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Abstract

Background: The rising incidence of chronic diseases is a growing concern, especialy in Singapore, which is one of the
high-income countries with the highest preval ence of diabetes. Interventionsthat promote healthy lifestyle behavior changes have
been proven to be effective in reducing the progression of prediabetes to diabetes, but their in-person delivery may not be feasible
on alarge scale. Novel technol ogies such as conversational agentsare apotential aternative for delivering behavioral interventions
that promote healthy lifestyle behavior changes to the public.

Objective: Theaim of thisstudy isto assess the feasibility and acceptability of using a conversational agent promoting healthy
lifestyle behavior changesin the general population in Singapore.

Methods: We performed a web-based, single-arm feasibility study. The participants were recruited through Facebook over 4
weeks. The Facebook Messenger conversational agent was used to deliver the intervention. The conversations focused on diet,
exercise, sleep, and stress and aimed to promote healthy lifestyle behavior changes and improve the participants' knowledge of
diabetes. Messages were sent to the participants four times aweek (once for each of the 4 topics of focus) for 4 weeks. We assessed
the feasibility of recruitment, defined as at least 75% (150/200) of our target sample of 200 participantsin 4 weeks, as well as
retention, defined as 33% (66/200) of the recruited sample completing the study. We also assessed the participants’ satisfaction
with, and usability of, the conversational agent. In addition, we performed baseline and foll ow-up assessments of quality of life,
diabetes knowledge and risk perception, diet, exercise, sleep, and stress.

Results: We recruited 37.5% (75/200) of the target sample sizein 1 month. Of the 75 eligible participants, 60 (80%) provided
digital informed consent and completed baseline assessments. Of these 60 participants, 56 (93%) followed the study through till
completion. Retention was high at 93% (56/60), al ong with engagement, denoted by 50% (30/60) of the participants communicating
with the conversational agent at each interaction. Acceptability, usability, and satisfaction were generally high. Preliminary
efficacy of the intervention showed no definitive improvements in health-related behavior.

Conclusions: The delivery of a conversational agent for healthy lifestyle behavior change through Facebook Messenger was
feasible and acceptable. We were unable to recruit our planned sample solely using the free options in Facebook. However,
participant retention and conversational agent engagement rates were high. Our findings provide important insightsto inform the
design of afuture randomized controlled trial.
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Introduction

Background

In recent years, there has been anotableincreasein theincidence
of chronic disease, especially among the younger population
[1]. These chronic diseases include obesity and type 2 diabetes
[1]. In terms of diabetes prevalence, Singapore, with 600,000
adults living with diabetes, ranks second among high-income
countries, and obesity levelsare also ontherise[2]. In addition,
34% of the men and 39% of the women in Singapore do not
reach the weekly target of 150 minutes of moderate-intensity
activity per week, leaving people at higher risk of developing
diseases such as diabetes [3]. People with diabetes live shorter
lives—by at least 10 years—and have a lower quality of life
(QoL) than those without diabetes[4,5]. Prediabetes, aprecursor
to diabetes, affected 15.5% of the Singaporean adults in 2010
(ie, 1in7), and thisfigureis estimated to increase to 24.9% by
2035 [6]. Prediabetes increases the risk of heart disease, and if
untreated, over time, most people with prediabetestransition to
diabetes [7]. Research has shown that lifestyle interventions
(such asincreasing physical activity and eating a healthy diet)
delivered by trained health care professionals can help to
promote healthy weight loss[8-10]. In addition, lifestyle change
through high-risk and population-based approaches were also
directly associated with a reduction in the incidence of type 2
diabetes, accentuating the efficacy of healthy lifestyle behavior
change for diabetes prevention [8].

Achieving healthy lifestyle behavior changes independently
can be challenging, and support from experts such as dietitians
or exercise physiologists has been shown to be more effective
[8]. However, access to experts at a population level may not
be feasible or affordable. A potentially more accessible
alternative to in-person support and supervision could be novel
digita hedlth interventions such as conversational agents.
Conversational agents, or chatbots, are computer programs
designed to mimic human-to-human conversations in the form
of either text messaging or verbal discourse[11]. The heightened
accessibility, personalization, and efficiency that conversational
agents offer highlight the potential for conversational agentsto
improve patient care [11-13]. Conversationa agents enable
2-way communication, and their text- or speech-based method
of communication makes them suitable for a variety of target
populations, ranging from young children to older people. The
application of conversational agents in health care is gaining
traction in a number of medical fields, including health care
service provision, chronic disease management, and patient
education [14]. They can be delivered through a variety of
means. messaging apps, individual apps, or even standalone
devices[14].

Singaporeisatechnologically savvy country, and citizensavidly
use messaging apps. In addition, Singapore's ministry of health
has proposed the increasing use of conversational agents in
health carein tackling issues such asthe rising chronic disease
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burden and the aging population [15] that can lead to more
primary care appointments. The ministry envisionsanear future
where aconversational agent can collect apatient’s history from
them before their consultation, streamlining the primary care
visit and thus cutting down waiting times. This makes Singapore
an ideal place for the evaluation of novel mobile health
interventions such as conversational agents. Moreover, health
programs delivered over the internet have shown success, as
exemplified by web-based interventions for smoking [16],
alcohol intake [17], sexual health [18], cancer screening [19],
physical activity [20], and diet modifications[21]. The ubiquity
of the internet makes these programs easily accessible to a
diverse group.

Objective

The evidence for the use of conversational agents for healthy
lifestyle behavior change from trials is limited. The feasibility
and acceptability of implementing and evaluating the use of
novel interventions are essential for informing potential future
trials. Correspondingly, we aim to assess the feasihility,
acceptability, and preliminary efficacy of the use of
conversational agents for healthy lifestyle behavior changesin
the general population in Singapore.

Methods

Approval and Consent

This web-based single-arm feasibility study was approved by
the Nanyang Technological University Ethics Committee
(IRB-2018-11-032). All participants signed their digital
informed consent before embarking on the study.

Participants

Participants were eligible if they were aged above 21 years,
were Singapore citizens or permanent residents, owned a
smartphone, and had a Facebook Messenger (Facebook, Inc)
account. Prospective participants were excluded if they were
pregnant or had any of the following conditions: cancer, chronic
liver disease, chronic kidney disease, a neurodegenerative
condition, heart disease, stroke, a physica disability,
hypertension, or a condition that does not allow for regular
physical activity. Eligibility was confirmed by having
participants complete an eligibility questionnaire, after which
they were asked to provide informed consent on adigital form
sent to them through email.

Recruitment

The participants were recruited on the web through Facebook
in August-September 2019. A digital poster listing the study
aimsand eligibility criteriawas uploaded on rel evant Facebook
pages focused on healthy living, such as Sngapore fitness and
health community and Singapore healthy cooking. In addition,
we used snowballing in our recruitment; therefore, participants
were aso procured through redistribution of our study poster
through messaging apps or through word of mouth.
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Intervention

The conversational agent was designed to be used on Facebook
Messenger using a free web-based tool, Chatfuel [22]. A
research associate (AS) and a PhD student (DAD) devel oped
the script for the program and performed the input. The
intervention focused on diabetes and prediabetes knowledge,
diet, physical activity, sleep, and stress management. These
were the topics of focusidentified in other diabetes prevention
programs targeting lifestyle change [23-25].

The content was informed by existing evidence-based sources
of information, including clinical guidelines and systematic
reviews. Advice onimproving sleep quality was generated from
published evidence reporting on techniques and successful
interventionsfor sleep disorders[26]. The domain on stresswas
infformed by distance learning—based stress management

Dhinagaran et d

techniques identified from a review of existing studies that
described methods to reduce stress and improve health [27].
Pertinent nutritional advicefor individualswith prediabeteswas
obtained from authenti cated government health portalsand other
validated health and nutrition webpages [28]. The collated
advice was then compartmentalized into themes, which
translated into the topic of focus for each interaction between
conversational agent and user (Multimedia Appendix 1
[8,26,27,29-53]). The content for the section on physical activity
was informed by advice on the recommended duration and
intensity of exercise from Singapore's Health Promotion Board
[28]. Validated fitness routines were then presented as part of
the conversation as methods to achieve the necessary level of
fitness [29]. Examples of conversational exchanges between
the conversational agent and users are presented in Figure 1.

Figure 1. A representation of what the interactions between Precilla and users entailed.

< O Precilla

Here is a demonstration of
some of the suggested
exercises for your reference:
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If any of the terms don't make
sense to you, a quick google
search will explain and
demonstrate how to perform
the exercise

Okay
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We also followed the Capability, Opportunity, Motivation,
Behavior model of behavior to guide the development of the
intervention [54]. This model posits that to exhibit a particular
behavior (B), the participant must be physicaly and
psychologically capable (C), have sufficient social and physical
opportunities (O) to perform the behavior, and must have the
desire or need to do so—motivation (M). This was important
in determining the inclusion criteria for the intervention (eg,
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sleep?
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Have a warm drink (herbal
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Feel free to repeat this step of
leaving the bedroom to do
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physically fit with no comorbidities) and in conversation
designing.

The content was mostly presented in the form of text,
supplemented with some images to make the conversational
agent more engaging and to enhance the user experience. These
images were obtained from free-to-use sources or photographs
taken by our study team members. To further contribute to a
positive user experience that mimicked human interaction, the

JMIR Form Res 2021 | vol. 5 |iss. 12 | €27956 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

conversational agent was given a name, Precilla, and it
displayed human-like characteristics such as in the tone of
speech, profile picture, and through using the typing function
for messages. From here onward, we use Precillato refer to the
conversational agent used in our pilot study.

The intervention was scheduled to last for 4 weeks, whereby
participants would receive 4 messages per week, (every other
day), 1 for each topic (diet, exercise, eep, and stress). A sample
of the dialog tree is presented in Multimedia Appendix 2.

Figure 2. Study workflow.

The actual pilot study lasted for 4 weeks. Upon completion of
the piloting period, the participants were required to complete
afollow-up questionnaire that contained al the details outlined
in the baseline questionnaire, with some additional questions
on conversational agent usability and their overall satisfaction
with the study. Interested participants aso had an opportunity
to take part in afollow-up interview to share their views on the
conversational agent, their experience while taking part in this
web-based study, as well as their thoughts on points of
improvement.

Outcomes

Primary Outcomes

The primary outcomes of interest for this study were the
feasibility of recruitment and retention of participants,
acceptability of the intervention, and participant engagement
with the intervention.

Feasibility of Recruitment and Retention

Feasibility in this study was determined by recruitment and
retention. Feasibility of recruitment was defined as the ability
of theresearchersto recruit at least 75% (150/200) of the target
sample on the web using Facebook within a 1-month period.
Feasihility of retaining participantswas defined as at least 32.7%
(49/150) of the recruited participants completing the study.

Acceptability of the Intervention

The acceptability of Precilla was measured through questions
on usability and satisfaction in the follow-up questionnaire.
Questions were asked on the participants overall satisfaction
with Precilla, their likelihood of using Precilla again and
recommending it to others, as well as the impact of the
interactions on their health.

The usability questionnaire was split into 2 sections; the
guestionsin section 1 related to how participants perceived the
content of Precilla's input. They were required to provide a
rating for each statement from the following options: strongly
agree, agree, neutral, disagree, strongly disagree. Questions
were asked on ease of use, enjoyment, long-term use of Precilla,
and language, as well as motivation to make healthier food

https://formative.jmir.org/2021/12/€27956
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Procedure

An overview of the study workflow is demonstrated in Figure
2. Interested individuals were first required to complete an
digibility questionnaire. The eligible participantsthen provided
informed consent, after which they were requested to compl ete
a basdline questionnaire on a web-based tool, REDCap
(Research Electronic Data Capture; Vanderbilt University) [55].
The questionnaire obtained general information regarding
demographics as well as data on diet, physical activity, sleep,
and stress.

choices, exercise, change sleeping habits, and better manage
stress.

The questionsin section 2 were concerned with the usability of
Precilla and its associated delivery methods. The participants
were provided with the same options to choose from as in
section 1, and they were asked to share their opinions on the
mode of communication (buttons, text, images, etc), the
suitability of Facebook Messenger as a channe of
communication, the number of messages sent, the timing of
messages, and Precilla’s personality.

Participants' Engagement

A further measure of acceptability of the intervention was the
participants’ engagement with Precilla. Data on this aspect was
collected manually by analyzing individual conversations
between Precilla and the participants on Facebook M essenger.
This involved noting down the duration of interactions and
counting the number of complete, incomplete, and nil
interactions. |mmediate responses were defined as interactions
made by the user within an hour of message receipt. We also
collected data directly from Chatfuel analytics, such as user
retention, freetext typed by users (such as questions or random
utterances), and the total number of attempted interactionswith
Precilla. In addition, the technological savviness of the study
population was gauged by asking the participants to rate their
own technological competency on a scale from 1 to 10.

Secondary Outcomes

Our secondary outcomes were related to the efficacy of the
intervention with regard to the participants QoL, diabetes
knowledge, diet, physical activity, sleep, and stress over 4
weeks.

QoL was measured using the short form version of the QoL
Enjoyment and Satisfaction Questionnaire [56]. The
questionnaire comprises 14 items that are rated on a 5-point
scale that indicates the degree of enjoyment or satisfaction
experienced during the past week. The total score for the 14
items, which cover the topics of work, social life, health, and
overall well-being, ranges from 14 to 70. A percentage of the
maximum score is a so reported; for example, if a participant

JMIR Form Res 2021 | vol. 5 | iss. 12 | €27956 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

scores 20, the percentage—29% (20/70)—is also reported. The
last 2 questions on medication adherence and overall life
satisfaction were reported as percentages (Multimedia A ppendix
3).

The knowledge questionnaire had 3 separate sections. Section
1 was concerned with participants knowledge about healthy
living, prediabetes, and diabetes; section 2 asked for their
perceptions on how healthy their lifestyleis and the likelihood
of their developing diabetes; section 3 tested their knowledge
of risk factorsfor type 2 diabetes. The questionnaire was derived
from an adaptation of questions presented by the Michigan
Diabetes Research Centre [57]. The questionnaire was adapted
such that, in section 1, questions regarding the definitions of
diabetes and prediabetes were added to test participants
knowledge of these conditions. In section 2, the wording of
some questions about participants’ efforts to make healthy
lifestyle behavior changesin the past year was adapted to obtain
more detail in their responses from just yes or no to a scaled
format. In section 3, some risk factors that were not applicable
to the Singaporean context were removed (eg, being Asian
American, Hispanic, or African American).

The participants dietswere assessed based on an adaptation of
the Food Frequency Questionnaire where questionswere asked
on thefrequency of daily intake of vegetables, fruits, fried foods,
and sweetened drinks[58]. Physical activity was assessed using
the International Physical Activity Questionnaire (IPAQ), which
was adapted specifically for use in this study [59]. Questions
were asked on the intensity of exercise (vigorous, moderate, or
light), the frequency of physical activity (in days per week),
and thelength of each on (in minutes). Only onslasting
at least 10 minutes qualified as physical activity. In line with
IPAQ scoring, a metabolic equivalent of task (MET) score was
calculated. The MET score represented the amount of energy
expended when carrying out physical activity. For consistency,
walking was given a score of 3.3 METS, moderate physical

Table 1. Overall summary of results (N=60).
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activity 4 METSs, and vigorous physical activity 8 METs. To
calculate MET minutes per week, the MET valuewas multiplied
by the minutes for which the activity was carried out and again
by the number of days in the week that the activity was
undertaken. As some participants provided a range for their
responses, for consistency, a mean value was used for the
calculation. For example, for number of days, that is, 1-3 days,
the mean was calculated as 2. For session length, that is, 10-20
minutes, the mean was calculated as 15.

A MET score of 600 MET s per week indicated that an individual
was moderately physicaly active, whereas 1500 METs per week
indicated a high level of physical activity. Any score that did
not qualify as moderate or high was considered an indication
of alow level of physical activity.

Sleep scoring was done using the Pittsburgh Sleep Quality Index
(PSQI) questionnaire [60]. A score of Oindicated excellent Sleep
quality, whereas 10 indicated severely poor sleep quality. Poor
dleep quality was defined as participants with a global PSQI
score higher than 5. The stress level of the participants was
gauged using the Perceived Stress Scale, where it was possible
to receive a score between 0 and 40 [61]. Scores ranging from
0 to 13 were considered low perceived stress, from 14 to 26
moderate perceived stress, and from 27 to 40 high perceived
stress.

Data Analysis

Data analysis was conducted on the data collected at baseline
and follow-up (Table 1). The participant responses on
sati sfaction and usability were presented as percentages of each
option on a Likert scale (eg, strongly agree, disagree, much
better than before, or neither better nor worse). The participant
outcomes for QoL, knowledge, physical activity, sleep, and
stress were all presented as pre- and postscores using the
individualized scoring system of each questionnaire.

Baseline values (n=60)

Follow-up (4 weeks) values (n=56)

Knowledge, mean (SD; range)

Section 1 7 (1.37; 6-18) 6 (0.93; 6-18)
Section 2 28 (2.7, 12-48) 27 (3.5; 12-48)
Section 3 10 (4.1; 8-32) 9(2.2;8-32)
Sleep, mean (SD) 4(2.36) 4(2.45)
Stress, mean (SD) 17 (5.13) 16 (5.10)
Physical activity (MET®score), mean (SD) 1080 (816) 1075 (872)
QoLP
14-item score, mean (SD) 54 (6.90) 53 (6.46)
Maximum score (%) 77 75

AMET: metabolic equivalent of task.

bQoL: quality of life (measured using the short form version of the QoL Enjoyment and Satisfaction Questionnaire).

We performed descriptive analyses of the data. The data were

presented using percentages, means, and SDs. As this was a
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feasibility study, no hypothesis testing was performed to assess
the efficacy of the intervention [62]. Mean differences between
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baseline and follow-up were presented, accompanied by 95%
Cls[62].

Results

Recruitment and Retention

A total of 136 individuals expressed initial interest in
participating in the study; however, 9 (6.6%) were ineligible

Figure 3. Theflow of participants through the study.

Initial interest
n=136

Dhinagaran et d

because of comorbidities or because they had not installed
Facebook Messenger on their smartphone, and a further 52
(38.2%) completed the screening questionnaire but did not
proceed to provide informed consent, leaving 75 (55.1%)
participants eligible for participation. Of these 75 participants,
60 (80%) completed baseline assessments, and of these 60, 56
(93%) completed the follow-up questionnaires (Figure 3).

Did not sign informed consent

n=52
Ineligible for the study
n=9

Enrolled
n=75

Baseline
assessments

n=60

Follow-up
assessments
n=>56

Characteristics of Participants

Of the enrolled participants, 38% (23/60) were men. The mean
age was 33.7 years (SD 9.3), the mean BMI was 22.3 kg/m?
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RenderX

(SD 3.8; Table 2), and the average technical competency on a
scale of 1to 10 was 8.07.
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Table 2. Characteristics of all the enrolled participants who completed baseline assessments (N=60).
Characteristics Baseline values
Age (years), mean (SD) 33.7(9.3)
BMI (kg/m?), mean (SD) 22.3(3.8)
Gender (male), n (%) 23 (38)
Ethnicity, n (%)
Chinese 48 (80)
Malay 5(8)
Indian 3(5
Others
White 2(3)
Burmese 23
Marital status, n (%)
Currently married 25 (42)
Never married 33 (55)
Separated 12
Divorced 1(2
Highest level of education, n (%)
University and above 50 (83)
Polytechnic diploma 1(2)
Other diploma and professional qualification 1(2)
AZlevel or NTCP-1 or NTC-2 or certificate in office or business skills or its equivalent 6(10)
0O%or N%level or NTC-3 certificate or its equivalent 129
Secondary school 1(2)
Work status, n (%)
Employed 37 (62)
Student (full time) 17 (28)
Homemaker or housewife 3(5
Unemployed (able to work) 23
Retired 1(2)
History of parents, sibling, or child with type 2 diabetes, n (%)
Yes 11 (18)
No 49 (82)
History of hypertension, n (%)
Yes 2(3)
No 58 (97)

8A-level or advanced-level examinations are taken by students at the age of 18, 2 or 3 yearsafter completing their O-level or ordinary-level examinations,
which are taken by students at the age of 16 after 4 years (or 5 years) of secondary school.

BNTC: National Technical Certificate.

®N-level: The Singapore-Cambridge General Certificate of Education Normal-level. Secondary students in Singapore can move between two streams
based on their academic performance: 4 years of study culminating in the O-level (ordinary level) or the N-level (normal level) examinations. N-level
students may participate in afifth year of study to take the O-level examinations.
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Satisfaction

Of the 56 participants who followed the study through till
completion, 52 (92%) were moderately or very satisfied with
Precilla, 30 (54%) thought that their likelihood of recommending
Precillato others would be somewhat likely, 32 (57%) felt that
the likelihood of their opting to use Precilla again for personal
use would also be somewhat likely, and, finaly, 29 (51%)
posited that their health was somewhat better or much better
than before.

Figure 4. Participants’ opinions of Precilla’s usability and acceptability.

Dhinagaran et d

Usability

The agree and strongly agree responses exceeded 50% (28/56)
for al the questions relating to Precilla's acceptability, except
for question 5, “ Chatting with Precilla motivated me to change
unhealthy sleeping habits,” where the collective response in
agreement (agree and strongly agree) was only 46% (26/56)
(Figure 4). The smallest percentage of disagreement was for
guestions 1 and 8, indicating that most of the participants (55/56,
98%) found the chat easy to use and thought that Precilla used
simple language and was easy to talk to. The neutral response
was a common selection by participants for questions 2-7.

It felt like | was chatting with a real person

| liked Precilla's personality

| wish there were more images or videos

| liked images and videos in Precilla's messages

| liked receiving messages at 12 noon at each interaction
The number of messages exchanged was just right

| liked using Facebook Messenger to chat with Precilla

| would have preferred the option to type some messages

Precilla used simple language and was easy to talk to

| would use Precilla long term to improve my health
Precilla motivated me to better manage my stress
Precilla motivated me to change unhealthy sleeping habits
Chatting with Precilla motivated me to exercise
Precilla motivated me to make healthier food choices

| enjoyed chatting with Precilla

| found the chat easy to use

0

m Strongly disagree Disagree

Of the 56 participants, 37 (67%) agreed that Facebook
M essenger was an appropriate medium to deliver the messages
sent by Precilla. The remaining participants were either neutral
or disagreed. Telegram and WhatsApp were proposed as
potential alternative delivery media. Of the 56 participants, 9
(15%) thought that the number of messages exchanged with
Precilla was too high, and they would have preferred the
intervention to deliver fewer messages; 12 (21%) disagreed that
12 PM was the most appropriate time to receive messages,
whereasthe remaining 44 (79%) either agreed, strongly agreed,
or were neutral (Figure 4) and indicated a preference for
interacting with Precilla after work, in the evening or before
bedtime. Some indicated specific timings such as5 PM, 8 PM,
or 10 PM, and 1 participant suggested 9 AM or during the
morning commute to work. There were no disagreements to
statement 13 (“l liked images and videos in Precilla's
messages’) and minimal disagreement for statements 14 (5/56,

https://formative.jmir.org/2021/12/€27956
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9%) and 15 (4/56, 7%) on the inclusion of more visual
components and Precilla's personality, respectively. Most
participants did not find Precilla to be very human-like and
could clearly tell that they were communicating with a
conversational agent. Of the 56 participants, 3 (5%) suggested
some degree of personalization, whereby Precilla’'s messages
should be initiated when the user prompted the conversational
agent and not the other way around.

Conversational Agent Engagement Data

The number of complete, incomplete, and absent interactions
were noted (Figure 5). In addition, the number of immediate
and delayed interactions were also counted (Figure 6). Some
interactionswere started but not completed. The reasonsfor not
completing interactions are presented in Multimedia Appendix
4.
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Figure5. Percentage of total weekly interactions that were complete, incomplete, or absent (not attempted at all).
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Figure 6. Number of immediate and delayed interactions between participants and Precillafor each category.
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All the conversations were completed by at least 50% (>30/56)
of the participants consistently over the period of the study. The
number of participants who completed interactions from start
to finish exceeded 71% (40/56) for 56% (9/16) of the
interactions, denoting high engagement with the conversational
agent. Similarly, at least 40% (<22/56) of the participants
responded immediately to the conversational agent 75% (12/16
interactions) of the time, even in the last week of the study,
denoting consistently high conversational agent engagement.

The participantswererestricted to apredetermined list of options
when providing responsesto the questions asked or information
provided. A frequent cause of disruption to the conversation
flow was participants typing free text, which led them off track.
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Thisresulted in their being redirected to the main menu, which
they potentially found confusing, or they were reluctant to go
through the whole conversation flow again and, hence, failed
to complete that interaction. The average duration of each
interaction was in the 2- to 5-minute range. More data on
conversational agent engagement are presented in Multimedia
Appendix 4.

QoL Score

The 14-item QoL score was 54 (SD 6.90) at baseline and 53
(SD 6.46) at follow-up (mean difference 0.95; 95% CI -1.51
to 3.41). Of the participants taking medication (10 at baseline,
17 at follow up), participants rated adherence as fair (baseline
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5/10, 50%; follow-up 6/17, 35%), good (baseline 5/10, 50%;
follow-up 9/17, 53%), and very good (baseline 0/10, 0%;
follow-up 2/17, 12%). The participants rated overall life
satisfaction asfair (baseline 16/60, 27%; follow-up 12/56, 21%),
good (baseline 35/60, 58%; follow-up 33/56, 59%), or very
good (baseline 9/60, 15%; follow-up 10/56, 18%), and 2% (1/56)
of participants reported poor overall life satisfaction at
follow-up.

Knowledge

The scoring system for the questionnaires meant that lower
scores denoted better knowledge outcomes (sections 1 and 3)
and lower perceived risk of diabetes (section 2). In section 1,
the scores were 7 (SD 1.37) at basdline and 6 (SD 0.93) at
follow-up (mean difference 0.52, 95% CI 0.09-0.95); the
possible score range was 6-18. In section 2, the scores were 28
(SD 2.7) at baseline and 27 (SD 3.5) at follow-up (mean
difference 0.9, 95% CI —0.25 to 2.05); the possible score range
was 12-48. In section 3, the scoreswere 10 (SD 4.11) at baseline
and 9 (SD 2.2) at follow-up (mean difference 1.0, 95% Cl —-0.23
to 2.23); the possible score range was 8-32.

Diet

The number of individuals consuming vegetables at least once
aday was 27% (16/60) at baseline and 29% (16/56) at follow-up.
Similarly, the percentage of participants having three portions
of fruit per day was 3% (2/60) at baseline and 7% (4/56) at
follow-up. With regard to intake of unhealthy food comprising
sweetened beverages and fried food or snacks, the almost never
consumption category for sweetened beverageswas 38% (23/60)
at baseline and 45% (25/56) at follow-up, whereasfor fried food
and snacks, the almost never consumption category was 25%
(15/60) at baseline and 30% (17/56) at follow-up.

Physical Activity

The median METs-per-week score was 857 at basdine (IQR
902) and 765 (IQR 882) at follow-up. The average categorical
score remained constant from baseline to follow-up where the
average exercise intensity was moderate. The mean time spent
sitting was 439 minutes at baseline and 406 minutes at
follow-up. In addition, the median amount of moderate and
vigorous physical activity wasthe same, 30 min per week (IQR
90) at baseline and 50 min per week (IQR 90) at follow-up.

Sleep

According to the scoring method, alower scoreindicated better
sleep. The mean PSQI scorewas 4.38 (SD 2.36) at baselineand
4.43 (SD 2.45) at follow-up (mean difference —0.05, 95% CI
-0.93 t0 0.83). The prevalence of poor seep quality was 28%
(16/60) at baseline and 30% (16/56) at follow-up. The
participants who reported sleeping for less than 7 hours were
classified as short sleepers; 82% (49/60) were short sleepers at
baseline, whereas 88% (49/56) were short deepers at follow-up.

Stress

The scoring for stress meant that lower scores denoted |ower
stresslevels and higher scores denoted higher stresslevels. The
mean score at baseline was 17 (SD 5.13), denoting a moderate
stress level, which was maintained even at follow-up, mean 16
(SD 5.1; mean difference 0.73; 95% Cl —-1.15t0 2.61).
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Discussion

Principal Findings

To our knowledge, thisisthe first web-based pilot study to test
the feasibility and acceptability of a healthy lifestyle behavior
change conversational agent in the Singaporean population. In
this web-based study, which used Facebook Messenger as a
delivery medium for a conversational agent targeting healthy
lifestyle behavior change in the Singaporean population, we
managed to recruit 37.5% (75/200) of the target ssmple sizein
1 month. Retention was high at 93% (56/60); conversational
agent engagement was also high, with all the conversations
being completed by at least 50% (28/56) of the participants
consistently. Furthermore, at least 40% (22/56) of the
participants responded almost immediately 75% (12/16) of the
time. Acceptability, usability, and satisfaction were also
generaly high. In general, we were able to conduct the study
with high fidelity, and each phase ensued as planned. Any
definitive signs of improvement in QoL, knowledge, diet,
physical activity, deep, and stress would have to be studied in
more detail in afuture study of effectiveness.

The secondary outcomes in the study were measured using
validated scales, namely, the short form version of the QoL
Enjoyment and Satisfaction Questionnaire, PSQI, Perceived
Stress Scale, Food Frequency Questionnaire, and IPAQ. We
took notethat although these questionnaires have not necessarily
been optimized for the Singaporean population, these
well-established scal es were chosen to ensure a certain level of
validity and reliability in our results.

Comparisons With Existing Literature

Conversational agents have been used for healthy behavior
change; however, they have been used mainly in niche areas
such as smoking cessation, alcohol misuse treatment, and the
promotion of physical activity in sedentary populations[63-65].
The application presented in this study is very comprehensive,
novel, and relevant to the general population in Singapore.

The outcome measures were similar to those in other studies
looking at the acceptability of conversational agents in health
care, and acceptability was high in other studies aswell asin
thisfeasibility trial. Previous studies noted high response rates
(ie, conversational agent engagement) and strongly agree or
agree scoresfor user-friendliness, appropriateness, consistency,
and speed of response, asin our study [66]. The other measures
in prior studies that denoted acceptability were high perceived
ease of use, usefulness, and intention to use, similar to our
measures of ease and enjoyment of use, motivating change in
unhealthy habits, and intention to use Precilla again or
recommend it to others, respectively [67,68].

In another study using a health behavior change conversational
agent, high compliance was attributed to a rewarding game
system [68]. Considering the dlight decrease in weekly
compliance in our feasibility study (43/56, 77% completed
interactions in week 1 vs 39/56, 69% in week 4), it may be
worth exploring the possibility of introducing a gaming or
reward component in future iterations. Personalization has
previously been met with positive user reception, for example,
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by providing personalized advice to maintain target blood
glucose levels or personalized reminders for taking medication
[69]. Similarly, personalized content and message timing
delivery should be implemented in future versions of Precilla,
considering the preference indicated by users.

It has previously been indicated that users tend to prefer
interacting with female conversational agents, as evidenced by
Siri, Cortana, and Alexa, for example[70]. In addition, the study
by Brahnam et a [71] has explained that in the field of
human-computer interaction, “the standard of believability has
becomeinextricably linked to gender personification, especially
female personification.” As such, we chose to use Precilla and
reinforced her character with a profile picture.

Views on conversational agent personality have been mixed,
depending on the function of the agent. For example, participants
appreciated an empathetic demeanor from conversational agents
for e-therapy, in contrast to the participants indifference to
Precilla’'s humanity in this pilot study, where she played more
of an impersonal, informative or educational role [72]. It may
be that the conversational agent’s purpose determines how
important the degree of humanity is.

Another aspect of this study wasthe effectiveness of participant
recruitment through social media. We chose a goal of 75%
(150/200) recruitment rate based on other studies involving
mobile health trials having achieved an application rate of 86%
(70/81) for enrollment through Facebook or an 85.1% (605/711)
response rate to Facebook advertisements in 45 days [73,74].
Although our study only yielded a recruitment rate of 37.5%
(75/200) in the given period, it aligns quite appropriately with
therecruitment rates of 33%, 30%, or 37.7% in other web-based
mobile apps or Facebook trials [75-77]. Hence, our 37.5%
(75/200) recruitment rate seemsto indicate feasibility regarding
the recruitment of participants in the general population in
Singapore for a web-based conversational agent intervention
delivered through Facebook.

A systematic review accentuated the effectiveness of Facebook
as a recruitment tool [78]. It was suggested that on average,
studies allowed a 3-month recruitment period, and Facebook
was found to be more efficient than traditional methods (print,
radio, television, email, or word of mouth) because of the
reduced costs, shorter recruitment times, and ability to connect
with harder-to-reach populations. In future studies, we may
need to consider complementing our current no-fee Facebook
approach with advertisements or other recruitment methods, as
well as potentially alonger recruitment period.

Implications and Future Research

In terms of the recruitment, we noticed some attrition among
the eligible participants just before provision of informed
consent. As the only communication was through email from
aninstitutional email address, the uncertainty involved in remote
participation, such as never meeting the study team in person,
could have been acausefor the participants’ apprehension. This
lack of direct engagement may have led to some participants
not feeling comfortable sharing their digital signature with us
because of data protection and privacy concerns. In future
research studies, a mix of a digital recruitment approach and
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face-to-face exchange (possibly in the form of recruitment or
debriefing) could provide participants with an opportunity to
ask questions and validate the legitimacy of the study.

Regarding the preliminary efficacy, minimal improvements
were observed in the participants’ knowledge, stress, and diet,
whereas there was alack of improvement in QoL and sleep and
no change in physical activity. The dearth of significant
improvement in these areas could be attributed to the content
and delivery not being adequately designed to target
effectiveness and, possibly, the short study length (4 weeks),
which may not have been sufficient for any noteworthy changes
to have been observed. Furthermore, this study was not designed
to test the effectiveness of the intervention, and this should be
explored in more detail in future iterations.

The participantsindicated that they could clearly tell that Precilla
was indeed a conversational agent. This was beneficia in
confirming Precilla’sidentity and in reducing expectationsfrom
users that the conversational agent should think, function, and
react like ahuman being. It wasinteresting to note that although
the participantsdid not find Precillato be very human-like, they
still rated the conversational agent highly in terms of content,
usability, general acceptability, ease of use, visual components,
and so on. This shows that, for this study population and for a
conversational agent with Precilla’s functions and capabilities,
acceptability was not dependent on the anthropomorphism of
the conversational agent.

The conversational agent engagement data revealed that there
was a dlight decrease in the number of interactions that the
participants completed fully with each successive week. It is
possiblethat the content and delivery methods could have come
across as repetitive because we provided areview of take-home
points from the previous interaction from week 2 onwards.
Alternatively, perhaps the routine that Precilla followed made
the intervention very regimented, not leaving much room for
spontaneity in the form of varied message timings or even
variations in the ways that users could respond to Precilla, for
example, using free text. These factors may have contributed
tothedecreasein interest over time. Futureiterations of Precilla
could explore introducing more novelty and personalization, as
recommended by the participants in the telephone interviews.
The participants shared some points for improvement, including
alternative modes of delivery such asWhatsA pp and Telegram,
apossibility of shortening the conversation lengths, and more
personalized timings for message delivery.

Strengthsand Limitations

One of the main strengths of the study isthe high fidelity inthe
delivery of thislow-cost, fully web-based feasibility study. We
did not experience any software malfunctions and were able to
implement the intervention as per protocol. The content of the
intervention was evidence based, and it was co-designed with
members of the target population to make the intervention as
relevant to them as possible. We managed to reach a diverse
range of age groups—from 23 to 60 years—using Facebook
without the need to pay for advertising. Although the recruited
sample—recruited over 4 weeks using solely
Facebook—consisted of fewer participants than our target size,
it is comparable with those reported in other studies that used
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paid Facebook advertisements within the same time frame.
However, the participants were recruited through healthy
living—focused Facebook groups and pages; therefore, these
individualswere already very much invested in healthy lifestyle
behavior change and more likely to use apps and social media.
Furthermore, the participants were Facebook users, capable of
navigating Facebook Messenger, had high technological
competency, and a very high level of tertiary education. As
such, our findings may not be generalizable to other
demographic groups such as older people; individuals with
lower education levels; or those not active on, or familiar with,
social media. However, this study did largely cover the general
characteristics of the average Singaporean, making the findings
very much valuable and relevant. A further limitation is that
although we used validated outcome measurement tools, all
outcomes were self-reported by the participants. Furthermore,
although these measurement scales are well reputed and
established, they were not necessarily optimized for use in the
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Singaporean population. Finally, we used asingle-arm pre-post
study design, which isacceptable for afeasibility study but does
not allow for assessment of the effectiveness of theintervention.

Conclusions

This web-based feasibility study showed that the delivery of a
conversational agent for healthy lifestyle behavior change using
Facebook Messenger is, to alarge extent, feasiblein Singapore.
Precillais a low-cost intervention that was popular among the
participants and waswell received, with most participantsbeing
satisfied with the intervention and prepared to recommend it to
friends and family. This study demonstrated the ability to
conduct a web-based trial to assess the impact of a novel
intervention. Our preliminary data on the acceptability of the
intervention showed the need for further enhancement of this
conversational agent intervention, potentially through
humani zati on of the agent and personalization of the messaging.
Such an intervention needsto be evaluated with arigorous study
design and larger sample size.
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