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Figure 1: The single virtual agent (left) and multiple virtual agent (right) interfaces

Abstract

Clinical trials are essential for advancing cancer treatment, yet
participation remains low due to barriers such as limited knowl-
edge and negative attitudes, largely due to poor communication.
Virtual agents have shown promise in delivering health informa-
tion, and multi-agent systems may better support complex, human-
like interactions. However, their potential for addressing clinical
trial barriers remains underexplored. In this work, we conducted a
between-participants study with 61 users comparing a single-agent
intervention with a multi-agent intervention. Our findings show
that multiple agents can improve knowledge outcomes. However,
their impact on behavioral intention varies based on users’ health
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literacy. This work enhances our understanding of leveraging multi-
agent interventions to support effective health communication and
highlights the importance of user health literacy when designing
virtual agent interventions. Our findings offer early insights into
the potential of using multiple virtual agents to address real-world
health challenges, particularly barriers to cancer clinical trial par-
ticipation.
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1 Introduction

Clinical trials are critical to the development of new cancer treat-
ments. Yet, adult participation in cancer clinical trials remains low —
typically between 2% and 8% [57, 58]. A range of barriers contribute
to this under-enrollment, including limited awareness and poor
communication about clinical trials [30, 33, 56]. Poor communi-
cation often results from failing to address patients’ information
needs using appropriate language and health literacy levels [22].
This is particularly critical for individuals with low health literacy,
who may struggle to interpret complex health information and are
therefore less likely to make informed decisions about clinical trial
participation [28]. In such cases, having another person involved
in the conversation in addition to the doctor can help clarify infor-
mation and support understanding [31]. In cancer care literature,
patients are often accompanied by a third person during their doc-
tor appointments [27], which has been associated with improved
patient engagement and understanding [54]. For example, patients
may feel uncomfortable asking for clarification when receiving
information from a doctor, and companions can play a key role in
ensuring the information is delivered in a way that makes sense to
the patient [11, 27, 45]. Hence, this third person can offer informa-
tional support and help facilitate communication [27], leading to
richer information exchange and better comprehension [25].

This real-world context provides an opportunity to explore a
novel approach to expand accessibility in digital healthcare inter-
ventions using multiple virtual agents. Virtual agents are often im-
plemented as computer-generated characters that simulate human-
like behavior [59], enabling people to ascribe real-world social roles
such as doctors and health coaches to virtual agents [40, 50] to
deliver health information. However, existing literature has largely
explored interventions with one virtual agent (single-agent inter-
ventions) and demonstrates mixed outcomes. Single-agent inter-
ventions have been shown to effectively communicate complex
health information for people of varying information needs [6, 64],
including people with low health literacy [7]. At the same time,
interventions using a single agent have been found to be difficult
to interact with for lower health literacy users [14] while providing
better comprehension-related benefits for higher health literacy
users [8].

Therefore, while virtual agents are a promising avenue for com-
municating health information, single-agent interventions may not
sufficiently support users of varying health literacy in contexts
such as addressing clinical trial barriers. Drawing from real-world
cancer conversations where a third-person companion aids with
information comprehension [27, 29], a virtual agent intervention
may provide better outcomes when using more than one virtual
agent (multi-agent intervention). Indeed, prior work highlights mul-
tiple agents’ potential in healthcare contexts to provide a richer
and more realistic communication experience, such as delivering
tailored health coaching styles [5] and presenting complementary
health information without contradiction [24] Hence, a multi-agent
intervention may offer a richer platform more closely resembling
information delivery during real-world cancer consultations by sim-
ulating a three-way conversation between a user and two virtual
agents (doctor and companion).
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To explore the effectiveness of a multi-agent intervention for
addressing barriers to clinical trial participation, we conducted a
between-participants study comparing a single-agent intervention
(doctor) to a multi-agent intervention (doctor and companion). We
explore the following research question: How does a multi-agent
intervention impact knowledge, attitudes, and intentions re-
garding cancer clinical trial participation? Our hypotheses are
as follows:

o H1: A multi-agent intervention can improve individuals’ knowl-
edge about clinical trials.

e H2: A multi-agent intervention can improve individuals’ atti-
tudes towards clinical trials.

e H3: A multi-agent intervention can improve individuals’ in-
tention to participate in clinical trials.

In light of evidence that health literacy can influence how in-
dividuals process health information, we tested our hypotheses
exploring the role of health literacy in this context. While health
literacy is not included in our primary hypotheses, we sought to
investigate its potential influence given its theorized relevance to
clinical trial communication. [22, 28]

2 Related Works

In this section, we provide an overview of how virtual agents have
been used to communicate health information and address clinical
trial barriers. We also discuss prior work with multi-party interven-
tions.

2.1 Virtual Agents to Address Information
Comprehension and Health Literacy

Prior work shows that interventions using a single virtual agent are
an acceptable and useful medium for health interventions across all
levels of health literacy [6]. Virtual agents can deliver information
based on user traits in ways that meet the user’s information needs,
leading to improvement in cancer-related knowledge topics [64].
Low health literacy users have even reported high levels of satis-
faction and preferences for information delivered by virtual agents
over humans [7, 8]. However, prior work has also found contrast-
ing effects. Users with lower health literacy have been shown to
have more difficulty interacting with adaptive virtual agents [14],
while users with higher health literacy benefited more in terms of
comprehension with virtual agents [8].

Therefore, it is unclear how to design virtual agent interventions
to be accessible for users with different levels of health literacy.
This is highlighted by conflicting results regarding how single-
agent interventions can deliver information to support people of
different health literacies. Therefore, this work contributes to virtual
agent design by exploring whether the addition of a second virtual
agent can improve user outcomes regarding barriers to clinical trial
participation, for all levels of user health literacy.

2.2 Virtual Agents to Address Clinical Trial
Barriers

Previous research has demonstrated that virtual agent interventions
are a promising strategy to address clinical trial barriers [9, 10, 38].
Mozgai et al’s initial feasibility study suggests that virtual agents
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can be used to address barriers to clinical trials and even promote
intention to enroll [38]. Additionally, literature shows positive atti-
tudes towards virtual agents addressing clinical trial barriers if their
appearance and communication strategy are appropriately tailored
[10]. Finally, virtual agents can provide a more comprehensible way
to access clinical trial information [9], particularly for users with
lower health literacy.

However, previous research has mainly explored attitudes and
perceptions of virtual agents in this space, and it is still unclear if
virtual agents can actually improve patient outcomes after address-
ing clinical trial barriers. Therefore, our work contributes to our
understanding of virtual agent interventions by evaluating their im-
pact on users’ knowledge, attitudes, and intentions toward clinical
trials.

2.3 Multiple Virtual Agents

Although most prior work in healthcare virtual agent interven-
tions has focused primarily on dyadic interactions between a single
virtual agent and a user [53, 62, 63], there has been some work
exploring the use of multiple virtual agents. Kantharaju et al. found
that using two virtual agents instead of one was more successful
at persuading users of movie ratings [23]. This was true not only
when both virtual agents were directly interacting with the user
but also when the two virtual agents were interacting with each
other, with the user simply observing. Multiple agents have also
been explored in health-related contexts to deliver health infor-
mation from a variety of viewpoints. Using multiple agents could
allow each virtual agent to have their own expertise, providing an
opportunity to present multiple perspectives without the agents
contradicting themselves [24]. For example, Beinema et al. used
multiple agents with different coaching styles tailored to a user’s
motivations to promote healthy living [5]. However, prior work
has also demonstrated that a single agent may be better suited for
health behavior change than multiple agents, although this work
used physical robots instead of virtual agents [1].

Given the limited prior work on the effectiveness of multiple
agents in health-related interventions, our work sought to expand
our understanding of the use of multiple agents. Our work con-
tributes to virtual agent design by evaluating how multiple virtual
agents can influence user outcomes regarding clinical trial barriers.

3 Virtual Agent Intervention Design

This section describes the design of the virtual agent intervention
in order to explore our research question: How does a multi-agent
intervention impact knowledge, attitudes, and intentions re-
garding cancer clinical trial participation? Since our study
aims to address breast cancer patients’ understanding of clinical
trials, we use the term intervention in line with healthcare literature,
where intervention may refer to educational efforts like providing
information to enhance understanding [51]. First, we describe how
the virtual agents and web-based platform were created, followed
by how the dialogue and conversation were implemented. Then,
we provide a detailed breakdown of each part of the virtual agent
intervention.
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3.1 Agent and System Design

Virtual Agent Roles. Because this study’s motivation draws from
real-world companions facilitating information delivery between a
doctor and a patient [27], we developed two systems: (1) a single-
agent system featuring a virtual doctor, Dr. Alex, and (2) a multi-
agent system featuring Dr. Alex and a virtual companion, Jordan.
The same virtual doctor was used in both the single- and multi-
agent conditions. The doctor role was presented as an oncologist
because they are often the ones to bring up clinical trials to patients
[3, 12, 15]. The companion role was presented as a caregiver because
they often accompany patients to appointments to provide support
and help process information [4, 13].

The function of the companion virtual agent in the multi-agent
condition was to facilitate communication between the virtual doc-
tor and the user. Patients often feel hesitant to seek clarification
from doctors, and companions can help ensure information is deliv-
ered in a patient-centered way [27]. Similarly, the virtual companion
prompted the virtual doctor to explain information in ways aligned
with users’ preferences [11, 45] (see Section 3.2 for details).

3D Virtual Agent System. The virtual agents were developed
using Ready Player Me [49], a web-based avatar creation platform
for building and customizing 3D avatars, and displayed waist up
during the intervention. The virtual agents were integrated into
a Node]JS application and deployed to the web via Amazon Web
Services. The virtual agents’ voice and nonverbal behaviors were im-
plemented using TalkingHead [36] , an open-source repository that
lip-syncs and animates virtual characters using Three]S. Google’s
text-to-speech engine was used to generate speech audio [19]: en-
US-Neural2-C was used for the virtual doctor, and en-US-Neural2-]
was used for the virtual caregiver. Google text-to-speech provides
audio and individual word time stamps, which TalkingHead uses
to generate new visemes, timestamps, and word durations for real-
time lip-sync animations. Additionally, the TalkingHead repository
provides templates for nonverbal behaviors such as poses, gestures,
and animations. For this study, we used default settings for nonver-
bal behavior, which automatically applies behaviors such as waving
when the characters first introduce themselves, idle animations,
and minor head nods and hand movements when speaking.

Dialogue and Response Generation. The virtual agents’ dia-
logue were pre-scripted and adapted from an existing web-based
intervention for addressing barriers to clinical trial participation
[35]. The intervention was centered around answering pre-defined
questions from a subset of 27 questions regarding clinical trials from
Meropol et al [35]. Although the conversation was pre-scripted in
order to ensure greater experimental control across single- and
multi-agent conditions, we used Al to pre-generate all responses.
This was done to align our methodology with emerging practices in
developing virtual agent interventions, which are increasingly us-
ing large language models to generate dialogue for more real-time,
adaptive conversations [52].

Because prior work suggests people differ in how much complex-
ity they prefer when receiving information [28], we pre-generated
three responses of varying language complexity for each question
for users to choose from. In the multi-agent condition, the com-
panion virtual agent presented these options, reflecting its role in
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Question: What is an IRB?

4 A

An IRB, or Institutional Review
Board, is a group of scientists,
doctors, clergy, and patient
advocates that reviews and
approves the detailed plan for a
clinical trial.

_ J

More Technical

Less Technical

An IRB, or Institutional Review
Board, is a team of experts like
scientists, doctors, community

leaders, and people who
support patients, who look over
and approve the careful plan for a
clinical trial.

An IRB, or Institutional Review
Board, is a committee consisting
of scientific experts, medical
professionals, ethicists, and
advocates for patients that
evaluates and approves the
protocol for a clinical trial.
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Figure 2: Examples of explanation preferences for the ques-
tion "What is an IRB?" Specific words were bolded to empha-
size the language literacy differences.

helping facilitate information delivery (see Section 3.2 for more
details). The three response types were as follows:

e Base - Information directly from the National Cancer Insti-
tute (NCI) [41] with no modification

o Less Technical - Modifications to the base response using
simpler language and less medical jargon based on plain
language guidelines [46], which is the recommended practice
for communicating lower health literacy [28, 44]

o More Technical - Modifications to the base response using
more complex language, medical jargon, and technical terms

All responses were generated using OpenAI’s Assistants API
[43], starting with the base response. For each question, the base
response was generated using a vector store, which served as a
knowledge base with information from the National Cancer In-
stitute (NCI) [41]. This source is reputable and commonly used
in existing cancer clinical trial-related interventions [35]. The less
technical and more technical responses were constructed from the
base response. The content of the three response types was the same
- only the language differed (Figure 2). The base, less technical, and
more technical responses were validated by health communication
experts. A total of 81 responses were generated: three versions of
varying language complexity for each of the 27 questions. All 81
responses were pre-generated to ensure consistency. Each response
was around 75 words in length.

3.2 Virtual Agent Intervention

The virtual agent intervention was fully web-based. In the single-
agent condition, participants only saw Dr. Alex. In the multi-agent
condition, participants saw both Dr. Alex and Jordan at the same
time. Participants interacted with the virtual agents using multiple-
choice button options (Figure 3), similar to other virtual agent
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studies for health-related interventions [34] [61]. The intervention
structure consisted of the following steps:

o Introduction. The virtual agents introduced themselves and
explained their role in the intervention. In the single-agent
condition, only Dr. Alex introduced themself. In the multi-
agent condition, Dr. Alex introduced themself first, followed
by Jordan. Dr. Alex’s introduction was kept consistent be-
tween both conditions.

o Explanation Preference Phase. This phase was designed for
participants to explore the three explanation types (see Sec-
tion 3.1 for more details) that the virtual agent could use to
explain clinical trial concepts. The virtual agent(s) guided
the participants through three questions (What is a clinical
trial, What is an IRB, and What is informed consent? [35]). For
each question, participants were shown three explanation
options with key language differences bolded and were asked
to select which option they preferred: original NCI (base),
less technical, or more technical (Figure 1). In the single-
agent condition, Dr. Alex presented the explanation options
and responded based on the user’s selection. In the multi-
agent response, Jordan presented the explanation options,
and Dr. Alex responded based on the user’s selection. After
presenting the three introductory questions and exploring
the explanation options, a preferred explanation type was
determined. This was used consistently in the subsequent in-
tervention phase. Participants had the opportunity to change
their explanation preference at any point during the remain-
der of the intervention, however, none of the participants
chose to do so.

o Question-Answering Phase. The purpose of this phase was to
answer relevant questions about clinical trials using the par-
ticipant’s explanation preference. Participants were required
to ask a total of seven questions using button input. These
questions were pre-selected from a list of 27 pre-defined
questions based on the user’s responses to the clinical trials
knowledge and attitudes questionnaires from the pre-survey
[35]. For each question, Dr. Alex responded using the ex-
planation preference the user previously selected (for both
conditions). At any point, the user could click on the vir-
tual agent (in the single-agent condition, Dr. Alex; in the
multi-agent condition, Jordan) to change their explanation
preference.

o Conclusion. After the user asked all seven questions, the
virtual agent concluded the intervention by instructing the
participant to click a button to complete the post-survey
(in the single-agent condition, Dr. Alex; in the multi-agent
condition, Jordan).

4 Methodology

To investigate the impact of multiple virtual agents in an interven-
tion designed to address barriers to cancer clinical trial participa-
tion, we conducted an online, asynchronous between-participants
study. We manipulated the number of virtual agents across two
experimental conditions: single-agent and multi-agent. In the
single-agent condition, participants interacted with only one virtual
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‘Somo trials might help pay for travel costs, places to
stay, meals, o other expenses related to jining. Its o
good idea to ask the research team if they have any

You. Also, programs like Medicaid and Medicare might
pay for regular care costs during trials.

Figure 3: Multiple-choice button input interface during the
question-asking phase for the multi-agent intervention

agent throughout the entire intervention. In the multi-agent condi-
tion, participants interacted with two virtual agents. The content
and dialogue were kept consistent between the two conditions.

4.1 Participants

Participants were recruited from Prolific, an online research recruit-
ment platform [48]. The study was approved by the university’s IRB
prior to data collection (IRB#ET00045896). As part of the study’s
inclusion criteria, participants had to be 18 years or older, reside
in the United States, and have a current or past cancer diagnosis.
Monetary compensation of 5.00 USD was provided for participation.
A total of 61 participants were recruited, all of whom completed
the entire study.

4.2 Measures

Health Literacy. Participants’ self-reported health literacy was
measured in the pre-survey using the BRIEF Health Literacy Screen-
ing Tool [21]. All four items (see Table 1) were summed for a total
score. Participants were grouped as either inadequate (summed
score is 4-16) or adequate (summed score is 17-20) health literacy
based on their summed scores, which is common practice in health
communication literature [20] [8].

Health Literacy Item Anchors

How often do you have someone | (1 = Always, 3 = Some-
help you read hospital materials? times, 5 = Never)

How confident are you filling out | (1 = Not at all, 3 = Some-
medical forms by yourself? what, 5 = Extremely)
How often do you have problems | (1 = Always, 3 = Some-
learning about your medical condi- | times, 5 = Never)

tion because of difficulty understand-
ing written information?

How often do you have a problem | (1 = Always, 3 = Some-
understanding what is told to you | times, 5 = Never)

about your medical condition?

Table 1: Self-Reported Health Literacy items from the BRIEF
Health Literacy Screening Tool [21]
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Knowledge About Clinical Trials. Participants’ knowledge
about clinical trials was assessed in the pre- and post-survey. The
knowledge questionnaire included 19 true-false items adopted from
[35] and was scored as a sum of total correct.

Attitudes Toward Clinical Trials. Participants’ attitudes to-
wards clinical trials was measured in the pre- and post-survey with
a 15-item questionnaire adopted from [35]. Participants used a 0-
100 slider scale to indicate their level of agreement with each item,
where 0 = "Strongly disagree,’ 50 = "Neither agree nor disagree,’
and 100 = "Strongly agree." Overall attitudes towards clinical trials
were scored as an average of all 15 items.

Intention to Participate in Clinical Trials. Participants’ in-
tention towards participating in clinical trials was measured in the
pre- and post-survey with a single item, as seen in other research
on clinical trial barriers [17, 37, 47]. Participants used a 0-100 slider
scale to indicate their level of agreement with the following item:
"I intend to participate in a clinical trial in the future,” where 0 =
"Strongly disagree,' 50 = "Neither agree nor disagree,' and 100 =
"Strongly agree."

Perceptions of the Virtual Agent. Participants’ perceptions of
the virtual agent were measured in the post-survey using two single-
item questions adopted from [63] (see Table 2). In the multi-agent
condition, participants answered each question for each virtual
agent.

Perceptions of the Virtual Agent | Anchors

How much did you trust the virtual | (0 =Notatall, 100 = Very
character? much)

How knowledgeable was the virtual | (1 =Notatall, 100 = Very
character? knowledgable)

Table 2: Single-item measures assessing perceptions of the
virtual agents [63]

4.3 Procedure

First, participants completed the pre-survey on Qualtrics, beginning
with informed consent. Then, participants completed questionnaire
items on knowledge about clinical trials, attitudes toward clinical
trials, intent to participate in a clinical trial, and self-reported health
literacy. After completing the pre-survey, participants were random-
ized to either the single-agent or multi-agent condition. They were
redirected to the intervention website and completed the process
described in Section 3.2. After completing the entirety of the virtual
agent intervention, participants were redirected to Qualtrics where
they proceeded to complete the post-survey. Participants completed
the same questionnaire items from the pre-survey on knowledge,
attitudes, and intentions, as well as demographics. An overview
of the entire procedure is outlined in Figure 4. Upon completion,
participants were thanked and provided monetary compensation
for their time. On average, it took about 25 minutes to complete
the entire procedure (pre-survey, intervention, and post-survey).

5 Results

Data analysis was conducted using R. Due to violation of normality
assumptions assessed by Shaprio-Wilk tests, we used the Align Rank
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Figure 4: Overview of the study procedure.

Transform (ART) ANOVA for nonparametric factorial analysis [60],
similar to other work [16, 34]. Our primary analyses focused on
assessing the main effect of intervention condition (single-agent
versus multi-agent) on outcome variables. In addition, we included
analyses to explore whether participant health literacy (adequate
versus inadequate) moderated the effect of intervention condition
on these outcomes. To do so, health literacy and its interaction with
condition were included as predictors in the ART ANOVA models.
To assess intervention outcomes, we used difference scores calcu-
lated by subtracting pre-intervention values from post-intervention
values, as seen in similar work evaluating pre-post scores [64].
Significant effects are reported at the conventional threshold of
p < 0.05, with Tukey HSD adjustments applied for post hoc com-
parisons to control for family-wise error. Following prior HCI work,
we also report trending effects for results with 0.05 < p < 0.10
[18, 42, 53, 55] to indicate patterns that may warrant further inves-
tigation, while interpreting them with caution. Finally, we report
effect sizes as follows: small effect size 0.01 < 7p? < 0.06, medium
effect size 0.06 < np? < 0.14, and high effect size np? > 0.14 [32].
To analyze categorical explanation preference choices, we used
chi-square goodness-of-fit tests to assess whether selections within
subgroups deviated from uniform distribution. Where expected cell
counts were below threshold assumptions (e.g., observed counts of
zero), we used multinomial exact tests to ensure statistical validity.

5.1 Participants

A total of 61 participants were recruited, all of whom completed the
entire study. Fifty-seven (n=57) participants reported their age: 20-
73 years old (median=49). Fifty-eight (n=58) participants reported
their gender with 68.9% female (n=42) and 26.2% (n=16) male. Fifty-
five (n=55) reported their race/ethnicity as follows: 1.6% Asian (n=1),
9.8% Black/African American (n=6), 3.3% Hispanic/Latin American
(n=2), 73.8% White - Non Hispanic/Non Latin American (n=45),
and 1.6% Not Listed (n=1). Of the 61 total participants, 52.5% (n=32)
completed the single-agent condition and 47.5% (n=29) completed
the multi-agent condition. Regarding health literacy, 63.9% (n=39)

participants had adequate health literacy and 36.1% (n=22) had
inadequate health literacy.

No significant difference was observed for participants between
the two conditions regarding gender and mean age on knowledge,
attitude, or intention outcomes. Additionally, baseline analyses in-
dicated no significant imbalances for pre-scores for knowledge,
attitudes, and intention toward clinical trials between the two con-
ditions.

5.2 Impact on Intervention Outcomes

Knowledge. The ART ANOVA revealed a significant main effect
of condition (F(1,57) = 5.27,p = .025,pp? = 0.08), indicating
a medium effect size (Figure 5). Participants in the multi-agent
condition had significantly higher knowledge increase compared
to participants in the single-agent condition. There were no main
effects of health literacy or interaction effects between condition
and health literacy.

Attitudes. The ART ANOVA revealed no main effects of condi-
tion or health literacy on pre-post attitude change. There were also
no interaction effects between condition and health literacy.

Intention. The ART ANOVA revealed no main effects of condi-
tion or health literacy on pre-post intention change. However, there
was a significant interaction effect between condition and health
literacy (F(1,57) = 6.03,p = .017, r7p2 = 0.10), indicating a medium
effect size. Post hoc comparisons indicated a trend suggesting that
participants with adequate health literacy experienced greater im-
provements in intention than those with inadequate health literacy
within the multi-agent condition.

5.3 Perceptions of Virtual Agents

Trust. The ART ANOVA revealed no main effects of condition.
However, there was a significant main effect of health literacy
(F(1,57) = 6.70,p = .012, yp? = 0.11), indicating a medium effect
size. Additionally, there was a significant interaction effect between
condition and health literacy (F(1,57) = 5.53,p = .022,pp® =
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Change in Knowledge by Condition

Score Difference (Post - Pre)

Single-Agent Multi-Agent

Figure 5: Participants’ knowledge gain by condition. Signifi-
cance codes: (*) denotes p < 0.05.

Change in Intention by Condition and Health Literacy

Score Difference (Post - Pre)

50 . .

Single-Agent
Inadequate HL
M Adequate HL

Multi-Agent
Inadequate HL
Adequate HL

Figure 6: Participants’ intention improvement by condition
and health literacy. Significance codes: (1) denotes p < 0.1.

0.09), indicating a medium effect size. Specifically, in the multi-
agent condition, participants with adequate health literacy had
significantly higher trust compared to participants with inadequate
health literacy (¢(57) = 3.53,p = .005) ((Figure 7). Trends sug-
gested that participants in the multi-agent condition with adequate
health literacy also had higher trust than participants in the sin-
gle-agent condition with both adequate (¢(57) = 2.44, p = .081) and
inadequate health literacy (¢(57) = 2.39, p = .090).
Knowledgable. The ART ANOVA revealed no main effects of
condition. However, there was a significant main effect of health
literacy (F(1,57) = 5.02, p = .029, np? = 0.08), indicating a medium
effect size. Specifically, participants with adequate health literacy
perceived the virtual agents as significantly more knowledgeable
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Figure 7: Participants’ perceived trust of the virtual gents by
condition and health literacy. Significance codes: (*) denotes
p <0.05, (1) denotes p < 0.1..

compared to participants with inadequate health literacy (¢(57) =
2.24, p = .029). There were no interaction effects between condition
and health literacy.

5.4 Selection of Explanation Preference

To examine whether explanation preferences (less technical, base,
more technical) were distributed differently across health literacy
and condition, a series of chi-square goodness-of-fit tests were con-
ducted. No significant deviations from equal preference distribution
were observed among participants with adequate health literacy in
either the single-agent condition or the multi-agent condition. Simi-
larly, inadequate health literacy participants in the single-agent con-
dition showed no significant preference pattern. However, among
participants with inadequate health literacy, the overall distribu-
tion of explanation preferences significantly deviated from uniform
expectations (y2(2) = 10.18, p = 0.006), revealing that less tech-
nical explanations were selected most frequently (Figure 8). This
effect was especially pronounced for this group in the multi-agent
condition (y?(2) = 7.40, p = .025). A multinomial exact test con-
firmed this result (p = 0.022), and post hoc standardized residuals
suggested that the less technical was selected more than expected
(z = 2.01), while more technical was never selected (z = —1.83). A
follow-up Fisher’s Exact Test comparing the less technical explana-
tion preference between conditions for inadequate health literacy
participants revealed no significant difference.

6 Discussion

Our work explored how a multi-agent intervention addressing clin-
ical trial barriers could impact user outcomes. In this section, we
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discuss our results for our hypotheses: (H1) A multi-agent interven-
tion can improve individuals’ knowledge about clinical trials, (H2) A
multi-agent intervention can improve individuals’ attitudes towards
clinical trials, and (H3) A multi-agent intervention can improve indi-
viduals’ intention to participate in clinical trials.

Our findings support HI, demonstrating that participants in the
multi-agent condition experienced significantly greater knowledge
gains compared to those in the single-agent condition. This effect
was observed regardless of participants’ health literacy levels, con-
trasting prior work where an intervention with a single virtual
agent only improved knowledge for participants with adequate
health literacy [14]. Our work suggests that multi-agent interven-
tions can be an effective strategy for enhancing learning for both
inadequate and adequate health literacy users, highlighting the
potential of multi-agent interventions to promote more accessible
and equitable health education.

Despite results supporting a multi-agent intervention’s overall
knowledge improvement, our findings did not find any signifi-
cant attitude improvement. Therefore, H2 is not supported. Other
research in health communication has found similar trends, and
suggests this may be because attitudes are often deeper-seated than
knowledge, and thus more difficult to change [2, 26]. Even when
new information is introduced, people tend to retain existing be-
liefs, making surface-level interventions less effective at shifting
attitudes [2]. Therefore, increasing the number of virtual agents in
an educational health intervention may not be sufficient to change
attitudes towards clinical trials.

Our results reject H3, indicating no significant intention improve-
ment in the multi-agent condition compared to the single-agent
condition. However, we observed a positive trend when accounting
for users’ health literacy. Specifically, the impact of the multi-agent
intervention on intention improvement varied by health literacy
level: participants with adequate health literacy showed a greater
increase in intention scores compared to those with inadequate
health literacy in the multi-agent condition. This trend may be
linked to participants with adequate health literacy reporting sig-
nificantly higher trust in the virtual agents under the multi-agent
condition, as health communication research suggests that a "trust-
ing relationship” with healthcare professionals can motivate cancer
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patients to participate in clinical trials [39]. However, more research
is necessary to better understand the relationship between trust
in virtual agents and users’ intention to engage in health-related
behaviors such as clinical trial participation.

In addition to multiple virtual agents’ impact on knowledge,
attitudes, and intention, our work also offers insights into users’
preferences for virtual agents’ information delivery. Notably, our
study revealed that participants with inadequate health literacy
significantly gravitated towards information being explained us-
ing less technical language. This observation was especially pro-
nounced in the multi-agent condition. However, it remains unclear
if the multi-agent condition or health literacy was responsible for
this behavior. This observation warrants future investigation into
whether a multi-agent intervention that models communicative
support typically provided by real-world companions [11, 27, 45]
can better facilitate information delivery to match users’ needs.

6.1 Implications for Virtual Agent Developers

Our work contributes to intelligent virtual agent research by ad-
vancing understanding of how multi-agent interventions can ad-
dress clinical trial barriers and how their impact varies for different
kinds of users. Based on our findings, we recommend that devel-
opers of virtual agent interventions consider leveraging multiple
agents when the goal is to broaden access to health information
and support inclusive knowledge gains across health literacy levels.
Additionally, preliminary trends suggest multi-agent interventions
may boost behavioral intentions more than single-agent systems
for users with higher health literacy. This may relate to greater trust
in multi-agent approaches, but given the marginal significance and
correlational nature of the data, these findings should be interpreted
cautiously. Ultimately, our work suggests that multi-agent virtual
interventions offer a promising approach to addressing cancer clin-
ical trial participation, highlighting their potential use for other
health contexts.

7 Limitations & Future Work

Our findings offer insights into the impact of multi-agent virtual sys-
tems on clinical trial-related knowledge, attitudes, and intentions,
but several limitations remain. First, we did not isolate specific fea-
tures of the multi-agent condition (e.g., agent role or gender), so it is
unclear which aspects drove the observed effects. Nonetheless, com-
paring single- and multi-agent designs holistically provides valuable
insight into their overall impact. Second, we relied on self-reported
health literacy, which may be subject to bias. Our participant sam-
ple skewed toward higher health literacy and was predominantly
White and female, limiting generalizability. Despite this, consistent
patterns observed across groups still offer meaningful design im-
plications. Third, we did not assess participants’ attitudes toward
technology or previous experience with virtual agents, which could
have influenced responses; future work should account for these
factors. Finally, the virtual agents’ neural text-to-speech and lim-
ited nonverbal behavior may have reduced perceived naturalness,
though these characteristics were kept consistent across conditions.

This work opens up several interesting avenues for future inves-
tigations. Examining the influence of the specific roles that virtual
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agents should take on within a multi-agent system, such as provid-
ing technical information, offering emotional support, or guiding
users through complex decision-making, could help improve user
outcomes and accessibility for low health literacy users. Longitu-
dinal studies with multi-agent systems could also offer valuable
insights into the long-term impact of such systems on users’ clin-
ical trial participation, assessing how sustained interaction with
multiple agents influences attitudes, behaviors, and knowledge over
time. Finally, extending multi-agent interventions to other contexts
and populations, such as cancer screening and mental health, could
expand our understanding of how these interventions can be lever-
aged in other domains. We call for future research to further explore
how multi-agent systems can be refined and adapted for diverse
users across a wider range of health applications.

8 Conclusion

Our work explored how multi-agent interventions can be used
to address barriers to clinical trial participation and how their
impact varies across users with different levels of health literacy.
Our findings demonstrate that multi-agent virtual interventions
are a promising strategy for improving knowledge outcomes and
may also enhance behavioral intentions for individuals with higher
health literacy. However, their effectiveness in shifting attitudes
is limited, suggesting that simply increasing the number of agents
may not be sufficient to influence deeper-seated beliefs. Ultimately,
our work provides initial insights and potential opportunities for us-
ing multi-agent interventions to address barriers to cancer clinical
trial participation, an important health communication challenge.
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