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The Impact of Health Literacy in a Virtual Agent Intervention
Addressing Barriers to Cancer Clinical Trial Participation

Anonymous Author(s)

Abstract

Communication barriers contribute low clinical trial trial participa-
tion, which is crucial in advancing breast cancer treatment. Patient-
centered communication and considering user characteristics like
health literacy may improve communication about clinical trials.
Virtual agent interventions can employ these strategies to improve
communication. However, it is unclear how the adoption of these
strategies impact trust and use of a virtual agent intervention. There-
fore, we conducted a study where 103 breast cancer patients inter-
acted with a web-based patient-centered virtual agent intervention
to learn about clinical trials. Although the virtual agent’s com-
munication strategy alone did not influence perceptions of trust,
findings revealed that accounting for participants’ health literacy
significantly impacted trust and unveiled a more nuanced under-
standing of patient-centered communication strategies. This work
contributes to the design of virtual agent interventions, highlight-
ing the necessity of incorporating user characteristics like health
literacy when developing interventions for breast cancer patients
for clinical trial engagement.
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1 Introduction

Breast cancer is one of the most common cancers [62], making up
16% of new cancer cases in 2024 [50]. Advances in cancer treatments
are largely driven by clinical trials and participation from cancer
patients. However, adult participation in cancer clinical trials re-
mains low, ranging from 2% to 8% [76, 77]. Barriers to enrollment
include a general lack of knowledge and awareness of clinical trials
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[39, 45, 75], and mistrust and stigma towards medical establish-
ments and research [4, 32].

Online educational interventions, such as videos [63] and e-
delivered learning modules [35, 61], have become a popular way
to deliver health information. A growing approach in this space
involves virtual agents — computer-generated characters that ap-
pear and behave like real humans [84]. Virtual agents can engage
users through interactive, personalized conversations, which may
enhance user understanding [11], trust [86], and intent to act on
health information [88]. The Computers Are Social Actors Frame-
work (CASA) [49, 58] suggests that virtual agents are perceived
through a social lens, allowing for strategic tailoring of features such
as age, gender, personality, and communication strategy [1, 46, 74].
To this end, virtual agents’ accessibility and adaptability make them
effective for promoting healthy behaviors across diverse users and
contexts [66, 89, 91].

Literature suggests that improving communication about clini-
cal trials may address barriers to clinical trial engagement [4, 45],
such as building legitimacy and trust [85]. In healthcare, there is
an emphasis on patient-centered communication to foster trust
[33, 95] and improve patient outcomes [30, 44, 47, 79], involving
strategies such as using familiar language and expressing empathy
when explaining health topics [23, 83, 94]. Regarding virtual agents,
there is evidence that employing patient-centered communication
strategies can improve health outcomes [90]. Therefore, applying
these strategies in virtual agents holds promise for fostering trust
and enhancing engagement with clinical trials.

Additionally, user characteristics (e.g., age and personality) may
influence users’ engagement with virtual agents [1, 46, 69, 74],
though their impact varies by context [59]. Healthcare literature
highlights health literacy as an important characteristic to consider
in cancer patients [34] and engaging underrepresented populations
in clinical trials who are disproportionally affected by low health
literacy [22]. Prior work suggests that virtual agents can positively
influence outcomes with low health literacy cancer patients for
clinical trial-related interventions [10]. Hence, health literacy is a
key user characteristic to consider for our context of a virtual agent
promoting clinical trial engagement for breast cancer patients.

Therefore, this explores the use of patient-centered communi-
cation strategies in a virtual agent and the role of users’ health
literacy in fostering trust and promoting clinical trial engagement
among breast cancer patients. We address the following research
questions:

e RQ1: How does a virtual agent using patient-centered com-
munication strategies influence perceived trust?

— RQ1a: How does a user’s engagement and health liter-

acy moderate the perceived trust of virtual agent using
patient-centered communication strategies?

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

106

107

108

109

110

111

112

114

115

116


https://doi.org/XXXXXXX.XXXXXXX
https://doi.org/XXXXXXX.XXXXXXX

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

150

160
161
162
163
164
165
166
167
168
169
170
171
172
173

174

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

e RQ2: How does a virtual agent using patient-centered com-
munication strategies influence a user’s browse behavior
for clinical trials?

— RQ2a: How does a user’s engagement and health liter-
acy moderate their browse behavior when interacting
with a virtual agent using patient-centered communi-
cation strategies?

2 Related Works

In this section, we provide an overview of the importance of trust,
communication strategies, and user characteristics in health-related
virtual agent interventions.

2.1 Trust in Health-Related Virtual Agent
Interventions

Virtual agents are increasingly used in healthcare interventions
such as screening, promoting healthy behaviors, and mental health
interventions [12, 25, 89]. Virtual agents have also shown promise
in clinical trial contexts by providing interactive, engaging inter-
ventions to address mistrust and misunderstanding [48]. As virtual
agents take on more prominent roles in sensitive health domains,
perceived trust becomes critical to user acceptance and adherence
to their advice [13, 38, 51, 78]. This is particularly important in
clinical trial engagement efforts, where behavioral recruitment ef-
forts emphasize trust building [85] Prior work suggests various
factors impact trust [86], such as the agent’s appearance, commu-
nication style, and the user’s own characteristics, though which
factors shape trust varies by context [20, 28, 80].

Therefore, despite the potential for virtual agent interventions
for clinical trial engagement, it remains unclear what factors shape
trust. Understanding what contributes to perceptions of trust can
improve acceptance of virtual agent interventions and user out-
comes. Therefore, this work contributes to the design of health-
related virtual agent interventions by exploring how the virtual
agent’s communication style and users’ characteristics impact per-
ceptions of trust for a clinical trial awareness intervention.

2.2 Communication Strategies in
Health-Related Virtual Agent Interventions

Prior work shows that the communication strategy employed by
a virtual agent impacts agent perceptions and user outcomes in
health-related interventions [1, 11, 88]. For example, empathetic
dialogue can improve perceptions of virtual agents [2, 73], and per-
suasive dialogue and humor can improve user outcomes such as
attitudes and motivation towards healthy habits [53, 60]. In health-
care literature, there is an emphasis on patient-centered communi-
cation which embodies strategies such as responding to patients’
emotions and understanding the patients’ perspectives, needs, and
values [37, 41]. Patient-centered communication is positively as-
sociated with trust and may lead to better health outcomes [55]
such as satisfaction with care, understanding medical information
and recommendations, and adherence to therapy [57]. In practice,
patient-centered communication includes linguistic strategies such
as aligning communication using similar language, expressing em-
pathy, and adjusting health literacy [23, 83, 94].

Anon.

However, employing patient-centered communication strategies
in virtual agent health-related interventions remains underexplored.
Despite its wide use in healthcare, it is unclear how patient-centered
communication may influence trust in virtual agents and user out-
comes. Therefore, our work contributes to the design of virtual
agent communication by exploring the implementation of patient-
centered communication strategies.

2.3 User Characteristics and Health-Related
Virtual Agent Interventions

Prior work suggests that user characteristics — such as age, per-
sonality, and self-efficacy [1, 46, 69, 87, 88] — play a role in how
people engage with virtual agents. In cancer-related virtual agent
interventions, characteristics such as rural identity, racial-ethnic
background, experience with healthcare, and age have been shown
to impact perceptions of virtual agents [18, 81]. One important user
characteristic in healthcare contexts is health literacy [34]. Health
literacy is particularly important for individuals from underrepre-
sented groups [22], whose participation in cancer clinical trials is
crucial to advancing cancer treatment for groups disproportionally
affected by cancer. Virtual agents have the potential to address low
health literacy by being easier to use, more satisfactory, and more
useful for low health literacy populations [7, 10, 82]. Moreover,
prior work has shown the outcomes for an adaptive virtual agent
is affected by the health literacy of the user [21].

Therefore, this work aims to expand the current understanding of
user health literacy and its influence on virtual agent interventions.
Specifically, we explore how a participant’s health literacy impacts
their engagement and perceptions of a virtual agent intervention
to raise awareness about clinical trials.

3 Methodology

This study examines how patient-centered communication influ-
ences trust in a virtual agent and intervention outcomes, and how
user health literacy and engagement impacts these relationships
and outcomes. To study these effects, we conducted a between-
participants study where participants interacted with a virtual
agent for clinical trial education through open-ended input. We
manipulated the communication style of the virtual agent: patient-
centered or control. We describe the implementation in detail in
this section.

3.1 System and Agent Design

3.1.1  Virtual Agent Interface. The virtual agent system was a Node]S
application deployed via Amazon Web Services. The virtual agent

was created using Synthesia [72], an online platform that gener-
ates realistic virtual characters. OpenAI’s Audio API was used for

real-time text-to-speech, using the voice Nova. The same virtual

character was pilot-tested and administered across both conditions

and was displayed as a chatbot-style interface (Figure 1). A list of

topics to cover based on the top barriers to clinical trial participation

for breast cancer patients [4, 32, 39, 45, 75] was displayed on the

left of the chat area. For each response, the generated text appeared

on the interface alongside audio playback, while the agent was

visually animated with a glow effect and subtle head and mouth

movements to cue activity.
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3.1.2  Agent Dialogue Generation. To generate responses, the vir-
tual human utilized OpenAT’s Assistants API [54] using a vector
store. Several sources of information from reputable institutions
(i.e., National Institute of Health, National Cancer Institute, Food
and Drug Administration, and US Department of Health and Hu-
man Services) were stored in the vector store to provide a database
that the virtual agent could use in its response. The vector store
served as the knowledge base for the virtual agent’s answering
capabilities. For any other user queries expanded beyond the scope
of the knowledge base, the agent informed the user that they were
incapable of providing an answer at this time.

Both the control and patient-centered virtual agents generated
responses through persona-informed LLMs [71] [5]. In the control
condition, the agent was prompted to simply respond to users’
queries with appropriate answers. In the patient-centered condi-
tion, the agent was provided additional language manipulations
to adjust its responses based on three patient-centered communi-
cation strategies [37, 41]: (1) empathy - expressing empathy and
reassurance, (2) linguistic similarity - using similar language as
the user, and (3) readability - lowering the health literacy of the
information.

The prompts were constructed using a framework adapted from
Steenstra et al.[67], which integrates established prompt engineer-
ing practices[3] with a health counseling dialogue framework[9].
Specifically, we defined the system’s identity, goals, and constraints
in both control and patient-centered conditions by incorporating
elements such as persona, context, disambiguation, and wording[3].
For the patient-centered condition, we further applied best practices
from patient-centered communication using the theory model[9].
Table 1 details the prompt segments, which condition(s) they ap-
peared in, and corresponding themes from the prompt framework
[67]. Outputs were validated by health communication experts. The
following is an example of a control and patient-centered response
to the question, "Are clinical trials safe?":

e Control: "Clinical trials are designed with safety as a pri-
ority. They undergo rigorous review and monitoring to
ensure participant safety. However, like any medical inter-
vention, they may carry risks, which are carefully explained
to participants before enrollment.

e Patient-Centered: "Yes, clinical trials are designed with
safety in mind. They follow strict guidelines to protect par-
ticipants. Before joining, you’ll be informed about potential
risks and benefits. It’s normal to feel a bit anxious, but
know that safety is a top priority in these studies. If you
have more questions or concerns, I'm here to help!"

3.1.3  Linguistic Validation of Agent Dialogue. In addition to expert
validation of agent responses, we analyzed post-study transcripts
to confirm the patient-centered condition by examining linguistic
features of our three manipulations: empathy, linguistic similarity,
and readability. For each participant, all virtual agent messages
were combined into a single text, as were all user messages. Empa-
thy and linguistic similarity were analyzed using Linguistic Inquiry
and Word Count (LIWC) [43], a validated tool for evaluating lan-
guage in patient-centered communication [23, 94]. Empathy was
measured by the frequency of affect, emotion, and prosocial behav-
ior words [6]. Linguistic similarity was evaluated with Language

safety of participating in trials, the eligibility criteria
for joining, and the potential benefits and risks

involved. If you have any specific questions, feel free
to ask!

&

You

ALEX are ciinical trials safe
VIRTUAL ASSISTANT

ALEX
TOPICS TO COVER Clinical trials are designed with safety in mind. They
Safety follow strict guidelines to protect participants. Before
0 Randomization atril starts, it goes through a review process to
o Eligibility ensure it's safe. However, like any medical treatment,
O Logistics
O Benefits & Risks

there can be risks. It's important to discuss any
concerns with the trial team to understand what

'tqv safety measures are in place. If you have more

questions, 'm here to help!

Type a message.

Send >
4

Figure 1: The patient-centered virtual agent intervention web
interface.

Style Matching (LSM) [42], which computes stylistic alignment
between user and agent text. Reading ease was calculated using the
Flesch-Kincaid Grade Level (FKGL) index [24, 64], which estimates
the education level required to understand given text. The calcu-
lated scores were compared between conditions to determine that
the manipulated properties were improved in the patient-centered
communication.

Empathy. The patient-centered virtual agent used significantly
more affect (U = 397.00, p < .001), emotion (U = 819.00, p < .001),
and prosocial behavior words (U = 565.00, p < .001) compared to
the control, validating the empathy manipulation.

Linguistic Similarity. The patient-centered virtual agent’s re-
sponses demonstrated significantly higher language similarity be-
tween the virtual agent’s and user’s responses compared to the
control (U = 916.00, p = 0.003), validating the linguistic similarity
manipulation.

Readability. The patient-centered condition had a significantly
lower FKGL at around a 10th-grade reading level (U = 2764.00,p <
0.001), compared to the control condition at >12th-grade, validating
the readability manipulation. Although a 10th-grade reading level
is considered high, the readability of the patient-centered condition
is still lower than that of most clinical trial materials [24, 64].

3.2 Intervention Phases

The intervention consisted of three primary phases: Introduction,
Clinical Trial Conversation, and Browse Studies. All users engaged
in both the Introduction and Clinical Trial Conversation phases
regardless of the condition to which they were assigned. Users,
however, had the option to decide as to whether or not they would
engage in the Browse Studies phase. Each phase is described in
further detail in the following section.

Introduction. Once the user completed the IRB and pre-survey,
they were randomized into either the patient-centered or control
condition and were provided instructions on how to interact with
the virtual agent. Participants were instructed to engage with the
virtual agent through textual input and participate in at least five
conversational turns pertaining to a set of suggested clinical trial

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348



362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

Anon.

Prompt Segment

Condition Framework

You are a virtual assistant educating on clinical trials for people with breast cancer.

Control;

p Context [3
Patient-Centered ersona, Context [3]

or less.

Control; Disambiguation,
Use the Knowledge Base exclusively to answer questions. . ’ Context [3]; External
Patient-Centered
Model [9]
If an answer isn’t there, inform the user you can’t answer. Keep your response to 75 words Pe(l)trile;(z—,c entered Mz(ri e1ln[%][ ]; Protoco

emotions/feelings. Use encouraging/supportive language.

Match your language style to the user: Mimic the user’s tone, sentence structure, word
choice, and casualness/formality. Adjust your health literacy based on the BRIEF SCORE
(0-12, low health literacy; 13-20, medium to high health literacy). Express empathy and
reassurance: Ease worries and anxieties. Acknowledge/validate the user’s

Patient-Centered Theory Model [9]

Table 1: Overview of prompt segments used in the study, illustrating which experimental condition(s) each snippet appeared in
and the corresponding themes from the prompt framework adapted from [67]

topics. These topics were predetermined and created based on iden-
tified barriers to clinical trial participation [4, 32, 39, 45, 75]. Once
the user finished reading the instructions, they began the Clinical
Trial Conversation.

Clinical Trial Conversation. The primary phase of this interven-
tion was the Clinical Trial Conversation. Participants engaged for a
minimum of five conversational turns but were allowed to engage
for as many conversational turns as desired. In the control condition,
the virtual agent responded to the participant’s queries based on its
knowledge base. The patient-centered virtual agent responsed with
additional language manipulations based on patient-centered com-
munication strategies (see Section 3.1). The patient-centered virtual
agent checked users’ understanding, suggested relevant next topics,
and use empathetic language in addition to answering the partici-
pant’s queries. After completing a minimum of five conversational
turns, the participant was allowed to progress.

Browse Studies. The Browse Studies phase was the final phase
in the intervention before the post-survey, and was optional. After
completing the Clinical Trial Conversation with the virtual agent,
participants were prompted with a choice to browse existing clini-
cal trials on breast cancer. Participants who opted not to browse
were immediately re-directed to the post-survey. Participants who
opted to browse were shown three pre-selected breast cancer clin-
cial trials with either the control or patient-centered virtual agent,
based on the condition they were in. All the clinical trials that were
presented to participants allowed for remote participation and were
sourced from ClinicalTrials.gov, an online public database that con-
tains information about clinical research studies. The virtual agent
responded to any questions that the participant may have had about
the pre-selected studies, where the patient-centered agent employed
additional patient-centered communication strategies. Participants
that chose to browse through the clinical research studies were
allowed to move onto the post-survey at any point.

3.3 Measures

3.3.1 Outcome Measures.

Human-Computer Trust Scale. Participants answered twelve items
about their trust [27] in the virtual character in the post-survey.
These items captured four dimensions of trust, with three items
each: risk perception (eg, "It is risky to interact with Alex"), benev-
olence (eg, "I believe that Alex will act in my best interest), com-
petence (eg, "If T use Alex, I think I would be able to depend on
it completely"), and reciprocity (eg, "I can trust the information
presented to me by Alex"). Each item was scored on a 5-point Likert
scale where 1 was "Strongly Disagree" and 5 was "Strongly Agree,'
with the risk perception items being reverse scored.

Average Words Per Dialogue Turn. Literature shows that patient
participation reflects an overall orientation to active and engaged
communication [68, 70]. We chose to measure participation by av-
erage words per dialogue turn in order to determine engagement
with the intervention. Average words per dialogue turn was cho-
sen over number of dialogue turns, as participants were required
a set amount of dialogue turns for the intervention. Hence, aver-
age words per dialogue turn was a more informative indication of
participant engagement.

Browse Choice. After interacting with the virtual agent, partici-
pants were asked if they would like to browse pre-selected clinical
trials. Their response was recorded as "yes" or "no.

Follow Up Choice. For participants that chose to browse through
the pre-selected clinical trials, they were asked if they would like
follow up information. Their response was recorded as "yes" or

no.

Health Literacy. Participants’ health literacy was measured in
the pre-survey using the BRIEF Health Literacy Screening Tool [29].
This tool consists of 4 questions (eg, "How often do you have some-
one help you read hospital materials?"). Three of these questions
are scored on a 5 point Likert scale where 1 = "Always" and 5 =
"Never". One question ("How confident are you filling out medi-
cal forms by yourself?") is reverse scored, where 1 = "Not at all"
and 5 = "Extremely." All four items were summed for a total score.
Participants with a final score between 4-12 were grouped as low
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health literacy (n=27), 13-16 were grouped as medium health literacy
(n=31), and 17-20 were grouped as high health literacy (n=44).

3.4 Procedure

Participants were recruited online through Prolific and were pro-
vided with a link to complete the pre-survey. Then, participants
were randomized to an intervention condition. Participants were
not informed of their assigned condition but were told that the
agent was a virtual assistant for educating on clinical trials in rela-
tion to breast cancer. After finishing the intervention, participants
were redirected to completing the post-survey. Figure 2 provides
an overview of the procedure described in this section.

Pre-Survey. Participants were redirected to the pre-survey on
Qualtrics, which began with the informed consent. Then, partic-
ipants responded to 4 questions from the BRIEF Health Literacy
Screening Tool [29] in order to determine their health literacy. This
BRIEF score was also used to inform the patient-centered virtual
agent.

Intervention. After completing the pre-survey, participants were
randomized to the control or patient-centered condition. They were
redirected to the intervention website and completed each of the
Intervention Tasks described in Section 3.2. After completing the
entirety of the virtual agent interaction, participants were redirected
to the post-survey.

Post-Survey. The post-survey contained the survey items for the
outcome measures used in this study as well as demographics. Fur-
thermore, if a participant had agreed to browse the sample studies,
a question was provided in the survey asking if the participant
wanted to follow up with additional information on clinical trials.
Users who agreed to follow up were provided with clinicaltrials.gov
links to the pre-selected clinical trials [15-17]. Participants who
did not browse for clinical trials were not presented with this item.

3.5 Participants

This study was approved by the university’s Institutional Review
Board (IRB#ET00042394). Participants (N = 103) were recruited
through Prolific and were eligible if residing in the United States
and reporting a current or past diagnosis of breast cancer. Each par-
ticipant received monetary compensation of 5.00 USD upon study
completion. The population’s reported age ranged from 21 to 79
years old (M = 50.62, SD = 15.19). Participants’ gender was reported
as follows: 93.2% female (n=96), 5.8% male (n=6), 1.0% agender (n=1).
The skewed groups in gender are expected given the recruitment
requirements for a breast cancer diagnosis. Racial ethnic groups
were reported as follows: 6.8% of our participants were Asian (n=7),
16.5% Black/African American (n=17), 1.0% Hispanic/Latin Ameri-
can (n=1), 71.8% White: Non-Hispanic, Non-Latin American (n=74),
and 1.9% Middle Eastern/North African (n=2). Two participants did
not report their racial ethnic group.

4 Results

Data analysis was conducted in IBM SPSS Statistics 30. We aimed
to explore the influence of the virtual agent’s communication style
on trust and browse behavior, and the effects that words per dia-
logue turn and user health literacy would have on our outcomes.

Therefore, we evaluated trust outcomes with hierarchical multi-
ple regression, and browse behavior outcomes with hierarchical
binomial regression. Internal reliability for the human-computer
trust scale was assessed by calculating Cronbach’s alpha for the
4 subscales: risk perception (a = 0.794), benevolence (a = 0.776),
competence (¢ = 0.840), and reciprocity (@ = 0.790), as well as
for all 12 trust items combined (¢ = 0.804), indicatating good to
excellent internal reliability.

Assumptions for regression were checked prior to each analysis.
Hierarchical models were built by entering Condition first, followed
by Words per Dialogue Turns and interaction effects, and finally
Low Health Literacy and interaction effects. We did not include
Medium and High Health Literacy levels as they did not signifi-
cantly improve model fit for any of our analyses. If a main effect of
Low Health Literacy was found, post-hoc analysis was conducted
to compare it to Medium and High Health Literacy.

4.1 Trust.

Risk Perception. The final model for Risk Perception was sig-
nificant (see Table 2 for model steps). Significant main effects
emerged for Condition, Words per Dialogue Turns, and Health
Literacy. Participants in the patient-centered condition reported
higher risk perception scores compared to those in the control
condition. Participants who had higher words per dialogue turn
were also associated with higher risk perception scores. For health
literacy, post hoc comparisons using estimated marginal means
confirmed that low health literacy participants (M = 10.30,SD =
3.75; EMM = 10.34,SE = 0.56) reported significantly lower risk
perception scores than medium and high literacy participants (M =
7.05,SD = 2.52; EMM = 7.03, SE = 0.33), after adjusting for Words
per Dialogue Turn. Finally, a significant interaction between Con-
dition and Words per Dialogue Turn was also observed, £(95) =
2.497,p = 0.014,r = 0.248 (see Figure ??, revealing that as Words
per Dialogue Turn increased, participants in the patient-centered
condition had higher Risk Perception scores compared to the con-
trol condition.

‘ Model 1 ‘ Model 2 ‘ Model 3
(Intercept) 8.00 (0.45)***  9.96 (0.88)"** 8.97 (0.85)"**
Condition (Patient-Centered) -0.16 (0.64) -1.99 (1.29) -3.05 (1.31)*
‘Words per Dialogue Turn -0.20 (0.08)*  -0.17 (0.07)*
Condition x Words 0.18 (0.11) 0.26 (0.11)*
Health Literacy (Low) 2.77 (0.89)**
Condition x Health Literacy 1.06 (1.32)
R? 0.001 0.065 0.261
Adj. R? -0.009 0.036 0.222
F Change 0.064 3.341* 12.578"**
F 0.064 2.250 6.703***

Table 2: Multiple regression model for Risk Perception with
B (standard error). F-statistic with regard to individual model;
F Change with regard to prior model step. *** = p < 0.001, **
=p<0.01, " =p<0.05

Benevolence. The final model for Benevolence was significant
(see Table 3 for model steps). Significant main effects emerged
only for Health Literacy. Post hoc comparisons using estimated
marginal means confirmed that low health literacy participants
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Patient-
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Clinical Trial
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clinical trials? Browse Studies
———

Post-Survey

Figure 2: Overview of the study procedure.

Ci ition and A gt
Words per Dialogue Turn on Risk Perception

Condition
~—— Control
~— Patient-Centered

yrian

120-625 6.25-9.33 9.33-13.29 13.29-28.43
words words words. words.

Perceived Risk Perception

70 =

e

Average Words per Dialogue Turn
(Binned at Quartiles)

Figure 3: Interaction effect of Condition X Words on Risk
Perception. For visualization purposes, Words per Utterance
is divided into four bins based on equal frequencies (quar-
tiles) to illustrate the interaction effect at higher levels of
engagement (average words per dialogue turn). Higher val-
ues of risk perception indicate less perceived risk.

(M = 12.85,SD = 1.99; EMM = 11.51,SE = 0.25) reported signifi-
cantly higher benevolence scores than medium and high literacy
participants (M = 11.45,SD = 2.17; EMM = 12.68, SE = 0.42), after
adjusting for Words per Dialogue Turn. There were no significant
interaction effects.

Competence. The final model for Competence did not produce a
significant model predicting the relationship between the factors
on Competence scores.

‘ Model 1 ‘ Model 2 ‘ Model 3 ‘
(Intercept) 1173 (0.31)™*  12.04 (0.61)™  11.36 (0.64)**
Condition (Patient-Centered) 0.19 (0.44) 0.99 (0.89) 1.44 (0.98)
Words per Dialogue Turn -0.03 (0.05) -0.01 (0.05)
Condition X Words -0.08 (0.08) 0.09 (0.08)
Health Literacy (Low) 1.91 (0.67)**
Condition x Health Literacy -1.48 (0.99)
R? 0.002 0.042 0.121
Adj. R? -0.008 0.013 0.075
F Change 0.181 2.045 4.274*

F 0.181 1.425 2.622*

Table 3: Multiple regression model for Benevolence with
P (standard error). F-statistic with regard to individual model;
F Change with regard to prior model step. *** = p < 0.001, **
=p<0.01,*=p<0.05

Reciprocity. The final model for Reciprocity was significant (see
Table 4 for model steps). Significant main effects emerged only
for Health Literacy. Post hoc comparisons using estimated mar-
ginal means confirmed that low health literacy participants (M =
12.70,SD = 2.02; EMM = 12.59, SE = 0.44) reported significantly
higher reciprocity scores than medium and high literacy partic-
ipants (M = 11.01,SD = 2.26; EMM = 11.06,SE = 0.26), after
adjusting for Words per Dialogue Turn. There were no significant
interaction effects.

‘ Model 1 ‘ Model 2 ‘ Model 3
(Intercept) 11.33 (0.32)™*  11.67 (0.64)™* 11.09 (0.67)"**
Condition (Patient-Centered) 0.29 (0.46) 1.01 (0.94) 0.87 (1.03)
Words per Dialogue Turn -0.04 (0.06) -0.02 (0.05)
Condition X Words -0.07 (0.08) -0.05 (0.08)
Health Literacy (Low) 1.67 (0.70)*
Condition x Health Literacy -0.28 (1.04)
R? 0.062 0.040 0.123
Adj. R? -0.006 0.010 0.077
F Change 0.381 1.823 4.513*
F 0.381 1.345 2.670*

Table 4: Multiple regression model for Reciprocity with
B (standard error). F-statistic with regard to individual model;
F Change with regard to prior model step. *** = p < 0.001, **
=p<0.01,"=p<0.05

Overall Trust. The final model for Overall Trust as a composite
score was significant (see Table 5 for model steps). Significant main
effects emerged only for Health Literacy. Post hoc comparisons
using estimated marginal means confirmed that low health literacy
participants (M = 49.11,SD = 7.38;EMM = 48.88,SE = 1.18)
reported significantly higher overall trust scores than medium
and high literacy participants (M = 41.89,SD = 5.36; EMM =
42.00,SE = 0.70), after adjusting for Words per Dialogue Turn.
There were no significant interaction effects.

4.2 Browse Behavior.

Browse Choice. The final model for users’ decision to browse
clinical trials did not produce a significant model predicting the
relationship between the factors on Browse Choice.

Follow Up Choice. The final model for Follow Up Choice was
significant, (y?(5) = 13.96, p = 0.016, Nagelkerke R? = 0.259) (see
Table 6 for model steps). The model correctly classified 71.2% of
cases, and The area under the ROC curve was 0.755 (95% CI, 0.628
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‘ Model 1 ‘ Model 2 ‘ Model 3 ‘
(Intercept) 43.29 (0.94)™  46.19 (1.84) 43.58 (1.79)""
Condition (Patient-Centered) 1.10 (1.34) 0.72 (2.71) -0.15 (2.75)
Words per Dialogue Turn -0.29 (0.16) -0.23 (0.15)
Condition X Words 0.04 (0.24) 0.15 (0.22)
Health Literacy (Low) 7.28 (1.88)***
Condition x Health Literacy -0.80 (2.78)
R? 0.007 0.059 0.255
Adj. R? -0.003 0.030 0.216
F Change 0.669 2.697 12.531***

F 0.669 2.029 6.519***

Table 5: Multiple regression model for Overall Trust with
B (standard error). F-statistic with regard to individual model;
F Change with regard to prior model step. *** = p < 0.001, **
=p<0.01,*=p<0.05

Follow-Up Requests by Health Literacy

100%

14 (18%)

13 (52%)

. 62 (82%)

Frequency

12 (48%)

Did Not Request
Follow-Up

Requested
Follow-Up

M Low Health Literacy [l Medium/High Health Literacy

Figure 4: For participants who browsed clinical trials (n = 66),
stacked bar graph illustrating the percentage breakdown of
participants who did or did not request follow-up

to 0.881), which is an acceptable level of discrimination [31]. Signif-
icant main effects emerged only for Health Literacy (see Figure 4).
The odds of following up were 18.34 times greater for individuals
with low health literacy compared to the medium and high health
literacy groups. There were no significant interaction effects.

95% CI for Odds Ratio

B SE  Wald df p-value Odds Ratio o U

(Intercept) 078 091 074 1 0391 0.46

Condition (Patient-Centered) 0.50 127 016 1 0694 1.65 014 1985
Words per Dialogue Turn -0.07 008 077 1 0382 0.93 080 109
Condition x Words 002 011 003 1 0864 1.02 082 126
Health Literacy (Low) 291 101 837 1  0.004" 1834 256 13165
Condition x Health Literacy  -1.98 1.29 235 1 0125 0.14 001 174

Table 6: Binomial logistic regression model for Follow Up
Choice for participants who browsed clinical trials (n = 66)

5 Discussion

This study explored the design of a virtual agent intervention for
engaging breast cancer patients with clinical trials. Specifically,

we investigated how implementing patient-centered communica-
tion strategies in a virtual agent influenced perceived trust (RQ1)
and users’ browse behaviors (RQ2). Our findings reveal that the
patient-centered virtual agent alone did not improve trust, nor
did it influence users’ browse behavior. However, the inclusion of
users’ health literacy (RQ1a) and engagement (RQ2a) indicated a
more nuanced relationship with the perception of trust and browse
behavior. We discuss these findings below.

5.1 The Impact of Health Literacy

Our findings revealed that low health literacy predicted improved
overall trust, specifically for risk perception, benevolence, and reci-
procity. Prior research suggests that people with low health liter-
acy tend to trust information from television, social media, and
blogs more than from institutional or medical websites, which are
preferred by those with higher literacy [14]. This preference for
conversational and accessible formats may explain why low health
literacy participants in our study perceived the virtual agent — vi-
sually dynamic and interactive — as less risky and more benevolent
than their higher literacy counterparts. Additionally, prior work
suggests that low health literacy users find animated virtual agents
to be engaging, preferring them over traditional information deliv-
ery methods [7, 8]. The greater reciprocity reported by low literacy
participants in our study suggests they may have experienced a
stronger social connection with the agent. This aligns with the
Computers as Social Actors framework [49] and underscores the re-
lational potential of virtual agents for enhancing patient education
among low health literacy users.

Health literacy also significantly predicted the browse behav-
iors of participants. Specifically, of those who browsed (n=66), low
health literacy participants were more likely to request follow-up
information compared to medium and high health literacy partici-
pants. This may have been influenced by increased trust low health
literacy participants had in the virtual agent, leading them to seek
more information on what the virtual agent shared after the interac-
tion. Another possibility is that low health literacy participants may
have needed additional information to better understand what they
learned during the intervention, as prior work suggests that access
to more information helps lower health literacy populations under-
stand medical and scientific information [26, 36, 40, 65]. Although
our study does not definitively explain why low health literacy
participants browsed more, these findings suggest that the virtual
agent intervention was particularly effective in encouraging this
group to seek additional information about clinical trials compared
to participants with medium and high health literacy.

5.2 The Impact of a Patient-Centered Virtual
Agent

Interestingly, our findings revealed that the patient-centered condi-

tion alone had an overall negative impact on risk perception. How-

ever, our analysis also revealed a more complex interaction between

agent condition and user engagement.

In the control condition, users with high engagement (13 to 28
words per dialogue turn) tended to perceive the agent as increas-
ingly risky. In contrast, in the patient-centered condition, users with
similar length responses reported lower perceived risk. When users
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contributed more elaborate responses, the agent may have had
more information to tailor its linguistic style and emotional expres-
sion, as the LIWC validation showed higher emotional and stylistic
alignment in the patient-centered condition. However, users who
engaged at lower levels may not have provided enough input to
trigger the agent’s adaptive mechanisms, leading to less effective
personalization and, in turn, higher perceived risk.

The effectiveness of the patient-centered agent at high levels
of user engagement mirrors prior work suggesting that adaptive
systems are most effective when users are emotionally invested or
highly engaged [56]. Users who typed longer responses possibly
offered more emotional and contextual cues, enabling the agent
to better personalize its replies through empathetic language and
linguistic style matching, as our LIWC validation showed higher
emotional and stylistic alignment in the patient-centered condition.
Prior work demonstrates that when a virtual agent aligns its com-
munication to the patient, it is perceived as more trustworthy [92],
consistent with mimicry and attunement effects known to enhance
interpersonal trust [? ? ]. In our study, emotional language in par-
ticular may have helped convey concern and affective presence,
making the agent appear more trustworthy. In sum, our results sug-
gest that the patient-centered virtual agent’s impact on reducing
perceived risk may rely on user engagement.

5.3 Design Guidelines and Takeaways

Our findings provide several actionable insights for designing vir-
tual agent interventions. Although the context of our work is breast
cancer patients and clinical trials, our focus on communicating
complex health information makes our insights valuable for appli-
cations in health education.

Design with Health Literacy in Mind. Health literacy emerged
as a key moderator in our study, with participants reporting low
health literacy perceiving the virtual agent as more trustworthy and
showing greater interest in follow-up information. This suggests
that virtual agents may be especially effective for populations that
often face barriers in accessing and trusting complex health infor-
mation and groups that are disproportionately underrepresented
in clinical trials [93]. Additionally, prior work highlights a need for
online interventions to connect this population to credible informa-
tion sources [36] as language barriers can lead lower health literacy
users to rely on misinformation and even reduce engagement with
proper healthcare resources [19]. To this end, our work shows that
virtual agent interventions have the potential to be designed not
only to present more readable content but also seamlessly link users
to high-quality resources. Therefore, healthcare interventions can
leverage virtual agents to improve inclusion for low health literacy
users and streamline access to credible information, empowering
them to engage with high-quality health resources.

Adapt to User Engagement Levels. Our findings revealed that
the effectiveness of patient-centered virtual agents in reducing per-
ceived risk depends heavily on the user’s level of engagement. Users
who provided longer input reported lower perceived risk, as the
agent may have been better able to align emotionally and linguisti-
cally [56]. Designers could therefore account for varying user input

Anon.

by creating agents that can detect and adapt to different engage-
ment levels in real time with strategies such as asking follow-up
questions and encouraging elaboration [52]. By dynamically tailor-
ing patient-centered behavior to user engagement levels, virtual
agents can maintain alignment and empathy across diverse inter-
action styles. This could ensure that adaptive efforts work across
engagement levels, ultimately helping to further reduce perceived
risk.

6 Limitations and Future Work

This study provides valuable insights into the role of health lit-
eracy and patient-centered communication strategies in virtual
agent interventions for breast cancer clinical trial engagement, but
several limitations remain. First, our participants were recruited
online, limiting generalizability to populations with limited internet
access or technological proficiency. Future work should evaluate
virtual agents in more diverse settings to ensure equitable applica-
bility across diverse patient populations. Second, while we focused
on health literacy due to its relevance in cancer communication,
other user characteristics — such as race, ethnicity, age, personal-
ity, and prior healthcare experiences — may also impact outcomes.
Our participants were predominantly White and female, limiting
generalizability to other health applications and contexts. Future
studies should examine other contexts and a broader range of user
traits. Third, our work focused on a single intervention type with-
out direct comparisons to other approaches, such as text-based
interventions. Future work should explore the relative strengths
of virtual agents for low health literacy populations. Finally, this
study did not investigate outcomes such as intention to enroll in
clinical trials. While our work explored important precursors such
as trust and intervention behaviors, future work should examine
longer-term effects to evaluate real-world impact.

In conclusion, while this study highlights the promise of virtual
agents in addressing barriers to clinical trial participation, further
research is needed to refine their design and evaluate their practical
use. Addressing these limitations enables future efforts to maximize
the potential of virtual agent health-related interventions.

7 Conclusion

This study explored patient-centered communication in virtual

agents and the impact of users’ health literacy in the design of
virtual agent interventions aimed at improving clinical trial en-
gagement among breast cancer patients. Our findings suggest that

patient-centered communication strategies alone may not enhance

trust or drive intervention outcomes. Instead, health literacy strongly
predicted trust and engagement, revealing that the effectiveness of
communication strategies is moderated by both literacy and user

engagement. Our work highlights the potential of virtual agents

to address critical gaps for those with low health literacy. By pri-
oritizing the integration of user characteristics like health literacy,
virtual agents can better support patients in navigating complex

healthcare topics, such as clinical trial participation. These interven-
tions hold promise not only for improving trust and engagement

but also for promoting equity for advancements in cancer research

and treatment.
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