addresses a central aspect of NCD care: The collabora-
tion between medical professionals (e.g., doctors or dietitians) and patients are integral
to successful NCD care [9]. The experts provide patients with a helping hand and sup-
port in breaking down the complexity of the subject matter into actionable pieces. This
transition from abstract Furthermore, the personal relationship could increase a sense of
accountability for the patients, as a person behind the persuasive technology is kept in the
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loop. Finally, medical professionals can offer patients tailored advice that is more likely
to be adopted. For example, they can suggest low-impact activities instead of 10000
steps per day to an overweight person with a walking disability. Persuasive technology
might not be able to determine a user’s readiness for a specific activity. We invite future
research to explore ways of including medical professionals in the persuasive PDSA
cycle and, thereby, the potential to increase persuasiveness and long-term adoption. One
approach could be the integration of persuasive technology into the workflow of medical
professionals. For example, the dietary plan provided by a dietitian could be shared with
the application, that is supporting the user in adhering to this plan and providing feedback
to both sides for further review in the subsequent encounter. Another approach could
be to explore emerging technologies as they possess the potential to increase long-term
adherence [14]. Technologies like conversational agents (e.g., chatbots) could provide
the user with a sense of personal interaction, thereby extending the medical profes-
sionals’ reach. This, in turn, could increase therapy effectiveness and reduce treatment
costs as digital interventions are easily scalable [12, 13]. As a result, patients would
be supported by a persuasive system that contains complementing social and technical
subsystems.

In conclusion, the Fogg-PDSA matrix uncovered imbalances and gaps in our
knowledge that hamper the success of persuasive systems in NCD care: imbalanced
focus of persuasive strategies and the do-phase, missing transitions between the PDSA
phases, and task-centricity of persuasive applications. The Fogg-PDSA matrix can help
researchers and designers move from this task-centric perspective on persuasiveness to
a more comprehensive understanding of persuasive systems by looking at the specific
health situation. It creates room for other parties involved in NCD care, such as med-
ical professionals. This involvement creates a persuasive system with complementing
and interconnected social and technical subsystems. This complementation could com-
bine the strength of each subsystem: involved medical professionals assist in moving
from abstract goals (e.g., losing weight) to personalized and actionable interventions
(e.g., walking your dog daily for one hour). Persuasive systems would take up these
personalized interventions and support patients in adhering to them. With this study,
we aim to invite future research to explore innovative rethinking of existing persua-
sive strategies and to challenge the current knowledge to advance our understanding
of long-term behavior and further change through persuasive digital health systems.
Future studies could address the limitations of this study: 1) we focused on NCD and
obesity/overweight instead of behavioral risk factors such as alcohol abuse. Focusing on
behavioral risk factors could provide further insights. 2) this study only hints at potential
solutions. Future research by design should explore the validity of our assumptions and
advance our understanding.
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Abstract. Optimization of human-Al teams hinges on the AI’s abil-
ity to tailor its interaction to individual human teammates. A common
hypothesis in adaptive Al research is that minor differences in people’s
predisposition to trust can significantly impact their likelihood of com-
plying with recommendations from the AIl. Predisposition to trust is
often measured with self-report inventories that are administered before
interactions. We benchmark a popular measure of this kind against
behavioral predictors of compliance. We find that the inventory is a
less effective predictor of compliance than the behavioral measures in
datasets taken from three previous research projects. This suggests a
general property that individual differences in initial behavior are more
predictive than differences in self-reported trust attitudes. This result
also shows a potential for easily accessible behavioral measures to pro-
vide an AI with more accurate models without the use of (often costly)
survey instruments.
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1 Introduction

The capability to accurately model the attitudes that people will have towards
an Al such as trust, is critically important to the design of successful human-AT
interactions. Lee and See [21] argue in their seminal work on trust in automation
that minor differences between people in their predispositions to trust can result
in significantly different interactions with an autonomous system. For example,
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a person with a high predisposition to trust may take a chance and comply
with the system’s recommendation, while someone not so predisposed would
not. The hypothesis goes that, if this autonomous system is sufficiently reliable,
then the compliant teammate will most likely experience a positive outcome and,
given the assumption that positive outcomes are predictive of increased trust,
such an experience should in turn lead to more compliance, thus the act of
complying will initiate a feedback loop in which trust begets trust. A person low
in predisposition to trust, however, will be less likely to comply and subsequently
less likely to enter the positive feedback loop.

Adaptive Al with the capability of modeling and integrating a person’s pre-
dispositions, trust or otherwise, into its decision making may be able to avoid
the negative effects of miscalibrated attitudes that people hold towards it. In the
example of the non-compliant teammate, such an Al may attach a more in-depth
explanation and justification with its recommendation, aimed at overcoming this
person’s deficient predisposition to trust. Such personalization of the recommen-
dation necessitates continuous measuring and modeling of the trust-compliance
relationship. Although Lee and See provide a model of the trust implications of
a human and automated system team, they do not offer a measurement method.

Researchershave committed significant resources tostudy Lee and See’shypoth-
esized relationship between predisposition to trust and trust in automation, includ-
ing how to measure and adapt accordingly [17]. A common practice is to measure
a person’s predisposition to trust using a general-purpose scale and then correlate
that measure with human behavior in an interaction with an automated system. A
popular example of such a scale is the 12-item Disposition to Trust inventory (DTI)
[23]. This measure attempts to capture a person’s general likelihood of depending
on others and is hypothesized to influence beliefs and intentions towards not only
people but also other systems that are subject to a person’s trust. There is evidence
of this measure having (e.g. [2,33]) and not having (e.g. [34,44]) predictive value in
interactions with both virtual and physical robots.

Understanding how individual characteristics, like predisposition to trust,
impact compliance is more critical now than ever. Researchers, technologists,
and funding agencies are increasingly pursuing automated systems capable of
rich interactions with humans (e.g. [4,13,37,38]). Despite these efforts, Al agents
will continue to make mistakes due to the complexity and inherent uncertainty
of the environments in which they operate [4]. One solution for mitigating the
damage done by these mistakes, which can lead to better-calibrated trust, is for
an agent to ensure that its reasoning is communicated in a way to meet the
varying information needs and preferences of its human teammates. Sufficient
transparency in communication will allow people to know when they should
comply with an AI's recommendation and when they should not, i.e. develop
better-calibrated trust, which is an important precursor to good compliance
behavior in human-AT interactions [2,8,21,33,44].

On the other hand, if an agent is insensitive to people’s different predisposi-
tions to trust, it will use the same communication strategy for all of them. Given
the ubiquity of individual differences, this one-size-fits-all strategy is sure to lead
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to unwarranted misuse or disuse of the agent [30]. This makes predicting trust
as early as possible—perhaps even as a trait, as DTI aims to do—all the more
important. If, for example, a robot can form a model of a new human teammate’s
predisposition to trust before an interaction even begins, it can get a head start
on personalizing its communication to maximize transparency, trust calibration,
and appropriate compliance. This reality points to an acute need for compliance
prediction benchmarks that are not only accurate but which agents can acquire
as early as possible without sacrificing predictive value.

We benchmark DTT against a set of four simple behavioral measures: whether
or not a person follows a robot’s first recommendation, its recommendation
immediately after its first mistake, all its recommendations through that mis-
take, and its recommendations during the course of an early mission. We com-
pare these measures in terms of their ability to predict objective (behavioral)
outcomes, using data from three separate experiments collected to study human-
robot interactions. DTI explains less variance in (and thus has less predictive
power of) the performance of the human-AI teams than the behavioral mea-
sures across all three datasets, and contrary to the hypothesized effect of [23],
does not predict initial or overall compliance. In two of the three datasets, DTI
does not even manage to explain a significant amount of variance in the models,
meaning that it does not have predictive value as modeled. In the third dataset,
it is inversely correlated with compliance. That is, whereas higher DTI scores
are hypothesized to predict more compliance, they actually predict the opposite.
Given that administering a survey like DTI is impractical (and sometimes impos-
sible) in many human-Al interaction domains, it is encouraging that these early
behavioral measures (which are typically readily observable by the agent) can
provide such predictive power. In fact, assuming that the hypothesized relation-
ship between compliance and trust is accurate, they appear to be more accurate
reflections of a person’s true predisposition to trust than a measure like DTI,
which is based on self-report.

We believe that this relatively simple finding will provide valuable input
to models across a diverse set of human-Al interaction domains. There are,
admittedly, many existing subjective measures of trust intended for predicting
compliance—but administering said measures is often burdensome and they are
not always as predictive as anticipated. Likewise, there are many computational
models of trust used for predicting compliance, but they are mostly domain spe-
cific and almost always challenging to implement. On the other hand, our behav-
ioral method is simple to assess, easy to implement, and, most importantly, pre-
dictive of compliance. Moreover, it holds the potential to aid in developing more
robust predictors of compliance, identify when compliance interventions may
be necessary, and serve as a prototype for other similar benchmarks. We argue
that identifying and developing easy-to-assess measures, such as the behavioral
measures of trust presented here, are critical steps toward developing robust,
adaptive Al that are capable of personalized interventions.
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2 Related Work

“Trust” is often used as an umbrella term that covers a variety of human factors
that influence compliance (see [16] for a meta-analysis that catalogs such factors).
Measuring and modeling some of these specific trust factors is a common practice
in AI research. Beyond the aforementioned DTI, researchers have developed or
adapted many other instruments in service of understanding them, typically in
isolation from one another. The adoption of these instruments by AI researchers
generally reflects the nuances of each target factor. Researchers can use these
broad measures to establish a hypothetical baseline for each person, while a
more specific measure may be adopted for other purposes, just as researchers
can use DTI to provide a baseline on a particular person’s predisposition to
trust. It is beyond the scope of this investigation to examine all of these factors
and instruments, so we focus on those related to a person’s a priori inclination
to trust in an autonomous system.

Whereas DTI seeks to identify human teammates’ inherent levels of trust,
the propensity to trust inventory seeks to identify whether they are inclined to
trust [6]. The hypotheses related to its implementation are similar: people with
a greater propensity to trust will be more likely to comply with recommen-
dations from an automated system than those with a lower one. Researchers
have deployed this measure as a means of controlling for individual variance in
responses to social engineering by a robot [3,5] or to understand the relationship
between attention control and trust [42].

The context of an interaction may alter how a person responds to an auto-
mated system. With this in mind, researchers have developed and adopted trust
measures for numerous use cases. At one level of abstraction are scales devel-
oped for assessing trust in particular types of automation, like the human-robot
interaction trust scale, which (as its name suggests) is for assessing the level
of trust a person has in robots [49] or the human-robot trust scale which was
developed to assess changes in a person’s trust in a robot [35]. Researchers have
further refined scales such as this, DTI, and others for specific use cases. The
Social Service Robot Interaction Trust scale, for example, was designed with a
specific focus on the service context of human-robot interactions [11].

Finally, there are computational methods to track the evolution of trust dur-
ing extended interactions with robots. These methods, such as the probabilistic
model developed in [48] or the Markovian model introduced in [32], allow a robot
to dynamically adapt its representation of the trust that a person places in it. Typ-
ically, such methods are seeded with something like the results of a trust inventory
like the human-robot trust scale but obviate the need for repeated measures.

3 Measuring Disposition to Trust

McKnight et al. [23] developed DTI (presented in Appendix A as Fig. 1) as part of
a larger construct, specifically aimed at e-commerce, for predicting the outcome
of an initial interaction with a vendor. It has four sub-measures of its own: benev-
olence, integrity, competence, and trusting stance (each has three items, ordered
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respectively). Typically, the assessment asks people to indicate how much they
agree with each statement using a response scale. These responses are averaged
and correlated with the outcome measure of interest, such as compliance. The
basic assumption is that if a person scores high on DTI, then they will be more
likely to trust (share private information with, make a purchase from, take advice
from, etc.) a given vendor which will result in them complying with a request.

The tacit assumption in adapting a measure of trust, such as DTI, to human-
ATl interactions or similar settings is that it remains reliable and that the con-
struct validity observed in the development of the measure will hold in the new
domain. At the time of writing, the article introducing this measure had over
6000 citations including numerous applications in human-AI interactions (e.g.
[2,3,22,31,33,34,41,44-46]). No publications were found that validated the scale
for use in human-Al interactions settings.

Additionally, it is worth noting that the original authors did not validate
DTTI against actual trusting behavior. As they point out, common trust-related
behaviors observed in e-commerce are sharing personal information, making a
purchase, or acting on information provided via a website. None of these were
utilized by the authors to validate their measure because of cost. Instead, study
participants were asked to indicate their likelihood of performing different trust-
ing behaviors, which the authors justified from prior research that suggested
responses to such measures do not differ meaningfully from actual behavior (e.g.
[43]). Summarily, this inventory was designed to study purchase intentions in
e-commerce settings, not compliance potential in human-AT interactions.

These two details, that the measure was developed for a different setting and
as a means of predicting intentions rather than behaviors, suggest that the scale
may be a poor fit for building a model for human-Al interactions compliance.
There are other measures available, like the propensity to trust measure used by
[44] and measures recently developed for predicting trust in automation [18,24],
but their adoption is limited and, again, they were not designed specifically
for human-AI interactions settings either. There are still others developed for
specific types of attitudes, like the negative attitudes towards robots scale [28],
but, again, they are not designed specifically for predicting compliance. This all
points to the need for other means of informing a model capable of predicting
compliance behavior in human-AT interactions.

4 A Behavioral Predictor of Compliance

“The best predictor of future behavior is past behavior.” - WalterMisehel

As the strikeouts suggest, this maxim has been floating around in the study
of human behavior for a significant amount of time. Despite its resiliency, the
maxim is still subject to the same critique as all maxims, does it really generalize?
The answer appears to be yes, given a small set of caveats: a short time horizon,
similarity in the decision scenario, and stability in the decision maker [26]. We
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posit that the past behavior maxim applies to human-Al interactions and that
the best way to judge future compliance with recommendations from an Al
counterpart is to observe one (or a small number of ) interaction and extrapolate.

Past behavior is more than a simple measure of habit. It reflects a suite
of factors that weigh on decision making in a reliable fashion. This drives the
decision-maker toward self-consistency and is, at least in part, what gives past
behavior its predictive power [1,29]. It also suggests that when past behavior is
able to explain residual error left by a theoretical construct that the construct is
not capturing some important predictive factor(s). Simply put, the construct is
insufficient. This alone does not mean that the construct lacks explanatory value.
It is possible (likely) that trust, for example, is only a small part of compliance
and past behavior is predictive of future compliance because it captures some
heretofore unidentified factors.

We do not believe that this is the case with measures of trust used to predict
future compliance in many human-Al interaction experiments. This is because
these trust measures, like DTI, fail to account for a significant amount of vari-
ance in regression models. In other words, they do not have predictive power.
Moreover, our alternative predictor, prior behavior, does. It is also possible to
test whether DTT or past behavior can account for variance in the data that the
other did not. Testing whether past behavior can explain away residual error
left by DTI in the datasets is straightforward: simply add a control for past
behavior to a statistical model that includes DTT and observe whether residual
error significantly goes down. Moreover, the same basic concept can be applied
for determining if DTT explains a meaningful amount of variance in behavioral
data by comparing two models, one with DTI as a regressor and one without
(that is, with just the experimental treatment controls).

5 Empirical Strategy

We analyzed three datasets, described in Appendix B, to test whether DTT and
past behavior are capable of predicting compliance, i.e. future behavior (FB),
in human-Al interactions. We introduce four different measures of past behav-
ior. The simplest measure of past behavior is the participants’ first compliance
choice (FC) to follow or ignore a robot’s recommendations during an experimen-
tal session. Studies 1 and 2 were comprised of multiple missions (three and eight,
respectively). For these two data sets, we compute participants’ mission 1 com-
pliance (M1C) as an extended measure of past behavior. The third study only
consisted of one long mission, however, every participant in this study followed
the same trajectory with the robot making the same set of mistakes. Thus, we
use participants’ compliance on the choice after the first mistake (AFM) made
by the robot and average compliance through AFM (AC-AFM). Future behav-
ior, the dependent variable for the various models, is the percentage of times
in the remaining interactions that a participant complied with the robot’s rec-
ommendations. Thus, the models with FC as an independent variable and the
models presented for comparing them use a different dependent variable (average
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compliance for buildings 2:n) than the models with M1C (average compliance
after mission 1) or AFM, and AC-AFM (average compliance for buildings mis-
take+2:n) as independent variables. Note that two of the data sets included
multiple missions, meaning that there was a break between sets of buildings.
Our analyses ignore this fact and treat all buildings the same.! We describe the
data and models in full detail in Appendix B.

6 Results

As noted, we rely on regression analyses to model the data. Each regression
model that we report for a given use case is presented as a column in a table
in the appendix. In the tables that report regression models, the first column
is always the reference (null) model. These are models that do not include DTI
or prior behavior measures, simply experimental treatment controls. We do not
report values for the treatment conditions as these are reported in the original
papers. Coefficients for continuous variables, such as a participant’s averaged
DTT response, should be interpreted as the expected change in the dependent
variable, all else being equal, if the variable in question increased by one. For
indicator variables, such as whether a participant complied during their first
interaction with the robot, the coefficient value indicates the average change, all
else being equal, in the dependent variable when the independent variable goes
from zero to one.

6.1 Study 1

The disposition to trust measure failed to explain a meaningful amount of vari-
ance in the data from Study 1. When predicting the compliance percentage
for buildings 2:24, the penalty of having an additional regressor in the model
meant that the adjusted R? was no better than that of the reference model
(see columns (1) and (2) of Table 1; all tables are in Appendix C). Unsurpris-
ingly, the F-test comparing these two models rejects the alternative hypothe-
sis (F' = 0.832, p = 0.363). However, adding the FC measure (see column (3)
of Table 1) did result in a model that accounted for more variance than the
reference model (F = 11.032, p = 0.001). The complete model with both mea-
sures is better than the DTI (F = 10.575, p = 0.001) model but not the FC
(F =0.449, p = 0.504).

Shifting from using one interaction to predict the next 23 to using the entirety
of mission one compliance decisions to predict those of the next two missions
(16 interactions) resulted in generally better model fits. In effect, this is a sanity
check because we are using more of a given participant’s past behavior to predict
less of their future behavior. The resulting models, reported in Table 3 and com-
pared in Table 4, reflect those for the FC measure. The M1C measure explained a
meaningful amount of variance but DTT did not. Together, these results support
the hypothesis that prior behavior was a better predictor of future compliance
than DTT for study 1.

! Controlling for mission did not meaningfully change the interpretation of the results.
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6.2 Study 2

The results for the FC measure from Study 2 replicated those of Study 1, as
reported in Table 5; however, it should be noted that the model fits were generally
poor (see the R? values in Table 5). The DTI model (2) was no better than
(1) while (3) managed to explain significantly more variance in the parameters.
Adding the DTT measure to (3), again, did not improve the model’s performance.
This means we can draw the same conclusion from Study 2 as we did from Study
1: FC explains variance in compliance behavior not captured by DTI. The M1C
models were also generally poor fits (see the R? values in Table 7). Moreover,
they did not replicate the findings of the M1C models from Study 1. It is unclear
if this is an artifact of the difference in study designs, the low n, or actually
reflective of the quality or generalizability of the measure. Although we cannot
conclusively state that prior behavior predicted future behavior during study 2,
the data do suggest that prior behavior was a better predictor than DTT.

6.3 Study 3

Study 3 offers more intriguing results than the two earlier experiments. DTT did
predict future behavior, however, it was negatively correlated. In other words,
participants that scored higher on DTT were less likely to comply with the robot’s
recommendations over the course of the experiment (see column (2) in Tables
9, 11, and 13). The model fits suggest that a 1 unit higher score on the DTI
measure would predict about 5% less compliance, roughly the same as ignoring
the robot’s advice for two buildings more than the average participant. This effect
reverberates in the F' test: Model (2) accounts for significantly more variance
than Model (1), thus we reject the null hypothesis when predicting compliance
for buildings 2:45 (F = 8.885, p = 0.003) as well as the shorter horizon 9:45
(F =9.732, p = 0.002).

The models also suggest that the FC, AFM, and AC-AFM measures were
effective means of predicting future compliance behavior. Participants who com-
plied during the first interaction complied nearly 12% more for the remaining
missions (column (3) of Table 9). A similar effect was observed when using the
first compliance decision after the robot’s first mistake (AFM, in which case com-
pliant participants were nearly 19% more compliant during remaining missions;
column (3) of Table 11) and when using the average compliance through the
first compliance decision after the robot’s first mistake (AC-AFM, in which case
the model suggests a roughly 31% difference in future compliance between par-
ticipants that were perfectly non-compliant versus perfectly compliant; column
(3) of Table 13).

In the case of the models including both DTT and past behavioral measures,
for Study 3, we actually reject the null hypothesis that including DTT does not
contribute to the models with just behavioral measures (AF: F = 8.985, p =
0.003, AFM:F = 8.267, p = 0.005, AC-AFM: F = 9.046, p = 0.003). Impor-
tantly, the predicted effect of DTI remains negatively correlated with compli-
ance and with about the same impact. Summarily, the models we present over
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these three studies offer two insights: First, past compliance behavior, even in
its simplest form, is a more reliable, consistent predictor of future compliance,
and second, DTT is not as reliable and may even hold an inverse correlation from
what is hypothesized in the literature.

6.4 An Alternative Explanation

McKnight et al. [23] specifically state that DTI should be positively correlated with
early compliance, not necessarily overall compliance. It is possible that DTT does
actually predict a participant’sfirst compliance choice (FC). Thismeans that, rather
than comparing FC and DTT, DTIshould be employed to predict FC. We tested this
hypothesis using multiple linear regression for each study and report the results in
Table 15. Wealsoincluded treatment condition controlsin each model; asin the other
tables, their presence is indicated by the checkmarks and the associated coefficient
valuesandinterceptsareredacted asasimplification. Summarily, DTTdid not signifi-
cantly predict participants’ first compliance choicein any of thestudies. Weinterpret
this as strong evidence in support of the null hypothesis that DTT is not correlated
with early compliance choices. We also expanded the definition of early compliance
to include the first five compliance choices; however, the result persisted so we did
not include the results as an additional table.

7 Discussion

Our review and empirical evaluation of past research that employed the Disposi-
tion to Trust Inventory led us to conclude that DTT is not an accurate predictor
of compliance in human-AlT interactions. Data from three prior experiments sup-
port this conclusion. Additionally, the basic method that we employ can serve
as a prototype for evaluating other instruments.

Across the studies from which we drew data, the robots did significantly better
than chance at predicting when protective gear is needed (e.g., even the low-ability
robot is 80% reliable). This means that compliance was highly correlated with mis-
sion success. Just as early compliance behavior predicts later compliance, the data
also suggest that it can predict success. Drawing conclusions from this, of course, is
problematic becauseit is an artifact of the correlation. We believe that amore robust
study of early behavior and its relationship to later compliance is warranted. A deep
understandingofthisrelationship may prove usefulin the design of complianceinter-
ventions, even if it is not applicable in every situation (one-shot interactions, obvi-
ously, cannot benefit from early behavior insights).

Had DTT accounted for more significant variance in the models, we could have
tested whether it captured variance explained by the future behavior measures
and vice versa. Unfortunately, the datasets at our disposal simply did not allow
for such analyses. Larger datasets, possibly from different settings in which DTI
has more predictive value, may allow researchers to differentiate the factors
captured by each measure that weigh on compliance.

It is worth acknowledging that trust and compliance are not perfectly aligned
concepts. In the HCI and HRI spaces, it is common to reference Lee and See’s
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definition of trust: the attitude that an agent will help achieve an individual’s
goals in a situation characterized by uncertainty and vulnerability (p. 51 [21]).
This simple definition belies a very complex phenomenon of human cognition:
the attitudes that people form about subjects and their properties. On the other
hand, compliance is relatively simple: did a person (appropriately) follow the
advice given by an automated system? The hypothesis present in much of the lit-
erature on trust and compliance is that humans maintain a specific, identifiable,
attitude (trust) that has broad applications, including predicting compliance,
with respect to automated systems and their myriad properties. Moreover, the
hypothesis posits that this attitude is easily measured using short batteries of
questions, such as DTI. Generally speaking, the attitudes that humans maintain
are notoriously hard to study—we argue that this feature of attitudes leaves
such approaches prone to failure, particularly when the behavior of interest is
not directly linked to a given measure.

In the experiments from which we drew data, the robot is the assumed sub-
ject, and its reliability in predicting dangers is the implied property of interest. In
order for the standard hypothesis to find support, the following items, minimally,
need to hold:

— The disposition to trust hypothesis that, to some measurable degree, trust is
a trait-like aspect of cognition.

— Disposition to trust is accurately measured via an inventory such as DTI.

— Disposition to trust universally maps to subjects and their properties, i.e.
there are no exceptional cases or variables that mediate or moderate the
relationship.

— Compliance is positively correlated with disposition to trust.

If any of these do not hold, we would expect DTI to underperform or even fail
as a predictor of compliance, which is exactly what we observed. Unfortunately,
the available data do not allow us to further investigate in what sense we reject
the standard hypothesis.

Lee and See point out that trust is a multidimensional construct and even
state that, “There does not seem to be a reliable relationship between global
and specific trust...Developing a high degree of functional specificity in the trust
of automation may require specific information for each level of detail of the
automation.” (p. 58 [21]). This insight alone, which is supported by extensive
research in cognitive science, seems to undermine the first, second, and third
items above. These three items are further eroded with the acknowledgment that
the thoughts and attitudes which people maintain towards different subjects have
long been topics of scientific inquiry that are known for their recalcitrance to
consensus. Notable philosophical efforts to tame them dot history. From Aristo-
tle’s efforts in On Interpretation [39] to Daniel Dennett’s The Intentional Stance
[12] and Ruth Millikan’s biosemantics [25] there are many laudable attempts.
Nevertheless, open questions remain about what it means to have an attitude
toward a subject. Modern psychology is similarly plagued: although Brentano,
who heavily influence the German tradition of empirical psychology from Sig-
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mund Freud on through Bertrand Russell, attempted to corral the subject with
his work on intentionality [9], it is still a hotly debated matter [10].

The last item, that compliance is positively correlated with trust, is similarly
fraught. The recent pandemic serves as a convenient case study: Trusting stances
were found to have asignificant positive correlation with European citizens’ compli-
ance with government policies during the early pandemic [7], however, in Singapore,
despite general trust in the government, compliance was poor even with efforts from
the government to change citizens’ risk perceptions [47]. Together, these findings call
into question the reliability of compliance’s correlation with trust. Summarily, with
theaddition of our analyses, we believe that the standard hypothesis fails on multiple
fronts: it is simultaneously too broad given its reliance on a trust-like trait, and too
specific in its ignorance of important confounds.

Nevertheless, there may still be value in measures such as DTI, particularly
when they are shown to have predictive value (no matter the directionality of
the correlation). If a measure reliably accounts for variance in human behavior,
it has value in developing automated systems since explaining variance is core to
predicting choices. As far as we are aware, our analyses do not refute the findings
of any human-AT interaction paper. Our key takeaway is that we should not only
vet our measures with thorough literature reviews but also validate them for the
specific modeling that is required for human-Al interaction domains.

Our overall recommendations for the community are:

— Validate psychometric measures adopted from other disciplines for
your specific model and outcome measure. Additionally, as pointed
out by [36], using a single item (or some subset of items) from a Likert scale
undermines its original reliability and validation.

— Consider alternative, simple measures that may already exist in
your data. These measures do not necessarily need to replace others but
can serve as valuable companions and provide more robust inference.

— Evaluate the usefulness of new measures against alternatives. The
statistical work put into understanding the ways in which different measures
account for variance in data not only ensures a more rigorous examination
of these alternate causes but also can produce new insights and drive new
modeling formulations.

It would be uncanny if the effects that we observed in the data are unique to
DTI, trust, and compliance. It seems highly probable that similar effects exist
for other mental states that humans maintain towards automated systems, such
as anger, belief, fear, hope, etc., and their affiliated outcomes. For example,
extensive research suggests that negative attitudes towards robots can be highly
predictive of interactions and outcomes [27,28]. We would hypothesize that, just
as early compliance is a better predictor of later compliance than DTI, there are
behavioral measures that can outperform and/or are less intrusive than the neg-
ative attitudes towards robots instruments. Identifying, testing, and validating
such measures, we believe, will prove a critical step towards improving relation-
ships between humans and all types of automated systems, from recommender
to robot.
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8 Conclusion

Inventories measuring different psychological constructs are popular for inform-
ing models in human-Al interaction and are frequently misused [36]. In this
paper, we evaluated the usage of one such measure. This measure was used in
prior research in hopes that it would predict important human behaviors, like
compliance, and overall outcomes, like task performance. The measure failed in
two experiments and had the opposite correlation predicted by the measures’
creators in a third. We found that a simple behavioral measure was a better
predictor of future compliance and would thus be a more informative input to a
model of compliance reasoning. The methodology used here to evaluate the two
measures is a straightforward prototype for other researchers to use in evaluating
alternate measures that can serve as input into models in human-Al interaction.

Appendix A  Figures

Benevolence
1. In general, people really do care about the well-being of others.
2. The typical person is sincerely concerned about the problems of oth-
ers.
3. Most of the time, people care enough to try to be helpful, rather than
just looking out
for themselves.
Integrity
1. In general, most folks keep their promises.
2. I think people generally try to back up their words with their actions.
3. Most people are honest in their dealings with others.
Competence
1. I believe that most professional people do a very good job at their
work.
2. Most professionals are very knowledgeable in their chosen field.
3. A large majority of professional people are competent in their area of
expertise.
Trusting Stance
1. I usually trust people until they give me a reason not to trust them.
2. 1 generally give people the benefit of the doubt when I first meet them.
3. My typical approach is to trust new acquaintances until they prove I
should not trust them.

Fig. 1. Disposition to Trust Inventory Items



Psychometric vs. Behavioral Predictors of Compliance 187

Percent of Participants that Complied
Buildings 1:45

1.00{ Recommedation

Type

= Correct

“ Deadly
Innocuous

o
b
o

Compliance Percentage
2
3

o
N
o

0.00

5 10 15 20 25 30 35 40 45
Building

Percent of Participants that Complied Percent of Participants that Complied
Buildings 1:24 Buildings 1:120

I

12 16 20 % 0 20 30 0 50 €0
Building Building

°
8
g
]

)
S
a
o
5
a

o
o
8
o
@
3

)
i
&

Compliance Percentage
o
S
B

Compliance Percentage

°
9
3

70 80 90 100 110 120

Fig. 2. The robot only communicated differently in study 3—it always made the same
mistakes, in the same order. These features mean that the data lend themselves to
concise, straightforward visual representation, which we present in the top panel. Note
that the colors in this panel indicate the robot’s recommendation type. Specifically,
the robot made two deadly and three innocuous mistakes which are highlighted above.
Overall, there is a trend of increasing compliance. The figures for studies 1 and 2, which
are respectively the bottom left and right panels, only indicate compliance percentage,
not the type of recommendations made by the robot.

Appendix B Data and Models

B.1 Models

We used linear regression to model and test the predictive value of the various
behavioral measures. The basic approach is to fit a reference model (Model 1)
in which the outcome measure, future behavior, is predicted by the treatment
conditions alone, such as:

Yire = Bo + Brreat XiTreat 1 € (1)

We use this general form for the reference (null) model across the experiments.
Note that there are different F'B measures; which one is used in a given set of
models depends on the independent variable in question. A given reference and
test model, however, always use the same dependent variable.
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Model 2: The first category of test models incorporate participants’ DTI
score as an independent variable:

Yire = Bo + B1reat XiTreat + SpTIXIiDTI + €; (2)

Note that the reference model is nested within this model. In other words, Eq. (2)
represents the alternative hypothesis that adding the predictor variable to the
model will result in accounting for more variance, or a significant improvement
in model performance. Comparing the two models is as simple as applying an
F-test, which in this case tells us whether the more complex model results in
a statistically different residual sum of squares value. If it does, we can reject
the null hypothesis, i.e. that the reference model is sufficient, in favor of the
alternative hypothesis, or that adding the additional predictor variable(s) was
warranted. The F-test, in this instance, can be thought of as allowing us to
investigate the utility of adding DTI or other measures to the model.? When
this test returns a p-value less than 0.05, we can conclude that the residual sum
of squares values for the two models are significantly different at the level of
a = 0.05, or in other words, the new explanatory variable is warranted as it
significantly increases the amount of variance explained in the model (i.e. RSS
is lower).

Model 3: The next category of test models incorporate participants’ past
behavior as independent variables, for example, the model:

YirB = Bo + BrreatXiTreat + BrcXiFc + € (3)

This uses participants’ first choice to predict their compliance for all of the
remaining choices that they faced. Again, this has the reference model embed-
ded in it, and a simple F-test will reveal the utility of the FC predictor. We
construct similar models for M1C, AFM, and AC-AFM (but using appropriate
FB measures).

Model 4: Since it is likely that DTI and the past behavior measures are
accounting for different variance in the models, directly comparing equations (2)
and (3) via R? is not entirely informative. Thus, we introduce a third category
of test models in which both DTT and a past behavior measure are included. In
the case of FC, the model is:

Yirp = Bo + Brreat XiTreat + BoT1XipTI + BreXirc + € (4)

These models facilitate assessing whether the added complexity of including both
DTTI and the past behavior measure is warranted, again using F-tests. Finally, for
readability, we refer to relevant statistics within the text of the manuscript but
place regression and other tables for each set of models and their associated tests
in the appendix. These tables include, in the same order as above, models that
facilitate comparing DTT and the behavioral measures. Each regression table is
followed by a table presenting the results of the relevant F-tests.

2 A likelihood ratio test is another method of comparing such models and will produce
similar insights.
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B.2 Data

We used data from experiments conducted as part of a long-term research
project on explainability and Al. Participants of these experiments team with a
simulated robot during reconnaissance missions. The missions involve entering
buildings to determine whether threats are present. The robot goes first and is
equipped with a camera, microphone, and sensors for nuclear, biological, and
chemical threats. These sensors are not perfectly reliable. Based on the data
that it collects using its sensors, the robot makes a recommendation to the par-
ticipant about putting on protective gear. The participant then makes a choice
about wearing the gear, i.e., whether or not to comply with the robot’s recom-
mendation. When participants wear the gear, it always neutralizes any threat. If
they do not wear it and encounter a threat, they die in the virtual world, but in
reality, incur a prohibitive time penalty. Finally, participants incur a slight time
delay (much smaller than that for death in the virtual world) when equipping
the gear.

In all three studies, the robot based its recommendations on the noisy sen-
sor readings as input to a policy computed through either Partially Observable
Markov Decision Processes (POMDPs) [19] or model-free reinforcement learning
(RL) [20,40] using the reward signal of the time cost and deaths incurred. The
robot performed significantly better than chance across the studies. This means
that compliance from the participants was highly correlated with making the
normative choice, i.e., wearing protective equipment at the right time.

Participants of all three studies completed the 12-item DTI before starting
their assigned mission(s). Gross experimental details and the results of these
conditions are reported in the original publications. As such, we do not replicate
those findings here for brevity’s sake. Do note, however, that the n’s we report
may vary from the original papers because of incomplete observations (some
participants chose to not complete the DTT).

Study 1 participants (n = 198, Amazon Mechanical Turk) completed three
missions, each with eight buildings [44]. They were randomly paired with one of
two POMDP-based robot types: a high-ability robot that was never wrong or
a low-ability robot that made mistakes 20% of the time (or was 80% reliable).
Both types of robots were crossed with four different recommendation expla-
nation conditions: none, confidence level, sensor readings version 1, and sensor
readings version 2. This experiment was fully between subjects, meaning that
each participant interacted with only one robot type and received only one type
of explanation throughout the missions. The coefficient Oyeat in the models for
Study 1 captures which information condition participants experienced. First
compliance choice (FC) takes 1 if participants heeded the robot’s recommen-
dation for the first building and 0 if not. Mission 1 compliance (M1C), on the
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other hand, is the fraction of times that a participant complied with the robot’s
recommendations during the first mission. The compliance future behavior (FB)
measure associated with FC for study one is thus the fraction of times a par-
ticipant complied for the remaining 23 buildings. Similarly, for M1C it is the
fraction of times that a participant complied with the robot’s advice during mis-
sions two and three. It should be noted that participants were not told whether
they were interacting with the same robot across missions; instead, the robot
started each mission as if it had not previously interacted with a participant.

Study 2 participants (n = 53, cadets at West Point Academy) completed
eight missions, each with a different POMDP-based robot [46]. In each mission,
the human-robot team carried out a reconnaissance task of 15 buildings. The
mission order was fixed (i.e., always searched the buildings in the same order and
across missions), but the robot order was randomized. The 2x2x 2 design crossed
robot acknowledgment of mistakes (none/acknowledge), recommendation expla-
nation (none/confidence), and embodiment (robot-like/doglike). Unlike Study
1, participants interacted with different robots during each mission. Neverthe-
less, to demonstrate the robustness of the simple behavioral measures, we rely
on the same first compliance choice (FC) as Study 1 and a similar mission 1
compliance (M1C). The compliance measures, obviously, cover a longer horizon:
119 missions and 105 missions, respectively. The Bryeat of the models for Study
2 data captures the robot type of the first mission. It is possible that order-
ing of robot advisors mattered; however, the data are insufficient to specify a
hierarchical model that would uncover such a feature.

Study 3 participants (n = 148, Amazon Mechanical Turk) completed one
mission that covered 45 buildings with an RL-based (RL: reinforcement learning)
robot in a fully between design [14,15,31]. The treatment conditions held the
robot’s ability constant but varied how it explained its recommendations: no
explanation, explanation of decision, explanation of decision and learning. Again,
the first compliance choice (FC) is the same as the previous two studies and the
FC outcome measure is the compliance fraction for the remaining 44 buildings.
Mission 1 compliance (M1C) is not applicable given that the entire experiment
consisted of a single mission. Given that building order and robot performance
were fixed across treatment conditions, however, the two additional compliance
measures, choice after the first mistake (AFM) and average compliance through
the first mistake (AC-AFM), become meaningful. The first mistake occurred
during building six, thus participants’ decision for building seven is the AFM
measure and the fraction of times they complied during the first seven buildings
is AC-AFM. Relatedly, the dependent variable is the fraction of times that a
given participant complied during the remaining 38 buildings.
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Appendix C Tables

Table 1. Study 1 FC Models

Dependent variable: Compliance Percentage Buildings 2:2/

Regression Models

1) 2 3) (4)

DTI 0.007 0.005
(0.008) (0.008)
FC 0.086™* 0.084**
(0.026) (0.026)

Treatment Controls v/ v v v
Constant 0.762"" 0.724™* 0.687*" 0.661™*

(0.032) (0.052) (0.038) (0.054)
Observations 198 198 198 198
R? 0.420 0.422 0.452 0.453
Adjusted R? 0.398 0.398 0.429 0.427
Residual Std. Error 0.152 (df = 190) 0.152 (df = 189) 0.148 (df = 189) 0.148 (df = 188)
F Statistic 19.639"** (df = 7; 190) 17.273%** (df = 8; 189) 19.471*** (df = 8; 189) 17.307"** (df = 9; 188)
Note: *p<0.05; **p<0.01; ***p<0.001

Table 2. Study 1 FC Model Comparisons

Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)

Sum of Sq 0.019 0.242 0.232 0.010
F 0.832 11.032 10.575 0.449
Pr(>F) 0.363 0.001 0.001 0.504

Table 3. Study 1 M1C Models

Dependent variable: Compliance Percentage Buildings 9:2/

Regression Models

O] 2 3) (4)
DTI 0.003 —0.0004
(0.009) (0.008)
M1C 0.242"" 0.243""
(0.052) (0.052)
Treatment Controls v/ v v v
Constant 0.770"* 0.754™** 0.587** 0.589™*
(0.035) (0.058) (0.052) (0.066)
Observations 198 198 198 198
R? 0.451 0.451 0.508 0.508
Adjusted R? 0.431 0.428 0.487 0.484
Residual Std. Error 0.170 (df = 190) 0.170 (df = 189) 0.161 (df = 189) 0.161 (df = 188)
F Statistic 22.282*** (df = 7; 190) 19.421*** (df = 8; 189) 24.384™** (df = 8; 189) 21.561"** (df = 9; 188)

Note: *p<0.05; **p<0.01; ***p<0.001
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Table 4. Study 1 M1C Model Comparisons
Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)
Sum of Sq 0.003 0.568 0.565
F 0.119 21.923 21.677
Pr(>F) 0.731 <0.001 <0.001
Table 5. Study 2 FC Models
Dependent variable: Compliance Percentage Buildings 2:120
Regression Models
(1) 2) 3) (4)
DTI 0.004 0.004
(0.011) (0.011)
FC 0.043" 0.043"
(0.018) (0.018)
Treatment Controls v/ v v v
Observations 49 49 49 49
R? 0.047 0.050 0.163 0.165
Adjusted R? —0.016 —0.037 0.087 0.068

Residual Std. Error 0.053 (df = 45)
F Statistic

0.053 (df = 44)

0.050 (df = 44)
0.742 (df = 3; 45) 0.574 (df = 4; 44) 2.137 (df = 4; 44) 1.704 (df = 5; 43)

0.051 (df = 43)

Note: *p<0.05; **p<0.01; ***p<0.001
Table 6. Study 2 FC Model Comparison
Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)
Sum of Sq <0.001 0.015 0.015
F 0.112 6.071 5.964
Pr(>F) 0.739 0.017 0.019
Table 7. Study 2 M1C Models
Dependent variable: Compliance Percentage Buildings 16:120
Regression Models
(1) @) 3) 0)
DTI 0.003 0.004
(0.012) (0.013)
M1C —0.015 —0.016
(0.067) (0.068)
Treatment Controls v/ v v v
Observations 49 49 49 49
R? 0.041 0.042 0.042 0.043
Adjusted R? —0.023 —0.045 —0.045 —0.068

Residual Std. Error 0.059 (df = 45)
F Statistic

0.060 (df = 44)

0.060 (df = 44)
0.634 (df = 3; 45) 0.485 (df = 4; 44) 0.478 (df = 4; 44) 0.390 (df = 5; 43)

0.060 (df = 43)

Note:

*p<0.05; **p<0.01; ***p<0.001
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Table 8. Study 2 M1C Model Comparison

Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)
Sum of Sq <0.001 <0.001 <0.001 <0.001

F 0.076 0.051 0.054 0.078
Pr(>F) 0.785 0.822 0.818 0.782

Table 9. Study 3 FC Models

Dependent variable: Compliance Percentage Buildings 2:45

Regression Models

(1) 2) 3) (4)
DTI —0.052"" —0.050""
(0.017) (0.017)
FC 0.115*** 0.112***
(0.031) (0.030)
Treatment Controls v v v v
Observations 148 148 148 148
R? 0.040 0.096 0.125 0.177
Adjusted R? 0.027 0.077 0.107 0.154
Residual Std. Error 0.193 (df = 145) 0.188 (df = 144) 0.185 (df = 144) 0.180 (df = 143)
F Statistic 3.011 (df = 2; 145) 5.078"* (df = 3; 144) 6.850°** (df = 3; 144) 7.669*** (df = 4; 143)
Note: *p<0.05; **p<0.01; ***p<0.001

Table 10. Study 3 FC Model Comparison

Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)

Sum of Sq 0.313 0.477 0.454 0.290
F 8.885 12.988 14.058 8.985
Pr(>F) 0.003 <0.001 <0.001 0.003

Table 11. Study 3 AFM Models

Dependent variable: Compliance Percentage Buildings 8:45

Regression Models

0] 2 ®3) 4)

DTI —0.056** —0.047**

(0.018) (0.016)
AFM 0.187** 0.179™**

(0.032) (0.032)

Treatment Controls v’ v v v
Observations 148 148 148 148
R? 0.037 0.098 0.220 0.263
Adjusted R? 0.024 0.080 0.204 0.242
Residual Std.Error 0.200 (df = 145)  0.194 (df = 144) 0.181 (df = 144) 0.176 (df = 143)
F Statistic 2.822 (df = 2; 145) 5.238"* (df = 3; 144) 13.577°** (df = 3; 144) 12.763"** (df = 4; 143)

Note: *p<0.05; **p<0.01; ***p<0.001
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Table 12. Study 3 AFM Model Comparison
Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)
Sum of Sq 0.367 1.103 0.991 0.256
F 9.732 33.811 31.960 8.267
Pr(> F) 0.002 <0.001 <0.001 0.005
Table 13. Study 3 AC-AFM Models
Dependent variable: Compliance Percentage Buildings 8:45
Regression Models
(1) 2) (3) 4
DTI —0.056™ —0.049™
(0.018) (0.016)
AC-AFM 0.313** 0.301™**
(0.053) (0.052)
Treatment Controls v v v v
Observations 148 148 148 148
R? 0.037 0.098 0.223 0.269
Adjusted R? 0.024 0.080 0.207 0.249

Residual Std. Error 0.200 (df = 145)

F Statistic

0.194 (df = 144)

0.180 (df = 144) 0.175 (df = 143)

2.822 (df = 2; 145) 5.238"* (df = 3; 144) 13.767"** (df = 3; 144) 13.164*** (df = 4; 143)

Note:

*p<0.05; **p<0.01; **p<0.001

Table 14. Study 3 AC-AFM Model Comparison

Statistic (1) Vs. (2) (1) Vs. (3) (2) Vs. (4) (3) Vs. (4)
Sum of Sq 0.367 1.116 1.028 0.278
F 9.732 34.359 33.403 9.046
Pr(> F) 0.002 <0.001 <0.001 0.003

Table 15. DTT as a Predictor of First Compliance Choice

Dependent variable: First Choice

Regression Models

Study 1 Study 2 Study3
DTI 0.024 0.002 —0.017

(0.021) (0.092) (0.047)
Controls v v v
Observations 198 48 148
R?2 0.062 0.145 0.003
Adjusted R? 0.022 0.065 —0.018
Residual Std. Error 0.415 0.434 0.499

(df = 189) (df = 43) (df = 144)
F Statistic 1.562 1.820 0.141

(df = 8; 189) (df = 4; 43) (df = 3; 144)

Note:

*p<0.1; **p<0.05; ***p<0.01
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Abstract. Happiness, or subjective wellbeing, brings lasting positive
effects to individuals, communities, and societies. Intentional engagement
in kind behaviours can have a significant effect on increasing and sus-
taining subjective wellbeing in humans. In this paper we investigate the
effectiveness of a behaviour change intervention for kindness and subjec-
tive wellbeing. Using decision tree learning and training data on person-
ality and susceptibility to Cialdini’s persuasive principles, we developed a
machine learning model to predict the most effective persuasive principle
for an individual. We conducted a randomised controlled experiment to
evaluate two interventions (personalised and non-personalised) to moti-
vate kind behaviours. The results indicate that personalised persuasive
messages are more effective at stimulating kind behaviours. However,
both interventions were effective at improving behavioural intention and
subjective wellbeing. These findings have implications for future work on
personalisation and design of adaptive behaviour change interventions.

Keywords: persuasive technology - behaviour change -
personalisation + adaptation - decision tree learning - wellbeing -
kindness

1 Introduction

Happiness has intrigued researchers for millennia. Evidence in the literature
shows that happiness brings lasting positive effects to individuals and the soci-
eties they live in [40], spanning across a multitude of life dimensions, including
mental and physical health [6,15,18,23,32], work productivity and performance
[17,25,48,53], social relationships [35,44], and life expectancy [9].
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Experiencing positive affect may support humans to broaden their skills and
resources, by inspiring exploratory thinking and responses, whilst experiencing
negative affect prompts survival-oriented behaviours [22]. As a result, happy
people are more likely to engage in healthy behaviours, which, in turn, influence
their mental and physical health. They are more likely to respond positively
to exercise and have healthier diets (e.g. [5,54]), and they have a lower risk
of heart disease and are less susceptible to viral infections [15,18]. In addition,
happy individuals engage in more social activities and build stronger friendships
[35,44], which helps them handle challenging situations better [2]. They use
positive strategies in times of adversity and develop psychological resilience [56].

The wide range of benefits associated with increased subjective wellbeing
motivates research of interventions that contribute to increasing and sustain-
ing happiness [35,55]. Recently, multiple studies have shown a strong relation
between happiness and intentional engagement in kind activities [7,59]. In this
paper we investigate and compare the effectiveness of two behaviour change
interventions (personalised and non-personalised) to encourage kind behaviours,
improve behavioural intention, and increase subjective wellbeing. To personalise
persuasive messages, we used decision tree learning and training data on per-
sonality and susceptibility to Cialdini’s persuasive principles [10,11] to develop
a machine learning model that predicts the most effective persuasive principle
for an individual. The findings have implications for future work on personali-
sation of behaviour change interventions for wellbeing. Our methodology can be
applied to other domains to develop effective personalised interventions based
on personality traits and susceptibility to persuasive principles.

2 Related Work

Persuasive technologies and behaviour change interventions can encourage,
shape, and reinforce beneficial behaviours and attitudes [20]. Numerous per-
suasive interventions have been developed in recent years. Some of the targeted
behaviours include motivating physical activity [30,41], nutrition and healthy
eating [26,45,62,63], encouraging safe driving habits [8], or promoting sustain-
able travel behaviours [1,21]. There is growing evidence showing that interven-
tions that encourage intentional engagement in kind activities such as writing
letters of gratitude [34], practicing optimism [31], or performing acts of kindness
and generosity [19,37,51], can significantly increase subjective wellbeing [7,59].
Behaviour change interventions for kindness and subjective wellbeing may have
a greater impact than the sole provision of activities.

Gaining an understanding of the actual persuasiveness of different persuasive
principles strategies is essential in optimising behaviour change. A large num-
ber of studies have focused on measuring perceived persuasiveness [47,50,60,65].
Several scales for perceived persuasiveness have been developed and validated
(e.g. [27,61]). However, a study across 151 message pairs showed that there was
no relation between how messages ranked when measuring perceived persuasive-
ness and actual persuasiveness [43]. People may not be able to distinguish the
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influence different factors have on behaviour due to their existing beliefs and
theories which offer credible alternative justifications [42]. Measuring perceived
persuasiveness can be reliable for predicting actual persuasiveness only when
individuals have accurate conceptions of persuasion theories, so pre-testing for
actual effectiveness is recommended [43].

However, measuring actual persuasiveness is a challenging endeavour and
only a limited number of studies investigate actual persuasiveness (e.g. [8,14,29,
64]). For example, an intervention that encourages healthy eating habits may
require comprehensive food and drink intake diaries. This task is intensively
time consuming and has sometimes proved to be unreliable [16]. It may also be
difficult to recruit a large number of participants from a target population (e.g.
interventions which encourage help-seeking among people with depression [58],
or persuasive reminders for skin cancer patients [60]). In addition, the number of
strategies that need to be evaluated could be too large [4]. Other circumstantial
or environmental factors may also contribute to the increased challenge (e.g.
the effectiveness of interventions for sustainable mobility may be influenced by
weather conditions or seasons [1]). Therefore, further investigation into actual
persuasiveness is required to support the design of effective interventions.

In addition, personalisation contributes to increased overall effectiveness of
interventions and adherence [3,27,28,38]. Many persuasive technologies use a
general design, applying the same behaviour change techniques for everyone.
However, this increases the risk of creating strong adverse responses if unsuitable
strategies are applied [45]. Several efforts have been directed towards research-
ing personalised interventions across a multitude of domains. Researchers have
investigated perceived persuasiveness in different cultural communities [46,49]
and studied the effect of age, gender, and personality [47,50,64,66]. However,
further investigation is required to optimise personalisation and predict suscep-
tibility to persuasive strategies given different individual or group characteristics.

3 Research Design and Methods

We conducted a randomised controlled experiment to evaluate two digital
behaviour change interventions (personalised and non-personalised) that used
persuasive messages to encourage kind behaviours. Participants were assigned
15 kind activities and asked to complete as many activities as possible within
one day. The messages used Cialdini’s principles to encourage participants to
complete all the activities. In the personalised condition, participants received
a personalised message using the persuasive principle predicted to be the most
effective for them. In the non-personalised condition participants received a mes-
sage using a randomly selected persuasive principle (excluding the one predicted
to be the most effective for them). Participants completed a pre-questionnaire
and a post-questionnaire one week after taking part in the intervention. This
enabled us to evaluate changes in behavioural intention and subjective wellbe-
ing.
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3.1 Research Questions

The study was guided by the following research questions:

1. How effective are the persuasive messages in motivating kind behaviours?
2. What is the effect of the interventions on behavioural intention?
3. What is the effect of the interventions on subjective wellbeing?

3.2 Materials

We designed and developed Be Kind, a digital behaviour change intervention
for kindness. The design was based on related work described in [13]. However,
we made adjustments to allow for personalisation and address limitations, such
as changing the duration of the study, increasing the number and variety of
assigned kind activities, and randomising activity order. The intervention asked
participants to complete kind activities which promote subjective wellbeing. The
activities were derived from a corpus of kind activities [12], validated to belong to
one of five categories. Participants were assigned 15 kind activities to complete
within one day: three activities belonging to each of the five categories. The
order in which activities were displayed was randomised and participants were
informed that they may complete activities in any order. The complete list of
kind activities used in this study, grouped by category, is shown in Table 1.

The number of activities might seem very high, given participants had to
incorporate these activities in their existing schedules. However, we wanted to
ensure that participants are assigned a variety of activities to minimise any
effects of a poor fit between individuals and activities. It is difficult to determine
the optimal number of activities to assign, as this will depend both on individual
and activity characteristics. The study described in [37] showed that individuals
who complete 5 kind activities on one day show a higher increase in subjective
wellbeing than those who spread the activities throughout the week. Evidence
in the literature also indicates that people who complete varied kind activities
each week show a higher increase in subjective wellbeing, compared to those who
complete the same kind activities [57].

For personalisation, we developed a machine learning model to predict the
most effective principle for individuals, given their personality traits. The result-
ing model was used during the account creation process to predict the most
effective principle of persuasion for each participant in the study. The training
data set used to build the model was sourced from related work described in
[14], and consisted of 130 entries. The attributes were represented by continuous
values for the scores of the Five Factor Model (FFM) personality traits [39]. The
target value was represented by the most effective persuasive principle for each
individual, as identified in the study. The findings in [14] indicated that actual
persuasiveness is influenced by personality, and people’s susceptibility to persua-
sive principles remains consistent over time. Gender and age were not included
as attributes, since these were shown to be weak predictors of susceptibility.
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Table 1. Kind activities used in the Be Kind study, grouped by activity categories

Category Activities

Positivity (1) Write an encouraging comment addressed to all the other
participants of this study
(2) Write a comment describing the positive qualities of the
last person you encountered today
(3) Hide a positive message in a public space for someone else
to find. Write a comment to tell us about it.

Generosity (1) Volunteer to help someone you know with a simple task.
Write a comment about your experience
(2) Learn to say “Have a beautiful day!” in a new language and
teach someone else how to say it too. Write a comment to tell
us which language you chose
(3) Draw a simple portrait of a friend and gift them the draw-
ing. Write a comment to share their reaction.

Gratitude (1) Write a comment reflecting on 3 things you feel very grateful
for today
(2) Write a comment with an appreciation message for someone
who has made a positive impact in your life
(3) Say thank you to a friend who has been kind to you. Write
a comment to tell us how you feel.

Friendliness (FR1) Make plans to meet a friend and do a fun activity
together in the next month. Write a comment to tell us your
plan
(2) Make an honest compliment to one of your friends. Write a
comment to tell us about their reaction
(3) Start a friendly conversation with someone you have not
talked to recently. Write a comment to tell us about your inter-
action.

Self-Kindness (1) Write a comment with a compliment for yourself. You
deserve it!
(2) Take a deep breath, stretch and relax for 5min. Write a
comment to let everyone know how you feel after!
(3) Go on a short walk outside and notice everything that is
beautiful around you. Write a comment to share your experi-
ence

We used the decisiontree 0.5.0 Ruby library! to implement the ID3 algorithm
for decision tree learning [52]. This uses a top-down greedy approach to build
a binary decision tree, partitioned by thresholds. The tree is trained with two
thirds of the training data, resulting in a set of rules which are then pruned with
the remaining third of the data. To avoid overfitting and reduce variance, the

! Source: https://rubygems.org/gems/decisiontree/versions/0.5.0.
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algorithm uses a bagging-based trainer class, generating ten training sets before
choosing the best output for predictions. The resulting model consisted of 76
rules to predict persuasive principles, given personality trait scores as input.
We created messages which reflected Cialdini’s seven persuasive principles.
Participants in the personalised condition received the message predicted to be
the most effective for them, given the scores of their personality traits. We pre-
dicted the most effective persuasive principle for participants in the random con-
dition as well, and then excluded it as a possible message that could be assigned
to them. Therefore, the participants in the random condition were assigned a
random message from the remaining 6 messages. While some persuasive prin-
ciples are more effective than others overall, we tried to minimise any possible
influence of this by distributing messages that were randomly assigned in even
proportions. The list of messages used in the study is shown in Table 2.

Table 2. Messages created using Cialdini’s principles of persuasion

Principle Message

Reciprocity  Hey, current user! We analysed your data and we picked these kind
activities for you! Will you complete all the kind activities assigned
to you?

Liking Hey, current user! Analysing your data, you seem to be a very kind
person and we really like you! Will you complete all the kind activities
assigned to you?

Social Proof Did you know that the majority of participants in this study complete
ALL the kind activities? Will you complete all the kind activities
assigned to you too?

Commitment You are already performing a kind activity by helping the researchers
with this study! Will you complete all the kind activities assigned to
you?

Authority Did you know that health experts recommend engaging in kind activ-
ities to improve wellebing? Will you complete all the kind activities
assigned to you?

Scarcity Today is your only chance to engage with the kind activities and
other participants. Will you complete all the kind activities assigned
to you?

Unity Hey, current user! You are part of the group of participants who

completed the most kind activities! Will you complete all the kind
activities assigned to you?

3.3 Procedure

Ethical consent was obtained from the Physical Sciences and Engineering ethics
board of University of Aberdeen. We provided participants with information and
requested that they complete a consent form before they can take part in the
study. Participants were informed that their participation is voluntary and that
they may withdraw from the study at any given time, for any reason. All the
materials and data were anonymised and stored securely.
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Participants completed a brief demographics questionnaire. The Subjective
Happiness Scale (SHS) [36] was used to measure the subjective wellbeing of
the participants, while the TIPI [24] was used to determine their scores for the
FFM personality traits. Participants were also asked to complete a behavioural
intention questionnaire.

Participants were shown the randomised list of kind activities. After com-
pleting an activity, participants rated it, indicating how happy it made them
feel, as well as how enjoyable, meaningful, and motivating they found it. This
allowed us to measure the appreciation for each completed activity. In addition,
participants could create comments and interact with others. A persuasive mes-
sage was displayed for the duration of the study. Participants were not aware
that they might see a different message than others. The intervention, as seen
from an administrator view (i.e. excluding a personalised or randomly selected
persuasive message), is shown in Fig. 1. After one week participants were invited
to complete a follow-up questionnaire. To make observations regarding changes
in subjective wellbeing and behavioural intention, participants were required to
complete the SHS [36] and the behavioural intention scale again. In addition, par-
ticipants were asked to provide qualitative comments on what motivated them
to engage in kind activities and what their intentions are for engaging in future
kind behaviours.

BE KIND STUDY

Write a new commen|

Admin
view my profile
11 comments

Your activities: Comments (1427)
The order in which you complete the activities is not 7 APLY Participant 639PHW
important. Try to complete as many activities as % | am grateful for the love and support of my family and friends. The good weather helps tool
possible! 4. Posted 9 months ago

« Write an encouraging comment addressed to all Ay

Participant 639PHW
the other participants of this study.

' Hello fellow study participants - it is great that we are all participating in this very interesting study )

Mark as com "4 ¥ 4 Posted 9 months ago

!
.

« Write a comment describing the positive qualities of

the last person you encountered today. 300'5 Participant 6370ZF
222 I messaged my friend who | hadn't seen in a while and arranged to meet up tomorrow! He sounded happy to
Mark as complete 0222 <
WOOS hear from me. We will go for a nice autumnal walk and get a healthy lunch afterwards.

« Hide a positive message in a public space for Posted 9 months ago
someone else to find. Write a comment to tell us

o
&
g

Participant 633UCV

1 am going to enjoy a walk outside and take some time to relax in the sunshine. Il report back on how | feel
afterwards!

Posted 9 months ago

Mark as complete
+ Make plans to meet a friend and do a fun activity
together in the next month. Write a comment to tell
us your plan
Yoo Participant 633UCV
| am complimenting myself on caring deeply about doing the best job | can
Make an honest compliment to one of your friends. 23% Posted 9 months ago
Write a comment to tell us about their reaction.

Mark as com

!

T Participant 633HQT

>0
O

Mark as com|
Three things | feel grateful for today are feeling healthy, the nice weather and having time to cook and eat good

a2l food

Posted 9 months ago.

Start a friendly conversation with someone you
have not talked to recently. Write a comment to tell
us about your interaction

Fig. 1. Interface of the Be Kind behaviour change intervention
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3.4 Participants

We recruited 234 unique participants, (140 females and 93 males, ages between
18 and 60 years old). Participants’ geographical territories of origin were Europe
(193 participants), Asia and Pacific (14 participants), Africa south of the Sahara
(7 participants), the Middle East and North Africa (7 participants), North Amer-
ica (10 participants) and South America, Central America and the Caribbean (3
participants). A total of 89 additional participants created accounts, but never
accessed the intervention. We excluded their data from the analysis, as they did
not interact with the intervention. Out of the 234 participants, 67 returned after
one week to complete the post-questionnaire. Participants were assigned ran-
domly generated alphanumeric usernames to preserve anonymity. Participants
were automatically assigned to, either the personalised condition (N = 124), or
the non-personalised condition (N = 110), but they were not aware of this.

4 Results, Discussion, and Limitations

Participants completed a total of 1326 activities during the study and created
1121 comments, sharing their experiences, or writing encouragement and appre-
ciation messages. This allowed us to observe behaviour directly, in addition to
self-reporting. On average, participants completed 5.67 (std. dev. = 4.12) activ-
ities. While the average completion rate was only a third of the total activities
assigned, this result is consequential, given participants only had one day to com-
plete all of the activities and had to incorporate them into their existing schedule.
The time and effort required for the activities was subjective. For example, a
friendly conversation may require only a few minutes for certain individuals, but
this time might increase considerably for others. Some participants indicated in
their comments that they could not complete more activities due to time restric-
tions (e.g. Participant 676DJV: “It took more time than I thought to do some
activities”). However, the average completion rate is higher than 5 activities in
one day, which indicates there may be an influence on subjective wellbeing [37].

4.1 Influence of Persuasive Messages

Overall, the results indicate that personalised persuasive messages are more effec-
tive at encouraging kind behaviour than non-personalised messages. Participants
in the personalised condition generally completed more kind activities than those
in the random condition. An independent t-test was used on the data with a 95%
confidence interval (CI) for the mean difference. We found a significant difference
between the number of activities (£(232) = 3.802, p<0.001) with a mean differ-
ence of 2.00 (95% CI, 0.96 to 3.03). We found that the number of completed
activities for the personalised condition (6.60 + 4.16) was significantly higher
than the number of activities completed by the participants in the random con-
dition (4.61 + 3.82). Figure 2 shows the percentage of activities completed out of
the total activities assigned to participants for each persuasive principle in the
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two conditions. Participants in the personalised condition completed a higher
percentage of activities, independent of the persuasive principle, than those in
the random condition. This suggests that personalisation of persuasive principles
plays a key role in the design of effective behaviour change interventions.

Comments in the post-questionnaire reflected the predictions made by model.
For example, Reciprocity was predicted to be the most effective principle for Par-
ticipant 586DZY and Participant 666HMP. When asked about future intentions,
Participant 586DZY said: “Next time someone is short on change (e.g., for a
bus) I want to pay it forward because someone else paid my bus for me when I
was traveling.”, while Participant 666HMP said: “I wanted to give back for all
the kindness I receive.”. The personalisation algorithm predicted the Commit-
ment principle would be the most effective for Participant 726FKZ, who said: “I
wanted to complete the activities once I started the study”. Similarly, the Social
Proof principle was predicted for Participant 763LIA, who said: “The spirit of
those around me motivated to complete the activities”.

51.5% 52.4%

48.9%
41.1% 41.2%
38.4%
36.4%
33.7%
31.4%
30.4% 20,0% il
27.4%
25.7%

Authority Commitment Scarcity Liking Reciprocity Unity Consensus

B Personalised condition Random condition

Fig. 2. Percentages of activities completed for each persuasive principle in the person-
alised and random conditions

4.2 Impact on Behavioural Intention

A paired samples t-test showed that behavioural post-intention was on average
.653 higher than behavioural pre-intention (95% CI, .27 to 1.03). There was
a significant difference between post-intention and pre-intention scores (t(66) =
3.424, p<0.001). Figure 3 shows the means of pre-intention and post-intention to
perform kind activities in the personalised and random conditions. A pair com-
parison showed a significant difference in both conditions. However, calculating
pair differences and using a t-test showed no significant difference between the
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personalised and random conditions. Behavioural intention increased regardless
of the condition. In addition, we did not find a significant correlation between
the total number of activities completed and post behavioural intention. This
suggests that even completing a small number of kind activities may lead to
increased behavioural intention. Taking part in the intervention and observing
others engage in kind activities may act as a prompt or trigger for the partici-
pants, leading to changes in behaviour and intention. The results are shown in
Table 3.

Table 3. Paired Samples test for behavioural pre-intention and post-intention in the
personalised and random conditions

Condition Mean (std. dev.) t(df) p 95%CI of difference
Personalised condition .616 (£1.62) t(36) = 2.309 <0.5 .07 to 1.15
Random condition 700 (£1.51) t(29) = 2.536 <0.05 .14 to 1.27

Z
Generosity Gratitude Postivity Friendliness Self-Kindness

Personalised condition pre-intention M Personalised condition post-intention

Random condition pre-intention d dition post-i

Fig. 3. Average pre-intention and post-intention in the personalised and random con-
ditions

In the post-questionnaire participants wrote comments about their engage-
ment in kind behaviours. Overall, participants enjoyed completing kind activ-
ities (e.g. Participant 666HMP: “Thank you for this study. It made me gain
hope.”; Participant 566 WOG: “This study was inspiring.”; Participant 705TVH:
“I thought it was a good motivator to make me reflect and act more on a few
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things.”). Participants appreciated seeing others interact within the intervention
(e.g. Participant 654VBA: “I realised that I am surrounded by good people and
I should appreciate them more.”; Participant 610WYU: “I saw everyone post-
ing comments, it felt like a little community”). Participants indicated that they
intend to continue engaging in kind behaviours in the future (e.g. Participant
569CSF: “I will try to be a kinder person. It makes other people happy I hope,
and it makes me happy too.”; Participant 602EIC: “I want to perform acts of
kindness every time I have the opportunity.”; Participant 633HQT: “I would
like to volunteer more and learn to observe and enjoy the good things around
me.”; Participant 569SMZ: “The world should be a little bit kinder, so I will do
my best.”). Participants expressed their intentions to be kinder towards those
around them by being generous and supportive (e.g. Participant 598YSN: “I’l]
try and be more attentive to my close friends and family.”; Participant 569HUD:
“Ill try and be more generous towards those around me.”). Taking part in the
intervention reminded participants to engage in kind behaviours, acting as a
prompt for many who already had high motivation and ability (e.g. Participant
5T3WPQ: “Sometimes it’s easy to put kindness aside. It’s good to be reminded.”;
Participant 586DZY: “Thanks for reminding me to be kinder.”). Some partici-
pants expressed that they would have liked to complete more activities than they
did (e.g. Participant 694EGP: “I found the tasks very motivating. I wanted to
complete more tasks, but didn’t get to it unfortunately.”; Participant 646 WON:
“I did not complete as many acts of kindness as I would have liked and this has
made me aware that I focus too much of my time and energy on work, at the
expense of those around me, some of whom I might be neglecting.”).

4.3 Impact on Subjective Wellbeing

The results suggest that the intervention is effective at improving subjective
wellbeing. A paired samples t-test was used to evaluate the subjective wellbeing
before and after the intervention. A significant difference was found between the
reported scores (t(66) = 4.545, p<0.001). Subjective wellbeing scores reported
after the intervention were on average 0.526 higher than those reported before
(95% CI, .29 to .76). These findings are similar to the results presented in [13].

A pair comparison showed that subjective wellbeing scores were significantly
higher after taking part in the intervention in both conditions. However, calculat-
ing pair differences and using a t-test analysis showed no significant differences in
between the personalised and random conditions. Participant subjective wellbe-
ing improved, regardless of which condition they were assigned to. Nevertheless,
participants in the personalised condition may have felt increased positive affect
because they completed more kind activities than those in the random condi-
tion. A future study could investigate whether there is an effect of personalisation
after a longer intervention which allows for habit formation. Table4 shows the
results.

Participants appreciated taking part in the intervention (e.g. Participant
586DZY: “It made me happy and less focused on stressful things.”). Some par-
ticipants indicated that they intend to focus on their own wellbeing (e.g. Partic-
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Table 4. Paired Samples test for subjective wellbeing before and after the intervention
in the personalised and random conditions

Condition Mean (std. dev.) t(df) p 95%CI of difference
Personalised condition .405 (£.91) t(36) = 2.699 <0.5 .10 to .70
Random condition 675 (£.98) t(29) = 3.761 <0.001 .30 to 1.04

ipant 661XNF: “I'll pay more attention to myself also, I don’t think I am getting
enough rest.”; Participant 583FOA: “Besides helping out people who are in need
(because it’s part of my work), I am willing and patient enough to listen to those
who come to me with other non-work-related problems (whether I know some-
thing about it or to direct them to someone else). Paradozxically, helping myself
always seems the hardest thing to do, and I realise it’s important to do this in
order to help others out, but I still don’t find the motivation to do it easily. Hope-
fully, after getting on with some of the things from the study, I'll find it easier
to pick up on that. Thank you.”).

4.4 Limitations

Observation of other participants may have had an effect on behaviour (e.g. Par-
ticipant 683XNC: “Seeing everyone so involved was very motivating.”). Environ-
mental constraints may have also had an influence. For example, some partici-
pants might have been feeling less happy than usual (Participant 638CYX: “I
like the idea of being kind to everyone, in all circumstances. I think this is some-
thing we all should practice across spheres of life. I wish I could have had more
time to perform all the activities that the study required, however I was going
through a personally very challenging time.”). We found a weak positive correla-
tion between subjective wellbeing measured before the intervention and the total
activities participants completed (r = .139% p <0.05, n = 234). Happy people
actively seek rewarding situations [33], so they may engage in more activities

Using randomly assigned persuasive principles for the baseline may have
also had an effect. Participants in the random condition (N = 110) completed
an average of 4.61 + 3.82 activities. Reciprocity might have provided a better
non-personalised baseline, as this was the most common persuasive principle.?
Participants in the random condition who were assigned Reciprocity (N = 15)
completed an average of 5.47 + 4.18 activities. However, participants in the
personalised condition (N = 124) still performed better, completing an average
of 6.6 + 4.16 kind activities.

Finally, the model used to predict the most effective persuasive principle had
76 rules learnt from 130 entries. There may be too many minor rules that overfit
the data and prevent good generalisation. It is possible that this is due to the
training data on personality being very noisy. This leads to the creation of a

2 No post-hoc statistical analysis was performed given the small sample (N = 15).
This would need to be confirmed statistically in a future study.
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complex model that tries to fit noisy instances from the training data. A future
study will use a training data set with reduced noise to build the decision tree.

5 Conclusions and Future Work

Our findings indicate that messages which use personalised persuasive principles
are more effective at stimulating kind behaviour than non-personalised messages.
There is a consensus in the literature that personalised interventions and mes-
sages are more effective. However, most studies in the literature used perceived
persuasiveness for personalisation. In this study we analysed the effect of person-
alisation based on actual persuasiveness and showed that providing personalised
messages in an intervention motivates behaviour change. In addition to self-
reporting for completed activities, we were able to observe actual behaviour and
ensure participants actually engaged in kind behaviours through the numerous
comments they wrote on the intervention message board. In addition, we showed
that the Be Kind intervention is effective at improving participant behavioural
intention and subjective wellbeing. These findings have implications for future
work on personalisation and design of adaptive behaviour change interventions.
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Abstract. Technologies have been shown to alter how people feel and create
outlets for expressing positive and/or negative emotions. This indicates that per-
suasive systems, which rely on persuasive strategies (PS) to motivate behaviour
change, have the potential to elicit emotions in users. However, there is no empir-
ical evidence on whether or not PS evoke emotions and how to tailor PS based
on emotional states. Therefore, we conduct a large-scale study of 660 participants
to investigate if and how individuals respond emotionally to various PS and why.
Our results show that some PS (such as Reward, Reduction, and Rehearsal) evoke
positive emotion only, while others (such as Self-monitoring, Reminder, and Sug-
gestion) evoke both positive and negative emotions at varying degrees and for dif-
ferent reasons. Our research links emotion theory with behaviour change models
to develop practical guidelines for designing emotion-adaptive persuasive systems
that employ appropriate PS to motivate behaviour change while regulating users’
emotion.

Keywords: Persuasive strategies - Emotional states - Emotion regulation -
Persuasive systems - Behaviour change - Adaptivity - Tailoring - Design
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1 Introduction

Persuasive systems employ persuasive strategies to motivate behaviour change across
diverse domains including health, education [1, 2], and sustainable environment [3, 4].
For instance, persuasive systems for health use PS to promote healthy behaviours (such
as healthy eating [5, 6], physical activity [7, 8], quality sleep [9, 10], and medication
adherence [11, 12]) and discourage risky behaviours (e.g., excessive alcohol use [13]
and smoking [14]). Yet, technologies can alter how people feel and create outlets for
expressing positive and/or negative emotions [15]. Emotional states have been shown to
influence physical and mental well-being [16, 17]. For example, negative emotional states
(e.g., anger, fear, and sadness) create unhealthy patterns of physiological functioning,
cause psychological disorders, and reduce quality of life [17-20]. Individuals exhibiting
negative emotions are also at increased risk of immune relapse, illness, and mortality [17,
21]. On the other hand, positive emotional states (such as happiness) improve overall
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health and wellness including cardiovascular health, cognition, and resilience [22-26].
This highlights the need to regulate users’ emotions (i.e., reducing negative emotions and
promoting positive ones [27]) as they engage with technologies, specifically persuasive
systems. To achieve this, it is imperative to determine which emotions are evoked by
persuasive strategies in order to select and operationalize appropriate strategies that
motivate desired behaviour change while reinforcing positive emotions. However, there
is no empirical research in this area to date.

To contribute to this area, we conducted a large-scale empirical study of 660 partici-
pants to investigate if and how individuals respond emotionally to eleven (11) persuasive
strategies operationalized in a system and why. We achieved our goal using three well-
established theoretical frameworks: Ekman’s emotion model [28-30], Persuasive Sys-
tems Design (PSD) model [31], and the App Behaviour Change Scale (ABACUS) [32].
The Ekman’s emotion model comprises six basic emotional states out of which five are
universal (i.e., emotions that all humans have in common) [30], namely anger, fear, hap-
piness, sadness, and disgust. The model has been widely applied in the literature over the
years, including in human-computer interaction (HCI) research [33—35]. The PSD model
consists of twenty-eight persuasive strategies for designing and evaluating persuasive
or behaviour change systems and has enjoyed widespread use in persuasive technology
research including [36—40]. Similarly, the ABACUS framework comprises twenty-one
persuasive strategies for assessing the behaviour change potential of smartphone-based
applications or systems. Our choice of persuasive strategies was inspired by a recent
study in which PSD and ABACUS strategies were harmonized and then ranked in terms
of behaviour change score (BCS) which is a measure of the extent to which each strat-
egy is implemented in applications [41]. The eleven strategies selected for this work
include those with high BCS (such as self-monitoring, reminders, reduction, rehearsal,
and goal setting) and those with moderate to low BCS (e.g., suggestion, reward, exper-
tise, opportunity to plan for barriers, distraction or avoidance, and recognition) since
rarely implemented strategies could also be effective [41].

To collect data from participants, we iteratively created and presented prototypes
operationalizing each strategy within the mental health domain of resilience building
(which involves developing the mental ability to bounce back or cope with adversities
such as everyday stressors and traumatic life events [42]), followed by questionnaires
measuring perceived persuasiveness [43] of each strategy and the emotion(s) evoked
by that strategy. Next, we created models showing the relationship between individual
strategies and the five universal emotional states (i.e., anger, fear, happiness, sadness,
and disgust) using the structural equation modeling technique [44, 45] to uncover the
emotion(s) evoked by each strategy. Lastly, we conducted thematic analysis of partici-
pants’ qualitative comments to understand why a strategy evokes specific emotion(s) in
participants.

Our work offers four main contributions in the area of emotion-adaptive persuasive
systems design. First, we underpin the significance of people’s emotional responses to
persuasive strategies and establish that emotional states are important dimensions for
tailoring persuasive strategies to improve the overall effectiveness of persuasive systems.
Second, we provide empirical insights into the perceived persuasiveness of individual
strategies, as well as the emotions evoked by the strategies using three well-established
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theoretical frameworks. Third, we offer qualitative insights to explain why each strat-
egy evokes specific emotion(s) based on participants’ comments. Finally, we reflect on
our findings to offer practical guidelines for designing emotion-adaptive persuasive sys-
tems that use appropriate PS to motivate behaviour change while reinforcing positive
emotions.

2 Background and Related Work

In this section, we reviewed literature on emotion theories, as well as persuasion frame-
works and persuasive strategies. We also explored how emotion has been used to
influence persuasion.

2.1 Emotion Theories

Emotion theories, which can be discrete or dimensional, define how emotions are repre-
sented in applications or systems. Discrete emotion theories including Ekman’s emotion
theory [28-30], Plutchik’s theory of emotion [46,47], OCC (Orthony, Clore, and Collins)
emotion theory [48] and Parrot emotion theory [49] place emotion into distinct states
or categories. Ekman’s theory posits that there exist six basic and distinct emotional
states: happiness, sadness, anger, fear, disgust, and surprise. Five of these emotions,
excluding surprise, are considered “five Universal Emotions: emotions that all humans,
no matter where or how they are raised, have in common” [30]. Other discrete theories
are based on the Ekman’s emotion theory. For instance, Plutchik’s theory of emotion
extends Ekman’s basic emotions by including two additional emotional states: trust and
anticipation. The OCC theory discretized emotion into twenty-two categories including
the six basic emotional states. Parrot emotion theory generates one hundred secondary
emotions (arranged in a tree structure) from Ekman’s basic or “primary” emotions. Con-
versely, dimensional emotion theories such as Circumplex Model of Affect (CMA) [50,
51] project emotions on a dimensional space that shows how emotions are related, as
well as their intensities or degree of occurrence. The CMA depicts emotion as a linear
combination (or as varying degrees) of two dimensions: valence which is a pleasure-
displeasure continuum and arousal which reflects whether an event is exciting or calm.
A third dimension called dominance refers to the degree to which individuals have con-
trol over their emotion [52]. Compared to the dimensional theories, the discrete emotion
theories have enjoyed widespread use in emotion-based HCI research including [33-35,
53]. We utilize Ekman’s five universal emotional states — happiness, sadness, anger,
fear, disgust — in this work.

2.2 Persuasion Frameworks and Persuasive Strategies

Persuasive systems operationalize various persuasive strategies to motivate behaviour
change and have been shown to be effective [54, 55]. Persuasive technology researchers
have proposed several persuasion frameworks offering various persuasive strategies that
could bring about behaviour change. Popular frameworks include Persuasive Technol-
ogy Tools [56], Cialdini’s Principles of Persuasion [57], and Persuasive Systems Design
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(PSD) model [31]. The PSD model, which comprises twenty-eight persuasive strategies,
is grounded in psychological and behavioural theories, extends the other two frame-
works, and facilitates the development and evaluation of persuasive or behaviour change
systems. Another persuasion framework is the App Behaviour Change Scale (ABA-
CUS) consisting of twenty-one strategies for assessing the behaviour change potential
of mobile applications [32]. In a study by Alslaity et al. [41], both PSD and ABACUS
strategies were combined to comprehensively assess the persuasiveness of mobile health
applications. In particular, the strategies were ranked based on behaviour change score
(BCS) which is a measure of the extent to which a strategy is implemented in applications.
This study informed our choice of eleven (11) strategies used in this work (see Table 1).
Specifically, we considered not only strategies with high BCS (such as self-monitoring,
reminders, reduction, rehearsal, and goal setting) but also those with moderate to low
BCS (e.g., suggestion, reward, expertise, opportunity to plan for barriers, distraction or
avoidance, and recognition) since rarely implemented strategies could also be effective
[41].

Table 1. Persuasive strategies and corresponding descriptions.

Strategy Description

Self-monitoring Provides means for users to track their own progress or
performance towards their target behaviour or goal

Reminder Reminds or notifies users of their target behaviour during
system use

Reduction Reduces efforts required to perform the target behaviour

Rehearsal Provides means of rehearsing or practicing the target
behaviour

Goal setting Allows users to set a goal that can be achieved during
system use

Suggestion Provides tailored suggestions or tips for achieving the

desired behaviour during system use

Reward Incentivizes users for achieving specific milestones using
virtual rewards such as badges, points, etc

Expertise Provides content showing knowledge, experience, and
competence

Opportunities to plan for barriers | Encourages users to think about potential barriers and
identify ways of overcoming them

Distraction or Avoidance Gives suggestions and advice on how users can avoid
situations or distract themselves when trying to reach their
goal

Recognition Provides public recognition for users who perform the

target behaviour
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2.3 Emotion and Persuasion

Emotion has been found to influence persuasion and different emotions result in differ-
ent persuasion outcomes [58, 59]. Majority of research in this area involves inducing
certain emotions into communications to enhance their persuasiveness. For instance,
loss-framed messages induce negative emotions such as fear while gain-framed mes-
sages induce positive emotions (e.g., happiness) to convince target audience to perform
specific behaviours [60]. In the health domain, loss-framed messaging was used to influ-
ence people’s intention to engage in healthy behaviour, such as consuming less salt
or receiving vaccinations against diseases [60, 61]. However, fear induction in public
health campaigns could lead to weaker intentions to adopt the target behaviour [60,
62], in line with evidence that loss-framed messages trigger defensive responses in peo-
ple thereby reducing persuasion [60]. In contrast, positively-valenced or gain-framed
health messages like those promoting healthy eating and physical activity were found
to evoke positive attitude and improve self-efficacy [63]. A study in the domain of
sustainable environment also found that negative emotions including sadness are sig-
nificant barriers to people’s willingness to make financial donations to environmental
non-governmental organisations but inducing happiness, pride, or empathy influences
users to give donations [64, 65].

2.4 Research Objective

Although emotions have been used to influence persuasive outcomes (see Sect. 2.3),
this approach could be coercive or deceptive since the intent is to elicit emotions that
could force or manipulate people to perform the target behaviour (such as using fear to
drive product sales or empathy to boost donations). Besides, persuasion using negative
emotions tend to trigger defensive responses, however, researchers have used positive
emotions as countermeasures (e.g., [66]). Given the non-coercive and non-deceptive
role of persuasive strategies (PS) for effective behaviour change and the vital role of
positive emotional states in physical and mental well-being, we conducted a large-scale
empirical study to uncover the relation between PS and emotional states. To the best of
our knowledge, our work is the first to link emotion theory with behaviour change models
to develop practical guidelines for designing emotion-adaptive persuasive systems that
use appropriate PS to motivate behaviour change while reinforcing positive emotions.

3 Methodology

To achieve our research objective, we followed the methodological steps below:

1. We selected universal emotional states from the Ekman’s emotion model (i.e., hap-
piness, sadness, anger, fear, disgust) and eleven (11) persuasive strategies from the
PSD and ABACUS persuasion frameworks (see Table 1), as described in Sects. 2.1
and 2.2.

2. We created prototypes illustrating each strategy contextualized in the mental health
domain of resilience building.
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3. We conducted a large-scale online study to assess the perceived persuasiveness or
effectiveness of individual strategies and to determine emotional states that each
strategy elicited in participants.

4. We analyzed the quantitative and qualitative data collected using well-established
analytical methods and tools, and then discussed our findings.

We discuss the details of our methodology including study design and data analysis
in subsequent sections.

3.1 Study Design

To collect data for our online study, we followed established methodologies employed
in many HCI research including [38, 39, 67, 68], as described below.

Prototype Development. To assess the perceived persuasiveness of the strategies (i.e.,
self-monitoring, reminder, reduction, rehearsal, goal setting, suggestion, reward, exper-
tise, opportunities to plan for barriers, distraction or avoidance, and recognition), we
created a prototype that depicts each strategy as a persuasive feature in a mobile health
(mHealth) application for building human resilience. Prior to designing the prototypes,
we identified various resilience building mechanisms from the literature [69—72] that can
be delivered using the strategies. We contextualized the prototypes within the mental
health domain of resilience building (which involves developing the mental ability to
bounce back or cope with adversities such as everyday stressors and traumatic life events
[42]). Furthermore, the prototypes (one per strategy) were evaluated two times by ten
mental health and persuasive technology (PT) researchers. We refined the prototypes
each time based on the evaluators’ feedback to arrive at the final designs. The prototypes
were designed in such a way that they are easily understood by target audience from
various backgrounds. Figure 1 shows the prototype illustrating the Reward strategy.

Earn Points and Badges for practicing
and engaging in resilience building
activities

Points Earned ~ Points Earned  Cummulative
Today This Week Points

Your have unlocked 2 new courses
in the Resilience Masterclass.

Your Badges

Gratitude  Problem
Solving

Achieve your daily goals consistently and earn
more badges!

Fig. 1. Prototype illustrating the Reward strategy
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Experimental Design. Our within-subject online study is in five phases: first, we
asked participants to complete demographic-related questionnaire by indicating their
age group, gender, marital status, education level, and profession. Second, we asked
participants to watch a short (less than one minute) neutral video before examining each
prototype to avoid bias or carryover effect while reporting their emotional states. Similar
approach has also been used in HCI affective experiments including [73]. The neutral
video clips utilized in this study were chosen at random from Stanford Psychophysiol-
ogy Laboratory’s film library for affective scientists [74]. Third, we presented prototype
illustrating each strategy to participants as a set of images in a logical flow depicting user
interaction. Participants see one prototype (or strategy) at a time and then respond to
the perceived persuasiveness questionnaire (PPQ) adapted from [43] and used in many
PT research including [7, 38, 39, 68, 75]. To prevent possible prototypes ordering bias,
we used the randomization feature of the survey tool [76] to change the order of the
prototypes for each participant. The PPQ comprises five items measured using a 7-point
Likert scale which ranges from “1 — Strongly Disagree” to “7 — Strongly Agree”: (a)
This application would influence me to be resilient, (b) This application would convince
me to be resilient, (¢) This application would be personally relevant for me, (d) This
application would make me to reconsider my resilience level, and (e) The strategy would
make or motivate me to use the application. Next, we asked participants to report their
emotional response while examining each application prototype. Participants rated their
emotional response in terms of Ekman’s five universal emotional states [30] — happi-
ness, sadness, anger, fear, and disgust — on a 5-point Likert scale, an approach used in
emotion-based HCI research including [77]. Lastly, we asked participants to justify their
ratings by providing qualitative comments.

To ensure that participants were actively considering their responses, we included
attention-check questions. Prior to the main study, we conducted two pilot studies with
20 randomly selected university students for the first pilot study and 40 MTurk (Amazon
Mechanical Turk) participants for the second pilot study to test the validity of our study
instruments.

Participants. To recruit participants for our large-scale online study, we used a variety of
methods including email, social media, snowball sampling, SONA, and MTurk. SONA
is a widely used experimental participation system that allows university students to
participate in ongoing research and earn credit points [78]. MTurk is an established
and reliable method of recruiting large and diverse participants and has been used in
many HCI and PT studies including [38, 39, 67, 79, 80]. In compliance with research
ethics approval, our inclusion criteria require that participants be adults (18 years or
older) and proficient in English language. We included a total of 660 valid responses
in our analysis, after removing incomplete responses and those containing inaccurate
answers to attention-based questions. Table 2 summarizes our participants’ demographic
information.
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Table 2. Participants’ demographic information.

Number of Participants = 660
Age 18-25 (42%), 26-35 (30%), 3645 (17%), Over 45 (11%)
Gender Male (39%), Female (60%), Other (1%)

Marital Status | Single (42%), Married (52%), Widowed (0%), Divorced (2%), Separated (1%),
Registered Partnership (1%), Other (2%)

3.2 Data Analysis

We employed well-known analytical techniques and tools to analyze the data collected,
as summarized below:

1. To assess the suitability of our data for factor analysis, we used the Kaiser-Meyer-
Olkin (KMO) Measure of Sampling Adequacy and Bartlett Test of Sphericity (BTS)
methods [81]. Our results showed that the KMO value was 0.969 (well above the
recommended value of 0.6 [81]) and BTS was statistically significant (x2(7260)
= 89249.635, p < .0001), thereby confirming that our dataset is suited for factor
analysis.

2. We computed the persuasiveness score (average rating) for each strategy, and then
conducted a One-Sample t-test to determine the persuasiveness of individual strate-
gies using neutral rating of 4 as the test value in a 7-point scale. To examine and
compare the strategies’ persuasiveness, we performed a Repeated-Measure Analysis
of Variance (RM-ANOVA) analysis using strategy type as within subject factor after
checking for ANOVA assumptions, followed by Bonferroni pairwise comparison.

3. Next, we modeled the relationship between the persuasiveness of individual strate-
gies and the five emotional states using partial least square structural equation mod-
eling (PLS-SEM) method. PLS-SEM is highly suitable for creating complex mod-
els [82] and has been widely used in estimating relationships between latent and
observed variables in many HCI research studies including [38, 83—85], making it a
superior choice to other approaches (such as covariant-based). We used the Smart-
PLS3 tool [86] to create the models, one strategy at a time. We validated the measure-
ment models by establishing indicator reliability (Cronbach’s alpha and composite
reliability values were above recommended value of 0.7 [45, 87]), convergent reli-
ability (Average Variance Extracted (AVE) values were above recommended value
of 0.5 [45, 87]), and discriminant validity (heterotrait-monotrait (HTMT) ratio of
correlations was below the recommended limit of 0.9 [45, 88] for all constructs).
We also explored for differences between the structural models by calculating path
coefficients (8) — which measure the influence of a variable on another — and their
corresponding significant level (p).

4. Finally, we applied thematic analysis method to analyze participants’ qualitative
comments to justify their quantitative ratings.
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4 Results

In this section, we present comparative analysis of the overall persuasiveness of the strate-
gies and results of the relationship between individual strategies and the five emotional
states.

4.1 Comparing the Overall Persuasiveness of the Strategies

Results of the One-Sample t-test show that the persuasiveness scores of the eleven
strategies are significantly higher than the neutral rating of 4 (p < .001). This indicates
that participants perceived the strategies as effective (at varying degrees) in terms of their
capacity to motivate behaviour change (see Fig. 2). Goal setting strategy is perceived as
the most persuasive (Mean = 5.519, SD = 1.155), closely followed by reminder (Mean
= 5.436, SD = 1.050), reduction (Mean = 5.407, SD = 1.060), and self-monitoring
(Mean = 5.392, SD = 0.983). Opportunity to plan for barriers (Mean = 5.315, SD =
1.242), rehearsal (Mean = 5.306, SD = 1.280), reward (Mean = 5.272, SD = 1.350),
suggestion (Mean = 5.253, SD = 1.315), expertise (Mean = 5.249, SD = 1.216), and
distraction or avoidance (Mean = 5.213, SD = 1.380) strategies are in the middle, while
recognition strategy (Mean = 4.771, SD = 1.718) is perceived as the least persuasive
overall.

Next, we explore for significant differences in persuasiveness of the strategies. The
results of the RM-ANOVA analysis show significant main effects of strategy type on
persuasiveness (F7.090, 4672.573 = 31.578, p < .001). This means that there is significant
difference between the strategies with respect to their persuasiveness overall. Specif-
ically, Bonferroni-corrected pairwise comparisons show that goal setting is the most
persuasive, significantly different from expertise (p < .001), rehearsal (p < .001), sug-
gestion (p < .001), reward (p < .001), recognition (p < .001), distraction or avoidance
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Fig. 2. A bar chart showing overall persuasiveness of the eleven strategies on a scale ranging
from 1 to 7. The horizontal line indicates the neutral rating of 4.
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(p < .001), and opportunity to plan for barriers (p < .001). Reminder is the second most
persuasive, significantly different from expertise (p = .002), suggestion (p = .003),
reward (p = .047), recognition (p < .001), and distraction or avoidance (p < .001).
Recognition is significantly less persuasive than all the other strategies (p < .001).

4.2 Relationship Between Persuasive Strategies and Emotional States

Table 3. Standard path coefficients (8) and significance level (p) of the relation between the
persuasive strategies and the five emotional states. Bolded coefficients have significance level of
p < .001, while unbolded coefficients have significance level of p < .05. “~” represents non-
significant coefficients.

Strategy ANGER | DISGUST | FEAR | HAPPINESS | SADNESS
Self-monitoring 11 11 18 A8 13
Reminder —.11 - A1 59 -
Expertise - .08 A1 .61 -
Reduction - - - 57 -
Rehearsal - - - .65 -
Goal setting —.10 - - .65 -
Suggestion - - 14 71 -
Reward - - - .65 -
Recognition —.14 - A3 75 -
Distraction or Avoidance - - A3 .68 .08
Opportunity to plan for barriers |— - - .65 -

The results of our PLS-SEM analysis showed that the strategies evoke one or more
emotions in participants at varying degrees (see Table 3). Interestingly, all the eleven
strategies are significantly and strongly associated with happiness: self-monitoring (8
= 48, p < .001), reminder (B = .59, p < .001), expertise (B = .61, p < .001), reduction
(B = .57, p < .001), rehearsal (B = .65, p < .001), goal setting (B = .65, p < .001),
suggestion (B = .71, p < .001), reward (B = .65, p < .001), recognition (B = .75,
p < .001), distraction or avoidance (B = .68, p < .001), and opportunity to plan for
barriers (B = .65, p < .001). This means that all the strategies evoke positive emotion
(happiness) in participants. This is supported by sample comments below:

“I enjoy the idea of tracking moods, monitoring my resilience battery, and break-
ing my habits up into different sections to really examine them.” [P25] — Self-
monitoring strategy

«“>s

Wow’ this rewards system would definitely motivate me to work on myself, do
my tasks, set and achieve my goals, including being resilient. This made me feel
very happy...” [P97] — Reward strategy
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“This is definitely one I don’t want to miss out on as it will help me carryout
necessary activities back-to-back to help me get used to them.” [P390] — Rehearsal
strategy

Yet, seven of the strategies could also evoke negative emotions. Specifically, self-
monitoring strategy is significantly associated with anger (8 = .11, p < .05), disgust
(B = .11, p < .05), fear (B = .18, p < .001), and sadness (8 = .13, p < .001). Below
is a participant’s comment to support this finding:

“I feel like by seeing how much I have not accomplished in the day could make
me feel a bit sad, but once I have completed those I will feel happy.” [P4]

Reminder strategy is significantly associated with fear (8 = .11, p < .05) but nega-
tively associated with anger (8 = -.11, p < .05). The negative relation between reminder
and anger indicates that the strategy reduces the degree of anger. In other words, partic-
ipants focused more on the perceived benefits of reminders despite its likely challenges
(e.g., timing of reminders). Sample comment below supports this finding:

“I find notifications useful and helpful for reminder purposes. Even if I might not
do it in the moment, it is a little reminder to do it within the day” [P541]

Furthermore, expertise strategy is significantly associated with disgust (8 = .08, p <
.05) and fear (8 = .11, p < .05), while the goal setting strategy is significantly negatively
associated with anger (8 = -.10, p < .05). Suggestion strategy is significantly associated
with fear (8 = .14, p < .001), while recognition strategy has a significant association
with fear (8 = .13, p < .001) but negative association with anger (8 = -.14, p < .001).
Lastly, distraction or avoidance strategy is significantly associated with both fear (8 =
.13, p < .001) and sadness (8 = .08, p < .05).

5 Discussion

Our findings showed that the eleven persuasive strategies evoke positive and/or nega-
tive emotional states in participants (see Table 3). In subsequent sections, we discuss
strategies that promote positive emotions, as well as guidelines or recommendations that
could inform emotion-adaptive persuasive systems design.

5.1 Persuasive Strategies and Positive Emotional States

All strategies are associated with happiness (see Table 3) which is unsurprising since they
are perceived as persuasive or effective by participants (see Fig. 2). Moreover, only four
of the strategies — Reduction, Rehearsal, Reward, and Opportunity to plan for barriers
(OPB) — are not associated with any of the negative emotional states (i.e., fear, anger,
sadness, and disgust). This is due to the following reasons (after conducting thematic
analysis of participants’ qualitative comments):
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e Reduction strategy presents interventions in a “less overwhelming” or “simple” man-
ner and offers “quick access” to activities which in turn “lessens cognitive load” and
“improves productivity”.

e Rehearsal strategy provides “walkthrough and practical way of learning” that ensures
goals are “accomplished in the right way”.

e Reward strategy elicits “feelings of personal accomplishment”, provides “incentives
that increase the urge to achieve more goals”, offers “gamified experience”, and
provides means of “unlocking additional contents with the rewards already earned”.

e OPB strategy “raises awareness of obstacles that could hinder goal achievement”
and by “offering concrete steps for overcoming those obstacles” serves as a “useful
problem-solving approach to challenges in daily lives”.

Our findings imply that the four strategies above have strong potential to promote and
reinforce positive emotion in persuasive systems users while also motivating behaviour
change.

5.2 Design Recommendations

We offer four key recommendations that could guide persuasive systems designers in
selecting and operationalizing persuasive strategies that reinforce positive emotion:

Recommendation 1: Employing Reduction, Rehearsal, Reward, and Opportunity to
plan for barriers strategies to promote positive emotion. As discussed in the previous
section, these four strategies are strongly and significantly associated with positive emo-
tion (happiness) without any significant association with negative emotions. Therefore,
to elicit positive emotion in users, designers should operationalize these strategies in
persuasive systems.

Recommendation 2: Allowing individuals to set goals, with reminders to help them
stay on track. Goal-setting strategy — which is the most persuasive (see Fig. 2) — could
also reinforce positive emotion since it is strongly associated with happiness and only
has a negative association with anger which indicates its ability to reduce it. This is
because the strategy fosters “setting and organizing daily tangible goals or tasks” that
can be “measured and tailored to present needs”, and promotes “self-competition and
accountability” which in turn “drive motivation and user engagement”. To sustain
positive emotion, reminders may be required as it would help individuals to keep track of
their goals and accomplish them. The following comment supports the need for reminders
in addition to goal setting: “I find that this would require a lot more self-motivation and
planning to get the tasks done as there is no reminder...” [P15].

Recommendation 3: Presenting self-monitoring with complementary strategies to
motivate and encourage people even when it appears they are lagging behind. In
addition to fear and anger, Self-monitoring evokes disgust and sadness (see Table 3)
which reflect participants’ negative reactions when they fail to complete their daily
tasks or goals. In line with research evidence, Self-monitoring could be boring and
tedious because of the daunting nature of self-tracking, hence there is always a need
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for a complementary strategy (such as Reward) to be used alongside Self-monitoring to
incentivize users and reduce the negative effect of self-tracking [89]. Moreover, concerns
about coping with task completion could be addressed by allowing users to set reminders,
as revealed in the following participant’s comment: “I have a hard time sticking to things
but with reminders I may be able to improve my daily resilience...” [P621].

Recommendation 4: Enabling customization of reminders, and making reminders
adaptive to individuals’ context. Reminder strategy, which is the second most persua-
sive, evokes fear but less anger in individuals (see Table 3). However, “flexible”, “non-
intrusive”, and “less frequent” reminders would allay people’s fears and bring about
positive emotion, as revealed in the following comments: “...Overall, I think reminders
are beneficial but should not be excessive” [P216] and “I am not a person who likes
notifications that interrupt my thoughts...The ability to choose the notifications’ timing
may make that better” [P84].

6 Conclusion and Future Work

We conducted a large-scale study of 660 participants to investigate if and how indi-
viduals respond emotionally to eleven persuasive strategies (PS). Our work advances
persuasive technology and HCI research by underpinning the importance of people’s
emotional reactions to PS operationalized in applications and established that emotional
states are important dimensions for adapting persuasive systems by choosing PS that not
only motivate behaviour change but also regulate users’ emotional state by reinforcing
positive emotion. As a secondary objective, we offered qualitative insights to explain why
the PS evoke specific emotions based on participants’ comments. Our findings showed
that some PS (such as Reward, Reduction, and Rehearsal) evoke positive emotion only,
while others (e.g., Self-monitoring, Reminder, and Suggestion) evoke both positive and
negative emotions for different reasons. For example, the Reward strategy evokes hap-
piness emotion because it elicits feelings of personal accomplishment, offers gamified
experience, and increases the urge to achieve more goals. Based on our findings, we
offer practical design recommendations.

Future work will apply findings and design recommendations from this work in devel-
oping an emotion-adaptive persuasive mobile application for delivering health interven-
tions which in turn will be evaluated in real-world settings. Further studies will also be
conducted to determine if our findings would be applicable in other domains besides
health. Finally, we will investigate if emotional response and perceived persuasiveness
of strategies are affected by user characteristics such as age, gender, and personality
traits.
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Abstract. Lack of patient engagement has long been a problem in healthcare for
chronic disease management. We report a study that explored the feasibility of
applying Transactional Analysis theory to tailor health messages to the patient’s
predominant ego state, assuming that messages with a complementary commu-
nication approach will be better comprehended and efficacious in triggering the
targeted health behaviours. These personalized health messages were constructed
by field experts in co-creation workshops and tested by chronic disease patients
with various predominant ego states via interviews and a survey. Our experiment
did not support the hypothesized superiority of complementary communication but
revealed a general patient preference for supportive and professional communica-
tion styles. Future studies should explore the long-term efficacy of complementary
communication considering also situational and cultural factors.

Keywords: Patient engagement - Chronic disease management - Personalized
health messages - Transactional analysis

1 Introduction

Chronic diseases, such as cardiovascular diseases, diabetes, and respiratory diseases, are
the leading cause of death in the aging world, accounting for 71% of deaths globally
in 2016 [1]. These diseases are usually not curable and require long-term treatment,
demanding patient engagement in completing routine health tasks. However, following
through with repeated health tasks can be challenging for patients, while prompts and
feedback for their self-management behaviours are not always sufficiently effective.
Therefore, it is necessary to investigate how to design health messages that can enhance
patient self-management and patient engagement in chronic disease management.

This study investigated the feasibility and performance of applying a personality and
counseling theory called Transactional Analysis (TA) [2] to personalize health messages.
TA has been shown to be practical in promoting effective communication in healthcare
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settings, i.e., improving communication and empathy skills [3, 4] as well as building
trusting physician-patient relationships [5]. In TA theory, it assumes that messages com-
municated according to the recipient’s key personality characteristics (predominant ego
state) would help produce complementary transactions, which could be efficacious in
triggering the target health behaviors when applied in tailored health communication.
With the context of transformation in digital health, we set the test of the personalized
health messages in a specialized dialogue module of a digital telecare solution. A virtual
avatar was expected to send the message to a patient. Three virtual avatar figures were
designed to represent the key personality characteristics of three ego states respectively
to facilitate the complementary transactions with patients with various personality pro-
files. Consequently, we assumed that, comparing to a generic message that contains only
the essential information, receiving a persuasive health message that attempted to tailor
the communication would generally make the patients more engaged in the health tasks
mentioned in the message. Specifically, as TA implies, these health messages person-
alized according to their predominant ego state would also outperform those messages
that not intended for their predominant ego states. Additionally, although TA theory is
commonly used in face-to-face conversations in mental health and clinical settings, it is
not yet clear how to apply TA theory in constructing and delivering text messages via a
virtual avatar to increase patient engagement.

In the following sections, we report on our design of this theoretically driven person-
alization approach and its empirical evaluation. Specifically, we examined the feasibility
of tailoring health messages based on TA by generating personalized health messages
in co-creation workshops with healthcare professionals and psychologists, considering
typical scenarios in chronic disease management, and addressing a patient’s unique
needs in health communication based on their predominant ego state. After preliminary
evaluation and modification by the researchers, these messages were then evaluated by
chronic disease patients with various predominant ego states via in-depth interviews
and were tested by a larger chronic disease population via a survey. The workshop and
interviews resulted in a framework for understanding the structure and personalization
approach contained in these persuasive health messages, which could also be utilized
for further message generation. The survey results did not support the superiority of
complementary transactions but revealed a general patient preference for supportive and
professional communication styles, regardless of their predominant ego state.

2 Related Work

There has been a large body of work that concerns the tailoring of persuasive messages to
an individual’s personality profile. For example, by measuring individuals’ personality
profiles via the Big-Five Aspect Scale, arguments could be adapted to each personality
dimension and the persuasive effectiveness of such messages has been shown to match
the targeted personality dimensions [6]. Subsequent studies have found a link between
the Big-Five Personality and persuasive strategies or features on mobile applications
[7-9], which offer a potential way to personalize information based on personality char-
acteristics. One relevant study also investigated the relationship among health threat
communication, Big-Five Personality traits and patients’ personal model of diabetes
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[10], suggesting that personality traits can allow practitioners to frame health mes-
sages accordingly. However, there has been less work regarding the practice of tailoring
and evaluating the Big-Five Personality Model in personalized health communication.
Some individual personality traits have been brought to this research topic together with
cultural or contextual factors. Dutta-Bergman [11] explored the self-monitor as a per-
sonality index interacting with idiocentrism in message appeal construction in terms of
functional, social and sensory appeal types. York, Brannon, and Miller [12] introduced
schema matching and context matching (topic and values) in evaluating the effectiveness
of messages to promote responsible undergraduate drinking. These studies have high-
lighted the effects of both personality traits and social influences, though they focused on
a single personality trait and did not provide guidance for how to personalize messages
based on the full set of traits from a personality theory.

Research into persuasion profiling has examined the tailoring of persuasive messages
to different recipients to match their susceptibility to different social influence strategies
[13, 14]. This method of tailoring has been found efficacious in improving adherence
regarding snacking behaviours and physical activity, which involves cues to persuasive
messages that, while not elaborated cognitively, can serve to enhance compliance. A
potential disadvantage of this approach is that, while it can help design individual or
even repeated reminders, it does not provide an overall organizing principle for designing
communication with the patient. And as is well understood from the elaboration likeli-
hood model, the effectiveness of the method for a sustained period and when messages
are also elaborated cognitively is likely to be limited [15].

To provide a general strategy for tailoring communication, instead of the Big-Five
personality theory, we apply TA. As a theory connecting knowledge between personality
and communication, it provides a powerful handle for tailoring health communication.
TA theory holds that in order to achieve effective communication, the communicator
should adapt their way of speaking toward the recipient’s need to build a complemen-
tary transaction instead of a crossed one. The transaction here is a unit of social action,
which contains a transactional stimulus from a particular ego state in an agent plus a
transactional response from a particular ego state in the respondent [16]. In a comple-
mentary transaction, the responses given match with the question or stimulus intended
according to the agent’s ego state. In this case, the conversation will go smoothly and be
sustained. Otherwise, if the responses given are not the question or stimulus intended,
communication tends to breakdown and be short-lived [17].

In TA theory, it is believed that an individual’s personality is manifested in three
ego states, namely Parent (P), Adult (A), and Child (C) ego states [2, 18]. The ego state
is a coherent system of thoughts and feelings manifested by corresponding patterns of
behaviours [18]. The one dominating an individual’s feelings and behaviours is called
the predominant ego state, which could be measured to capture their unique needs in
health communication, thus allowing tailoring the corresponding content and delivery
mechanism. Theoretically, the Parent ego state mainly originates from internalizing
one’s parent’s or guardian’s words and behaviours in their first five years of life. In
contrast, the Child ego state is derived from one’s recordings of feelings and responses
in childhood, which can be spontaneous, irrational, carefree, and creative. Individuals
in either of these two ego states may easily perceive the world deviated from the fact,
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leading to irrational reactions to the current situation. Still, an Adult ego state will
succeed because it is characterized by logical reasoning and rational thinking toward
current problems, as a result of their reasonable perceptions of the objective reality [19].
Moreover, we can explain ego states from a more descriptive perspective. The Parent
ego state can be further divided into Nurturing Parent (NP, care for others, kindness,
warmness) and Critical Parent (CP, unsupportive, critical) ego state. Similarly, the Child
ego state can be split into Free Child (FC, spontaneous, carefree) and Adapted Child
(AC, obey the rules or authority) ego state. The Adult (A, rational) ego state stays the
same. The NP, A, and FC ego states have been estimated as the top three predominant
ego states in Chinese chronic disease patients, which were found to cover around 70%
of the sample [20]. Therefore, as our study was situated in China, we chose to create
corresponding personalized health messages, covering all nine types of transactions (NP-
NP, NP-A, NP-FC, A-NP, A-A, A-FC, FC-NP, FC-A, FC-FC) among these three ego
states. The complementary transactions were defined as the transactions that are intended
for the patient’s predominant ego state, e.g., NP-NP, A-NP, FC-NP for NP patients. The
crossed transactions are represented by the mismatching pairs that not intended for the
recipient’s predominant ego state, e.g., NP-A, NP-FC, A-A, A-FC, FC-A, and FC-FC
for NP patients.

3 Method

We ran nine co-creation sessions with field experts and six in-depth interview sessions as
well as a survey with 165 chronic disease patients, to explore and evaluate the feasibility
of applying TA in personalized health messages for increasing patient engagement in
chronic disease management.

3.1 Co-creation Workshop with Field Experts

The co-creation workshop with experts in clinical or psychotherapy background was
aimed at generating a pool of personalized health messages and discussing how each
of these messages could trigger patient engagement. The targeted message samples
were designed to cover all nine types of transactions between an avatar and a patient
under typical chronic disease management scenarios, including medication reminders,
uploading test results, and reading health education materials.

A total of 18 participants joined this co-creation workshop, nine health care profes-
sionals and nine psychological counselors. One of each were assigned into nine pairs
that each studied one of the nine transaction types mentioned above.

Three personas, representing the most common ego states (NP, A, and FC) in the
Chinese population, were created based on the researcher’s prior knowledge of chronic
disease patients. Each persona described a patient with the targeted ego state. These
descriptions included a patient’s demographic profile, daily life, health condition, attitude
and behaviours toward chronic disease management, etc. Similarly, three virtual avatars
were designed in line with the three targeted ego states, namely Uncle Fei with NP, Expert
Fei with A, and Xiao Fei with FC (see Fig. 1). Their key personality characteristics were
defined according to the ego state they represented.
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Uncle Fei Expert Fei Xiao Fei
Kind and gentle; Listening; Spontaneous;
Caring; Rational; Self-centered;
Willing to help; Equal; Emotional;
Willing to share Responsible Curious

Fig. 1. Three avatars and their key personality characteristics

Example messages between an avatar and a patient persona were provided in each
transaction type separately for each session, to give an intuitive impression of the
expected outcome and to inspire the participants. Generic messages containing the essen-
tial information under each scenario (e.g., It is time for your medication. Please take it
on time) were also given as the starting point of personalization.

The nine workshop sessions were held online via teleconference software (Microsoft
Teams) due to COVID-19-related restrictions on social contact. For each scenario, the
participants were required to draft at least three messages in the role of their assigned
ego state to ensure sufficient diversity of the raw message pool. They were given 5 min to
generate the three messages for each scenario. We invited the participants to share their
thoughts behind each message they composed, trying to capture the rationale of these
messages. Moreover, we also generally discussed which are the suitable and unsuitable
tones in drafting patient-friendly and motivated health messages.

All the discussions during the workshop sessions were recorded by taking notes. At
the end of each session, we collected the drafted messages to build the raw message pool.
These messages were evaluated by two researchers (with psychological background) in
terms of their transaction type and congruence, motivation intensity, and readability [21].
We ranked them to identify the messages with both high performance and inter-rater
agreement. Then we collaborated on the refinement to finalize the personalized health
messages for each transaction type plus each scenario. 27 persuasive health messages (9
transaction types * 3 scenarios) were selected for the subsequent evaluation with chronic
disease patients via interviews and a survey, respectively.

3.2 In-Depth Interviews with Chronic Disease Patients

We interviewed six chronic disease patients from the target population to investigate
how they would react to these theory-driven persuasive health messages. The inclusion
criteria of the interview were that: 1) patients who have been diagnosed with at least one
of the target diseases, i.e., coronary disease, hypertension, atrial fibrillation, heart failure,
chronic obstructive pulmonary disease, and sleep apnea syndrome; 2) their predominant
ego states should be one of NP, A and FC (measured by the adapted and abbreviated
version of ego state personality test, which includes 15 items measuring their prefer-
ences in daily activities [20]). The participants were assigned to one of the three target
scenarios with nine messages to review. The interview started by getting to know how
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the participant usually acts to stay healthy in the assigned scenario. Then the moderator
would introduce the concept of a dialogue system in a chronic disease management
platform. Persuasive health messages sent by three virtue avatars for helping the patient
complete the relevant health task were shown on a chat box interface, see Fig. 2. The
participants were asked about their feedback of the persuasive health messages. The key
interview questions in the example of the first three messages from Uncle Fei were:

Among these three messages, which one motivated you the most? Why?

. Which one is speaking in a tone that you are comfortable with? Why?

3. Which one do you think is not good enough or should be further modified? Why? If
possible, please indicate how you would like to refine it.

N =

Undle Fei [ Undle Fei

XX, it is time to
0] take your
medi

® Warm prompt:

XXX, are you

edication,
please take it on
ime, missing o and enjoy your
taking it late iife. Please find
would harm
your health
condition.

before eating. :
< your families. warm water!

NP - NP NP -A

Hello XXX! You Hello XXX! Our
asked me to . | appointment for
remind you of taking your
your medication has
medication on , do not
time. Now it is forget to take it!
time!

disappointed.

FC-NP FC-A FC-FC

Fig. 2. Persuasive health messages under the scenario of medication reminder

The same discussion was repeated for the other six messages from Expert Fei and
Xiao Fei under the same scenario, respectively. We also asked participants to choose
their most preferable message and explain their reasons.

3.3 A Survey Among a Larger Chronic Disease Population

We launched a survey to evaluate the persuasive health messages with a larger chronic
disease patient population, so as to test our hypotheses of the outperformance of persua-
sive health messages in general and the superiority of the personalized health messages
(complementary transactions). The estimated sample size was 165, as calculated by the
G-power software to achieve adequate power (o = 0.05) and reasonable effect size (set
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as 0.15, [22-24]). The survey respondents were 81 females and 84 males, aged between
21-60, and diagnosed with at least one of the six aforementioned chronic diseases. We
intentionally screened and recruited these participants to represent the target population.
They were found to have a single predominant ego state of either NP (N =51), A(N =
58), or FC (N = 56) and were pseudo-randomly assigned into one of the three scenarios
according to their predominant ego state, to balance the number of participants in each
condition.

Table 1. The three sections of the survey

Survey Contents Purpose
Section 1 The adapted and abbreviated version of | To determine the participant’s
the ego state personality test predominant ego state
Section 2 Evaluation of the ten messages under one | To test the effectiveness of the
of the three scenarios in terms of comfort, | persuasive health messages and
likeness, and motivation intensity complementary transaction
Section 3 Participants’ demographic profile: age To describe the representativeness
group, gender, education level, chronic of the sample
diseases

The survey contains three sections, as shown in Table 1. After the ego state personality
test, participants were asked to rate on a 7-point Likert scale on their level of agreement
in terms of three items (listed below, [6]) for the effectiveness ratings of each message. In
each scenario, nine persuasive health messages were displayed as sent by our designed
avatars and one generic message was presented as sent by a health assistant with a default
avatar. These ten messages represented the ten message types in the following analysis
of the effectiveness of persuasive health messages. They were randomly presented to
participants to avoid sequential effects. Examples of the three testing items under the
medication reminder scenario are:

This message is phrased in a tone that I am comfortable with.

I would like to receive such a message to remind me of my medication under this
specific context.

3. Ifeel very motivated to take my medication after reading this message.

N =

4 Results

4.1 Personalization of the Health Messages Based on TA Theory

The core content of the messages was based on an analysis of the adherence challenges
according to the COM-B model, which describes capability (physical and psychologi-
cal), opportunity (social and physical), and motivation (reflective and automatic) [25].
Here we further explain the personalization framework derived from the analysis of field
experts and chronic disease patients’ views on the three different communication styles
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suggested by TA theory, distinguishing three aspects, the communication style toward
the Nurturing Parent, Adult and Free Child patients, respectively, see Table 2.

Table 2. The personalization framework for generating personalized health messages

Category Toward NP patients Toward A patients Toward FC patients
Greetings Dear XXX Hello XXX Hey XXX
Care for the wellbeing | Remind patient of Remind patient of
of patient health task with facts health task by stating
purpose
Tone Be kind, gentle, caring | Be equal and Be human-like and
and supportive professional customized
Informal and varied Not tendentious Avoid
formulaic/impersonal
written language
Psychological | Supplementary health Professional health Accessible health
capability knowledge knowledge knowledge
Soft reminders to raise | Objective reminders of | Supportive prompts of
awareness of health health requirements health tasks for
demands increasing self-efficacy
Physical Briefly refer to the target | Objective instructions | Step-by-step guides
capability health task for actions to take
Automatic Bring self-value for Bring responsibility for | Evoke curiosity for
motivation enabling health providing full innovative health
management experience | autonomy in health management solutions
sharing with others management Convey a sense of
Trigger the desire to Bring self-value for fighting against the
keep healthy self-control in disease together with
long-term health other patients
management Trigger desire to keep
healthy
Reflective Facilitate preparations | Provide feedback on Arrange upcoming
motivation by reminding health progress in health health tasks in advance

tasks in advance
Facilitate the evaluation
by stating the purpose,
importance, or benefits
of completing this
health task

management and
indicate a
corresponding coping
strategy

Explain the mechanism
or rationale behind the
task

Analyze the
cost/benefits of
completing the task

for patients

Provide customized
service adapting to a
patient’s unique needs
in healthcare

State benefits of
completing health task

(continued)
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Table 2. (continued)

Category Toward NP patients Toward A patients Toward FC patients

Social Refer family members’ | Invite the patient to Express specific

opportunity caring and support in commit to completing | concern and caring
health management the health task continuously according
Express expectations or | Express expectations or | to a patient’s health
provide positive provide objective condition
feedback from the feedback from the Indicate that other
perspective of the doctor | perspective of the patients are all insisting
Invite the patient to join | doctor on excellent adherence
a health task together Briefly restate the State what the virtual
with the virtual avatar analytical contents sent | avatar has done for the
Generally express care | previously, and relate it | patient to trigger target
for the well-being of the | to real-life practice behaviour via
patients reciprocity

Physical A kind reminder of Objectively stating the | Specifying the physical

opportunity physical resources, physical resources, resources, timing, or
timing, or locations timing, or locations locations needed
needed needed

4.2 The Performance of Persuasive Health Messages

We removed two cases from the survey results because their answers in section 2 were the
same for more than 90% of the testing items, leaving 163 cases for further analysis. The
dependent variable was defined as the average effective ratings of the three testing items
for each message, as we found they are highly correlated with each other (Fitem1 & item2
= .81, Fitem1 & item3 = .79, Titem2 & item3 = -82).

The General Outperformance of Persuasive Health Messages. To evaluate the per-
formance of the persuasive health messages compared with the generic messages, we
compared the average effective ratings of all ten message types with reference to the
participant’s predominant ego state.

The scores of each message type violated the assumption of normality (Shapiro-
Wilk’s ps < .05), so we instead ran an Aligned Rank Transform ANOVA to compare
their performance [26]. A significant main effect of the message type was found (¥ (9,
1440) = 27.86, p < .001, np2 =.15). We found no significant effect of the participant’s
predominant ego state (F' (2, 160) = 1.76, p = 0.18) nor interactions between them
(F (18, 1440) = 0.81, p = 0.69). Pairwise comparisons showed that messages in all
nine transaction types received higher effective ratings than the generic message (all ps
< .05), suggesting that all persuasive health messages outperform generic messages.
Consequently, we excluded the generic messages from further analysis.

The Engaging Tactics Beyond Complementary Transaction. We tested the assump-
tion of whether the complementary transactions would be more effective in commu-
nication than crossed transactions as suggested by TA theory. The data fit the normal
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distribution (Shapiro-Wilk’s ps > .05), so a Repeated ANOVA was performed to com-
pare the effectiveness of complementary transactions with the crossed transaction based
on the participant’s predominant ego state [27]. The results revealed that, neither the
main effect of the transaction (F (1, 160) = .53, p = .47) nor the main effect of the
participant’s predominant ego state (F (2, 160) = 2.94, p = .06) was significant.

Interestingly, an interaction effect was found between them (F (2, 160) = 11.67,
p < .001, np2 = .13). As shown in Fig. 3, chronic disease patients with an A ego
state (A patients) were found to prefer the complementary transaction more than the
crossed ones (p = 0.02), whereas patients with an NP ego state (NP patients) showed no
obvious preference of complementary transaction or crossed transaction, (p = 0.52). On
the contrary, patients with the Free Child ego state (FC patients) reported a preference
for crossed transactions over complementary transactions (p < .001). The latter was
inconsistent with the theoretical assumption, suggesting that further investigation is
needed to interpret these findings.
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Fig. 3. Complementary versus Crossed Transactions of Different Patient Groups, the error bar
stands for standard error (SE), * p < .05; ** p < .01; *** p < .001.

The General Preference of NP and A Communication Styles. To explore these the-
oretically inconsistent results, we considered separating the complementary and crossed
transactions into NP, A, and FC communication styles toward patients. Together with
the participant’s predominant ego state, we compared the average effective ratings to
interpret the above findings. The average effective ratings generally fit the assumption
of normality, so we ran a Repeated ANOVA to compare their performance [27].

The results revealed that, only the main effect of the communication style was signif-
icant, F'(2,320)=21.15,p < .001, np2 =.12. Neither the main effect of the predominant
ego state (F (2, 160) = 1.49) nor their interaction effect (F (4, 320) = .45) was significant,
all ps > .05. The following pairwise comparisons suggested that the effective ratings of
the communication style toward NP (M = 4.99, SD = .80) and A patients (M = 5.11, SD
= .74) were both remarkably higher than the communication style toward FC patients
(M = 4.70, SD = .87), all ps < 0.001. Also, the effective ratings of the A communi-
cation style were slightly higher than the NP style, with a marginal significance of p =
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.06 < .10. This evidence suggests that the theoretically inconsistent performance may
result from the collapsed means across the three communication styles when defining
complementary and crossed transactions in each predominant ego state group.

5 Discussion

Our design and evaluation study explored the potential of tailoring the communica-
tion style in persuasive health reminders based on the TA theory. The effectiveness of
persuasive health messages is generally promising compared to their generic form. Nev-
ertheless, contrary to our expectations, the superiority of complementary transactions
seems to exist only among patients with an Adult predominant ego state. The overall
results demonstrate a common preference for health messages. Patients, regardless of
their predominant ego states, tend to prefer the communication styles toward NP and A
patients, leaving the FC style as the least favorable choice.

With these unexpected results, the question arising is why the theoretically advocat-
ing complementary communication fails to reveal its potential in this study. Confusingly,
the interaction effect between the predominant ego state and the transaction shows con-
tradictory results when comparing the complementary transactions with crossed trans-
actions, closely among NP patients, significantly better among A patients, and unex-
pectedly worse among FC patients. By deconstructing the complementary and crossed
transactions into NP, A, and FC communication styles in further analysis, we were able
to observe their respective performances. With the NP and A communication styles con-
sistently outperforming FC styles, it is understood that the averages for complementary
and crossed transactions for the three different patient groups would finally result in
flattening the effects among NP patients, retaining the advantage among A patients, and
increasing contrasts among FC patients. Thus, the observed results seem to be irrelevant
to whether transactions are complementary or crossed and rather, derive from the overall
performance of each of the three communication styles for all groups of patients.

The remarkable performance of the communication style toward A patients is con-
sistent with the TA theory, which favours Adult communication style in counseling [4,
28]. A possible explanation is that as the conversations start from an Adult ego state, the
chance is assumingly greater for triggering the recipient’s ego state adjustment toward
an Adult, guiding patients to be more responsible for their health and meanwhile achiev-
ing effective health communication [28]. Additionally, the positive performance of the
communication style toward NP patients might benefit from its caring and experienced
nature, which is consistent with the patient’s expectation of an experienced healthcare
assistant. On the contrary, the communication style toward FC patients comes across as
less competent for all three patient groups, possibly due to some perceived inappropri-
ateness under the scenarios of chronic disease management and cultural preference of
authority in health communication in China [29].

That the results did not confirm the hypothesis may also reflect limitations in the
implementation of the theory in the design of the messages. For example, the content
quality of the persuasive health messages was not well balanced across the three commu-
nication styles, perhaps confounding the impact of content quality and communication
style. Given that, future research is needed to introduce the content quality as a covariate
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variable in the analysis to rule out its impact. In addition, only two researchers with psy-
chological background participated in the examination of the representative messages
applied in this study, so chances of bias may exist in their choices. Another potential
explanation for these results is that participants were classified into three ego states (NP,
A and FC) based on their preferences regarding daily activities rather than self-care
behaviours. Furthermore, the effectiveness of persuasive health messages was evalu-
ated based on participants’ self-reported agreement level rather than their behavioural
responses. Also, tailoring in our experiment was applied only to unidirectional commu-
nication in terms of reminders, thus weakening the extent to which aligning to TA theory
can help build a trusting relationship between a patient and a virtue avatar. This therapeu-
tic alliance is a significant predictor of outcomes in many areas of healthcare, including
chronic disease management [30]. Even limited interactive communication with empathy
is critical in promoting positive health outcomes, as this setting facilitates the construct of
trusting rapport between the virtual avatar and the patient [31, 32]. Additionally, existing
evidence of the TA theory concentrated on improving communication skills and build-
ing trusting relationships [3—5]. We have not yet found any motivational or behavioural
proof in empirical research supporting the superiority of complementary transactions.
It is possible that consistent use of complementary transactions would eventually lead
to effective communication through improved communication and trusting relationship,
but assessing its impact would require long-term observations of dynamically learning
of complementary communication. Finally, the applicability of this personalized per-
suasive approach may also be confounded by other factors, such as patients having dual
predominant ego states. One way to solve this problem is to introduce machine learning
in the message delivery mechanism with reference to patients’ behavioural responses,
so as to build a personalized persuasive profile for any individual.

Conclusively, future research will need to consider the complexity of the dual pre-
dominant ego states and continuous conversations, measure the separate effectiveness
of communication styles in long-term observations, and examine the impact of clinical
settings and cultural influences in personality-driven tailored health communication.

6 Conclusion

This study explored the way to adopt personalized health messages to promote patient
engagement in chronic disease management. By co-creating with field experts and dis-
cussing with chronic disease patients, a framework for generating personalized health
messages was built based on TA theory. Persuasive health messages outperformed
generic messages. However, contrary to our expectations, our results did not confirm
that communications should be tailored to the TA ego state of the patient. Rather, all
patients preferred supportive and professional communication styles. Future research
is needed to overcome the limitations and observe the performance of complementary
transactions in longitudinal and cross-cultural studies in healthcare settings.
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Abstract. In this paper, we investigate the effectiveness of a persuasive social
robot in the field. The service robot drives around a public space and offers water
to people using a persuasive message. The persuasive utterances used evoke either
scientific expertise (e.g. “Research shows that it is important to drink enough
water during the day”) or a reference to other people’s choices (“Most peo-
ple/men/women actually do take something to drink”), hence exploring the prin-
ciple of social proof. Our study makes three contributions: First, we show how
persuasive utterances that are successful in the lab are not necessarily persuasive
in the field. Second, we show that context factors influence the effectiveness of a
persuasive message, as well as the sequential placement of the persuasive message.
Lastly, the extent to which people construe the human-robot interaction situation
as social influences the effectiveness of the robot as a persuasive technology in
general.

Keywords: Robots in the wild - Persuasive utterances - Persuasive robots -
Social robots

1 Introduction

Much recent work has shown that social robots can be effective persuasive agents (e.g.
[18, 21]). Most of these findings have been achieved in controlled lab studies that ensure
that the effects found are really due to the respective intervention. At the same time,
much recent work in human-robot interaction has shown that field trials yield very
different kinds of interactions than controlled lab studies (e.g. [24, 29, 30]). The current
paper therefore addresses a possible mismatch between results from lab and field studies
by testing the persuasiveness of persuasive utterances, whose effectiveness has been
documented in previous lab studies, in the field. The first contribution of this paper is
thus the empirical analysis of the effects of persuasive messages when used by a social
robot in the field.

The robot we are using is a drink-serving service robot with several anthropomorphic
design features (see Fig. 1). Specifically, it has eyes that blink, and it uses speech for
interactive communication [26]. In our application, it carries glasses of water on a tray
on the back. The robot is thus a service robot with some social characteristics, including
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human-aware navigation. However, for safety reasons, the robot is teleoperated even
though it is generally able to navigate autonomously. Because the design of the robot
is only moderately social — compared to robots like Sophia from Hanson Robotics, for
instance — people in the field may or may not recognize the robot as a social actor
and interact with it in social ways [8, 11, 37]. The construal of the robot as social
may have an impact on the persuasiveness of the robot and on the effectiveness of
the persuasive messages it uses. The second contribution of this paper is therefore a
better understanding of the role of the construction of the service robot as social on its
effectiveness as a persuasive technology.

The third contribution of this paper is to analyze the context factors that influence to
what extent a persuasive message is persuasive in interaction. For instance, Liu et al. [31]
find that context and robot interactivity matter. In the same vein, yet using a discourse
analytical approach, we investigate what situation contexts are favorable to the persuasive
message being successful, such as the sequential context (what happened before?) and
what other preconditions are met (e.g. do people have something to drink already? Are
they idle or in a hurry?).

The investigation presented is thus both exploratory and qualitative, yet using a large
corpus of almost two hundred interactions.

2 Related Work

Related work concerns, on the one hand, studies that show that field research yields
different results than lab studies, and work on robot persuasiveness in more controlled
environments on the other.

2.1 Robots in the Field

Recently, increasingly more field studies in HRI are being carried out (e.g. [6, 10, 46]),
and more field studies have been asked for (e.g. [3, 24, 35]) since field studies have shown
that the results achieved in the lab cannot always be replicated in the field (e.g. [1]) and
that field studies face very different challenges than lab studies (e.g. [29]), especially in
elderly care (e.g. [4, 32, 44]). For example, several field studies have recorded interactions
with robots that were not intended; for instance, Forlizzi [16] finds that the families in
her study were using a vacuum cleaning robot in unexpected ways. Mutlu and Forlizzi
[33] report that the way the logistics robots in a hospital were dealt with was influenced
by the amount of space available, the degree of stress, as well as the patients’ and staft’s
attitudes towards robots — which in turn was influenced by the kind of work done in the
different wards (e.g. oncology versus maternity ward).

To sum up, field studies report unexpected, more messy situations, which may impact
the persuasiveness of persuasive robots.

2.2 Persuasive Social Robots

The field of persuasive social robots addresses many aspects of persuasion. Robot per-
suasion can be achieved through different strategies, like through persuasive messages
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(e.g. [19, 47]), robot behavior like speech or gaze [13, 14] or a combination of several
strategies (e.g. [18, 20, 21]). Specifically, previous studies have shown that a robot’s
nonverbal behavior influences its persuasiveness (e.g. [5, 21, 40]). The gender of the
robot also plays a role in the success to persuade people (e.g. [18, 43, 45]). Only a few
studies look at the persistence of persuasive messages over time (e.g. [22, 34]).

In this study, we focus on verbal persuasion by the robot, similar to, for instance, Win-
kle et al. [47], and explore what factors influence the robot’s persuasiveness; specifically,
we investigate how the persuasive messages influence people’s behavior in interaction
in the field with participants who do not expect to encounter a robot, who may not have
seen a robot before in their lives, and who enter the space alone or in groups with very
different intentions and agendas than when they are invited to the lab.

The persuasive utterances we use in this study were designed based on two of the six
strategies of influence outlined by Cialdini [7], namely social proof and authority. The
strategy of social proof relies on the fact that, in case of uncertainty, people look at what
others do to plan their own behavior. Thus, the persuasive message consists in references
to other people’s decisions, and it has been found in more controlled research studies
that personalized messages of social proof can be very effective (e.g. [17, 19, 25]). This
is even true of human-robot interactions: Salomons et al. [39] show that people change
their belief if a group of robots hold another belief than the participant, i.e. when several
others say/do something else, people are more inclined to change their own view or
behavior. In our case, the robot addresses the people using the more general term “Most
people actually do take something to drink” or their specific gender for personalizing
the social proof by saying “Most men/women actually do take something to drink”.

The other principle by Cialdini [7] that we make use of is authority. Authority can be
addressed in different ways, for instance by indicating expertise by means of a white lab
coat, by using a speaking style that indicates expertise [2], or by referring to professional
identity [47].

In our case, the robot addresses expertise by referring to scientific evidence, by
saying ‘Research shows that it is important to drink enough water during the day’ or
‘Studies indicate that dehydration can cause fatigue, headache and dizziness you know’,
which does not put the robot in an authoritative role but rather makes it a messenger of
a scientific message.

Both persuasive utterances have previously been tested in the lab [27, 28], and both
yielded increased water consumption in the participants. In these studies, the respective
persuasive utterance was played when participants picked up a glass, i.e. about three
minutes before they got the opportunity to drink. Still, participants were found to drink
significantly more water at the end of the experiment when they had previously heard
the persuasive utterance.

Thus, robots can be persuasive, but it is open what happens when they are deployed
in the field; to our knowledge persuasive robots have not been tested in the field to
investigate potential misalignments with the results from lab studies. Our investigation
is therefore an exploratory study in which we identify those factors that may influence
the robots’ persuasiveness in the field.
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Fig. 1. The Drink-Serving Robot with the Tray of Water

3 Method

In the current study, we placed a drink-serving robot that uses persuasive dialog into a
field scenario.

3.1 Procedure and Participants

We carried out experiments in the entrance hall and canteen area at our university, which
also serves as the gathering space for people attending public events at the concert hall.
We collected data over a period of four days, amounting to a total of 7 sessions of
1.5 h each: Friday (lunch and evening), Saturday (during the day), Monday (lunch and
evening), and Tuesday (lunch and evening). During lunch time, the robot drove around
and offered water to students and university staff, as well as to a few visitors. In line with
the official language used at the international campus, these interactions were in English.
During the evening events and on Saturday afternoon, the robot offered water to people
from the general public who were gathering to attend a concert, a movie presentation
or a body building convention. The interactions with the robot were held in Danish and
took place right before people entered the concert hall.

3.2 Robot and Wizards

The robot (see Fig. 1) is a service robot developed to help caregivers with routine tasks
in elderly care facilities, like transportation of laundry and garbage, guiding and serving
beverages [26]. The robot’s head includes a microphone, speakers, cameras and two
touchscreens (one in the back and one in the front). The front touchscreen displays
simulated eyes. The robot carries its load on the back, which is a disadvantage for the
drink-serving task [15] - we will show some examples of this later in the paper.

The robot can navigate autonomously and is equipped with dialog capabilities. How-
ever, for safety reasons, two wizards controlled the robot: one for navigation and one
for the dialog. They were on a deck above the experiment site so that people would
not notice them. To minimize the wizards’ contributions, all utterances were scripted
and presynthesized so that the dialog wizard only had to choose between utterances that
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expressed the same dialog act; the navigation wizard was not specifically restricted, but
tried to cause as little disturbance and threat as possible (cf. [36]) (Fig. 2).

Fig. 2. Wizards working from the deck

3.3 Utterance Design

Since the robot navigated in a crowded space and with many people around (i.e. ‘over-
hearers’), we created a set of different, comparable utterances so that people did not
hear the same utterances several times. We created seven utterance categories (both in
English and in Danish):

— greetings (e.g. hi, hello, hi there, helloj L sorry to bother you, but..., and sorry to
disturb you, but...),

— utterances to offer some water (e.g. How about some water?, Would you like something
to drink?, I wonder if you would like something to drink),

— persuasive messages (Research shows that it is important to drink enough water during
the day or Most women/men do actually take something to drink),

— wordplay, jokes (e.g. What did the ice cube say to the water? I was water before it was
cool) and event-specific utterances (e.g. Did you know that muscles mainly consist of
water? It is important to drink enough water even if one doesn’t have big muscles -
played at the body-building convention),

— arequest to take the water (Take your drink please),

— atoasting utterance (Cheers), and

— closings (e.g. Bye bye, Enjoy your drink, Goodbye, It was nice meeting you, Have a
lovely day).

During the interactions, the dialog wizard chose utterances from each category based
on when they had been played last.
3.4 Data Analysis

A total of 197 interactions was elicited, yet for the purpose of this paper, we focus on the
interactions that comprise a persuasive message, i.e. either a cue to scientific Expertise

' An informal Danish greeting.
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“Research shows that it is important to drink enough water during the day” or to Social
Proof utterances Most people/men/women actually do take something to drink. The thus
selected 47 interactions provide us with a starting point for the investigation, but we also
draw on the larger corpus, for instance, regarding our observations concerning people’s
constructions of the human-robot interaction as social.

We exclude three interactions from our detailed analysis; these are two interactions
in which children are playing with the robot, and one in which we know for sure that
the woman did not hear the robot because she was wearing headphones. This leaves us
with a subset of 44 interactions.

These data were analyzed using a discourse-analytical approach [23] and drawing
on work in ethnomethodological conversation analysis [38]. We proceeded by analyzing
and classifying the different kinds of behaviors people produced in response to the robot’s
persuasive messages, including aspects of the situational and the sequential context.

4 Results

In line with our three main research questions, we present our results in three steps;
first, we compare the effects of persuasive utterances in the lab and in the field. Next,
we investigate what actually happens in the field by analyzing the situational contexts
in which the persuasive utterance occurs and its sequential placement, as well as how
these factors influence the robot’s persuasiveness. Finally, we suggest that the construal
of the robot as social actor constitutes a precondition for the effectiveness of persuasive
messages used by the robot.

4.1 Persuasive Utterances in the Lab and in the Field

Similar to the effects of the two kinds of persuasive messages identified in the lab studies
by Langedijk et al. [28] and Langedijk and Fischer [27], there are interactions” in which
these messages lead to increased water intake; for instance, the example below illustrates
the persuasive effect of the authority-based message:

Two people are standing and looking at the robot (W and M), none of whom have
something to drink:

W: Hi (directed at robot and then she looks up to M)

— R: Hello

W: How are you (looks excited for an answer, M laughs)

R: Sorry to bother you but (W looks disappointed)

— W: Okay

R: Can I offer you some water Overhearers discuss something *inaudible*
— W: No thank you

M: I want some (laughs)

2 Abbreviations in the transcripts: R = robot/W = woman The Danish interactions are translated
into English.
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R: Research shows that it is important to drink enough water during the day
Two men passing by, they look at the robot
- W: Why
R: Did you know (W laughs) that drinking water can increase your productivity —
— W: How
— R: Drinking water is important whether you are planning on being productive or not
W: Okay, I want water now
R: (turns around) Take your drink please (W looks at M and they laugh)
— M: Awesome (he takes something, W moves around the robot while the robot turns
back)

An experimenter enters the interaction to ask for consent to use the video footage.

— R: Cheers (M makes cheers-gesture towards robot and he drinks)

However, we also observe that persuasive utterances that work in the lab do not always
work in the field in the same way; for instance, in the following example, the person
addressed responds to the persuasive message that uses social proof as a persuasive
strategy by drinking from his own bottle:

A man is sitting and eating his lunch. He has a water bottle in front of him and is
looking at his phone. When the robot approaches him, he looks up:

R: Hi there - how about some water
M: No thank you
— R: Most men actually do take something to drink
M tries to open his bottle with one hand
M: Okay, I'll take then (while still trying to open his bottle)
— R: Take your drink please (robot turns slightly, M smiles)
Robot turns back and M drinks from his own bottle
R: You can lead a horse to water but you can’t make it drink. Are you sure you don’t
want something after all
M: (puts his bottle down) Yes I'm sure
R: It was nice meeting you (robot turns away)

Thus, in the field, many factors may influence the persuasiveness of persuasive
messages, so that the persuasiveness of social robots in the field is highly context-
dependent. In the following, we analyze some of these factors in more detail.

4.2 Situational Context: What Happens in the Field

We found both the situational context in which the interactions take place (e.g. whether
participants have their own drink or not, as in the example above) and the sequen-
tial placement of the persuasive message to affect the persuasiveness of the persuasive
messages.

As we have seen above, whether people have their own drinks (actually 47.7% do
have something already) influences the persuasiveness of the robot; then they often
exhibit those drinks to justify their declining of the robot’s offer:
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The robot approaches a man from behind who is sitting and eating his lunch (he
has a water bottle). He turns around because he hears the robot approaching, the
robot turns slightly more towards him:

— R: Sorry to bother you but - can I offer you some water

— M: No thanks (he looks at robot for several seconds and then continues to eat)

— R: Most men actually do take something to drink (M takes his bottle, turns around to
show the robot that he has a bottle

R: It was nice meeting you (M drinks while the robot moves backwards)

Thus, whether or not people have their own drinks has an influence on the interaction,
even though the persuasive messages can be considered successful after all since they
do result in people drinking whatever drink they have.

Given the multi-party, dynamic situational context, the persuasive messages may
also be received by others than the intended interaction partner. For instance, in four
interactions, we observe that, when the robot makes a turn when offering something
to drink (because the water is on its back), not all interaction partners understand that
the robot is turning to make the drink more accessible to them, but rather understand
the robot to disengage. Some walk around it to remain in front of it; at the same time,
new interaction partners may happen to come into view from the turn, who then believe
they are interacted with since the robot gazes at them directly. An example of this is
the interaction in the following example; when the robot utters “please take your drink,”
another person B2 assumes that the offer is addressed to him and takes a glass of water:

The robot stands in a hallway full of people. Close to the robot stand a man (M1)
and a woman (W1), none of whom has something to drink. The woman is walking
up to the robot:

— WI: (she steps forward) Don’t you not have beer? (steps back)
— R: Hello (moves forward to the woman)
— W1 (repeats herself) Don’t you have a beer (leaning down and looking at the robot)
— R: Research shows (W1 steps back and looks at M1 laughing, M1 looks at the robot)
that it is important to drink enough water during the day.
W1 walks away, and the man steps forward and leans down to the robot
— MI: And how do you know that (he laughs)
MI takes a step back and turns away from the robot
— R: Can I offer you something to drink (M1 turns around and looks at the robot)
M1 laughs while looking at someone behind the robot. The robot turns around to
expose its tray to M1, so that it is facing two boys (B1, B2).
M1 says something *inaudible*
— R: Take your water please
— B2: Okay (steps forward to take water)

In addition to the situational context, also the sequential placement of the persuasive
message matters. Here, we can distinguish between sequential contexts after an accept
and after a decline.
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When the persuasive message comes after people accepted the initial offer, the
persuasive message works as affirmation that the participant has made a good choice:

The robot drives towards two men (M1 and M2) who are sitting separately without
anything to drink; the robot moves closer to M1 who sits the closest:

R: Hi there (M1 takes out his earplugs)

— R: Hi there - sorry to bother you but

R: How about some water

— MI: Yeah sure

R: Take your drink please (turns around, M1 gets up, takes his drink and sits down
again, he drinks)

R: Research shows that it is important to drink enough water during the day (M2
comes closer)

MI: (nods and smiles) Yeah (drinks again)

R: Have a lovely day (M1 nods)

While the robot is successful in this situation, the success is not due to the persuasive
utterance, since the persuasive message is played after the person has already taken
the glass of water. Thus, in order for a persuasive message to function as a persuasive
message, rather than as an informing or affirmation, like in this example, its sequential
placement plays a crucial role.

After rejections, as the following example shows, people often repeat their rejection
(in line with the principle of commitment and consistency outlined by Cialdini [7]):

Three women standing with their lunch and something to drink:

— R: Hi there (there is no one in the vision of the robot)

Robot turns around to three women, W1 tries to get out of the robot’s sight by moving,

the others laugh

R: Sorry to bother you but - can I offer you some water

— W2: No thank you (shakes her head a little, the others smile and they all continue to
look at the robot)

— W1 goes away

— R: Most women actually do take something to drink (W3 looks at W2 while the
utterance is played, they all laugh)

— W2: Wow but I don’t want water (they continue to laugh/smile)

— R: What did the ice cube say to the water

— W2: Idon’t know — what did it say (W1 comes back into the vision)

— R: T was water before it was cool

— W2: Ha ha ha (W3 takes a picture of/filming the robot) — that’s so funny

— R: How does the ocean say hello

— W2: He waves (while making a waving-gesture)

— R: It waves

— All: Ohhh

— R: It was nice meeting you



260 R. M. Langedijk and K. Fischer
— W2: Nice meeting you too (nodding) — bye bye (with waving-gesture)

This example shows that the interactants are very interested in engaging with the
robot, as evidenced by their politeness markers, encouraging questions and contingent
responses, just do not want any water and cannot be persuaded to take some anyway.

While persuasive messages are mostly unsuccessful once people have rejected the
robot’s offer some can be convinced, as we have seen in the first example above.

4.3 Perceived Sociality

In our analysis, it also became apparent that the persuasiveness of the robot may be
influenced by its perceived sociality, i.e. the extent to which people are willing to interact
socially with the robot [8, 12].

The examples above are in many respects similar to interactions between humans;
they were characterized by successful and smooth adjacency pairs, like summons -
answer, offer - acceptance, provision - acquisition, information - acknowledgement, and
farewell - acknowledgement sequences (cf. [41, 42]). The interactions discussed so far
exhibited many features of smooth interactions between humans and a high degree of
social coupling; at the same time, the human participants attended to the social organi-
zation of interaction not only by producing the socially expectable second pair parts of
the respective adjacency pairs, but also by using social signals, like nodding, laughing
and smiling.

In our subset of 44 interactions, only seven interactions seem to be construed as
non-social such that people do not enter into a dialog with the robot and rather treat is
as a machine [12]. In two of these interactions, people leave during the interaction. In
further two interactions, people talk about the robot without talking 7o it.

In another situation, only one of the participants is looking at the robot while the
rest of her group do not want to talk to it, and so she ends up taking water from the
back of the robot without interacting with it. In another interaction, the robot receives a
dismissive’jaja’ (yeah yeah). The example below is the only interaction in our subcorpus
in which no one responds to the robot at all:

Twwo women are lying on two sofas, looking at their phones. The robot moves close
to W1’s feet. Neither of the women takes notice of the robot:

— R:Idon’t want to disturb you, but you look thirsty, would you like something to drink?
W1 lying on the closest sofa turns around to look at the robot. She then turns back
and continues to look at her phone.
— R: Most women actually do take something to drink.
— R: Do you know how to get a fish to laugh? You put it in spring water no response
from W1 or W2
R drives backwards

As these interactions illustrate, if people do not interact with the robot in social ways,
the persuasive message is also not going to be effective. Thus, the perception of social
robots as social is a precondition for their effectiveness as a persuasive technology.
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5 Discussion

Our analysis has shown that in our field study, things were much messier than what
is known from more controlled studies; however, the messiness observed is in fact
informative regarding the conditions under which a social robot becomes a persuasive
technology.

Our results show clearly that the robot is only effective in persuading people if people
regard the human-robot interaction situation as social. While it was known that there
are interindividual differences in regarding robots as social actors (e.g. [9, 11, 12]), few
in-the-wild studies have documented these differences, and it was open to what extent
the construal of the robot as social can influence whether it is persuasive or not. The
detailed analysis of our sub-corpus has shown that responding to the robot in non-social
ways is not very common (though it has been observed more often in the whole corpus
(cf. [8]), and people who try to avoid the robot would also not show in our videos, which
were recorded by the camera mounted on the robot), but has a large impact on whether
people interact with the robot and how.

Furthermore, our results reveal many contextual factors that influence the effective-
ness of persuasive messages. For instance, whether participants already have something
to drink is of some influence, even though the persuasive message can also be regarded
successful when people who already have a drink wave it at the robot or ostensively
drink from it.

An important feature of the context is also whether participants had already rejected
the robot’s offer when it used the persuasive messages. In line with the principle of
commitment and consistency [7], people who have declined the robot’s offer prior to the
persuasive message are not likely to quickly change their minds. This is the case in many
of our interactions, in contrast to the sequential context in which the persuasive utterance
was used in the lab studies reported by [28] and [27], which may have contributed to the
different findings.

In addition, it became clear that much of the robot’s success as a persuasive tech-
nology may be due to its novelty; people commented positively on the robot and were
excited to interact with it because it was novel, which is likely to have influenced the
persuasiveness of the robot. From this perspective, we need to restrict our conclusions
about social robots as persuasive technology to a time frame in which robots are still
novel and exciting; what will happen once they are more common is not yet known.

6 Conclusion

In this paper, we present a field study with a persuasive social robot that offers water
to people in a public space. We used previously successful persuasive utterances from
the lab and took them into the field to study their effects. Our results reveal that the
robot can be persuasive, but different contextual factors influence its persuasiveness.
Of considerable impact on the robot’s persuasiveness is the sequential placement of the
persuasive message, as well as the robot’s construal as a social actor. If the robot is not
perceived as social, it will not be persuasive.
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Abstract. Virtual coaches have the potential to address the low adher-
ence common to eHealth applications for behavior change by, for exam-
ple, providing motivational support. However, given the multitude of fac-
tors affecting users’ attitudes toward virtual coaches, more insights are
needed on how such virtual coaches can be designed to affect these atti-
tudes in a specific use context positively. Especially valuable are insights
that are based on users interacting with such a virtual coach for longer.
We thus conducted a study in which more than 500 smokers interacted
with the text-based virtual coach Sam in five sessions. In each session,
Sam assigned smokers a new preparatory activity for quitting smok-
ing and provided motivational support for doing the activity. Based on
a mixed-methods analysis of users’ willingness to continue working and
their relationship with Sam, we obtained eight themes for users’ attitudes
toward Sam. These themes relate to whether Sam is seen as human or
artificial, specific characteristics of Sam (e.g., caring character), the inter-
action with Sam, and the relationship with Sam. We used these themes to
formulate literature-based recommendations to guide designers of virtual
coaches for behavior change. For example, letting the virtual coach get
to know users and disclose more information about itself may improve
its relationship with users.

Keywords: Conversational agent - Behavior change - eHealth

1 Introduction

Eating too few vegetables, working out too little, going to bed too late, ... - there
are many health behaviors people wish to change. Numerous eHealth applica-
tions exist to support them, which have several potential benefits such as foster-
ing user empowerment, providing all-time support, and being scalable [10,29].
Behavior change support could thus become more widely available and effective.
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This is useful for behaviors such as smoking, where most people try to change
without support [13] and often do not succeed [18]. Nevertheless, eHealth appli-
cations suffer from low adherence [22,27]. Virtual coaches have the potential to
combat this by increasing engagement and forming a connection with users [34].
However, it is not yet well understood how such virtual coaches can be designed
so that users have a positive attitude toward them.

Previous work on smoking cessation has identified several aspects of a vir-
tual coach that contribute to such a positive attitude. This includes the caring
character of and positive feedback from an embodied virtual coach for veterans
[1], practical tips and the feeling of being supported by the StopCoach Suzanne
[33], and the nonjudgmental, supportive, and caring character of the embodied
virtual coach Jen [25]. Yet, not only characteristics of the virtual coach play a
role, but also ones of users and their environment [21]. Meijer et al. [33], for
example, saw that the StopCoach may be harder to use for older people and
that its support may be especially beneficial for people with little support from
their social environment. Given the multitude of factors that can affect users’
attitudes toward a virtual coach, more insights are needed. Due to the novelty
effect [19,37], insights that are based on users interacting with a virtual coach
for a longer period of time are especially welcome.

We thus conducted a study with more than 500 smokers interacting with the
virtual coach Sam in five conversational sessions spread over at least nine days. In
each session, Sam assigned users a new preparatory activity for quitting smoking,
such as noting and ranking reasons for quitting. As becoming more physically
active may make it easier to quit smoking [23,35], half of the activities addressed
becoming more physically active. In the next session, Sam asked users about their
effort spent on and experience with the activity. After the five sessions, users were
asked about their relationship and willingness to continue working with Sam.
Based on a mixed-methods analysis of users’ responses about their relationship
and willingness to continue working with Sam, their characteristics, and findings
from the literature, we identified eight themes describing users’ attitudes toward
Sam. We used these themes to formulate literature-based recommendations to
guide designers of virtual coaches for behavior change.

2 DMaterials and Methods

We conducted a study from 20 May 2021 until 30 June 2021 on the online crowd-
sourcing platform Prolific. The study was approved by the Human Research
Ethics Committee of Delft University of Technology (Letter of Approval num-
ber: 1523) and preregistered in the Open Science Framework (OSF) [3]. The
dataset [5] and analysis code [4] are available online.

Virtual coach. We implemented the text-based virtual coach Sam [2] that
introduced itself as wanting to help people prepare to quit smoking and become
more physically active, with the latter possibly aiding the former. In each ses-
sion, Sam proposed one of 24 preparatory activities and provided motivational
support for doing the activity [6]. This included motivating people to do their
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next activity based on the persuasive strategies of commitment, consensus, and
authority by Cialdini [16] and action planning [24], as well as giving compliments
for spending much effort on activities and responding empathetically otherwise.
To facilitate the interaction, users primarily communicated by clicking on but-
tons with answer options. To avoid repetitiveness of utterances [14], there were
different formulations that Sam randomly chose from.

Measures. Instead of asking participants about their general attitude toward
Sam, we asked two specific questions that would allow people to reflect on con-
crete elements of interacting with Sam and allow us to identify underlying con-
cerns. Specifically, using an adaptation of the acceptance questions by Provoost
et al. [36] similar to Albers et al. [8], we measured participants’ willingness to
continue working and their relationship with Sam. For both of these, partici-
pants provided a rating on a scale from -5 to 5, with 0 being neutral, as well as
a free-text response to the question “Why do you think so?”

To explore the relationship between user variables and attitudes toward Sam,
we measured participants’ quitter self-identity with three items (e.g., “I see
myself as someone who quits smoking”) based on Meijer et al. [32] as well as
participants’ ease of and motivation to do preparatory activities with two items
each (e.g., “It was easy to do the assigned activities.”).

Participants. Eligible were people who reported smoking tobacco prod-
ucts at least once per day', being contemplating or preparing to quit smoking
[20], being fluent in English, and not being part of another intervention to quit
smoking. Participants further had an approval rate of at least 90% and at least
one previous submission on Prolific and provided informed consent. 1406 people
started the study, and 500 people successfully answered all attitude questions.
Of these 500 participants, 247 were female (49.4%), 244 were male (48.8%), and
9 (1.8%) provided other or no data on their gender. Moreover, 397 (79.4%) par-
ticipants indicated having previously at least once quit smoking for at least 24 h.
The age of participants ranged from 18 to 74, with 43.8% of participants being
between 18 and 30 years old. Participants who successfully completed a study
component were paid based on the minimum payment rules on Prolific (i.e., five
pound sterling per hour).

Procedure. After completing a prescreening and a pre-questionnaire, users
interacted with Sam in five sessions, which lasted about five to eight minutes and
were about two to five days apart. Two days after completing the last session,
users were invited to a post-questionnaire in which they answered questions
about their attitudes toward Sam.

Analysis strategies. We took a mixed-methods approach with four steps to
analyze the data. These were the thematic analysis steps by Braun and Clarke
[15], supplemented with triangulation based on quantitative data and literature.
We now describe the four analysis steps in detail.

Step 1: Preparation of coding scheme. We created two separate coding
schemes, one for the question on “willingness to continue” and one for the ques-

! People had to have indicated smoking tobacco products at least once per day on
their Prolific profile and confirm this in an online questionnaire.
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tion on “relationship”. More precisely, after familiarizing themselves with the
data, NLA and MA created draft coding schemes for the free-text responses on
“willingness to continue” and “relationship”, respectively. The codes were gen-
erated both inductively and deductively based on literature. More information
on this process can be found in the reports by Aretz [11] and Ali [9]. The final
coding schemes are available online [4].

Step 2: Coding of responses. Using the resulting coding schemes, NLA and
MA coded all responses for their respective question. We assessed the reliability
of the coding schemes through double coding. A second coder, AE for “willing-
ness to continue” and NLA for “relationship”, was trained on between 20 and 30
responses before independently coding the remaining responses. We obtained an
average Cohen’s k of 0.59 for “willingness to continue” and 0.62 for “relation-
ship”, which indicates moderate to substantial agreement [28]. The two coders
of a question then resolved all disagreements by means of discussion.

Step 3: Triangulation with literature and quantitative results. As we gained
insights from the qualitative data, we turned to the literature and our quan-
titative data to triangulate our results. Our quantitative analysis included cal-
culating the mean rating and 95% Highest Density Interval (HDI) per attitude
question, as well as computing correlations between user variables and attitude
ratings. We used the rethinking [31] and BayesianFirstAid [12] R-packages for
this.

Step 4: Search, review, and definition of themes, as well as production of
the report. Lastly, we examined the results to identify overarching themes and
selected participant responses to illustrate these themes.

3 Results

Participants’ attitudes toward Sam were overall positive, with a mean score of
2.42 (95%-HDI = [2.18, 2.65]) for “willingness to continue” and one of 0.46 (95%-
HDI = [0.24, 0.67]) for “relationship” based on scales from —5 to 5. From our
mixed-methods analysis we found eight themes, three for people’s willingness
to continue working and five for their relationship with Sam. To facilitate their
discussion, we grouped these themes into the four topics that we now describe.

Human vs. AIL. When describing their willingness to continue working with
Sam, several participants referred to a lack of authenticity in their interactions
with Sam (N = 82). This included the mere fact that Sam was artificial and
not a human (e.g., P354, P378, P448), as well as specific consequences such as
repetitiveness (e.g., P310, P410), lack of emotion (e.g., P341), and inability to
respond to free-text responses from users (e.g., P465). Some participants also
mentioned how they felt when interacting with an artificial agent: “Felt silly
talking to a computer plus it did not help me because I knew it was not real”
(P441).

With regard to participants’ relationships, the perception of Sam as either
human or artificial also played a role (N = 325). While some participants referred
to Sam as a “he”, “guy”, “someone”, somebody with a “character”, or even a
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“friend” (e.g., P185, P196, P214), others regarded Sam as artificial. Terms used
to refer to Sam’s artificial nature included “machine” (e.g., P223), “computer”
(e.g., P218), “agent” (e.g., P197), “artificial intelligence” (P62), “communication
tool” (e.g., P234) and “bot” (e.g., P217): “I found him a nice “person” but also
I think about the fact it’s not a real person, it is artificial intelligence working”
(P62). Interestingly, one participant mentioned that Sam asking them about
their mood at the start of each conversation was pleasant even though they knew
that Sam was artificial: “I was well aware that I wasn’t talking to a real person
... However, I still appreciated the effort in asking me about my day and so on,
it made the whole thing feel more realistic and the conversation more pleasant”
(P218). Something participants appreciated about Sam’s artificial nature was
the resulting anonymity: “i loved the anonymity of it, that no one i know would
know what i’d said so i could be totally open and honest ...” (P227).

Characteristics of the virtual coach. The second theme in participants’
responses about their willingness to continue working with Sam is Sam’s caring
character (N = 352). Participants described Sam as motivating (e.g., P478,
P485, P494), friendly (e.g., P47, P98, P107), comforting (e.g., P202, P227, P345),
supporting (e.g., P65, P158, P370), understanding (e.g., P198, P227, P253), and
unbiased (e.g., P38, P289, P311): “... being in contact with Sam gave a feeling
of support it helped a great deal towards the motivation to carry on” (P161).

Also regarding their relationship with Sam did participants refer to Sam’s
positive characteristics (N = 153). Sam was seen as friendly (e.g., P297, P301),
guiding (e.g., P336, P356), trustworthy (e.g., P201, P227, P453), warm (e.g.,
P68, P241, P341), caring (e.g., P73, P83, P140), welcoming (e.g., P120, P272,
P380), and unprejudiced (e.g., P158, P201, P226), amongst others: “Friendly
and just nice. You have a problem, Sam suggests activities to help you overcome
it” (P403).

Interaction. The third theme concerning participants’ willingness to con-
tinue working with Sam is the content of the interactions (N = 183). Partic-
ipants found the interactions helpful (e.g., P178, P189, P191) and interesting
(e.g., P228, P291, P303). Moreover, some participants specifically mentioned
that Sam proposed good ideas or activities (e.g., P336, P405, P414) and pro-
vided clear explanations: “Sam explains clearly its minds, the activities and the
final goals ...” (P256). The relationship between the activities Sam proposed
and participants’ willingness to continue is also confirmed by our quantitative
analysis. Specifically, we found moderate correlations of 0.33 (95%-HDI = [0.25,
0.41]) and 0.48 (95%-HDI = [0.40, 0.54]), respectively, between participants’
willingness to continue and their ease of and motivation to do the activities. The
less than small [17] correlation between quitter self-identity and “willingness to
continue” (Mean = 0.09, 95%-HDI = [0, 0.19]) could possibly be explained by
the interaction content being seen as somewhat more useful by participants with
a higher motivation to change.

Similarly, participants referred to characteristics of the chat when describing
their relationship with Sam (IV = 83). Participants with a positive opinion about
the chat mentioned that Sam responded well (e.g., P76, P438), such as by being
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polite (e.g., P472) or showing an understanding of what the user wrote (e.g.,
P70). Several participants also pointed out that they felt like chatting with a
friend (e.g., P121, P484): “It felt like talking with a friend, since at first he asks
how you are, it feels like he cares about you” (P130). Several participants did,
however, also voice objections to the chat. For example, some participants noted
that the answer options provided as buttons were too limited (e.g., P320, P434),
the options’ language did not fit how they speak (P400), and the use of buttons
was limiting compared to entering free text (e.g., P370, P398): “Having the pre
selected options to answer Sam meant that I couldn’t really respond as I would
really ...” (P63). Furthermore, Sam’s responses appeared automated and generic
to some participants (e.g., P327, P334, P444). And looking at conversations as
a whole, these were sometimes perceived as repetitive or monotonous (e.g., P28,
P162): “... all our chats followed the same pattern ...” (P219).

Relationship. Participants’ descriptions of their relations with Sam can be
regarded as either positive, neutral, or negative (N = 194). Positive relations
included ones where Sam was referred to as a “good relation” (P35), “friend”
(P233), “more than just a stranger” (P287), or somebody they felt like knowing
for a long time (P232). Participants with neutral or negative relations, on the
other hand, regarded Sam as a “professional worker” (P186), “neither a stranger
or close friend” (P340), or “not a close friend” (P40). Moreover, some partici-
pants pointed out that it was not necessary to be friends with Sam (P48) and
that it was not possible to “create a relation with a robot” (P277).

Another theme related to participants’ relationships with Sam is that Sam
was sometimes experienced as not personal enough or lacking personality (N
= 53). Participants mentioned that they had “no personal connection” with
Sam (P470) or did not “know Sam personally” (P338). Reasons for this feeling
of not knowing Sam were that Sam “shows no emotion nor can show empathy”
(P160), that they did not “know his voice or how he looks” (P448), and that Sam
is a “non-thinking individual” (P326) with a different “level of consciousness”
(P489). Furthermore, participants pointed out that Sam did not know them
(e.g., P12, P15): “I didn’t feel like it was someone who knew me or wanted to
get to know me and I think it would be good to develop something a little more
personalised” (P20).

4 Conclusion and Recommendations

Based on a mixed-methods analysis of users’ willingness to continue working
and their relationship with a virtual coach that provides motivational support
in the context of preparing to quit smoking, we identified eight themes describing
users’ underlying attitudes. We now use these themes to formulate literature-
based recommendations to help designers of virtual behavior change coaches.
Given participants’ views on interacting with Sam, we recommend reducing
the repetitiveness of the utterances and the conversation structure, which can
increase engagement, enjoyment, and motivation to engage in proposed behav-
iors [14,19]. Comprehensive answer options should further be provided for closed



Attitudes Toward a Virtual Smoking Cessation Coach 271

questions, as also found by Issom et al. [26]. Moreover, in line with theories on
technology acceptance [39] and our previous findings based on people’s experi-
ences with preparatory activities and views on interaction scenarios for a virtual
coach [7], participants who found the content more useful were more willing to
continue using the virtual coach. So it is important that interaction content is
perceived as useful by users.

To help users feel like they and the virtual coach know each other, it might
be beneficial to let the virtual coach disclose more about itself and ask more
personal questions to users so they can also self-disclose. Self-disclosure is an
important element of relationship formation in that disclosure of more intimate
information has a positive effect on the quality of relationships [38]. Yet, user
privacy needs to be protected [40]. Responding empathetically also to free-text
utterances may further help to form and maintain a relationship [14,19,26].

Lastly, given participants’ perception of Sam as either human or artificial,
it may be helpful to make the conversations more human-like, although human
skills such as learning from past conversations are still open challenges [19]. For
example, asking users how they were doing was appreciated. Yet, users need to
know that they are communicating with a virtual coach and not a human [30].
Explaining to users that and how the virtual coach is aiming to build a rela-
tionship to increase the intervention’s effectiveness may further foster credibility
and transparency.
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Abstract. In the area of captology, computers as persuasive technology,
conversational agent or dialogue system represent an interactive comput-
ing product as a key to changing people’s viewpoints. Our former origi-
nal experimental research addressed that a virtual agent’s positive facial
expressions and near-distance camera angle successfully influence partic-
ipants’ thoughts during an experiment. However, fragmentation in this
growing topic led to theoretical confusion. To move the field forward, this
paper uncovers the evidence-based elements as the standard compliance
for designing the persuasive conversational agent. First, the fundamental
premises, implications, constructs, and indicators from our previous orig-
inal research were generated. Second, a theory synthesis from related arti-
cles on the interaction between virtual agents to humans, with the aim of
persuading, was analyzed. Thus, it derives twelve fundamental premises,
two implications, three main constructs, and fifteen indicators. Third, a
model elaborates on the relationships between these constructs and indi-
cators was developed. Its foundation is based on the three related con-
cepts of the Persuasion Knowledge Model, Stimulus-Organism-Response
Theory, Fogg’s Captology Framework, and one measurement model of
Partial Least Square Structural Equation Modeling. Hence, the theory
synthesis provides the basis for inventing the proposed conceptual model,
called the Agent-Subject Persuasion Model (ASPM), which emphasizes
the originality of this research.

Keywords: Persuasive technology - Information science + Captology -
Conversational agent -+ Human-agent interaction - Conceptual model

1 Introduction

Artificial agents have been going through continuous development over the years.
Realizing natural, humane, and social way of interaction through SIAs (Socially
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Interactive Agents) has been the goal all along [32]. Depending on the problem
at hand, the attributes required differ greatly. The required attributes can be
reactivity, autonomy, collaborative behavior, knowledge level, inferential capa-
bility, temporal continuity, personality, adaptivity, and mobility [11,17]. Due to
the necessity of categorizing the agent’s attributes, a well-known categorization
was proposed by [37]. An interested reader is encouraged to read more in this
chapter [8].

A trusting collaborative relationship between the agent and the user was
found to be the foundational brick in persuasiveness even more than the appro-
priateness of the decision-making. A higher skill in social communication with
the user was found to be closely correlated with the persuasive effectiveness of
the agent [30]. Persuasive interactive agents were found to be influential in many
industries, ranging from healthcare to coaching, marketing, etc.

Interactive agents are designed for many purposes and goals. For instance, an
Embodied Conversational Agent (ECA) named Rachel can elicit social conversa-
tional behavior in autistic children [35]. An interactive agent can act like a travel
agent too as shown in [42], where the agent acts as a route advice system that
uses the driver’s preferences in order to find a satisfactory route. Furthermore,
an agent can be trained to assist the teacher in advising the student through
knowledge that was acquired from a reinforcement learning framework where
interactive teaching strategies are investigated [3].

Certainly, many studies are fragmented through many fields that can benefit
from interactive agents. Thus, we realized the strong need to specifically address
a solid basis for requirements to build an agent with the aim of persuasion.

To fill the gaps founded on previous research, this article will give an account
to build a solid conceptual approach to highlight a clear research design, so the
generated theories can be further measured in future studies.

This paper is organized in the following way. First, the persuasive system is
defined. Section 2 reviews the related study. In Sect. 3, the research methodology
is presented. Section4 highlights the analysis results of proposed constructs,
indicators, fundamental premises, implications, and conceptual model. Section 5
determines the theoretical contributions, limitations, and implications for future
research. The whole paper concluded in Sect. 6.

2 Related Study

This section discusses related research in Artificial Intelligence (AI), particularly
any interactive systems designed to convince people. A conversational agent
or dialogue system is one of the examples of Al-based computer applications
that will be covered in more detail. The proposed analytical statistic measuring
approach will then be further described using a few related models as the first
fundamental steps. Hence, it will connect the fragmented theories from artificial
intelligence, persuasive technology, conversational agent, and theoretical models.
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2.1 Artificial Intelligence and Persuasive Technology

The term Artificial Intelligence (AI) was first used in the 1950s to describe the
straightforward theory that machines potentially demonstrate humans’ intelli-
gence [6]. AI seeks to create a machine that can think like humans, including
learning, reasoning, and self-correction [28]. According to [15], humans or sub-
jects will react to any computer program in accordance with accepted social
standards, which has major implications for persuasion in the field of persua-
sive technology. To market particular products in the modern environment, a
smart system can provide a variety of social cues that evoke social responses
from human users.

2.2 Conversational Agent or Dialougue System

A conversational Agent (CA) or dialogue system is a computer program that
interacts with humans using communication attributes, such as text, speech,
facial expressions, and body gestures. Developing an agent depends highly on
the goal in mind that the agent is supposed to accomplish. The goals of agents
vary massively depending on the environment, setup, or culture. An example was
shown in an intelligent friendly agent named iParrot, whose goal was to influ-
ence family members to conserve energy at their homes [1]. Designing an effective
agent can be achieved by following the best practices from former research. Per-
suasive techniques were implemented by automated interactive agents and the
persuasion quality was improved by the effectiveness of the persuasive dialogue.
The personality of the system can be perceived as a trait of the interactive agent
that affects the persuasion quality directly [4]. There is a correlation between
human-like traits or the anthropomorphic look of agents with the system’s use
[41]. Scholars can also create animation since utilizing its expressive nature can
enhance intuitive understanding as it involves direct movement [44]. Addition-
ally, evaluating the user’s impression of the agent was also studied compre-
hensively across 96 patterns of content from emotional scenarios, facial expres-
sions, and words [45]. Thus, a smart agent is one that can learn and cooperate
autonomously.

2.3 Theoretical Models

Persuasion Knowledge Model (PKM) [18] is presented in Fig. 1, which has many
applications in persuasion contexts. The term Agent refers to the entity respon-
sible for the implementation of the persuasion attempt (e.g., a company or a
salesperson). The Agent is who the Target identifies as the one responsible for
the persuasion attempt as the Target is the one who will experience the Per-
suasion Attempt as intended. Thus, this model considers the target’s perception
of the agent’s behavior and goal. A persuasion attempt can be an ad or a sales
presentation that is designed to influence the target. The observable part of
the agent’s attempt is called the Persuasion Episode, which is perceived by the
target as any message delivered with the aim of persuading and influencing.
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Fig. 1. Persuasion Knowledge Model (PKM) [18].

In response to the agent’s persuasion attempts, the targets strive to achieve
their own goals, which is modeled as Persuasion Coping Behavior. In [9], PKM
has been used as a framework in investigating how personalized and formality
affect the customer’s perception, attitude, and behavior. In [46], PKM was used
in investigating consumer resistance against covert selling, thus highlighting the
negative ramifications of tactical deception in covert marketing communications.

Stimulus : Organism : Response
) (0) (R)

Input Process Output

Fig. 2. Stimulus-Organism-Response (SOR) Framework [27].

Stimulus-organism-response (SOR) theory is represented in a framework
shown in Fig. 2. SOR studies the individual’s reaction to the surrounding envi-
ronment. The individual’s reaction could be either an approach behavior (pos-
itively acting) or an averting behavior (not positively acting). Several research
was done to develop the theory through different approaches. The development
range from considering the emotional quality of the environment as an aesthetic
incitement to diversifying the SOR theory to the application of services capes
by incorporating cognition and physiology. SOR model can predict the visual
and vocal impact on motivation as an incitement, thus deriving a relationship
between the intent and the actual action (e.g., tourists [40], hotel guests [23]).

As computers became distributed and increasingly ubiquitous, an interest in
understanding and developing CHI started to arise. BJ Fogg proposed a new
terminology, Captology [13], which refers to studying and utilizing computers
in order to be used as effective persuasive technologies. BJ Fogg’s model [14]
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Fig. 3. Fogg’s Captology Framework [14]: Captology [13] describes the shaded area
where computing technology and persuasion overlap.

is shown in Fig. 3, thus studying captology can enrich HCI and lead to more
effective interactive technologies, which will aid with the task of persuasion. BJ
Fogg’s captology framework was used in analyzing the persuasive and manipu-
lative power of Emotionally Intelligent Conversational Agents (EICAs) in [29].
Thus highlighting some real upcoming issues that need to be regulated. A reflec-
tion on Fogg’s captology framework was utilized in nudging users into projecting
the male gender onto the technology when a company is developing a smart assis-
tant that acts as a mechanic, thus investigating the premises that the male gender
is commonly associated with higher degrees of authority, competence, and trust-
worthiness than the female gender [16]. Furthermore, Fogg’s best practices for
designing persuasive technology [12] were used in developing a CA that achieves
some desired behavioral and clinical outcomes for patients suffering from chronic
diseases especially Heart Failure, thus improving their self-care [34].

3 Research Design

3.1 Approach

This study applies a mixed-approach research design in a conceptual-theoretical
paper: theory synthesis and model, which are adopted from [22]. Theory syn-
thesis focuses on summarizing the current understanding of a phenomenon and
structuring the fragmented field. The model focuses on the identification of vari-
ables, the prediction of relationships between them, the creation of new theoret-
ical prepositions that introduce new variables and their relationships, as well as
the justification of why a series of events lead to specific results.

3.2 Objectives

This study aims to (1) to develop a conceptual model that emphasizes the novel
contribution of a general understanding of the field’s core themes and specifici-
ties, (2) to test a theoretical model from a prediction perspective, (3) to test large
sample size, and (4) to propose a theory development in exploratory research.
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3.3 Measurement Method

There are many ways to measure the validity of a proposed theory, and it
depends on whether the study has an intersection with other fields. Research
on information science and persuasive technology studies the correlation in the
fragments of fields in psychology, behavior change, and design. Most previous
research [5,20,47] applied and proposed Structural Equation Modeling (SEM)
as a method to measure the proposed conceptual model. As a considerably new
technique in the early 1990s, SEM offers enhancement of benefits over tra-
ditional methods, which includes flexibility, controls over measurement error,
allows straightforward evaluation, emphasizes theory testing, benefits large sam-
ples of data, and evaluates the relationship of variables from a prediction per-
spective [7].

Table 1. Measurement Methods.

Exploratory Research Confirmatory Research
First Generation Exploratory Factor ANOVA Logistic
(1900-1990) Analysis Cluster Analysis | Regression Multiple
Multidimensional Scaling | Regression
Second Generation Variance-Based SEM: Covariance-Based SEM,
(1990-present) Partial Least Squares Confirmatory Factor
(with SmartPLS software) | Analysis (with
AMOS/LISREL software)

Table 1 shows the measurement methods according to the types of research
design. According to the aforementioned studies [5,7,20,47], PLS-SEM aims to
generate results from a prediction perspective, while CB-SEM confirms an exist-
ing theory. Hence, PLS-SEM [19] is the model-fit method selected in this paper,
and our proposed conceptual model ASPM follows its standards.

3.4 Procedures

Initially, the fundamental premises, implications, constructs, and indicators from
our previous original research were generated. Second, a theory synthesis from
related articles on the interaction between virtual agents to humans, with the
aim of persuading, was analyzed. Then, it derives novel components of twelve
fundamental premises and two implications, three main constructs, and fifteen
indicators. This synthesis strengthens the basis for inventing the proposed con-
ceptual model, named Agent-Subject Persuasion Model (ASPM).

ASPM’s foundation derives from (1) the construct and indicators of our for-
mer experiment [39] and related studies (e.g., PKM, SOR Theory, Fogg’s Cap-
tology Framework), (2) the prediction of relationships between these constructs
and indicators in fundamental premises and implications, and (3) a method of a
measurement model that fits with the case being investigated as a way to test
the proposed theory.
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4 Results

4.1 Evaluations from Our Previous Experimental Research

Fig. 4. 3D Real-Time Conversational Virtual Agents System: Do Facial Expressions
and Camera Angles Persuade Human? [39].

Formerly, [39] presented in Fig.4 aims to evaluate whether persuasion differs
depending on the video setting. Developed with Unreal Engine MetaHuman 4.27,
the experiment shows the interaction between 6 virtual agents and 37 subjects.

A quantitative numerical confirmatory analysis, ANOVA test (single-factor
and two-factor without replication) under six measuring criteria, showed that
the virtual agents’ positive facial expressions and near-distance camera angle
successfully influence predominantly extroverted participants’ opinions during an
experiment (Alpha-level = 0.05). These results correlate with [45] where virtual
agents with good impressions were effective in persuasion.

Premise 1.1: The facial expressions of agents influence the change in worldview
of subjects.

Premise 1.2: The video settings influence the change in worldview of subjects.

The number of agents plays an important role in being more persuasive to
the subject as in [25], where a multiple-agent setting was shown to be more
persuasive than a single-agent.

Premise 1.3a: The number of agents influences the change in worldview of
subjects.

The use of animation utilizing its expressive nature can enhance the intuitive
understanding as it involves direct movement was also investigated previously
[44]. Moreover, the attractiveness of the agent was proven to be an important
factor in how persuasive the agent can be and the amount of behavioral change
was very noticeable [26].
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Premise 1.3b: The agents’ attractiveness influences the change in worldview
of subjects.

The elements of facial expressions, camera angles, as well as positive and
negative narratives, were investigated. These positive and negative narratives
were used to evaluate the degree of persuasion to the subjects.

Premise 1.4: The agents’ narrative influences the change in worldview of sub-
jects.

Besides that, participants were asked in the research instrument prior to and
after the interaction with the agents about the topic presented by the agents.

Premise 1.5: The agents’ knowledge influences the change in worldview of
subjects.

Implications of Premise 1 for Future Research: We found many proven
components needed to develop a more interactive conversational agent. It is sup-
ported by [43] that an agent with a social dialogue is shown to be more effective
than a text-based one. Moreover, the attractiveness of the agent was proven
to be an important factor in how persuasive the agent can be and the amount
of behavioral change was very noticeable [26]. Therefore, it is necessary that
developers and narrative designers of persuasive conversational agent adopt the
cutting-edge understanding offered in this study and ground persuasive conver-
sational agent on a more nuanced conceptual understanding of experience.

The subjects who participated in this study were in a neutral and happy
emotional state. Thus, affecting the coherence results that agents with smiling
facial expressions are persuasive.

Premise 2.1: The emotions of subjects influence the change in worldview by
virtual agents.

In the age group from 18 to 24 years old, Japanese subjects interact with
Japanese-speaking agents through a synthesized voice recording.

Premise 2.2a: The subjects’ age influences the change in the worldview by
virtual agents.

Premise 2.2b: The subjects’ ethnicity influences the change in worldview by
virtual agents.
The purposive sampling method was chosen to target preferred participants.

Premise 2.3: The sampling methods to select the subjects influence the change
in worldview by virtual agents.

The Big Five theory [14,15] was adopted to investigate the relationship
between a subject’s personality and how it can affect them being persuaded by
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the virtual agents. Additionally, the subjects were asked about their knowledge
of the topics prior to the interaction with the agents.

Premise 2.4: The subjects’ personalities influence the persuasion (e.g., change
in worldview and emotional appeal) by virtual agents.

Premise 2.5: The subjects’ knowledge influences the change in worldview by
virtual agents.

Implications of Premise 2 for Future Research: We found that predomi-
nantly, our participants have extroverted personalities. People who score highly
in extroversion tend to be triggered by a desire for excitement and social rewards
and will find words (e.g., strong, outgoing, active, excitement, attention) more
persuasive. It is proved by [21] that extroverted individuals are likely to engage
more in online purchasing activities because online customers can share their
shopping experience and information on the online platform. Thus, it is essen-
tial for developers, designers, and marketers to create a persuasive conversational
agent where the content can give social rewards to the subjects.

4.2 Proposed Conceptual Model: Agent-Subject Persuasion Model
(ASPM)

Insights across research practices have been analyzed, which reveal two con-
structs and ten indicators in Table 2, while one construct and five indicators are
presented in Table3. An ASPM conceptual model developed in this research
covers the big picture of what a persuasive conversational agent is, what influ-
ences its effectiveness in persuading humans, its keys of contingencies, and the
role other fields can play in it.

Figure 5 illustrates the correlations between variables based on the multivari-
ate statistical method used in the PLS-SEM assessment for exploratory research.
This method seeks to support the suggested theory. Any AI and persuasive
technology-related experiments that are not only static but also dynamic, intel-
ligent, and able to learn from the subjects can use this blueprint. The shift in
subjects’ worldviews is influenced by the facial expressions of agents, as stated in
premise 1.1. Agents who convey a positive attitude and smiling [39,45] are influ-
ential. This idea can be used in the future to determine how persuasive a system
is already through studies that collect facial expression data from participants
or detect their emotions using sensors.

5 Discussion

5.1 Theoretical Contributions

This research undertakes the specific criteria on compliance for a persuasive con-
versational agent, presented in fundamental premises, implications, constructs,
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Table 2. Construct: Conversational Agent (CA) and Subjects (SU).
Code | Indicators from Sub-components References
CA Construct
CA1 | Agent’s Facial Joy, Fright, Sadness, [39,45]
Expressions Antipathy, Anger, Surprise
CA2 | Video Settings Near, Far, and [39]
Normal-distance Camera
Angles
CA3 | Design NLU Capability, Voice [13,25,26,39,41,44]
Compliance Synthesis, Number of Agents,
Agent’s Attractiveness
CA4 | Agent’s Narrative | Positive, Negative [39]
CA5 | Agent’s Topic Knowledge, Persuasion | [18,39]
Knowledge Knowledge, Knowledge about
Targeted Subjects
Code | Indicators from Sub-components References
SU Construct
SU1 | Subject’s Joy, Fright, Sadness, [39,45]
Emotions Antipathy, Anger, Surprise
SU2 | Demography Gender, Age, Ethnicity [39]
SU3 | Sampling Method | Sample Size (n), Methods of | [24,39]
Data Collection and Analysis
SU4 | Subject’s Openness, Conscientiousness, | [36,39]
Personality Extroversion, Agreeableness,
Neuroticism
SU5 | Subject’s Topic Knowledge, Persuasion | [18,39]
Knowledge Knowledge, Knowledge about

Targeted Subjects

Table 3. Construct: Persuasion in Conversational Agent (PCA).

Code |Indicators from PCA Construct | References

PCA1 | Behavior Change [13,18]

PCA2 | Change in Worldview [13,39]

PCA3 | Motivation [13,47]

PCA4 | Adaptation [13]

PCA5 | Emotional Appeal [2,10,15,31,39,47]
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Fig. 5. Agent-Subject Persuasion Model (ASPM) provides a state-of-the-art persuasive
conversational agent, which emphasizes the originality of this research.

and indicators in a conceptual model of ASPM that can advance future research.
First, this study elaborates on concepts of a persuasive conversational agent
and different approaches of the theoretical models (Fig. 1, Fig. 2, Fig. 3, Table 2,
Table 3). Second, we incorporate the literature, illustrate relationships among
entities, and generate a synthesis that accommodates this knowledge [33]. Third,
the proposed fundamental premises demonstrate the concept, structure the
related theories founded in fragmented fields, extend the research domain, and
resolve ambiguities [38].
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5.2 Limitations

The results should be comprehended in light of limitations. First, our former
experimental research undertook solely with homogeneous target participants
(e.g., Japanese students in a similar age range that interacted with virtual
agents). To derive more reliable data, this study can be analyzed with more
samples in non-homogeneous subjects. Second, the decision to adopt strict cri-
teria generates limited results. These results may have been different if we had
considered looser inclusion criteria. However, ASPM was created purposely to
be focused on computers as persuasive technology and the input-process-output
concept for an interactive dialogue system, with the specific goal of persuad-
ing humans. Despite these limitations, we are confident that the development
of these fundamental premises and implications will help scholars address these
essential priorities.

5.3 Future Research

We recommend that future research should ground persuasive conversational
agent on a more nuanced conceptual understanding of experience. Adjusting the
narratives and agents’ chosen facial expressions to the preferred subjects is also
necessary as [39,44,45] mentioned that the matching between subjects’ person-
alities and agents’ facial expressions influences the effectiveness of persuasion.
In the next studies, solving some shortages (e.g., non-homogeneous data, sample
size, strict inclusion criteria, redundant terminology to reach the objectives) is
essential. ASPM (Fig. 5) provides clear guidelines and implications for continued
research on a persuasive conversational agent. Incorporating ASPM developed
in this study in continued research should facilitate the advancement of infor-
mation science, persuasive technology, captology, and the generalization of the
findings by enabling the different fields to speak the same language.

6 Conclusion

This study proposes a blueprint or conceptual model for Al and persuasive
technology in which the correlations between variables were implied with a mul-
tivariate statistical method. It focuses on a specific novel idea to advance and
present viewpoints on a particular research problem. It contributes to theorized
links between variables.

This investigation gathers data from our former experiment and comparative
studies to be statistically evaluated for use in future research. It derives twelve
fundamental premises, fifteen indicators, three fundamental constructs, and two
implications presented in an ASPM conceptual model. The relationships between
constructs and indicators strengthen with the use of the PLS-SEM measurement.

Conclusively, ASPM can be applied to any Al and persuasive technology-
related experiments that are dynamic, intelligent, and could learn from the sub-
jects. The cutting-edge understanding offered in this study is the required step
toward a more unified persuasive system theory.



Persuasion-Building Fundamental Premises and Implications 287

References

10.

11.

12.

13.

14.

15.

16.

Al Mahmud, A., Dadlani, P., Mubin, O., Shahid, S., Midden, C., Moran, O.: iPar-
rot: towards designing a persuasive agent for energy conservation. In: de Kort,
Y., Lsselsteijn, W., Midden, C., Eggen, B., Fogg, B.J. (eds.) PERSUASIVE 2007.
LNCS, vol. 4744, pp. 64-67. Springer, Heidelberg (2007). https://doi.org/10.1007/
978-3-540-77006-0_8

Albaina, I.M., Visser, T., Van Der Mast, C.A., Vastenburg, M.H.: Flowie: a persua-
sive virtual coach to motivate elderly individuals to walk. In: 2009 3rd International
Conference on Pervasive Computing Technologies for Healthcare, pp. 1-7. IEEE
(2009)

Amir, O., Kamar, E., Kolobov, A., Grosz, B.: Interactive teaching strategies for
agent training. In: Proceedings of IJCAI 2016 (2016)

Andrews, P.Y.: System personality and persuasion in human-computer dialogue.
ACM Trans. Interact. Intell. Syst. 2(2) (2012). https://doi.org/10.1145/2209310.
2209315

Anggia, P., Sensuse, D.I., Sucahyo, Y.G., Rohajawati, S.: Identifying critical suc-
cess factors for knowledge management implementation in organization: a survey
paper. In: 2013 International Conference on Advanced Computer Science and Infor-
mation Systems (ICACSIS), pp. 83-88. IEEE (2013)

Bini, S.A.: Artificial intelligence, machine learning, deep learning, and cognitive
computing: what do these terms mean and how will they impact health care? J.
Arthroplasty 33(8), 2358-2361 (2018)

Blanthorne, C., Jones-Farmer, L.A., Almer, E.D.: Why you should consider sem: a
guide to getting started. In: Advances in Accounting Behavioral Research. Emerald
Group Publishing Limited (2006)

Bradshaw, J.M.: An introduction to software agents. Softw. Agents 4, 3-46 (1997)
Decock, S., De Clerck, B., Lybaert, C., Plevoets, K.: Testing the various guises
of conversational human voice: the impact of formality and personalization on
customer outcomes in online complaint management. J. Internet Comm. 20(1),
1-24 (2021)

Dormann, C.: Designing electronic shops, persuading consumers to buy. In: Pro-
ceedings of the 26th Euromicro Conference. EUROMICRO 2000. Informatics:
Inventing the Future, vol. 2, pp. 140-147. IEEE (2000)

Etzioni, O., Weld, D.S.: Intelligent agents on the internet: fact, fiction, and forecast.
IEEE Expert 10(4), 44-49 (1995)

Fogg, B.J.: Creating persuasive technologies: an eight-step design process. In: Pro-
ceedings of the 4th International Conference on Persuasive Technology, pp. 1-6
(2009)

Fogg, B.J.: Captology: the study of computers as persuasive technologies. In: CHI
98 Conference Summary on Human Factors in Computing Systems, p. 385 (1998)
Fogg, B.J.: Persuasive computers: perspectives and research directions. In: Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing Systems, pp.
225-232 (1998)

Fogg, B.J.: Persuasive technology: using computers to change what we think and
do. Ubiquity 2002(December), 2 (2002)

Fossa, F., Sucameli, I.: Gender bias and conversational agents: an ethical perspec-
tive on social robotics. Sci. Eng. Ethics 28(3), 1-23 (2022)


https://doi.org/10.1007/978-3-540-77006-0_8
https://doi.org/10.1007/978-3-540-77006-0_8
https://doi.org/10.1145/2209310.2209315
https://doi.org/10.1145/2209310.2209315

288

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

P. Anggia and K. Sumi

Franklin, S., Graesser, A.: Is it an agent, or just a program?: a taxonomy for
autonomous agents. In: International Workshop on Agent Theories, Architectures,
and Languages, pp. 21-35. Springer, Heidelberg (1996). https://doi.org/10.1007/
bfb0013570

Friestad, M., Wright, P.: The persuasion knowledge model: how people cope with
persuasion attempts. J. Cons. Res. 21(1), 1-31 (1994)

Hair Jr, J.F.,; Hult, G.T.M., Ringle, C.M., Sarstedt, M., Danks, N.P., Ray, S.:
Partial least squares structural equation modeling (pls-sem) using r: a workbook
(2021)

Hidayanto, A.N., Ovirza, M., Anggia, P., Budi, N.F.A., Phusavat, K.: The roles
of electronic word of mouth and information searching in the promotion of a new
e-commerce strategy: a case of online group buying in Indonesia. J. Theor. Appl.
Electron. Commer. Res. 12(3), 69-85 (2017)

Hui, C.: Personality’s influence on the relationship between online word-of-mouth
and consumers’ trust in shopping website. J. Softw. 6(2), 265-272 (2011)
Jaakkola, E.: Designing conceptual articles: four approaches. AMS Rev. 10(1-2),
18-26 (2020)

Jani, D., Han, H.: Influence of environmental stimuli on hotel customer emotional
loyalty response: testing the moderating effect of the big five personality factors.
Int. J. Hosp. Manag. 44, 48-57 (2015)

Johnson, M., Ghuman, P.: Blindsight: The (Mostly) Hidden Ways Marketing
Reshapes Our Brains. BenBella Books (2020)

Kantharaju, R.B., De Franco, D., Pease, A., Pelachaud, C.: Is two better than
one? effects of multiple agents on user persuasion. In: Proceedings of the 18th
International Conference on Intelligent Virtual Agents, pp. 255-262 (2018)

Khan, R.F., Sutcliffe, A.: Attractive agents are more persuasive. Int. J. Hum.-
Comput. Interact. 30(2), 142-150 (2014)

Kim, M.J., Lee, C.K., Jung, T.: Exploring consumer behavior in virtual reality
tourism using an extended stimulus-organism-response model. J. Travel Res. 59(1),
69-89 (2020)

Kok, J.N., Boers, E.J., Kosters, W.A., Van der Putten, P., Poel, M.: Artificial intel-
ligence: definition, trends, techniques, and cases. Artif. Intell. 1, 270-299 (2009)
Kuss, P., Leenes, R.: The ghost in the machine-emotionally intelligent conversa-
tional agents and the failure to regulate ‘deception by design’. SCRIPTed 17, 320
(2020)

Liu, S., Helfenstein, S., Wahlstedt, A.: Social psychology of persuasion applied to
human agent interaction. Hum. Technol. Interdisc. J. Hum. ICT Environ. (2008)
Looije, R., Neerincx, M.A., Cnossen, F.: Persuasive robotic assistant for health
self-management of older adults: design and evaluation of social behaviors. Int. J.
Hum.-Comput. Stud. 68(6), 386-397 (2010)

Lugrin, B.: Introduction to Socially Interactive Agents, 1 edn, p. 1-20. Association
for Computing Machinery, New York (2021). https://doi.org/10.1145/3477322.
3477324

MaclInnis, D.J.: A framework for conceptual contributions in marketing. J. Mark.
75(4), 136-154 (2011)

Moulik, S.: DIL-A Conversational Agent for Heart Failure Patients. Ph.D. thesis,
The Claremont Graduate University (2019)

Mower, E., Black, M.P., Flores, E., Williams, M., Narayanan, S.: Rachel: design of
an emotionally targeted interactive agent for children with autism. In: 2011 IEEE
International Conference on Multimedia and Expo, pp. 1-6. IEEE (2011)


https://doi.org/10.1007/bfb0013570
https://doi.org/10.1007/bfb0013570
https://doi.org/10.1145/3477322.3477324
https://doi.org/10.1145/3477322.3477324

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Persuasion-Building Fundamental Premises and Implications 289

Norman, W.T.: Toward an adequate taxonomy of personality attributes: replicated
factor structure in peer nomination personality ratings. J. Abnorm. Soc. Psychol.
66(6), 574 (1963)

Nwana, H.S.: Software agents: an overview. Knowl. Eng. Rev. 11(3), 205244
(1996)

Palmatier, R.W., Houston, M.B., Hulland, J.: Review articles: Purpose, process,
and structure (2018)

Pinkie, A., Kaoru, S.: 3d real-time conversational virtual agents system: do facial
expressions and camera angles persuade human? In: The 2023 International Con-
ference on Artificial Life and Robotics (2023)

Rajaguru, R.: Motion picture-induced visual, vocal and celebrity effects on tourism
motivation: stimulus organism response model. Asia Pac. J. Tour. Res. 19(4), 375—
388 (2014)

Rheu, M., Shin, J.Y., Peng, W., Huh-Yoo, J.: Systematic review: trust-building
factors and implications for conversational agent design. Int. J. Hum.-Comput.
Interact. 37(1), 81-96 (2021)

Rogers, S., Fiechter, C.N., Langley, P.: An adaptive interactive agent for route
advice. In: Proceedings of the third annual conference on Autonomous Agents, pp.
198-205 (1999)

Schulman, D., Bickmore, T.: Persuading users through counseling dialogue with
a conversational agent. In: Proceedings of the 4th International Conference on
Persuasive Technology, pp. 1-8 (2009)

Sumi, K.: Learning story marketing through practical experience of story creation
system. In: Aylett, R., Lim, M.Y., Louchart, S., Petta, P., Riedl, M. (eds.) ICIDS
2010. LNCS, vol. 6432, pp. 98-110. Springer, Heidelberg (2010). https://doi.org/
10.1007/978-3-642-16638-9-13

Sumi, K., Nagata, M.: Evaluating a virtual agent as persuasive technology. In:
Csapd, J., Magyar, A. (eds.) Psychology of Persuasion (2010)

Xie, G.X., Boush, D.M., Liu, R.R.: Tactical deception in covert selling: a persuasion
knowledge perspective. J. Mark. Commun. 21(3), 224-240 (2015)

Zulkifli, A.N., Noor, N.M., Bakar, J.A.A., Mat, R.C., Ahmad, M.: A conceptual
model of interactive persuasive learning system for elderly to encourage computer-
based learning process. In: 2013 International Conference on Informatics and Cre-
ative Multimedia, pp. 7-12. IEEE (2013)


https://doi.org/10.1007/978-3-642-16638-9_13
https://doi.org/10.1007/978-3-642-16638-9_13

l‘)

Check for
updates

On Further Reflection... Moral
Reflections Enhance Robotic Moral
Persuasive Capability

Ruchen Wen'®)®, Boyoung Kim?®, Elizabeth Phillips®®, Qin Zhu?
and Tom Williams!

)

1 Colorado School of Mines, Golden, CO, USA
{rwen,twilliams}@mines.edu
2 George Mason University, Fairfax, VA, USA
{bkim55,ephill3}@gmu.edu
3 Virginia Tech, Blacksburg, VA, USA
gqinzhu@vt.edu

Abstract. To enable robots to exert positive moral influence, we need
to understand the impacts of robots’ moral communications, the ways
robots can phrase their moral language to be most clear and persua-
sive, and the ways that these factors interact. Previous work has sug-
gested, for example, that for certain types of robot moral interventions
to be successful (i.e., moral interventions grounded in particular ethical
frameworks), those interventions may need to be followed by opportu-
nities for moral reflection, during which humans can critically engage
with not only the contents of the robot’s moral language, but also with
the way that moral language connects with their social-relational ontol-
ogy and broader moral ecosystem. We conceptually replicate this prior
work (N =119) using a design that more precisely manipulates moral
reflection. Our results confirm that opportunities for moral reflection are
indeed critical to the success of robotic moral interventions—regardless
of the ethical framework in which those interventions are grounded.

Keywords: human-robot communication - role ethics - moral influence

1 Introduction

Research has shown that language-capable robots hold unique persuasive capa-
bility over human interactants. Robots can use their language not only to encour-
age human compliance with requests and commands [3,4,7,24,31], but also
(intentionally or unintentionally [15,16]) to influence human systems of moral
and social norms [28,35,41]. Critically, robots are not only able to influence the
behaviors of those they directly interact with, but also may influence others
indirectly. That is, robots may influence the behaviors their human interactants
choose to perform around other humans [35]. These “ripple effects” thus have
the potential to more broadly affect interactants’ social and moral ecosystems,
above and beyond their immediate interactions with robots. It is thus critical to
understand how best to steer robots’ potential for moral influence.
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Steering Robots’ Potential for Moral Influence

To prevent robots from exerting negative moral influence, language-capable
robots must avoid violating moral norms or causing moral harm, and be able to
explicitly communicate moral conceptions and values. For example, robots must
be able to reject unethical commands given by interlocutors, and explain or jus-
tify the reason(s) for their non-compliance by highlighting how such commands
violate moral principles [33,42].

Moreover, given robots’ unique persuasive power, they must be able to lever-
age their persuasive capability to exert positive moral influence. By demonstrat-
ing positive moral tendencies, robots might serve as “moral mediators” that
inspire human interactants to cultivate their own moral tendencies. By issuing
blame-laden moral rebukes, robots might emphasize the importance of key moral
norms, and encourage their adherence by interactants [46]. And just as negative
moral influence may cause negative “ripple effects”, we must also consider the
opportunities for robots to exert positive influence, and for this positive influence
to similarly result in positive “ripple effects [28].”

A social-relational approach would suggest that robots can encourage,
emphasize, and reinforce moral norms within communal contexts by leverag-
ing the power resulting from the normative influences on human-robot rela-
tionships. This relational approach can be understood through the lens of a
Confucian ethical framework, in which people cultivate self-reflections and vir-
tuous tendencies through daily interaction with others [2], and in which people’s
moral self-reflection can often be initiated or influenced by other’s words and
actions [46]. Through their use of moral language, robots may help interactants
cultivate their moral selves and contribute to a flourishing moral ecology for
human-robot interaction that allows humans to grow.

To best leverage robots’ persuasive capability to exert positive moral influ-
ence, we need to understand different forms of moral language, and the acute
impacts of those different forms. But critically, as we will discuss in the next
section, previous work argues that the effectiveness of different types of moral
language could be mediated by the structure of the interactions in which they
are embedded.

The Structure of Moral Interventions

The impacts of a robot’s moral language are mediated by a host of contex-
tual factors. One such contextual factor is the structure of the interaction that
surrounds a robot’s moral intervention. Previous work from [40], for example,
suggested that for certain types of robot moral interventions to be successful,
those interventions may need to be followed by opportunities for moral reflection,
in which interactants can take their time to examine and digest the information
they receive from the robot, and thus more deeply engage with the content of the
robot’s moral language. If this were the case, it would have significant impacts
on the design of the broader interaction structure of robotic moral interventions.
This suggestion by [40], however, was based on an emergent observation from an
experiment not explicitly designed to test for the effect of moral reflection. This
creates an obvious need to formally verify this suggestion.
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In this work, we thus present a conceptual replication and extension of [40]
(N =119), following the same study procedures, but designed to systematically
investigate the impacts of moral reflection on the effectiveness of robots’ moral
language on human behavior. Our results indicate that opportunities for moral
reflection are indeed critical to the success of robots’ moral interventions and
their associated perlocutionary goals—regardless of the ethical framework in
which those interventions are grounded.

2 Related Work

2.1 Persuasive Robots and Robotic Moral Influence

Human-Robot Interaction (HRI) researchers have demonstrated that interactive
robots, especially language-capable robots, have unique potential to influence
humans in a variety of ways [3,4,6,7,12,24,30-32]. Not only are robots able
to exert influence over human behaviors, but also researchers have shown that
they can exert moral influence, by weakening humans perceptions of certain
moral norms [16]. This moral persuasive influence may be especially strong for
language-capable robots, due to the uniquely high social agency [19] and moral
agency [9] that may be evoked by natural language capabilities [18]. Critically,
this exertion of negative moral influence can be unintentional [16], meaning it
needs to be watched for and addressed even in contexts where persuasion is not
the robot’s perlocutionary goal [20]. Moreover, this potential for negative moral
influence is particularly concerning due to previous observations that robots
can mediate human—human interaction dynamics [10,11,36] and create ripple
effects [28,35,38] in which robots influence over humans carries over into human-—
human interactions in which the robot is no longer involved.

Yet with this challenge of avoiding negative moral influence comes an oppor-
tunity for promoting positive moral influence and helping cultivate moral ecosys-
tems. Research has shown a variety of ways that robots can engage in moral
communication, including rejecting inappropriate commands [5,14,17,21,38,39],
calling out norm violations [23,43,43], justifying necessary norm violations [33],
and giving moral advice [25,26,34,40]. Although these types of approaches are
often motivated by robots’ obligation to avoid performing negative moral actions,
or to avoid exerting negative moral influence, all of these activities, especially giv-
ing moral advice, may also be used to intentionally exert positive moral influence.
Critically, just as the risks of unintentional exertion of negative moral influence
are exacerbated by the possibility for negative ripple effects, we argue that the
benefits of intentional exertion of positive moral influence can be accentuated
by the possibility for positive ripple effects. Although positive moral influence
could be exerted through a variety of moral communicative means, the most
obvious and direct way of doing so may be through the use of moral advice that
explicitly conveys particular moral principles.
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2.2 Confucian Ethics and Moral Reflection

A number of scholars have begun to incorporate Confucian ethics into the philo-
sophical and empirical studies of human-robot interaction, especially as they
relate to calls for increased attention to non-Western ethical theories [42] and
for ethical pluralism [47]. Self-reflection is of critical importance to moral devel-
opment in Confucian ethics. It is also worth noting that moral reflection in the
Confucian tradition is rarely done by people themselves. Rather, it is an interac-
tive process in concert with others [44]. Such a relational approach can occur in
various settings including: (1) observing and reflecting on how others (especially
moral exemplars) make decisions in moral situations and how we can improve
ourselves by incorporating our reflective thinking into future situations; and
(2) exercising and developing moral sympathy toward others in moral thought
experiments [45].

2.3 Confucian Ethics for Robot Moral Communication

As part of the recent effort to integrate Confucian ethics into human-robot inter-
action, some scholars have recently investigated how robotic moral interventions
grounded in different moral frameworks might have different moral effects. [42]
explored different ways that Confucian ethics could be used to guide the design
of language capable robots. [38] explored the ways that Confucian ethics could
guide the design and use of knowledge representations for generating robot norm
violation responses. [25,26] investigated the use of role-based, identity-based,
and norm-based language in encouraging participant honesty. And most rele-
vant to our work, [40] compared the use of role-based and norm-based language
for encouraging interactants to adhere to community-relevant role norms. In
that work, [40] used a Theory of Planned Behavior (TPB) [1] questionnaire to
measure potential changes to the strength of these role-norms, and systemati-
cally varied the timing of this measure to control for potential ordering effects.
Curiously, [40] found that role-based moral interventions led to greater observed
adherence to the role-norms under investigation, but only when immediately
preceded by the TPB questionnaire. [40] suggested that this observation may
have been due to the TPB questionnaire serving as an opportunity for moral
reflection, the importance of which would be well justified from a Confucian
ethical perspective, as described above.

If this suggestion were to be accepted, it would mean that robots’ use of
role-based moral language is uniquely impactful for encouraging adherence to
community-relevant role-norms, but only if the robot’s moral language were
followed by an opportunity for reflection on that language. We argue, however,
that this suggestion cannot be accepted by the results of [40]’s study alone.
First, their study was not explicitly designed to interrogate the role of reflection.
Second, while the TPB may indeed have served some reflective role in their
study, an intentionally designed reflective exercise would be needed to justify
[40]’s suggestion. Finally, it is possible that the TPB questionnaire used by [40]
may have overly primed people towards role-oriented modes of reflection, which
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could explain the localization of their observed effects to their role-based moral
language condition. In this work, we thus conducted a conceptual replication
of [40]’s experiment that manipulated the opportunity for reflection in a more
controlled, explicit, and intentional manner. This work aims to test the two
following experimental hypotheses:

Hypothesis H1 When a robotic moral language intervention is followed by an
opportunity for moral reflection, it will lead to greater moral influence, as
demonstrated by greater adherence to the moral principles encouraged by
that moral intervention.

Hypothesis H2 The increases to moral influence facilitated by opportunities
for reflection will be greater when following role-based moral language inter-
ventions than when following norm-based moral language interventions.

3 Method

3.1 Experimental Design

To evaluate our hypotheses, we conducted an IRB-approved human-subjects
experiment with a mixed factorial design, similar to that used by [40]. This
experiment used a 2 (Moral language) x2 (Reflection) x2 (Experimental Task),
mixed between-within subjects design with two between-subjects factors and
one within-subjects factor. Specifically, participants completed two experimen-
tal tasks (order counterbalanced) and were randomly assigned to receive either
a Norm-Based or a Role-based moral language intervention immediately after
completing the first experimental performance task. Half of participants then
completed a moral reflection exercise after receiving their moral language inter-
vention, and the other half did not complete the moral reflection exercise. After
receiving the moral language intervention and/or moral reflection exercise, all
participants then completed the experimental task for a second time to allow us
to compute pre-intervention to post-intervention performance differences.

3.2 Experimental Task

We chose the experimental tasks used by [40] in order to expand and conceptually
replicate the prior study’s suggestion that a (certain type of) reflective exercise
may have increased the efficacy of (a certain type of) moral language provided
by a robot. As in [40]’s study, the experimental task asked participants to count
the frequency of three articles (“a”, “an”, and “the”) appearing in book pages.

3.3 Experimental Conditions

Moral Language Interventions. We also chose to replicate the two moral
language interventions from [40]’s study, and then add an opportunity for reflec-
tion to address limitations of the original study and the interpretation of its
results.
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Thus, for the moral intervention conditions, we used the same two videos
which consisted of a norm-based moral language intervention delivered by a Nao
robot, and a role-based moral language intervention delivered by a Nao robot.
All videos of NAO speaking used NAQ’s default ‘voice’ and were coupled with
closed captioning located at the bottom center of each video. These videos can
be found in this paper’s OSF Repository. Participants were first introduced to
the study and the task with a video of a NAO robot serving as the experimenter
in the study. Participants then completed their first article counting task, and
once complete, received either a norm-based moral intervention where the Nao
robot said:

“As a reminder, you are obligated to provide high quality data if you are
to accept payment for this task. Therefore, you should find all the articles
in the text.”

Or, participants received a role-based moral intervention:

“As a reminder, you are a paid research participant, and a good paid
research participant helps researchers by providing high quality data. There-
fore, your responsibility is to find all the articles in the text.”

These two videos thus represent two possible robotic moral language inter-
ventions which use different moral frameworks (role-based vs. norm based). The
effectiveness of these moral language interventions are then measured by assess-
ing the difference in task performance before and after receiving the moral lan-
guage intervention.

Reflection Exercises. The claims of Wen [40] regarding the role of moral
reflection were made on the basis of the placement of a Theory of Planned
Behavior (TPB) questionnaire they used as a dependent measure. Wen’s find-
ings suggested that the act of completing the TPB questionnaire immediately
after receiving a moral language intervention may have inadvertently served
as an opportunity for moral reflection. Although the TPB may have encour-
aged reflection, it was not explicitly designed for this purpose. Moreover, [40]
identified several items within the TPB questionnaire whose wording may have
heightened participants’ sensitivity to reflect specifically on the role-based moral
language.

We thus developed a two-stage reflection exercise for this experiment. In the
first stage, participants were asked to think about the language that the robot
used in their moral language intervention (i.e., either the norm-based interven-
tion or the role-based intervention), and write down in a free response text box,
what they thought about what the robot said. In the second stage, and immedi-
ately after completing their responses to the first stage, participants were then
asked to indicate how convincing they found the robot’s speech. Participants
were also asked to explain why they felt that way.

To ensure that participants considered each stage of the exercise carefully, we
required a minimum of three minutes to be spent on each stage, and a minimum
of 300 characters to be typed for each free response.
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3.4 Experimental Procedures

After completing an audio/video check to ensure that participants could see
and hear the videos of the NAO robot, and providing informed consent, partici-
pants completed a demographic survey. Participants were then shown the video
in which a NAO robot introduced itself and explained the experimental task.
Next, participants performed the first article counting task, with a video of the
robot continuing to play on the left-hand side of the screen as shown in Fig. 1.
Once participants completed the first article counting task, they were shown a
video in which the NAO robot either gave a norm-based language intervention
or a role-based language intervention based on their assigned Intervention con-
dition. After watching the intervention video, half of participants completed the
reflection exercise and then completed the second experimental task. The other
half of participants immediately completed the second experimental task with
no opportunity for moral reflection. Finally, participants were paid.

Task 1

IPlease read the text from the two images on the right and type out the numbers of each article (@', ‘an’, and 'the’) nto the textboxes at the bottom of the images.
Make sure you count the numbers from the entire text. You will need to scroll the images to continue reading.

ished by applying a hot iron. The brim
is next cut, and the hat put in shape by
g::‘ing a screw across, and shaping the

im while warm with the hand; the
coarse hairs are then picked out, and

after lining and binding it is ready for 1
the market.
Hats made of wool are called, by the
hatters, cordies,
- |
.
G el

How many 'a' did you count in the text?
How many an’ did you count in the text?

How many 'the’ did you countin the text?

Fig. 1. Screenshot of the experimental task page.

3.5 Dependent Measures

Our key dependent variable in this experiment was improvement of performance
between article counting experimental task one and article counting task two,
which reflected changes in role-norm adherence. Performance was calculated by
the difference between the reported counts and the actual counts for all three
types of articles. To gain a deeper understanding of how the effectiveness of
robots’ moral interventions may have been mediated by reflection, we collected
the text participants produced for the reflection exercise. We performed an
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exploratory content analysis of this text, with respect to: the amount of text
participants wrote in their reflection exercises, participants’ use of reflection-
related verbs and role-related and norm-related words.

3.6 Participants

One hundred and nineteen participants (58F, 60M, 1NB) were recruited from
Prolific (www.prolific.co). All participants passed “bot check” procedures. Par-
ticipants’ ages ranged from 19 to 71 years old (M =32.80, SD =10.03).

4 Performance Analysis

4.1 Analysis

We analyzed our data through a Bayesian analysis framework [37], using version
0.16.3 of the JASP statistical software [22]. Within this framework, we conducted
a Bayesian Analyses of Variance (ANOVA) with Bayes Factor Analysis to assess
(1) the impacts of the moral reflection exercise, (2) the impacts of the type
of moral language intervention, and (3) the potential interaction between these
two factors. Bayes Factors are odds ratios representing the relative strengths of
evidence for and against hypotheses. A Bayes Factor BF}g represents the relative
likelihood of the collected data under hypothesis H; versus hypothesis Hy. We
specifically calculated Bayes Inclusion Factors across matched Models [13,29],
which represent, for each candidate main effect and interaction effect, the relative
likelihood of models containing that effect versus models not containing that
effect, thus providing a measure of the strength of evidence in favor of that
effect. Bayes Factors were then interpreted using community standards [27]. All
data and analysis scripts can be found in this paper’s OSF Repository.

4.2 Results

Our analysis provided very strong evidence in favor of an effect of the reflection
exercise (BF 34.783), but moderate evidence against both an effect of interven-
tion type (BF 0.193) and an interaction effect between the reflection exercise and
the intervention type (BF 0.255). As shown in Fig. 2, participants who received
an opportunity for reflection had greater improvement of performance in the
second article counting task (M =—3.639, SD =6.718) than did participant who
received no such opportunity (M =—0.241, SD =3.461).

5 Content Analysis

We will now discuss the exploratory content analysis that followed our
hypothesis-driven statistical analysis.
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o

Error Gain

Opportunity for Reflection No Opportunity for Reflection
Condition

Fig. 2. Error Gain between tasks (errors made post-intervention minus errors made pre-
intervention), by experimental condition. Lower numbers indicate better performance
on the second task (post-intervention) relative to the first task (pre-intervention).

5.1 Analysis

After screening out one participant whose responses demonstrated a lack of
understanding of the task, sixty participants remained who had been com-
pleted the reflection exercise. Two authors coded about half of these remain-
ing responses each, looking for keywords that demonstrated either attention to
roles, attention to norms, or direct evidence of reflection. After discussion, the
two authors agreed on a final set of keywords in each of these three categories.

After defining the norm keywords, role keywords, and reflection verb cate-
gories, the two authors each coded a shared set of 20 responses, counting the
frequency of words belonging to each of the three categories. We then computed
interclass correlation coeflicients to assess inter-rater agreement between the two
coders, which showed good agreement for all categories (ICCs between 0.8 and
0.89). We thus proceeded to count the frequency of each keyword for each of the
three categories for all responses. Analysis on the coded data set was conducted
only for participants (N = 60) given the opportunity to engage in reflection after
the robot’s moral intervention. We also computed the total number of words used
by each participant in their reflection.

Finally, we conducted a Bayesian repeated measures ANOVA (RM-ANOVA)
with Inclusion Bayes Factor Analysis (with moral intervention type as a between-
subjects factor and type of vocabulary assessed as a repeated measures factor)
to explore differences between norm and role based vocabulary use in each of
the two moral interventions, and conducted t-tests with Bayes Factor Analysis
to explore the differences in reflection verb use, as well as total number of words
typed (as a measure of reflection extensiveness), in each of the two conditions.

5.2 Results

Evidence of General Reflection. A t-test revealed anecdotal evidence in
favor of an effect of moral intervention type on reflection verb use (BF 1.730)
While there was probably no difference in reflection verb use, participants may
have used more reflection verbs after norm-based moral interventions (M = 2.000,
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SD =1.789) than after role-based moral interventions (M =1.172, SD =1.104), A
t-test revealed moderate evidence in favor of an effect on reflection as measured
by character count (BF 5.907). Participants typed more characters after a norm-
based moral intervention (M =375.484, SD=102.355) than after a role-based
moral intervention (M =309.414, SD = 80.231).

Moral Language Use. An RM-ANOVA revealed anecdotal evidence against
an effect of robot’s moral language intervention type on moral language use
in the reflections (BF 0.747) suggesting that there is probably no effect, but
participants may have generally used more morally relevant language in their
reflection after a role-based moral intervention (M = 1.47, SD = 1.77) than
after a norm-based moral intervention (M = 0.97, SD =1.16). This analysis also
revealed moderate evidence against an effect of type of moral language, sug-
gesting that overall, norm-based and role-based moral language were used with
relatively equal frequency across reflections (BF 0.297). Finally, this analysis
revealed extreme evidence of an interaction between type of robot’s moral lan-
guage intervention and type of moral language use in reflections (BF 348.179),
as visualized in Fig. 3.

Post-hoc t-tests provided moderate evidence (BF 3.469) that after the norm-
based intervention, norm-based moral language (M =1.323, SD =1.249) was
used more frequently than role-based moral language (M =0.613, SD =0.955),
and moderate evidence that after the role-based moral intervention, role-based
moral language was used even more frequently (M =2.103, SD=2.110) than
norm-based moral language (M =0.828, SD =1.037), with very strong evidence
(BF 39.871) that role based language was much more strongly encouraged after
role-based moral interventions than after norm-based interventions.

3.0
== Norm-Based Vocabulary
Role-Based Vocabulary

Moral Vocabulary Frequency
w

1

Norm-Based Intervention Role-Based Intervention
Moral Intervention Type

- 0.0

Fig. 3. Vocabulary Use in Moral Reflections by Type of Moral Intervention and Type
of Moral Language. Error bars represent 95% Credible Intervals.

These results suggest that although the norm-based intervention may have
been more effective at promoting general reflection, both interventions were effec-
tive at promoting their specific types of moral reflection, with the role-based
intervention especially effective in this regard.
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6 Discussion

We contribute to the growing body of research demonstrating the potential for
positive moral influence of language capable robots. Specifically, we investigated
the positive impact of robots’ moral language, as mediated both by different
moral frameworks and by the opportunity for reflection. Our work serves as a
successful conceptual replication of [40]’s work, validating their suggestion that
opportunities for people to reflect on ethics could increase the effectiveness of
role-based moral language delivered by a robot, while building on and providing
nuance to this suggestion.

A main contribution of this work was to address the limitations of their study,
in which questionnaire placement may have inadvertently acted as an opportu-
nity for moral reflection and potentially for only one type of moral language.

Building on [40]’s work, our first hypothesis was that when a robotic moral
intervention was followed by an opportunity for moral reflection, it would lead
to a greater moral influence, as demonstrated by greater adherence to the moral
principles encouraged by that moral intervention. In this study, the adherence
to the moral principles was reflected in the improvement in performance of a
citizen science task. Our behavioral data support this hypothesis, with partici-
pant error rates decreasing only when provided with opportunities for reflection,
regardless of which type of moral language was used to encourage their perfor-
mance improvement. Thus, Hypothesis H1 was supported.

Our second hypothesis was that the increases to moral influence facilitated by
reflection would be greater after role-based moral interventions than after norm-
based moral interventions. This hypothesis (H2) was not supported. However,
our exploratory content analysis provided preliminary insights that role-based
moral interventions were slightly more successful at encouraging moral reflection,
even if this moral reflection did not directly lead to increased norm adherence
as we had expected. Together, these findings support the conclusion that role-
based interventions can lead to moral reflection, and that reflection can serve as
a means to influence human behavior, but that reflection’s positive influence on
human behavior is sufficiently strong that it is observed regardless of the ethical
framework used to guide a robot’s moral language.

Moreover, while our results suggest potential benefits of both types of moral
language (especially role-based moral language) they also demonstrate a need
to broaden consideration beyond the ethical grounding of robots’ moral inter-
ventions, as the interaction context in which a moral intervention is embedded
may be much more important than the nuances of the moral intervention itself.
In our case, the structuring of an intervention to allow for moral reflection was
more important than the norm-based or role-based grounding of our moral inter-
ventions. Future work should explore other ways that the context surrounding a
moral intervention might be structured to best support intervention efficacy, and
other ways that reflection exercises can be intentionally structured to facilitate
or reduce the invasiveness of reflection.
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7 Limitations and Future Work

Our work has several limitations that motivate future work. First, in conditions
where participants were given the reflection opportunity, we required partici-
pants to reflect for a minimum amount of time and provide a minimum amount
of content. It is possible that different types of reflection exercises, or ones people
select themselves, would have different effects or different moderating effects on
their behavior. Moreover, while we carefully controlled our reflection exercise,
it is possible that reflection exercises that are specifically targeted to different
moral frameworks could be beneficial, especially if they are shorter or less inva-
sive. Second, this experiment operated on a brief timescale. As one of the tenets
of Confucian ethical principles is that cultivating the moral self requires contin-
ued practice over time, change in behavior may require repeated moral reflection
or repeated interventions over longer time scales. Third, future work should repli-
cate our study in a context with increased ecological validity. This experiment
was conducted using video stimuli of robots as a result of the COVID-19 pan-
demic [8]. In-person experiments would allow for increased ecological validity
and richer qualitative analysis. Finally, just as our work helped to provide more
formal basis for [40]’s suggestion through rigorous conceptual replication, so too
should the results of our exploratory content analysis be replicated.

8 Conclusion

Robots stand to wield significant positive and pro-social impact through their
unique capability for positive moral persuasion. By doing so, robots might help
interactants to cultivate their moral selves, and moreover, might cause positive
ripple effects that positively effect interactants’ broader moral ecosystems. In
this work, we explored the ways that robots’ moral interventions — and more-
over, the contexts into which they are embedded — can be structured to best wield
this positive persuasive power. To do so, we conceptually replicated [40]’s prior
work, justifying their intuitions that providing opportunities for moral reflection
on robot-delivered moral language could be the key to unlocking robots’ persua-
sive capabilities when giving moral advice. Moreover, our work simultaneously
sheds light on the unique benefits of role-based moral interventions, while also
encouraging HRI researchers to move beyond specific choices of phrasing and
focus more attention on the interaction structures that will support such inter-
ventions. Our work thus provides substantial nuance to the understanding of
this research landscape that was enabled by prior work [40], while opening up
promising new directions to further explore that landscape in future work.
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Abstract. This scoping review aims to identify the gamification mechanics used
in designing gamified mobile health applications to support medication adher-
ence behaviour among people living with chronic conditions. The process of Ark-
sey and O’Malley’s framework was used in conducting this scoping review. Five
databases were searched for eligible studies, including PubMed, Scopus, Science
Direct, Web of Science, and ACM. Data charting characteristics included author,
year, country, chronic health condition, application name, research method, data
collection instruments, health behaviour change models, gamification elements
and mobile health features. Seven studies were examined in this review. In addi-
tion to gamification mechanics, health behaviour change and motivation theo-
ries were used to design the interventions for chronic disease patients. Interven-
tions reported positive impacts on medication adherence rates, mobile app usage,
and patient motivation. All included studies used progression, goal setting, feed-
back and rewards mechanics incorporated with medication adherence features.
Seven gamification mechanics were identified that could be used for medication
adherence and health education. This review’s findings suggest that medication
adherence applications using gamification elements improve adherence levels for
different chronic health conditions.

Keywords: Gamification - Mobile Health Applications - Medication
Adherence - Scoping Review

1 Introduction

Chronic disease patients need to modify unhealthy behaviours and adopt healthy habits
to help manage their disease and improve their quality of life [1]. Medication non-
adherence is a common challenge among people living with chronic diseases and can
negatively impact the treatment’s effectiveness and patients’ health outcomes if not man-
aged effectively. Patient education and engagement are critical in supporting medication
adherence behaviour. Patients must understand the importance of treatment and how
their medications will help control chronic conditions. This can be supported by pro-
viding chronic disease patients with novel technologies designed to empower patients
to support medication adherence behaviour [2, 3].
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Mobile health applications (m-health apps) have been successfully used to improve
medication adherence and enhance the accessibility of healthcare services leading to
optimal health outcomes [4-6]. The applicability of the persuasive systems design fea-
tures in medication management applications has been studied in [7] and identified that
reminders, tailoring and monitoring features had been the most cited features. In addi-
tion to these features, gamification design is used in medication adherence applications
to motivate users and support health behaviour change [8]. The persuasive architecture
of gamification in health applications depends on the game elements that make the pro-
cess more engaging and enjoyable [9]. Game elements are activities, behaviours, and
mechanisms designers incorporate into a specific context to create a gameful experience
[10-12]. Using game design elements positively impacts individual adherence across
different fields [13]. In addition, it improved the persuasiveness of m-health apps in
various health disciplines and enhanced the user’s competence in managing chronic
health conditions [8, 9, 11, 14]. Cugelman [9] found seven gamification elements linked
to proven health behaviour change techniques used to design gamified health systems,
including goal setting, challenges, feedback, rewards, progression, social interaction,
and fun. De Croon et al. [13] identify points, feedback, leader boards and social interac-
tion as the most frequently used game elements for adherence across multidisciplinary
applications.

Ahmed et al. [8] conducted an app review and found that only 1% of medication apps
in Apple and Google stores have used gamification design; there is a need to investigate
medication apps designed for specific diseases (e.g., chronic illnesses). The gamified
medication adherence application design that positively impacts chronic disease patients
needs to explore game elements and mobile app features and how they can support patient
adherence [15, 16]. Different studies suggest gamification design frameworks for m-
health applications targeting chronic health conditions; however, they do not focus on
how the gamified apps can improve patients’ adherence [17, 18]. Therefore, there is a
need to explore how gamification elements are designed for medication adherence to
support chronic disease patients. This review aims to identify the game elements and
mobile health features used in designing gamified medication adherence applications
for different chronic health conditions. The seven game-design elements proposed by
Cugelman [9] are used in this review to extract the game-design elements and how these
elements were incorporated with medication adherence features.

2 Methodology

2.1 Study Design

This scoping review aimed to identify the main concepts and knowledge gaps in using
gamification design in medication adherence mobile applications. The scoping review
can provide a researcher with an overview of how previous studies have designed and
evaluated gamified apps for chronic health conditions in the context of medication adher-
ence support. The research team followed the five steps to conduct scoping review
described by Arksey and O’Malley [19], which include: finding the research question;
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identifying relevant evidence; selecting relevant studies; extracting the data; and collat-
ing, summarising, and reporting the findings. The preferred reporting items for system-
atic reviews and meta-analysis (PRISMA) extension for scoping review were followed
in reporting the results [20]. The study focused on identifying game elements and mobile
health features used to design gamified medication adherence applications for people
with chronic diseases. Hence, the research question was: What are game elements used
in designing medication adherence applications to support chronic health conditions?

2.2 Identifying Relevant Studies

The team designed the search strategy to be comprehensive and include studies relevant
to gamification design in medication adherence apps for chronic health conditions. Five
databases, including PubMed, Scopus, Science Direct, Web of Science, and ACM, were
searched to identify eligible studies. The search included studies published in English
between 1 January 2010 and 15 August 2021, as gamified e-health applications began in
2010 [11]. The keywords used during the searches were: (“Gamification” OR Gamiful
OR Gamifi* OR “Gamified” OR “Playful” OR “Game design” OR “Gameful”) AND
(“mobile health” OR “eHealth” OR “digital health” OR “smartphone” OR “mobile app”
OR “mobile applications” OR “mHealth” OR “smartphones”) AND (“Medication adher-
ence” OR “Medication compliance” OR “Pharmacological adherence” OR “Adherence”
OR medications).

2.3 Inclusion and Exclusion Criteria

A Population, Concept, and Context (PCC) [21] framework was used to determine the
selection criteria. Population:: individuals with chronic health conditions. Concept: all
gamified applications are designed to enhance medication adherence behaviour. Con-
text: m-health apps. Any study that met the following criteria was included: (i) Design
and development of gamified medication adherence applications for chronic health con-
ditions, (ii) Evaluation of gamified medication adherence applications for chronic health
conditions. Exclusion criteria included: (i) Reviews, study protocols, opinion papers,
books, and reports, (ii) Studies related to video games, exergames, and gamification
in other fields, (iii) Studies not for chronic health conditions or did not use m-health
applications and (iv) Studies that were not in English.

2.4 Charting the Data and Analysis

After removing the duplicate articles, two reviewers (Author 1 and Author 3) indepen-
dently screened the titles and abstracts of the articles, and if there is any disagreement
will be discussed with the third reviewer (Author 2) to reach a consensus. All reviewers
come from academic backgrounds and are familiar with persuasive technology design in
m-health applications. The characteristics of included studies were extracted, and each
study was categorised based on author, year, country, health condition, research method,
data source (e.g., survey, interview, etc.), participants’ information, game elements and
mobile health features (see Table Al in the appendix). The reviewers summarised and
synthesised the available data. The game design elements and m-health features were
mapped to understand how m-health features were gamified to support patient adherence.
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3 Results

3.1 Selection of Included Studies

The results of the search in the selected databases were imported into Endnote. Initially,
1072 articles were retrieved from the database searches. In total, 658 papers remained
after removing duplicates and filtering articles based on eligibility criteria. After screen-
ing titles and abstracts, 581 articles were excluded that did not meet the criteria, and
77 articles were selected for full-text assessment. Finally, nine (9) studies met the study
criteria and were selected for analysis (see Fig. 1).

Records identified from Additional records identified
Databases (n = 1072) through other sources
Scopus (n= 49) (n=0)
‘Web of Science (n= 38)
.S PubMed (n= 580)
=}
I Science Direct (n= 83)
&=
= ACM (n=317)
u
2]
Duplicate records removed
(n=414)
(-
—
.E‘ Records screened Records excluded
< (n=658) (n=581)
-
Q
"
-
> Full-text articles assessed for eligibility Full-text articles
Z (n=T77) excluded, with reasons
B (n=68)
(]
Not for m-health apps (16)
Not related to medication
adherence (13)
Not for chronic health
conditions (12)
- Serious games, video
- Studies included in synthesis games and exergames (2)
_g (n = 9) - Study protocol (9)
35 - Reviews (10)
© Not completed study (4)
£ Not for patients (2)

Fig. 1. PRISMA flow diagram

3.2 Study Characteristics

Table 1 presents information about the characteristics of the included studies, which
investigated gamified medication adherence applications in Human Immunodeficiency
Virus (HIV), asthma, diabetes, gastrointestinal diseases (GI), and one application for
multi-morbid chronic health conditions [22—-30]. Most of the studies were conducted in
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the United States of America (USA) [22-24, 27, 29] and other studies from different
countries, including Portugal [28], Austria [30], Australia [26], and Canada [25]. Five
studies adopted a mixed methods research approach to design and develop gamified med-
ication adherence applications, and one study used qualitative data to build the gamified
medication adherence app [22-25, 28, 29]. Three studies evaluated the effectiveness of
gamified medication adherence solutions to assess the effect of using gamified medica-
tion adherence applications on clinical outcomes and medication adherence rates. The

evaluation duration was one to six months with the quantitative research studies [26, 27,
30].

Table 1. Studies characteristics.

App name Year | Condition | Theory Method Instrument | Participants
age
Epic Allies 2016 | HIV IMB Mixed Focus groups, | 20-28
[24] method surveys
AllyQuest [23] | 2018 | HIV SCT; FBM | Mixed Focus groups, | 16-24
method Surveys,
Interviews,
Usage data
InspirerMundi | 2021 | Asthma FBM Mixed Interviews, 17-40
[28] method observational
study,
Surveys
AsthmaHero | 2016 | Asthma FBM Mixed Focus group, | 11-19
[22] method Usage data,
and Surveys
MySugr [30] | 2019 | Diabetes N/A Quantitative | Usage data N/A
and Surveys
MedVenture 2021 | GI SDT Qualitative | -- 12-18
[29]
Bant [25] 2012 | Diabetes N/A Mixed Surveys and | 12-16
method Usage data
DiaSocial [27] | 2018 | Diabetes | Regulatory | Quantitative | Surveys, Average:
mode Usage data 67
theory and Clinical
out-comes
Perx Health 2020 | chronic SDT Quantitative | Usage data Average:
[26] diseases 43-45

Six studies discussed the design and development of gamified medication adherence
applications. Health behaviour change theories guide the design process of gamified
medication adherence support applications. Then the design team employed prototyp-
ing with users involved in the app assessment [22-25, 29, 31]. Other studies started by
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applying users from the beginning to specify the requirements, and the outcomes of the
user research were used in building the app prototypes, and then the app was evaluated
by users [25, 29, 31]. User involvement and iterative design were necessary to create the
best-gamified medication adherence application that was useful, engaging, and satisfied
users’ needs [23, 24, 28, 29]. Four studies involved healthcare professionals in the devel-
opment process to ensure the application’s trustworthiness [24, 25, 29, 31]. The Epic
Allies application used The Information-Motivation-Behaviour model (IMB), and the
AllyQuest app employed two theories, including the Social Cognitive Theory (SCT) and
Fogg Behaviour Model (FBM) for persuasive technology and narrative communication
theory [23, 24]. The FBM is the most health behaviour change model employed, which
aims to improve skills and motivations and provide triggers that could drive positive
health behaviour change [22, 23, 28]. MedVenture employed Self-Determination The-
ory (SDT) to design the gamified medication adherence application that could satisfy the
three psychological needs: autonomy, competence and relatedness [29]. The regulatory
mode theory was used to evaluate gamified applications and explore the different per-
sonality types of diabetic patients who used DiaSocial to improve adherence behaviours
and health outcomes [27]. The evaluation studies assessed the apps using experiments,
feasibility, acceptability, and usability evaluations; it was observed that studies began
the app evaluation with a small number of participants before evaluating the efficacy of
the intervention with a large number of patients [22-25, 28].

3.3 Gamification Elements and Mobile Health Features

All identified studies used the medication adherence features of reminders and medica-
tion trackers for doses to support chronic disease patients and empower self-care (see
Table 2). The use of reminders could prevent unintentional nonadherence behaviour.
Still, some younger chronic disease patients considered unnecessary reminders disturb-
ing and could demotivate them from continuing to use the application [22, 24]. Health
educational features are incorporated with game elements to support health behaviour
change and enhance patient knowledge and skills [23, 24, 26, 30]. Gamified medica-
tion adherence apps were connected with medical devices to simplify self-monitoring
activities, especially for diabetes and asthma patients [22, 25, 26, 32].

Table 2. Mobile health features

Category Features References

Medication management Medication schedules [26, 28-30]
Medication image [26, 28]
Medication history/ trackers [22-30]
Reminders [22-30]
Refill alerts [23]

(continued)
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Category Features References
Drug-to-drug interaction [23]
Tailored adherence strategies [23, 28, 29]
Self-monitoring Track symptoms [22-30]
Food intake [30]
Physical activity [30]
Visualize health measurements [23-30]
Health assessment tools [28]
Health education Informational modules [23, 24, 26, 30]
Social support Medical social network [25, 27, 29]
Peer support [23, 28, 29]
Share information [22, 28-30, 32]
Communicate with health profes