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Figure 1: Virtual Agent System for Atrial Fibrillation Management, comprised of Smartphone-based Virtual Agent (left), Mobile
ECG sensor (middle), and Clinician monitoring workstation (right)

ABSTRACT
Smartphone-based conversational agents offer a convenient way to
deliver health education, particularly for managing complex health
conditions such as chronic diseases. The present study explores us-
ing a smartphone-based virtual agent system to aid patients with a
chronic heart condition—atrial fibrillation—to manage their health
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by encouraging the use of a heart rhythm sensor integrated with
their smartphones. We report the results of a randomized clinical
trial with 240 patients experiencing atrial fibrillation who were
provided with smartphones and heart rhythm sensors for 4 months.
Participants in the intervention group interacted with a virtual
agent, while the control group received general health education
via the WebMD app. Intervention participants completed a median
91 interactions with the agent over the 4 months of the study pe-
riod, and agent features designed to increase engagement–such as
storytelling–were effective at increasing use. The agent’s promo-
tion of heart rhythm sensor use was effective, with intervention
participants taking significantly more heart rhythm readings com-
pared to those in the control group. Participants were followed
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for 8 months thereafter to assess the sustainability of the effects,
specifically focusing on medication adherence.
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1 INTRODUCTION
Chronic diseases pose a significant public health challenge world-
wide, affecting millions of individuals and placing a substantial
burden on healthcare systems. In the US, six in ten adults have a
chronic condition, and 90% of the $4.1 trillion in annual healthcare
costs are for people with chronic health conditions. [9] Among
chronic conditions, atrial fibrillation (AF) stands out due to its com-
plexity and prevalence. AF is a common arrhythmia characterized
by an irregular and often rapid heart rate, leading to an increased
risk of stroke, heart failure, and other cardiovascular complications.
The prevalence of AF in the US is estimated to increase from ap-
proximately 5.2 million in 2010 to 12.1 million in 2030, reflecting a
significant rise over the years as the population ages [11].

The management of AF is multifaceted, encompassing lifestyle
modifications, medication adherence, and regular monitoring of
heart rhythm [24]. Anticoagulants and medications are commonly
prescribed to reduce the risk of stroke and control heart rate and
rhythm, respectively. However, the effectiveness of these treatments
is heavily dependent on patient adherence to medication regimens
and consistent monitoring of heart rhythm and symptoms [36].
Nonadherence to prescribed medications is a prevalent issue in
AF management, leading to suboptimal outcomes and increased
healthcare costs[15]. In addition, the irregular nature of AF episodes
necessitates regular assessments to detect the arrhythmia promptly
[37]. Traditional methods of monitoring, such as periodic in-clinic
electrocardiograms (ECGs) may not capture intermittent episodes,
highlighting the need for solutions that enable more continuous
monitoring and real-time detection of AF episodes.

We describe a virtual-agent based automated system for helping
patients with AF manage their condition. Patients are provided
with a smartphone and a portable ECG sensor that patients can
use to take readings at any time. The virtual agent AF coach on
the smartphone instructs patients about AF and the importance
of medication adherence and taking frequent ECG readings, and
allows them to report medication taking and AF-related symptoms.
While there are numerous apps designed for the management of
chronic diseases, discontinuation is a universal problem with all
voluntary-use health applications, and continued use is a prerequi-
site for patients to obtain benefit from these applications[39]. To

address this challenge, the agent uses a variety of techniques, such
as social chat and serial storytelling, to promote engagement with
patients. Virtual agents utilize these techniques to establish rapport
and trust with users, achieving both task-oriented and interpersonal
objectives, showcasing the agent’s expertise [4].

Information from these conversations with the agent is posted to
a workstation monitored by clinicians, in addition to ECG readings,
so that the patient can be contacted if problems arise (Figure 1).

We report the preliminary results from a randomized clinical
trial of this system, comparing AF patients who use it for four
months (AGENT group) to patients who are provided with the same
smartphone and ECG sensor, but with a medical app installed on
their smartphones instead of the virtual agent (CONTROL group).
We hypothesize:

• H1: Patients in the AGENT group will use the virtual agent
regularly throughout the four months of the intervention.

• H2: Patients in the AGENT group who interact with the en-
gagement content (storytelling) will have more interactions
with the agent overall.

• H3: Patients in the AGENT group will take more ECG read-
ings compared to those in the CONTROL group.

• H4:Patients in the AGENT group will rate the system signif-
icantly higher on key attributes such as satisfaction, trust-
worthiness, likability and perceived knowledge, compared
to how patients in the CONTROL group rate their system.

• H5: Patients in the AGENT group will report having a sig-
nificantly greater quality of life compared to those in the
CONTROL group, based on a validated AF-related quality
of life measure (AFEQT) [35].

This virtual agent is unique in that it is designed to support
patients for daily use over an extended period of time and promotes
the use of a heart rhythm sensor important for management of a
chronic disease. It is evaluated with a large sample of actual atrial
fibrillation patients with for four months.

2 RELATEDWORK
2.1 Mobile Interventions for Chronic Disease

Management
Management of many chronic diseases requires the regular mea-
surement of physiological metrics [17]. Monitoring devices such
as biometric sensors in smartphones, smartwatches, and other mo-
bile devices play an essential role in tracking and recording vital
physiological data. These include tools like smartphone apps for
tracking blood sugar levels and wearable devices that monitor heart
rhythms [27, 29]. Pamungkas et al. investigated the effects of a mo-
bile app-based diabetes coaching intervention on self-management
behaviors and clinical outcomes in individuals with type 2 diabetes
[31]. Results revealed improvements in dietary control, exercise,
blood glucose monitoring, medication adherence, and complica-
tion screening. Mamykina et al. conducted a qualitative study on a
mobile application, MoDD, that facilitates reflection and problem-
solving in diabetes self-management [25]. The study revealed that
MoDD facilitated problem-solving by guiding participants through
the steps of the problem-solving process, including identifying
problematic blood glucose patterns, exploring behavioral triggers

https://doi.org/10.1145/3652988.3673955


Exploring the Potential of Virtual Agents in Atrial Fibrillation Management: Insights from a Randomized Trial IVA ’24, September 16–19, 2024, GLASGOW, United Kingdom

contributing to these patterns, selecting alternative behaviors, and
implementing these behaviors while monitoring improvements in
glycemic control.

Several mobile technologies have been developed for the detec-
tion and management of AF [14]. Brandes et al. delved into the
complexities of consumer-led screening for AF [8]. They noted that
users of single-lead ECG devices generally express high satisfaction.
The study emphasizes the significance of offering training and clear
guidance to empower patients in effectively using these tools. Ding
et al. examined older patients’ perceptions regarding using smart
devices for heart rhythm monitoring, finding that the majority of
participants (78%) considered the devices user-friendly and rated
them as more convenient than traditional cardiovascular monitors
[13].

2.2 Mobile Virtual Agents
Jaber et al., in their survey on conversational user interfaces on
mobile devices, emphasized the effectiveness of animated agents in
delivering nonverbal cues and enhancing engagement with users
[18]. They highlighted that animated agents can provide nonver-
bal expressions like facial expressions, head nods, and eye gazes,
contributing to more engaging social interactions. Bickmore et al.
through a design study, described how virtual agents on a hand-
held device successfully build social connections and convey health
information effectively [5]. In a similar study, Kang et al. explored
the impact of an animated virtual agent in a mobile chat interaction
[20]. They found that users engaged in long conversations with
a 3D virtual agent compared to a static image or an audio-only
interface.

2.3 Virtual Agent Health Interventions
Virtual Agents have been developed to counsel patients on health
problems and chronic disease self-care across diverse populations
and conditions, including mental health, diabetes, heart failure, and
HIV/AIDS [7, 16, 34]. A recent scoping review highlighted the in-
creasing use of Virtual Agents for chronic disease management,
but only some have been deployed on mobile devices [19]. For
instance, Martínez-Miranda et al. discuss developing and evaluat-
ing a mobile-based agent that monitors and supports individuals
with mental health problems remotely, offering cognitive behavior
therapy-based activities, and detecting factors associated with suici-
dality risk [26]. Kowatsch et al. described a Virtual Agent designed
as a mediating social actor involving health care professionals, pa-
tients, and family members in chronic disease management [23],
with users accepting the agent as a member of their healthcare
team.

2.4 Automated Interventions for Atrial
Fibrillation

The literature on enhancing adherence and self-management skills
in AF through automated interventions is limited. One intervention,
known as "Health Buddies", aimed to improve medication adher-
ence among older adults with AF [12]. This intervention involved
an agreement where patients and their grandchildren engaged in
daily challenges. Users rated the system highly on acceptance and

usability, although only 13% of eligible patients agreed to participate
due to a lack of interest or discomfort with technology.

Laranjo et al. evaluated the use of conversational artificial intelli-
gence intervention to support patients with AF [38]. This interven-
tion used automated telephone calls, texts, emails, and an educa-
tion website. The digital health intervention effectively addressed
gaps in post-hospital discharge AF care by improving patients’
knowledge of AF, aiding in lifestyle adjustments, and supporting
self-management. However, participants noted several barriers to
engagement, including limited conversational flexibility, inadequate
personalization of content and communication, and the need for
continuous intervention adaptation to accommodate the episodic
nature of AF symptoms.

3 ATRIAL FIBRILLATION COACH DESIGN
Our virtual AF coach system is designed to help patients by provid-
ing both education about AF and promotion of long-term treatment
regimen adherence. The system consists of the Virtual Agent app
and a heart rhythm sensor (AliveCor Kardia ECG) on users’ smart-
phones, a central database, and a clinician workstation used to
remotely monitor patient status (Figure 1).

Individuals with AF often require frequent heart rhythm mon-
itoring. Traditional management of AF relies on regular hospital
visits for electrocardiogram (ECG) monitoring, posing challenges
for patients and healthcare systems. The AliveCor Kardia ECGmon-
itor is small and mobile and transmits heart rhythm data to user
smartphones via Bluetooth. The Kardia ECG consists of two sensors
that users place their fingers on to take a reading. Data is uploaded
to the AliveCor server which classifies the reading as indicative
of atrial fibrillation or not, and also provides current heart rate.
This information is provided back to the user and to our clinician
workstation (Figure 1, right).

Our Virtual Agent is a 3D-animated character that simulates face-
to-face dialogue with users (Figure 1, left), displaying a range of con-
versational nonverbal behavior, including head nods, facial displays,
and hand gestures that are generated using BEAT [10]. Conversa-
tions between users and the agent are scripted using a hierarchical
transition network-based scripting language with template-based
text generation. User interaction with the agent primarily involves
selecting utterances from a multiple-choice menu, updated at each
turn of the conversation. Dialogue data is persistently stored lo-
cally on the smartphone and synchronized with the central database
at the start and end of each conversation, enabling multi-session
interactions and remote clinical monitoring.

The agent provides AF education, including potential causes
and associated complications. Patients are informed about current
treatment strategies and their effectiveness. They also learn about
self-monitoring skills and the importance of self-care in AF man-
agement.

The agent also talks about medications, their side-effects, and the
importance of adhering to prescribed anticoagulant medications for
stroke prevention. Common challenges to medication adherence
are discussed, and the agent shares recommendations for managing
these challenges. The agent also explains common side effects from
anticoagulant medications, and encourages users to be active par-
ticipants in their care by reporting AF symptoms and medication
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side effects to the agent. Users can report that they took their AF
medication either to the agent or via a graphical user interface
(GUI) in the app.

The agent educates users on the Kardia ECG, to provide the
knowledge and skills to use the Kardia device properly. The ECG
education facilitates the differentiation of a heart rhythm in AF from
a regular heart rhythm. Importantly, the agent promotes adherence
to consistent heart rhythm monitoring by emphasizing the clinical
importance of regular readings. The agent also provides support
to address potential barriers to using the ECG, and motivates pa-
tients to set a goal to use the ECG every day, following up on their
progress after two weeks. The agent encourages users to use the
ECG whenever three days have passed since the last reading. The
agent acknowledges regular ECG usage by congratulating users
after five consecutive days of taking a reading in which no other
ECG concerns are found.

The agent informs users when either a high heart rate, AF, or
other adverse event was detected in an ECG reading they have taken.
Upon receiving this information, the agent leads users through a
symptom assessment where the symptom they were experienc-
ing at the time of the adverse event is logged in the database for
clinicians to review, and then suggests that users inform their clin-
ician. Following this, users have the opportunity to discuss their
symptoms in more detail with the agent, log the severity of their
symptoms, and are ultimately encouraged to take a ECG reading
and contact their health provider.

After the second week of the study and once the agent has
delivered all education material, it helps users set goals for healthy
activities related to AF. These goals include using the ECG every day,
taking anticoagulant medication as prescribed, exercising, keeping
a symptom diary, and preparing for a doctor’s visit. The agent
checks in on users’ progress two weeks after each goal is set and
updates its status. If a user did not achieve their goal, the agent
uses empathic language to encourage them to try again. If they met
their goal they are congratulated and asked if they would like to
continue pursuing the goal for another two weeks.

The agent also engages in episodic storytelling about her life
throughout the study to promote engagement with users. A dialog
module was developed that allows the agent to say one episode of
an ongoing story per day, such as interactions with her neighbors,
her friends, and their lives. The events of these story episodes
were inspired by content from an existing long-running television
soap opera. Plot summaries of hundreds of episodes were web-
scraped from the a fan-wiki page containing plot summaries of all
episodes1. A script writer was hired to write short versions of 119
of these episodes and ensure they transition well from one day to
the next, preserving the main characters and plot threads from one
installment to the next. This module is activated when the user
chooses the option to chat with the agent from the main menu
of possible daily interactions and they can only experience one
episode per day.

This virtual agent system goes significantly beyond prior work
[6] by supporting longer term interactions (4 months of daily use),
using storytelling and other mechanisms to promote sustained

1https://coronationstreet.fandom.com/wiki/Category:Episodes_by_year

engagement, enabling users to report medication taking and symp-
toms to either the agent or via GUI widgets in the app, and explicitly
motivating AF management behaviors–such as taking regular ECG
readings–through goal-setting dialog.

4 RANDOMIZED CLINICAL TRIAL
We conducted a randomized clinical trial to evaluate the AF man-
agement system described above over four months of use.

We examined the impact of the AF virtual coach promoting the
use of ECG on the actual number of ECG readings performed by
participants. Participants were assigned to either the AGENT group,
which was provided with the AF virtual coach in addition to the
ECG, or a CONTROL group, which received the ECG along with a
medical information app (WebMD) installed on their smartphone.

4.1 Participants
Participants with AF were recruited from socioeconomically dis-
advantaged areas in the Pittsburgh, PA, metropolitan region. The
inclusion criteria comprised adults aged 21 and above with a con-
firmed AF diagnosis who were prescribed either warfarin or Direct
Oral Anticoagulant for stroke prevention, and proficient in English
communication. Exclusion criteria included previous electrophysio-
logic interventions for AF treatment (as such individuals are likely
to have high engagement with specialty care for AF), having non-AF
conditions requiring anticoagulation, cardiac surgery or hospital-
ization within 3 months of enrollment, and other health issues that
could affect participation.

Participantswere recruited via severalmethods, including screen-
ing electronic health records and sending direct mail to potentially
eligible patients. We also used alerts in clinical settings to notify
health providers when a participant might be eligible for the study.
We distributed patient-centered brochures and posters in clinic
areas and waiting rooms, and also used a study website and a study
Facebook page accessible to potential participants. After initial con-
tact with potential participants, our research assistants scheduled
online visits for screening and enrollment.

4.2 Measures
At enrollment, we collected demographics, medical history, expe-
rience with AF, current medications, and socioeconomic details
including employment status, marital status, income level, and edu-
cation level.

During the four-month intervention period, we tracked the us-
age of the AF virtual coach system and the ECG. This data includes
usage timestamps (date and time of use), agent dialogue topics used
by participants, the use of stories told by the agent to maintain par-
ticipant engagement, various AF-related goals set by participants,
and symptoms and medication adherence reported to the AF coach.

ECG data were uploaded to the AliveCor server, including the
time and date of each ECG reading, the classification of the reading
as indicative of atrial fibrillation or not, and user heart rate.

We measured AF-specific health-related quality of life using the
AF Effect on Quality of Life (AFEQT) questionnaire [35], admin-
istered at enrollment and again at the end of four months. We
evaluated the sustainability of the intervention’s effect on AFEQT

https://coronationstreet.fandom.com/wiki/Category:Episodes_by_year
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through longer-term follow-ups at 8 and 12 months after random-
ization.

Health literacy is assessed with both the Newest Vital Sign (NVS).
Those scoring below 4 on the NVS indicate limited health literacy,
while 4 or higher signifies adequate health literacy [42].

Participant attitudes towards either the AF coach or WebMD
were evaluated using several single-item ten-point Likert scale
measures, including satisfaction with the system, their level of trust
in the information provided by the system, their overall liking of the
system, perceived knowledge level of the system, perceived value
of the system, and how well the system’s information addressed
their needs (Table 1).

4.3 Methods
Eligible participants were randomly assigned to either the AGENT
or CONTROL groups. Participants attended an educational session
focused on AF and Kardia, alongside receiving an informational
brochure from the American Heart Association detailing AF and
the importance of anticoagulation. Each participant was provided
with a study smartphone that would be returned after the study.
Those in the AGENT group were provided with the agent system de-
scribed above. Participants in the CONTROL group were also given
a smartphone with pre-installed applications for health-related
information, WebMD, and Kardia apps.

Both the AGENT and CONTROL groups engaged with their
assigned media for 4-months (120 days). At the end of the inter-
vention period, outcome measures, including AFEQT and attitude
towards the intervention media were collected, and a brief semi-
structured interview conducted to probe patient experiences with
the intervention. Follow-up interactions were conducted remotely
due to the COVID-19 pandemic.

4.4 Results
In the following, we clustered data into 17 weeks to facilitate longi-
tudinal analyses.

4.4.1 Participants and Sociodemographics. Between January 2020
and April 2022, we enrolled 240 participants; 121 were assigned
to the AGENT group, and 119 were assigned to the CONTROL
group. Participants were predominantly older adults, with a mean
age of 70.73 (SD = 9.8), and majority female (64.0%). The racial
composition was primarily Non-Hispanic White (66.3%), followed
by Black (30.5%), Asian (0.4%), and Multiple/Other (2.1%). Most
participants were retired (73.7%), with a smaller portion employed
(16.0%). Nearly half were married or living as married (49.8%), while
a significant portion were widowed (18.5%). In terms of education,
48.1% held an associate degree or higher, 22% had a high school
diploma or less, 17.3% had some college experience but no degree,
and 7.4% had attended a vocational or trade school.

4.4.2 Longitudinal Agent Use. AGENT group participants held an
average of 76.7 (SD = 41.9) sessions with the AF virtual coach (range
1 to 176), a median of 91 sessions, and IQR = 63.

The correlation between participants’ ages and the number of
agent sessions was positive but not significant, Pearson r(118) =
0.13, p = 0.15. There were also no significant differences in agent
system use between those with adequate and inadequate health

literacy, Wilcoxon rank-sum W=166, p=0.66. This suggests that
older participants interacted with the AF agent as effectively as
younger ones, and participants with low health literacy showed
the same level of interaction as those with high health literacy.
Participants used the agent intervention for a duration ranging
from 1 to 17 weeks, with an average active period of 14 weeks
(SD = 4.9). The median active period is 17 weeks, indicating that
half of the participants maintained engagement with the AF agent
throughout the entire study duration.

We investigated discontinued use of the virtual agent by defining
an inactive user as someone who ceases interaction with the agent
before the end of the intervention period and does not resume any
sessions afterward. Out of the 121 participants, 28 (23.1%) were
identified as inactive. One of these inactive users passed away. We
did not find any correlations between participant characteristics
(age, gender, education level) and whether they discontinued use
or not. The analysis conducted for active users revealed a positive
correlation between the sessions and time (Week), as indicated by
Spearman’s rank correlation coefficient (rho = 0.12) with a signifi-
cant p-value of less than 0.001 (Figure2).

The number of participant self-reported medication adherence
reports ranged from 0 to 228 during the 120-day study, indicating
that some participants reported multiple times daily, with a mean of
78.7 (SD = 41.9). Participants could report that they either took their
medication as prescribed (’Yes’), did not take it (’No’), or would take
it at a later time (’Later’). The number of ’Yes’ responses ranged
from 0 to 209, with amean of 73.1 (SD = 39), ’Later’ responses ranged
from 0 to 112, with a mean of 5 (SD = 13.6), and ’No’ responses had
a mean of 0.4 (SD = 1.0). Medication taking was primarily reported
via the agent (number of reports range: 0-228, M: 65.4), but also
through graphical user interface widgets (range: 0-114, M: 14.9). The
Wilcoxon rank-sum test revealed a significant difference between
reporting through these different modalities (W = 11782, p < 0.001).

Participants reported their symptoms to the agent between 1
and 128 times during the intervention, mean 42.4 (SD = 38.0). The
analysis of participant-reported symptoms during the intervention
revealed diverse experiences. Fast Heartbeat had an average occur-
rence of 2.7 times (SD = 4.4), Palpitation was reported around 3.8
times (SD = 8.9), and Shortness of breath occurred with a mean of
3.2 times (SD = 7.7). Symptoms like Chest Pain and Lack of appetite
were less prevalent, with mean occurrences of 0.3 (SD = 0.6) and
0.06 (SD = 0.3) times, respectively. Anxiety and Sadness were re-
ported relatively infrequently, with mean frequencies of 0.3 (SD =
1.0) and 0.1 (SD = 0.6) times, respectively.

4.4.3 Impact of Engagement Mechanisms on Agent Use. There was
significant variation in the number of times participants listened
to the AF coach’s stories, ranging from 0 to 182 times, with an
average frequency of 23.6 times (SD = 40.1) and a median of 4
times over the 17 weeks of the intervention. In order to determine
whether story listening drove engagement, we analyzed the number
of stories heard during the first eight weeks of the intervention, and
determined whether these predicted the number of agent sessions
in the remaining nine weeks. Participants listened to an average 2.4
stories during first eight weeks (SD = 7.9, ranging from 0 to 55), with
the median, Q1, and Q3 all at 0. Based on the median, participants
were split into two groups, those who heard any stories during the
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Question Anchor 1 Anchor 10 AGENT CONTROL p
How satisfied are you with Tanya/WebMD? Not at all Very satisfied 6.7 (3.1) 6.7 (2.8) 0.783
How much do you trust information from Tanya/WebMD? Not at all Very much 8.2 (2.4) 7.5 (2.5) 0.004
How much do you like Tanya/WebMD? Not at all Very much 7.1 (3.2) 6.4 (2.8) 0.014
How knowledgeable is Tanya/WebMD? Not at all Very 8.1 (2.6) 7.4 (2.6) 0.01
How valuable is Tanya/WebMD? Not at all Very valuable 7.0 (2.9) 6.4 (2.9) 0.103
Did Tanya/WebMD provide information that addressed your
needs? Not at all Very much 6.9 (2.9) 6.5 (2.9) 0.302

How much would you like to continue working with
Tanya/WebMD? Not at all Very much 5.7 (2.9) 5.9 (3.6) 0.898

How natural were your conversations with the agent? Very unnatural Very natural 6.5 (3.2) - -
How would you characterize your relationship with the agent? Stranger Close friend 6.5 (3.0) - -
How much would you like Tanya to be part of your
healthcare team? Dislike Like 5.7 (3.3) - -

Table 1: Self-Report Attitudes towards Agent and WebMD. Wilcoxon significance tests on single items.

first eight weeks and those who did not. Participants who heard
stories during the first eight weeks had a higher median of 64
sessions in the second nine weeks, compared to participants who
did not hear any stories, who had a median of 44 sessions. There
was a trending difference between these groups on subsequent
sessions, Wilcoxon rank sum, (W = 1379.5, p = 0.06).

Figure 2: Sessions per User Over Time: Red line indicates
actual weekly averages including initial week. Black line is a
linear fit, excluding initial week.

4.4.4 Heart Rhythm Sensor Readings. Results from the ECG clas-
sification showed that participants had an average of 26.5% (SD =
36.0%) of their readings classified as being in AF.

A longitudinal linear mixed model analysis of the data showed
therewas a significant negative effect of time (weeks) on the number
of ECG readings (-0.2, SE = 0.03, t(238) = -5.9, p < 0.001), suggesting a
significant decrease in the number of ECG readings over the 17week
intervention for both the CONTROL and the AGENT groups. Study
condition had a significant main effect on the number of readings
(1.5, SE = 0.6, t(238) = 2.2, p = 0.03), indicating that participants in

the AGENT group had, on average, 1.5 more ECG readings over the
entire 17 weeks compared to those in the CONTROL group (Figure
3).

We found a significant positive correlation between the number
of agent sessions a participant in the AGENT group started and the
number of ECG readings they took over during the intervention
period, Spearman rho =0.24, p<0.001. There was also a significant
positive correlation between the number of goals a participant
endorsed with the agent for "using the Kardia every day" and the
number of ECG readings they took, Pearson r = 0.32, p<0.001.

4.4.5 AFQuality of Life. We compared changes across study groups
in AFEQT between the beginning and end of the intervention pe-
riod. The baseline mean AFEQT global score for the AGENT group
was 73.2 (SD = 18.9 ), slightly higher than that of the WebMD group,
which was 73.0 (SD = 20.1 ). By the 4-month mark, both groups
saw increases, with AGENT at 74.8 (SD = 20.4) and WebMD at 74.7
(SD = 20.6 ). However, the mean difference between the two groups
was not significant (p = 0.92). At 8 months, the mean AFEQT scores
continued to show slight increases: AGENT group M = 77.3 (SD =
17.7), WebMD group M = 75.6 (SD = 19.1). By month 12, the scores
were AGENT group M = 76.5 (SD = 17.6) and WebMD group M =
76.0 (SD = 20.7), with no significant difference between them at this
time point (p = 0.87).

4.4.6 Self-Report Ratings of Attitudes Towards Media. The mean
and standard deviations of the media satisfaction ratings are in
Table 1.

We Used Wilcoxon rank-sum tests to compare various aspects
between the AGENT and CONTROL groups, including satisfaction,
trust in the information, overall system liking, perceived knowledge
level, perceived value of the system, and the system’s effectiveness
in addressing users’ needs. The results indicated that the AGENT
group exhibited significantly higher trust scores (W = 4543, p =
0.004), a greater liking of the system (W = 4706.5, p = 0.014), and
perceived a higher level of knowledge about the system (W = 4669.5,
p = 0.010) compared to the CONTROL group. However, there were
no significant differences between the two groups in terms of satis-
faction with the system, perceived value of the system, fulfillment
of information needs, and intention to continue using media.
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Spearman’s non-parametric correlation analyses revealed several
significant positive correlations between various attitudes towards
the agent and the number of sessions started in the AGENT group.
There were correlations between sessions and: satisfaction (rho =
0.35, p < 0.001), trust in the agent (rho = 0.30, p < 0.001), overall liking
of the agent (rho = 0.32, p < 0.001), how knowledgable participants
felt the agent was (rho = 0.27, p = 0.004), how valuable participants
felt the agent was, (rho = 0.25, p = 0.007) and the degree they felt
the agent provided information (rho = 0.25, p = 0.008).

Non-parametric Wilcoxon Signed Rank tests showed that partic-
ipants’ perceptions of the virtual agent’s naturalness were signifi-
cantly higher than the neutral value of 5 on these scales (Z = 0.81,
p < 0.001). Additionally, ratings for perceived relational closeness
with the agent (Z = -0.85, p < 0.001) and the desire for the agent to be
part of their healthcare team (Z = -1.13, p = 0.015) were significantly
different from neutral.

4.4.7 Qualitative Results. Participants in the AGENT group de-
scribed the AF agent, Tanya, as useful resource: "[I] learned so
much about health and found it to be so useful." [P6119]. They also
highlighted that Tanya was informative "She had great informa-
tion about Afib" [P6051]. Moreover, participants mentioned Tanya’s
friendly nature and noted that "She was friendly and told stories"
[P6153] and expressed enjoyment in interacting with the agent, "I
got used to talking to her, and I enjoyed speaking with her" [P6009].

Participants also mentioned that the agent was able to tell sto-
ries during interactions: "[I] Enjoyed being able to speak to her and
listen to her stories"[P6050]. Few described the agent as a real friend,
saying, "She almost seems real, like a friend." [P6068] and some par-
ticipants reported that "Tanya was someone to talk to about Afib"
[P6198].

Based on the interview results, 84 out of 111 participants men-
tioned that they used the application to report their medication
adherence and appreciated the medication reminder features.
They noted that "She is helpful to remind you to take your medica-
tion and pay more attention to your health" [P6051]. Participants also
mentioned that Tanya can answer questions "she gave good ex-
planations to questions" [P6002]. However, some of the participants
mentioned that they were not able to ask their own questions " I
couldn’t ask questions of my own."[P6066]. Some of the participants
also mentioned that the agent was repetitive "At the beginning it
was interesting but then it got repetitious and annoying"[P6094].

Most of the participants reported that they preferred to interact
with the agents in the morning, the majority of them interacted
with Tanya at home, and only two participants reported that they
used it at work. Five participants used other health management
applications, and they found Tanya different from these applica-
tions: "She is more personal; she goes through a series of questions
that the other applications don’t do." [P6196]. A small number of
participants reported using the application to record questions for
their doctor.

4.5 Discussion
Participants in the AGENT group interacted with the virtual agent
an average of 76.7 times over the duration of the intervention, with
only 23.1% discontinuing use before the end of the 120 days, pro-
viding support for H1. This underscores the potential of virtual

Figure 3: ECG Readings per Week: The AGENT group had a
consistently higher number of Kardia readings than the Con-
trol group. The plot depicts a significant decrease in readings
over time for both groups.

agents in long-term care, particularly in chronic disease manage-
ment. Research has consistently shown that chronic conditions
require ongoing support and guidance [1]. Despite challenges faced
by many e-health applications that see a decline in usage after a
few weeks [44], our results provide evidence that participants can
sustain long-term engagement with the AF virtual coach.

Previous studies have identified correlations between specific
demographic factors and higher attrition rates in digital health
interventions, including male gender [22, 33, 44], younger age [21,
33, 40], lower socioeconomic status [33], and lack of a partner [32].
However, our results indicate that the AF virtual coach design
effectively interacts with individuals across various demographics.
Older participants interacted with the AF agent as effectively as
younger ones, and there was no difference in interaction level
between participants with low health literacy and those with high
health literacy.

Participants who actively engaged in storytelling with the agent
during the initial weeks of the intervention conducted a higher
number of sessions in the second half of the intervention period.
Furthermore, several participants highlighted storytelling as one of
the most appealing features of the AF coach, providing some evi-
dence forH2. This demonstrates a correlation between storytelling
and participants’ sustained engagement in interactions with the AF
coach. This result aligns with the findings of previous studies, sug-
gesting that conversational agents can use storytelling techniques
to maintain user engagement within a single interaction and across
multiple interactions [3].

Patients in the AGENT group took significantly more ECG read-
ings compared to those in the CONTROL group, supporting H3.
While participants in both groups received training on using the
Kardia ECG sensor, the agent encouraged participants to take read-
ings every day and to set goals related to ECG use, resulting in
higher use. We also found a significant positive association be-
tween the number of goals set for using the ECG daily and the
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number of ECG readings among participants in the AGENT group.
Behavioral science and HCI researchers have described goal setting
as a highly motivational tool that increases user engagement in
longitudinal interventions[43].

Patients in theAGENT group reported significantlymoremedication-
taking events via conversation with the agent than via graphical
user interface widgets. This result is in contrast to a previous study
in which user interface widgets were preferred over a conversa-
tional agent for transactional health interactions, such as reporting
medication-taking or symptoms [30]. One reason for this could
be that patients in our study initiated interactions with the agent
for a range of reasons and medication reporting was embedded in
a larger conversation, whereas in the earlier study health event
reporting was the only activity performed with the agent.

Participants in the AGENT group rated the virtual coach signif-
icantly higher on trust, liking, and how knowledgeable the infor-
mation source was compared to ratings of WebMD by CONTROL
group participants. However, there were no significant differences
on satisfaction ratings, providing only partial support for H4. Posi-
tive correlations were observed between session frequency and par-
ticipant attitudes which suggested that increased user interaction
with the AF coach correlates with enhanced positive experiences.
Participants found the virtual agent to be natural, felt a sense of
closeness to the agent, and desired the agent to be part of their
healthcare team.

There were no significant differences between AGENT and CON-
TROL group ratings on AF-related Quality of Life (AFEQT), at either
the end of the intervention at 4 months or at 8 month follow up.
Thus H5 was not supported. The slight increases in AFEQT scores
over the intervention period observed in both groups suggest that
the ECG sensor coupled with educational content on AF–from any
media–had a small positive impact on the participant’s ability to
manage their chronic conditions. However, use of the virtual coach
and increased frequency of ECG readings did not translate into
improved quality of life, as was found in earlier studies [6].

5 CONCLUSION
We demonstrated that patients with atrial fibrillation, a serious and
potentially debilitating chronic condition, can and will use a virtual
coach agent on their smartphone for an extended period of time
to help manage their disease. Patients across the age and health
literacy spectra talked to the agent regularly for four months.

We found that serial storytelling by the agent–even though the
stories were unrelated to the user’s task–served as an effective
engagement mechanism, contributing to participants’ sustained
engagement in interactions with the AF coach.

We found that participants trusted the AF-related information
provided by the agent significantly more than the WebMD app, and
that they liked the agent more than the WebMD app.

Finally, we demonstrated that participants used a mobile ECG
sensor significantly more when a virtual coach motivated its use,
compared to participants who were just provided with educational
information about the device. The effectiveness of personal health
devices in continuouslymonitoring health parameters is closely tied
to how frequently they are used [41]. To the best of our knowledge,

our work is the first to develop and evaluate virtual agents that
successfully promote the use of health devices.

Researchers have highlighted the role of conversational agents in
facilitating tasks such as self-monitoring and overcoming obstacles
for self-management, particularly in chronic disease management
and public health crises such as pandemics [16, 28]. In our study, the
AF virtual coach played an important role in assisting participants
with various tasks specific to their chronic condition, includingmed-
ication adherence and symptom reporting. The insights gathered
from participant interviews revealed their preference for features
related to medication reminders and symptom reporting within the
AF virtual coach application.

5.1 Limitations
There are several important limitations of our study. Although all
of our participants were diagnosed with AF, they were all recruited
from one metropolitan area and our findings may not hold for all re-
gions of the US or beyond. While four months is a long intervention
by HCI standards, individuals with chronic conditions generally
have to live the rest of their lives with their conditions (by defini-
tion). In this context, four months is a relatively brief period, and
our results may not generalize to longer time periods.

5.2 Future Work
Although our agent negotiates health behavior goal setting with
users, it does not follow up to see whether goals have been achieved
or whether they need to be re-negotiated. Thus, longitudinal follow
up on behavioral goals would be important to explore in future
systems. This finding is supported by prior research, which suggests
that simply setting goals in health behavior change interventions
is not effective; instead, regularly checking progress and providing
feedback are crucial aspects [2].
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