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Abstract
Virtual agents are increasingly used in healthcare to deliver infor-
mation and support decision-making. Yet most real-world clinical
encounters involve multiple participants such as doctors, nurses,
and caregivers. Multi-agent systems offer a promising paradigm
for healthcare interventions, as they can better model these social
dynamics. To explore their potential, we conducted a study compar-
ing interactions with one versus two virtual agents, accounting for
participants’ health literacy.We examined attitudes toward decision
making across three outcomes. Results suggest that multi-agent
interventions may reduce decision-making pressure than single-
agent interventions. However, users’ health literacy plays a bigger
role regarding information and satisfaction levels. Based on these
preliminary results, we discuss challenges and opportunities for
building socially aware multi-agent systems to empower users of
diverse health literacy needs.
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1 Introduction
Virtual agents—computer-generated characters that appear and be-
have like real humans [38]—are increasingly used in healthcare to
promote healthy behaviors across diverse populations [33, 43, 44].
Through interactive, personalized conversations, they can enhance
user understanding [6], build trust [40], and support health-related
decision-making [42]. Despite these advances, most virtual health
interventions rely on a single-agent paradigm, where one agent
either adopts a narrow role (e.g., expert or peer) or attempts to
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embody multiple roles simultaneously. In contrast, healthcare com-
munication in real-world contexts rarely unfolds with a single voice.
Patients often interact with multiple social actors [14, 18, 19] in-
cluding physicians, family members, and caregivers. Multi-agent
systems provide a pathway to simulate these dynamics, potentially
creating more realistic, engaging, and effective interventions.

One critical application is improving participation in cancer clin-
ical trials, where adult enrollment remains persistently low (2–8%)
[36, 37]. Barriers include limited awareness and poor communi-
cation, particularly for individuals with low health literacy who
may struggle to interpret complex trial information [17, 22–24, 35].
Prior work has shown that single-agent interventions can effec-
tively communicate complex health information across literacy
levels [3, 45], including for low health literacy populations [4]. At
the same time, single-agent systems have been reported as more
difficult to interact with for lower health literacy users [11] while
often providing greater comprehension benefits for higher health
literacy users [5]. These findings suggest that single-agent inter-
ventions may not sufficiently support the diverse needs of users,
particularly in contexts where decision-making is complex and
socially mediated, such as clinical trial participation.

To address this, we explore the potential of multi-agent interven-
tions that better reflect the collaborative and multi-voiced nature
of real-world healthcare communication. In practice, patients are
often accompanied by a third person companion during medical
appointments, and such companions have been shown to improve
comprehension and engagement by clarifying or contextualizing
physicians’ explanations [8, 19, 21, 30, 34]. In this paper, we present
findings from a study comparing a web-based intervention with
one virtual agent (doctor) versus two virtual agents (doctor and
companion) across health literacy groups. Participants interacted
with the virtual agents to learn about clinical trials, and reported
their perceived pressure, amount of information received, and satis-
faction as important metrics of decision-making support [44]. Our
findings reveal that multi-agent systems have potential to reduce
pressure during decision-making. However, users’ health literacy
plays a stronger role regarding information and satisfaction levels.
Our findings highlight challenges and foster discussion for building
socially aware multi-agent systems for healthcare interventions.
We identify open design challenges for socially aware multi-agent
interventions such as defining complementary roles (e.g., medical
expert, empathetic peer) and orchestrating turn-taking strategies
between multiple agents to best support users. By connecting our
results to design considerations, we advance the discussion on how
multi-agent interventions can contribute to the next generation of
socially intelligent, empathetic health technologies.
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2 Study Design
2.1 Virtual Agent System
We developed a web-based intervention with two conditions: a
single-agent system featuring a virtual doctor (Dr. Alex) and a multi-
agent system featuring a virtual oncologist and a virtual companion
(Dr. Alex and Jordan). The doctor role represented an oncologist
[1, 9, 12], who often introduces clinical trials, while the companion
role reflected real-world caregivers who support patients and help
process medical information [2, 10].

The virtual agents were presented as 3D characters, shown waist-
up, with synthesized voices and basic nonverbal behaviors. 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 1), similar to other virtual
agent studies for health-related interventions [25] [41].

All dialogue was pre-scripted and adapted from an established
clinical trials intervention [26]. To address different information
needs, response options were pre-generated at three levels of lan-
guage complexity:

• Base - Information directly from the National Cancer Insti-
tute (NCI) [27] with no modification

• Less Technical - Modifications to the base response using
simpler language and less medical jargon based on plain
language guidelines [31], which is the recommended practice
for communicating lower health literacy [22, 29]

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

The less technical and more technical modifications were gen-
erated using OpenAI’s Assistants API [28], starting with the base
response. All responses were validated by health communication
experts.

At the start of the intervention, participants were guided through
three questions (What is a clinical trial,What is an IRB, andWhat
is informed consent? [26]). For each question, participants were
shown the three explanation options with key language differences
bolded and asked to select which option they preferred: base, less
technical, or more technical. In the single-agent condition, Dr. Alex
presented the explanation options and responded based on the
user’s selection. In the multi-agent condition, Jordan presented the
explanation options, and Dr. Alex responded based on the user’s
selection.

Once familiar with the different explanation options, a preferred
explanation type was determined. Participants proceeded to the
question-answering phase where participants asked seven addi-
tional questions about clinical trials. Dr. Alex always responded
to the user in the preferred explanation type. Participants could
change the explanation style at any point during the intervention
by clicking on Jordan in the multi-agent condition, and Dr. Alex in
the single-agent condition.

2.2 Procedure
We conducted a between-participants study using Prolific, an on-
line research recruitment platform [32] to examine the impact of a

Figure 1: Multiple-choice button input interface during the
question-asking phase for the multi-agent intervention

multi-agent intervention addressing barriers to clinical trial partic-
ipation. Participants were randomly assigned to the single-agent
condition (doctor) multi-agent condition (doctor and companion).
Dialogue and content were held constant across conditions; only
the number of agents varied. The study was approved by the uni-
versity’s IRB (IRB#ET00045896). A total of sixty-one U.S. adults
over the age of 18 with a current or past cancer diagnosis were
recruited. Participants first completed a pre-survey on Qualtrics,
where they viewed the informed consent and completed a validated
health literacy questionnaire [16], which was used to group them
as low or high health literacy. Then, participants were redirected
to the intervention website. Finally, participants completed the
post-survey on Qualtrics, where they responded to three questions
regarding decision-making outcomes [44]: perceived amount of
information received, perceived pressure during the intervention,
and satisfaction with the intervention. The entire study lasted about
25 minutes. All participants received monetary compensation of $5
USD.

3 Results
Data analysis was conducted using R. Due to violation of normality
assumptions assessed by Shaprio-Wilk tests, we used the Align
Rank Transform (ART) ANOVA for nonparametric factorial anal-
ysis [39], similar to other work [13, 25]. We included Condition
(single vs. multi-agent) and Health Literacy (low vs. high) as factors.
Participants were grouped as either low or high health literacy
based on their scores from the health literacy questionnaire, which
is common practice in health communication literature [15] [5].

Perceived Pressure. Condition had a main effect on how much
pressure participants felt during the intervention, where those in
the multi-agent condition reported feeling significantly less pres-
sured compared to those in the single-agent condition (𝐹 (1, 57) =
4.36, 𝑝 = .041, 𝜂2 = .07). Health literacy also had a main effect,
where participants with low health literacy reported significanlty
less pressure than thosewith high health literacy (𝐹 (1, 57) = 16.99, 𝑝 <

.001, 𝜂2 = .23).
Perceived Amount of Information. Condition had no main

effect on how much information participants felt they received
during the intervention. Health literacy had a main effect, where
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participants with low health literacy felt they received more infor-
mation than those with high health literacy (𝐹 (1, 57) = 4.71, 𝑝 =

.034, 𝜂2 = .08).
Satisfaction with Decision-Making. Condition had no main

effect satisfaction. Health literacy had a main effect, where partici-
pants with high health literacy reported greater satisfaction with
the decision-making process compared to those with low health
literacy, (𝐹 (1, 57) = 5.03, 𝑝 = .029, 𝜂2 = .08).

4 Discussion
Our preliminary findings suggest that multi-agent interventions can
reduce feelings of pressure during health-related decision-making,
aligning with prior evidence that companions in real-world clinical
encounters help patients feel more supported. By contrast, percep-
tions of the amount of information received and satisfaction with
the decision-making process appeared to be shaped more strongly
by users’ health literacy than by the number of agents. We dis-
cuss our findings in this section, hilighting persistent challenges
in designing inclusive decision-support systems and opportunities
for incorporating social awareness into the design of multi-agent
systems.

Interestingly, although participants with low health literacy felt
they received more information compared to those with high health
literacy, they also reported lower satisfaction. This finding aligns
with prior work where users with lower health literacy have been
shown to have more difficulty interacting with adaptive virtual
agents [11], while users with higher health literacy benefited more
in terms of comprehension with virtual agents [5]. Our results
may highlight low health literacy users experiencing information
overload. The Cognitive Theory of Multimedia Learning warns
that more complex interfaces, such as virtual agent interventions,
might be too distracting [7], and healthcare literature identifies
low health literacy as a predictor of health information overload
[20]. Therefore, it is possible that low health literacy participants
perceiving the increased amount of information in the virtual agent
intervention, regardless of number of agents, was due to cognitive
overload.

Future work could refine the role of a second virtual agent to
detect if users are feeling overwhelmed or confused by the amount
of information they are receiving, and intervene accordingly. Our
intervention was restricted to multiple choice input, but future
interventions could allow for free-text or voice input to enable
methods such natural language processing and analysis of vocalic
properties to detect users’ emotional and cognitive state. This could
help the system infer confusion or disengagement, triggering timely
intervention from the second virtual agent. For example, for lower
literacy users, the companion agent might take a more proactive
role, offering scaffolding, prompts, or clarifications, while for higher
literacy users it could remain reactive, allowing greater autonomy.
These strategies would make multi-agent interventions more so-
cially aware and able to adapt to diverse health literacy needs,
empowering more users.

5 Conclusion
This work provides preliminary evidence that multi-agent virtual
health interventions can shape decision-making experiences in

meaningful ways. While adding a companion agent reduced per-
ceived pressure, outcomes such as information and satisfaction
levels varied more strongly by health literacy. These findings point
to the potential of multi-agent systems to create more socially
attuned health technologies, but also reveal gaps in addressing di-
verse user needs. Based on our findings, we highlight next steps for
making multi-agent systems more socially aware by detecting and
responding to user cues that might signal confusion and mental
overload. This could enable agents to better sense user states and
tailor support in real time. By advancing these directions, we aim to
inform the development of socially aware, cooperative multi-agent
systems that improve accessibility in healthcare interventions for
diverse users.
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