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ABSTRACT
This study examines how immersion fidelity (2D vs. VR) and multimodal support shape user experience during 20+ min
diabetes-related conversations with an embodied conversational agent (ECA). Using a between-subjects design, participants
engaged in conversation-only interactions or conversations augmented with subtitles, visualizations, or both. We assessed memory
retention, diet attitude change, behavioral commitment intentions to adopt healthier eating habits, perceived workload, working
alliance, and subjective impressions of the agent. In conversation-only interactions, 2D supported stronger working alliance, while
VR elicited stronger behavioral commitment intentions. When subtitles and/or visualizations were present, working alliance and
behavioral commitment intentions converged across modalities, although subjective impressions remained condition-specific.
Across conditions, VR was associated with higher perceived workload, including consistently higher physical demand and addi-
tional increases in mental and overall workload under multimodal support. Memory retention and diet attitude change did not
differ between 2D and VR. These findings highlight tradeoffs between relational alignment, motivational impact, and interaction
effort when designing scalable ECA-mediated health conversations across 2D and VR platforms.

1 | Introduction

Face-to-face health counseling is widely regarded as the gold
standard for preventive care, chronic disease management,
and health behavior change. In-person interactions enable
providers to build rapport, deliver personalized feedback, and
sustain patient motivation [1]. Large-scale clinical trials, includ-
ing the Diabetes Prevention Program, show that structured
lifestyle counseling and dietary support can significantly reduce
the incidence of conditions such as type 2 diabetes, hyper-
tension, and obesity [2]. However, in-person counseling is
resource-intensive, requiring trained professionals, frequent
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sessions, and substantial healthcare infrastructure [3], which
limits scalability and access. This has created a need for
technology-mediated alternatives that can extend the benefits of
traditional counseling while expanding reach and maintaining
engagement [4].

Embodied conversational agents (ECAs) offer a promising
approach to scalable health communication. By combining ver-
bal and nonverbal behaviors, ECAs simulate face-to-face dia-
logue and have been shown to foster trust, empathy, and rela-
tional continuity [5, 6]. Using motivational interviewing strate-
gies, ECAs can motivate health behavior change across repeated
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interactions [7, 8], while remaining cost-effective and broadly
deployable, including in settings with limited access to in-person
care [9]. These properties make ECAs attractive for extend-
ing evidence-based practices in preventive health and lifestyle
coaching [10, 11].

However, sustained, long-term interaction has long been recog-
nized as important in health-oriented relational agent research,
particularly for supporting relationship building, reflection, and
engagement over time [12]. Counseling and motivational inter-
viewing research likewise emphasize that effective interventions
unfold over time, progressing through stages of rapport-building,
reflection, and goal alignment to support health behavior change
[13–16]. Supporting longer, more natural ECA conversations is
therefore critical for aligning digital interventions with estab-
lished counseling practices.

In addition, ECA-based health interactions have been studied in
both 2D and VR interfaces [17, 18], yet few studies directly com-
pare these modalities systematically within matched, extended
counseling sessions lasting 20 min or more. Moreover, existing
work rarely examines how key outcome dimensions such as cog-
nitive workload, relational alignment, memory, and behavioral
intentions may diverge rather than move in parallel as immer-
sive fidelity increases. This study addresses these gaps by directly
comparing extended ECA-based health counseling delivered in
2D and VR environments to examine how immersive fidelity
and multimodal support differentially shape cognitive, relational,
and behavior-relevant outcomes during sustained conversational
interactions.

1.1 | Study Contributions

• Extended cross-modality comparison with multi-
modal manipulation. This study provides a controlled
comparison of embodied health counseling delivered in 2D
and VR during sustained (20+ min) conversational inter-
actions, while systematically examining how subtitles and
visualizations, individually and in combination, interact
with immersive fidelity to shape user experience.

• Condition-dependent modality effects in sustained
ECA interactions. Modality-related differences in work-
ing alliance, behavioral commitment intentions to adopt
healthier eating habits, and subjective impressions emerged
primarily in minimally supported, conversation-only inter-
actions. Working alliance and behavioral commitment
differences were attenuated or eliminated when subtitles,
visualizations, or their combination were present, indicating
that multimodal support moderates modality effects rather
than producing uniform platform differences.

• Distinct workload tradeoffs across immersive fideli-
ties. Immersive VR was associated with higher per-
ceived physical workload across conditions, with addi-
tional increases in mental and overall workload emerging
under multimodal support. These findings highlight trade-
offs between immersive interaction demands and user effort
rather than a single optimal platform.

• Immersive VR supports comparable health outcomes
through distinct experiential pathways. While core
health-related outcomes such as memory retention and diet
attitude change were comparable across 2D and VR plat-
forms, immersive VR achieved these outcomes alongside
stronger behavioral commitment intentions to adopt health-
ier eating habits in minimally supported interactions and
distinct perceptual response patterns, demonstrating that
immersive fidelity can motivate health intentions through
different experiential pathways.

2 | Related Work

2.1 | Multimedia Learning and Support
Features

Research on multimedia learning provides a framework for
understanding how subtitles and visualizations influence com-
prehension and recall. The cognitive theory of multimedia learn-
ing posits that people process verbal and visual information
through separate channels with limited capacity, and that learn-
ing improves when information is integrated across both [19].
Evidence shows that same-language captions can enhance com-
prehension and memory by reinforcing auditory information
[20], while visualizations such as diagrams or annotated images
clarify abstract concepts and direct attention to critical details
[21, 22]. Likewise, poorly integrated materials can produce
split-attention effects that increase cognitive load and hinder
retention [23, 24].

2.2 | Memory Outcomes in VR and 2D
Environments

Research comparing immersive VR with desktop settings has
shown that while VR can increase presence, some studies report
lower factual learning under certain task conditions [25]. Other
work similarly finds that VR learners may recall less content and
transfer knowledge less effectively than those in 2D conditions,
despite higher levels of engagement [26]. By contrast, evidence
from 2D and other non-immersive settings more consistently
shows benefits when multimedia supports are introduced, sug-
gesting that learning outcomes depend strongly on task structure
and design choices.

2.3 | Cognitive Load in 2D and VR Platforms

Prior work consistently shows that 2D platforms are associated
with lower perceived workload than immersive VR. Desktop con-
ditions have been linked to reduced effort and more efficient
recall relative to VR [26], and neurophysiological evidence indi-
cates lower neural markers of cognitive effort when tasks are per-
formed on 2D displays [27]. Comparisons of display types further
suggest that while VR enhances motivation and embodiment, it
does so at the cost of increased processing demands [28].

More broadly, immersive VR reliably increases attentional
engagement but is also associated with higher cognitive and
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physical demands than less immersive media [29]. Elevated pres-
ence requires users to allocate resources to richer sensory input,
and when multiple elements compete for attention, workload
can increase further, contributing to visual fatigue and discom-
fort [30]. These findings underscore a recurring trade-off between
engagement and processing effort across immersive platforms.

2.4 | Interaction Differences, Perceptual
Responses, and Relational Outcomes Across 2D
and VR

When interacting with embodied conversational agents, users’
experiences can differ between 2D and VR. In 2D settings, inter-
faces often support smoother turn-taking and lower-effort inter-
action, as users face fewer attentional demands and can process
the agent’s cues more efficiently [27, 31]. By contrast, VR presen-
tations heighten the sense of co-location and realism, frequently
increasing engagement while also drawing on additional cogni-
tive resources [18, 32].

Social presence. In VR, users typically report stronger feelings
of social presence and interpersonal salience [29], which can
amplify engagement and influence dialogue behaviors such as
gaze alignment [32]. While this heightened presence can enhance
affective involvement, it does not uniformly translate into supe-
rior learning or performance outcomes across tasks [26].

Affective impressions. Users in 2D often perceive agents as
more predictable and less demanding, which can support rela-
tional stability. VR, in contrast, may evoke stronger affective
reactions. Increased realism and immersion enhance emotional
arousal, but they can also make users more sensitive to behavioral
mismatches, which may influence trust or rapport [33].

Perceptual responses. In 2D environments, agents are pro-
cessed in a less demanding perceptual frame, reducing the risk of
overload. VR, however, can intensify perceptual mental and phys-
ical strain when multiple visual elements compete for processing
[27, 30]. These patterns reflect a trade-off: while VR magnifies
presence and affective intensity, 2D often affords more cogni-
tively efficient and stable interactions.

Working alliance. Relational outcomes also vary by modality. In
2D, lower perceptual demands and more stable cues can enable
stronger emotional bonds, smoother task agreement, and clearer
goal alignment [12]. VR, by contrast, raises expectations for
behavioral realism; when gaze and gesture cues are well-timed,
alliance can be amplified, while mismatches in timing or nonver-
bal fidelity may attenuate rapport [33, 34]. Meta-analytic evidence
from psychotherapy underscores that alliance is a strong predic-
tor of outcomes generally [35], making these modality-driven dif-
ferences especially important for the design of health ECAs.

3 | System Design and Architecture

Although the 2D condition used the same three-dimensional
ECA model, it was presented through a screen-based dis-
play rather than an immersive environment; therefore, the
comparison concerns platform immersive fidelity rather than the

FIGURE 1 | Participant in the 2D condition (left) and VR condition
(right).

dimensionality of the character model. The study was conducted
in controlled laboratory settings using both a 2D screen-based
environment and an immersive VR environment. Sessions took
place in quiet rooms to minimize external distractions. In the
2D modality, the system was displayed on a 55-in television con-
nected to a Windows desktop computer. The 55-in display was
selected to approximate a more life-sized interaction with the vir-
tual agent, consistent with prior peer-reviewed virtual human
studies that used large-screen setups to support more realistic
interpersonal encounters [36]. In the VR modality, participants
used an HTC Vive Pro Eye head-mounted display and inter-
acted within a three-dimensional consultation room. Across both
modalities, the system ran on identical hardware, including an
Intel Core i7-9700 processor, an NVIDIA GeForce RTX 2080 Ti
GPU, 64 GB of RAM, a standard keyboard, and external speakers
(Figure 1).

3.1 | System Description

The system was designed to support controlled yet natural-
istic dialogue with an embodied conversational agent across
both modalities. The conversational scripts were developed and
reviewed in consultation with a qualified medical professional to
ensure clinical accuracy, appropriateness, and relevance of the
health-related information. Interaction followed a structured dia-
logue flow to ensure consistency in content, timing, and conver-
sational logic. After each agent utterance, participants selected
from a menu of predefined response options that allowed them
to advance the conversation or request repetition (See Figure 2).
This constrained interaction design ensured safety and accuracy
in the delivery of health-related information by preventing unre-
stricted free-text input as noted in previous studies [37].

3.2 | 2D and VR Setups

The primary distinction between conditions was the mode of pre-
sentation. In the 2D condition, participants interacted with the
agent on a large desktop display, whereas in the VR condition
they were immersed in a three-dimensional consultation room
rendered through a head-mounted display. The VR environment
was optimized for stable rendering above 90 frames per second to
support smooth interaction. In both modalities, identical conver-
sational content, response options, and interface elements were
presented, with the conversational menu displayed either on the
screen or within the virtual space (Figures 1 and 2). Aside from
differences in immersive fidelity, all aspects of the interaction
were held constant across conditions.
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FIGURE 2 | Interface components available across conditions: (A) Image visualization, (B) Conversational menu, (C) Subtitles panel, and (D) Text
visualization, presented in 2D and VR.

3.3 | ECA’s Verbal and Non-Verbal Behaviors

The agent, named Sarah, functioned as a healthcare coach focus-
ing on diabetes prevention and management through improved
dietary habits. Conversations were structured around motiva-
tional interviewing techniques, emphasizing empathy, auton-
omy, and reflective engagement to encourage intentions to adopt
healthier behaviors [16].

To reinforce communication, Sarah displayed both verbal and
non-verbal behaviors. A Microsoft Rocketbox character’s facial
expressions were modeled using blendshapes based on the Facial
Action Coding System [38, 39], while speech was synchronized
through the Unity animation tool. Non-verbal behaviors included
head nods, pointing to visual aids, open-palm gestures, and pos-
ture shifts, all aligned with conversational content. These expres-
sive features, combined with motivational interviewing strate-
gies, were reviewed by a medical specialist to ensure clarity, real-
ism, and accuracy of the health information presented.

4 | Research Questions and Hypotheses

We developed the following research questions and correspond-
ing hypotheses:

4.1 | RQ1

Do conversations in VR with the ECA lead to higher perceived
workload compared to conversations in a 2D platform?

4.2 | H1

Participants engaging in conversations in the VR environment
will report higher perceived workload than those in the 2D inter-
face on NASA TLX measures, with modality effects varying across
workload dimensions and multimodal support conditions.

Rationale: VR environments typically impose greater cognitive
and physical demands to users due to increased sensory input,
spatial processing, and embodied interaction. These demands can
elevate perceived workload even when task content remains con-
stant. Prior work has shown that immersive VR can increase cog-
nitive load compared to desktop or 2D presentations [25].

4.3 | RQ2

How do conversations on a 2D platform versus in a VR environ-
ment affect the formation of a working alliance with an embodied
conversational agent?

4.4 | H2

Participants in the 2D condition will report stronger working
alliance, particularly in emotional bond and perceived clarity of
interaction, compared to those in the VR condition.

Rationale: Gratch et al. [34], argues that in immersive VR, users
hold higher expectations for behavioral realism, making them
more sensitive to mismatches in timing, motion, or non-verbal
expression. These mismatches can reduce liking and trust and
may weaken rapport-related responses in immersive interactions
[40]. In contrast, 2D agents reduce the risk of such perceptual dis-
ruption and may offer a more stable interaction frame, enabling
stronger feelings of trust, emotional connection, and shared task
focus.

4.5 | RQ3

How do conversations on a VR platform versus a 2D plat-
form influence participants’ behavioral commitment intentions
to adopt healthier eating habits following an ECA-led health
conversation?

4.6 | H3

Participants in the VR condition will report stronger behavioral
commitment intentions to adopt healthier eating habits com-
pared to those in the 2D condition.

Rationale: Immersive VR environments have been shown to
enhance motivational processes by increasing affective arousal
and experiential realism [41].

4.7 | RQ4

Does the use of a VR platform influence memory retention of
health-related information compared to a 2D interface?
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4.8 | H4

Memory retention following an ECA-led health conversation
may differ between VR and 2D platforms depending on the pres-
ence and type of multimodal support.

Rationale: Prior studies suggest that VR can enhance cognitive
engagement and memory encoding through heightened immer-
sion, spatial presence, and attentional focus [25]. The embod-
ied and interactive nature of VR is theorized to support deeper
information processing, potentially leading to improved memory
recall.

5 | Experiment Methodology

5.1 | Study Design

We employed a 2 (Mode: 2D vs. VR) × 4 (Multimodal Condition:
Conversation Only (CON), Conversation with Subtitles (CSU),
Conversation with Visualizations (CVI), and Conversation with
both Subtitles and Visualizations (CSV)) between-subjects exper-
imental design (See Figure 3 and Table 1.) Participants were ran-
domly assigned to one of the eight conditions.

5.2 | Conversation Topic

The conversational agent engaged participants in a structured
discussion about diabetes prevention and healthy dietary prac-
tices. The dialogue covered topics such as daily eating habits,
portion control, and strategies for reducing added sugars and
unhealthy fats. The content was adapted from dietary guide-
lines provided by MyPlate.gov and was reviewed by a licensed
medical doctor specializing in metabolic health [42]. The con-
versation was designed to last more than 20 min, providing
sufficient time for reflection, self-assessment, and personalized
goal-setting, consistent with motivational interviewing frame-
works in which behavior change emerges through sustained dia-
logue rather than brief informational exchanges [15, 43].

5.3 | Experimental Conditions

Participants were assigned to one of four multimodal support
conditions and interacted with the ECA in either a 2D or VR
modality. Across all conditions and modalities, conversational
content, agent behavior, timing, and interaction structure were
held constant; only the presence of subtitles and visualizations
differed (See Figure 3 and Table 1).

5.4 | Participants

A total of 160 participants were recruited from a university cam-
pus and randomly assigned to one of eight groups (2D or VR
× CON, CSU, CVI, or CSV; 𝑁 = 20 per group). Each modality
condition (2D or VR) included 80 participants.

In the 2D condition, participants had a mean age of 24.71 years
(𝑆𝐷 = 3.70), and the sample included 55 men and 25 women.
The racial composition was 31.25% White (not Hispanic), 35%
Asian or Pacific Islander, 8.75% Black (not Hispanic), 6.25% His-
panic or Latino, and 18.75% identifying as Other or Multiracial.

In the VR condition, participants had a mean age of 29.25 years
(𝑆𝐷 = 6.81), and the sample included 46 men and 34 women.
The racial composition was 50.0% White (not Hispanic), 38.75%
Asian or Pacific Islander, 7.5% identifying as Other, and 3.75%
Black (not Hispanic).

All participants received a $10 gift card for their participation.

5.5 | Power Analysis

A sensitivity analysis was conducted using G*Power v3.1 for
two-group between-modality comparisons (2D vs. VR). For com-
parisons within each multimodal support condition (𝑛 = 20 per
group), the design provided 80% power (𝛼 = .05, two-tailed) to
detect effects of approximately 𝑑 = 0.90 or larger, corresponding
to moderate-to-large differences. When analyses were collapsed
across multimodal conditions (𝑛 = 80 per modality), the design
provided 80% power to detect effects of approximately 𝑑 = 0.44,
corresponding to small-to-moderate differences. Effect sizes are
therefore reported alongside 𝑝-values to support interpretation of
the magnitude and practical relevance of observed effects.

5.6 | Study Procedure

Participants first listened to a brief overview of the study, provided
informed consent, and confirmed their English fluency before

TABLE 1 | Experimental conditions.

Condition Code Sub Viz

Conversation only CON No No
Conversation+ subtitles CSU Yes No
Conversation+ visualizations CVI No Yes
Conversation+ subtitles+ visualizations CSV Yes Yes

FIGURE 3 | Experimental conditions across 2D and VR platforms.
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FIGURE 4 | Phases of the experiment, including the measures collected in each phase.

beginning. The study proceeded in three stages: a Pre-Experiment
Phase, a Main Experiment Phase, and a Post-Experiment Phase
(See Figure 4).

Pre-experiment Phase: Participants first completed a demographic
questionnaire. Those in the VR condition then wore the HTC
Vive Pro Eye headset to begin the VR portion of the experiment,
while those in the 2D condition used a 55-inch TV display that
served as the interface for the main experiment.

Main Experiment Phase: The ECA, introduced as Sarah, explained
the study purpose and discussed diabetes and healthy eating. Par-
ticipants then completed a 10-item diabetes quiz and a dietary
attitudes survey assessing fruit consumption and intentions to
adopt healthier eating habits, and how motivated they were to
change their eating habits. This was followed by an interactive
conversation with the ECA focused on diet and disease preven-
tion. After the interaction, the same knowledge and attitude mea-
sures were administered again to evaluate retention and changes
in behavioral intentions.

Post-Experiment Phase: Participants completed the NASA Task
Load Index, and provided their subjective impressions.

5.7 | Measures

5.7.1 | Memory Outcome

Participants completed a 10-item diabetes knowledge quiz before
and after the interaction with the ECA. Pre-post change scores
were used for analysis.

5.7.2 | Diet Attitude

Participants reported daily fruit and vegetable intake by selecting
from “None,” “1/2 cup,” “1 cup,” “1.5 cups,” or “2 cups or more,”
which were converted to numerical values (0, 0.5, 1, 1.5, and 2,
respectively). This cup-based format was chosen because portion
sizes in cups were explicitly explained during the conversation,
making the response scale directly consistent with the educa-
tional content delivered by the agent. The format also reflects a
simple and commonly used dietary reporting approach aligned
with public health nutrition guidance, allowing participants to
estimate intake in a practical and interpretable way within a short
experimental session. This measure was collected before and after

the interaction, and pre-post change scores indexed diet attitude
change.

5.7.3 | Behavioral Commitment Intentions to Adopt
Healthier Eating Habits

Participants rated their behavioral commitment intentions on
a 7-point Likert scale before and after the interaction. Pre-post
change scores were used for analysis. Behavioral commitment
intentions are widely used as proximal indicators of health behav-
ior change, as attitudes and intentions have been shown to
be positively correlated with subsequent behavior across health
domains [44, 45].

5.7.4 | NASA-TLX

Perceived workload was assessed using the NASA Task Load
Index (NASA-TLX), which measures workload across six dimen-
sions: Mental Demand, Physical Demand, Temporal Demand,
Performance, Effort, and Frustration. Each subscale was rated on
a 0–100 scale. Following standard NASA-TLX procedures, par-
ticipants completed pairwise comparisons to derive individual
weights for each dimension. A weighted total workload score was
then computed as a normalized weighted average of the six sub-
scales. As a result, total workload values are reported on a reduced
composite scale rather than the raw 0–100 TLX range, and com-
parisons focus on relative differences between conditions rather
than absolute workload magnitude.

5.7.5 | Working Alliance

The Working Alliance Inventory measures the perceived quality
of the collaborative relationship between a user and an interac-
tion partner. Is divided in:Task (perceived agreement on goals
and relevance of the activity), Goal (shared understanding of the
intended outcome), and Bond (sense of mutual trust and emo-
tional connection) [46].

5.7.6 | Subjective Impressions

Participants rated their agreement with a set of statements
about the agent using a 7-point Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree), with higher values
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 1546427x, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cav.70140, W

iley O
nline L

ibrary on [17/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



indicating stronger endorsement of each statement. The items
were designed to capture perceptual, affective, and behavioral
impressions of the agent. Items included: Sarah was lively
(LIVELY), I was comfortable talking to Sarah (COMFORT), Sarah
was appropriate for the job (APPROP), Sarah was engaging
(ENGAGE), Sarah was awkward (AWKWARD), I liked talking to
Sarah (LIKENESS), I disliked talking to Sarah (DISLIKENESS),
It was fun talking to Sarah (FUN), Sarah was eerie (EERIE),
Sarah was weird (WEIRD), Sarah was cold (COLD), Sarah was
unnatural (UNNAT), Sarah was energizing (ENERGIZED), I
paid attention to Sarah (ATTENTION), and I ignored Sarah
(IGNORED).

6 | Results

6.1 | Comparative Analysis between Modalities
Across Conditions

We compared user responses between the 2D and VR modali-
ties using nonparametric tests using R. Analyses were conducted
separately for each multimodal support condition, yielding four
matched comparisons: 2D CON vs. VR CON, 2D CSU vs. VR
CSU, 2D CVI vs. VR CVI, and 2D CSV vs. VR CSV. Memory out-
comes, diet intake attitudes, behavioral commitment intentions
to adopt healthier eating habits, working alliance, and subjec-
tive impression measures were analyzed using Kruskal–Wallis
tests. NASA-TLX subscales and total workload scores were also
analyzed using Kruskal–Wallis tests, as reported in Table 3. Out-
liers were identified as data points with standardized 𝑍 scores
exceeding ±3 and were handled using a Winsorizing approach
[47]. All Kruskal-Wallis tests involved two independent groups
(𝑑𝑓 = 1).

6.2 | Memory Outcomes, Diet Intake Attitudes,
and Behavioral Commitment Intentions to Adopt
Healthier Eating Habits

All three outcomes were analyzed using pre-post change
scores, computed as the difference between post-interaction
and pre-interaction measures. No significant modality differ-
ences were observed for memory outcomes and diet attitude
between 2D and VR across all conditions. Behavioral commit-
ment intentions to adopt healthier eating habits differed by
modality only in the CON condition. Participants in the VR
modality reported stronger behavioral commitment than those
in the 2D modality, as indicated by a significant Kruskal–Wallis
test, 𝐻(1) = 4.25, 𝑝 = .039, with a small-to-moderate effect size
(𝜂2

𝐻
= .086).

6.3 | Working Alliance

We compared perceived working alliance between the 2D and
VR modalities across the Goal, Task, Bond, and Total Working
Alliance dimensions within each experimental condition.

Significant differences between 2D and VR modes emerged only
within the CON condition (see Table 2). No significant differences
were observed in the CSU, CVI, or CSV conditions.

6.4 | NASA TLX-Cognitive Load

NASA-TLX scores were compared between the 2D and VR
modalities using rank-based Kruskal-Wallis tests conducted sep-
arately within each condition (CON, CSU, CVI, CSV). Table 3
reports means, standard deviations, Kruskal–Wallis test statis-
tics (𝐻), 𝑝-values, and eta-squared effect sizes (𝜂2

𝐻
). Because total

NASA-TLX workload was computed as a normalized weighted
composite, these values should be interpreted as relative differ-
ences in overall perceived workload rather than as raw 0 to 100
scores. The individual NASA-TLX subscales, however, were col-
lected on the standard 0 to 100 scale and remain directly inter-
pretable. Significant modality effects were observed for four of the
six TLX subscales (Mental Demand, Temporal Demand, Physical
Demand, and Effort), as well as for Total Workload.

6.5 | Perceptual Impressions of the Agent

Wilcoxon rank-sum tests were used to compare the agent impres-
sion measures between the 2D and VR modalities within each
experimental condition. In the CON condition, 2D participants
rated the agent more favorably, reporting greater comfort, appro-
priateness, and engagement, and less awkwardness and cold-
ness. In the CSU condition, VR participants gave more negative
impressions (eeriness, weirdness, unnaturalness, and dislike),
while 2D participants found the agent more enjoyable. In the CVI
condition, VR participants reported paying more attention, and
in the CSV condition, they rated the agent as more energizing.
Table 4 summarizes the significant comparisons with descriptive
statistics and test results.

The results also indicated that CON and CSU elicited stronger
subjective impressions compared to CVI and CSV. A possible
explanation lies in the fact that in the CVI and CSV conditions,
participants’ gaze was directed away from the agent because of
the visual elements in the interaction. This suggests reduced
visual engagement or alignment with the ECA. This compara-
tively weaker performance of the CVI and CSV conditions may be
explained through the split-attention effect in multimedia learn-
ing, where users divide visual attention across multiple spatially
separated information sources, increasing extraneous cognitive
load [48]. In the CVI and CSV conditions, participants were
required to alternate gaze between the ECA and the visualization
display positioned behind the agent, potentially reducing sus-
tained attention toward the ECA itself. Prior eye-tracking studies
have shown that additional on-screen visual elements can divert
fixation patterns away from primary instructional content and
increase attentional fragmentation [49].

7 | Discussion

7.1 | RQ1: Do Conversations in VR With
the ECA Lead to Higher Perceived Workload
Compared to Conversations in A 2D Platform?

The findings indicate that VR was associated with higher per-
ceived workload than 2D across multiple NASA TLX dimen-
sions, with effects varying by workload component and sup-
port condition. Participants in the VR modality reported higher
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TABLE 2 | Working alliance differences between 2D and VR within each support condition. Values are item-level means with standard deviations
in parentheses. Kruskal–Wallis tests compare 2D and VR within each condition for each WAI dimension.

Condition Dimension 2D M (SD) VR M (SD) 𝑯 𝒑

CON Goal 3.92 (1.24) 3.04 (1.12) 6.55 0.011
Task 3.90 (0.94) 2.99 (0.93) 6.94 0.008
Bond 3.49 (1.30) 2.54 (1.03) 5.68 0.017

Total WAI 3.77 (1.08) 2.85 (0.96) 6.83 0.009
CSU Goal 4.00 (0.50) 3.56 (0.80) 3.66 0.056

Task 3.61 (0.55) 3.46 (0.79) 0.30 0.585
Bond 3.48 (0.90) 3.14 (0.99) 0.67 0.414

Total WAI 3.70 (0.54) 3.39 (0.73) 1.66 0.198
CVI Goal 3.84 (0.84) 3.89 (0.95) 0.23 0.634

Task 3.29 (0.80) 3.46 (0.75) 0.71 0.399
Bond 3.35 (0.80) 3.28 (1.02) 0.01 0.935

Total WAI 3.49 (0.74) 3.54 (0.79) 0.09 0.766
CSV Goal 3.96 (1.02) 3.78 (0.71) 1.12 0.289

Task 3.70 (0.91) 3.61 (0.62) 1.04 0.307
Bond 3.56 (1.09) 3.40 (0.80) 0.60 0.438

Total WAI 3.74 (0.82) 3.60 (0.56) 0.75 0.386

TABLE 3 | NASA TLX subscale results comparing workload between 2D and VR within each condition (CON, CSU, CVI, CSV). Means (SD),
Kruskal–Wallis test statistics (𝐻), eta-squared effect sizes (𝜂2

𝐻
), and 𝑝-values are reported. Rows are shown only for comparisons with 𝑝 < .05.

Condition Subscale 2D Score VR Score H 𝜼2
𝑯

p

CON Physical 1.50 (2.95) 11.55 (15.51) 7.18 0.163 0.007
CSU Physical 1.00 (1.72) 13.35 (14.90) 8.15 0.188 0.004
CVI Mental 15.75 (14.63) 33.20 (25.33) 5.50 0.118 0.019

Physical 2.20 (6.72) 13.30 (16.02) 4.19 0.084 0.041
Total Workload 6.62 (2.76) 9.99 (3.71) 9.43 0.222 0.002

CSV Mental 15.75 (16.46) 44.10 (21.01) 16.90 0.419 < .001
Physical 1.25 (2.47) 6.50 (10.12) 3.94 0.077 0.047

Temporal 12.20 (13.39) 25.95 (14.75) 8.51 0.198 0.004
Effort 10.00 (10.59) 22.95 (18.74) 11.50 0.276 < 0.001

Total workload 7.08 (2.17) 10.62 (2.73) 15.80 0.390 < 0.001

physical demand across conditions, while differences in mental
demand, effort, temporal demand, and overall workload emerged
primarily in conditions with additional multimodal support, par-
ticularly CSV (see Table 3). Importantly, these effects were not
uniform across all subscales: no significant differences emerged
for frustration or performance, suggesting that elevated workload
reflected increased processing demands rather than perceptions
of failure or inefficiency. Based on these findings, we partially
support H1. Because total NASA-TLX workload was computed
as a normalized weighted composite, observed differences should
be interpreted as relative increases in perceived interaction effort
rather than absolute workload levels.

Evidence from prior work suggests that differences between 2D
and 3D simulation environments may partly reflect cognitive

overload and attentional distraction rather than representational
fidelity alone. Richards and Taylor found that students achieved
stronger learning outcomes with a 2D simulation than with a
3D virtual world when learning animal behavior concepts, argu-
ing that the richer 3D representation may have introduced extra-
neous perceptual information that distracted learners from the
core conceptual model [50]. This interpretation is relevant to the
present findings. Although VR did not reduce memory reten-
tion in our study, it was associated with higher perceived work-
load, especially when visualizations and subtitles were added.
The CVI and CSV conditions suggest that additional support fea-
tures can become cognitively costly in immersive environments
when users must divide attention between the agent, subtitles,
visualizations, and the surrounding virtual space. These work-
load effects may also help explain why subjective impressions
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TABLE 4 | Differences between 2D and VR by condition. The table reports mean (SD), Wilcoxon test statistics (𝑊 ), effect sizes (𝑟), and 𝑝-values for
comparisons with 𝑝 < .05.

Condition Variable 2D Mean (SD) VR Mean (SD) W Effect sizes (𝒓) 𝒑

CON COMFORT 6.10 (1.55) 5.30 (1.56) 273.5 0.328 0.0378
APPROP 5.65 (1.63) 4.10 (1.68) 302.5 0.445 0.0049
ENGAGE 5.35 (1.84) 4.15 (1.66) 277.0 0.335 0.0339

AWKWARD 2.20 (1.58) 3.20 (1.58) 121.5 0.343 0.0300
COLD 2.40 (1.64) 3.90 (1.74) 109.5 0.394 0.0126

LIKENESS 5.20 (1.79) 3.85 (1.63) 283.5 0.362 0.0222
DISLIKENESS 2.35 (1.81) 3.75 (1.89) 108.0 0.400 0.0115

CSU UNNAT 2.60 (1.82) 3.75 (1.68) 120.0 0.345 0.0289
EERIE 2.25 (1.59) 3.50 (1.47) 104.0 0.424 0.0073
WEIRD 2.00 (1.62) 2.85 (1.42) 113.0 0.383 0.0153

FUN 5.20 (1.82) 3.85 (1.63) 289.0 0.385 0.0150
AWKWARD 1.90 (1.48) 2.50 (1.10) 123.0 0.342 0.0304

COLD 1.75 (1.41) 3.30 (1.63) 76.5 0.545 < 0.001
DISLIKENESS 1.75 (1.41) 2.75 (1.45) 104.0 0.428 0.0068

IGNORED 1.65 (1.39) 2.20 (1.15) 121.5 0.362 0.0219
CVI ATTENTION 4.70 (1.34) 5.60 (1.50) 114.0 0.380 0.0162
CSV ENERGIZED 3.10 (1.83) 4.30 (1.66) 123.5 0.329 0.0373

varied across support conditions rather than uniformly improv-
ing with added multimodal information. In contrast, the stronger
working alliance observed in the 2D conversation-only condition
suggests that lower perceptual complexity may support relational
alignment when the interaction depends primarily on the agent’s
conversational behavior.

7.2 | RQ2: How do Conversations on A 2D
Platform Versus in A VR Environment Affect
the Formation of A Working Alliance with An
Embodied Conversational Agent?

In the Conversation-Only (CON) condition, participants in the
2D modality reported significantly stronger working alliance
across all dimensions, including goal alignment, task agreement,
emotional bond, and overall alliance, compared to those in VR
(See Table 2.) These differences did not appear in conditions
with subtitles, visualizations, or their combination, where scores
were comparable across modalities. This pattern suggests that
modality effects on alliance were most pronounced in minimally
supported interactions, whereas additional multimodal supports
reduced relational differences across platforms. Based on these
findings, we partially accept H2.

7.3 | Perceptual Impressions of the Agent

The perceptual impression results suggest that multimodal sup-
port did not uniformly improve how participants experienced
the agent. Descriptively, the CON and CSU conditions showed
more favorable subjective impression patterns than the CVI and
CSV conditions. One possible explanation is that, in the CVI and

CSV conditions, participants’ gaze was directed away from the
agent because of the added visual elements in the interaction.
As shown in Figure 3, these conditions required participants to
divide visual attention between the ECA and the visualization
display, which may have reduced sustained visual engagement
with the agent itself. This interpretation is consistent with the
split-attention principle in multimedia learning, where spatially
separated information sources can increase extraneous cognitive
load [48]. It is also consistent with eye-tracking evidence showing
that additional visual elements can divert fixation patterns away
from primary instructional content and increase attentional frag-
mentation [49]. In the present study, this attentional division may
help explain why CVI and CSV produced less favorable subjective
impression patterns despite providing additional informational
support.

7.4 | RQ3: How do Conversations on A VR
Platform Versus A 2D Platform Influence
Participants’ Behavioral Commitment Intentions
to Adopt Healthier Eating Habits Following An
ECA-Led Health Conversation?

Results showed a significant difference only in the Conversation-
Only (CON) condition. Participants in the VR modality reported
stronger commitments to adopting healthy eating behaviors com-
pared to those in 2D. In conditions with subtitles, visualiza-
tions, or their combination, no significant differences between
modalities were observed. Thus, the effect associated with VR
emerged primarily in minimally supported interactions, while
intentions were comparable across platforms when additional
supports were present. Based on these findings, H3 was sup-
ported only in the CON condition.

Computer Animation and Virtual Worlds, 2026 9 of 12
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7.5 | RQ4: Does the Use of A VR Platform
Influence Memory Retention During
Health-Related Conversations with An ECA
Compared to A 2D Platform?

Across all conditions, memory retention scores did not signif-
icantly differ between 2D and VR modalities (see Section 6.2).
Pre-post knowledge gains were comparable regardless of
platform, indicating that immersive presentation did not system-
atically alter recall of health-related information in this context.
H4 was not supported; no modality-dependent differences in
memory retention were observed across multimodal support
conditions.

8 | Conclusions

This study advances understanding of how immersion fidelity
and multimodal support jointly shape extended interactions
with embodied conversational agents [51]. Importantly, both
platforms supported meaningful gains across core health-related
outcomes, indicating that effectiveness can be achieved through
different experiential pathways rather than a single optimal
modality. Rather than treating immersive fidelity as a uniform
pathway to improved outcomes, the findings demonstrate that
2D and VR platforms afford distinct interaction dynamics that
differentially influence cognitive workload, relational alignment,
and behavioral commitment intentions to adopt healthier eating
habits in minimally supported, conversation-only interactions,
depending on context and support structure.

A central contribution of this work is its focus on sustained, 20+
min health counseling conversations. By extending interaction
length beyond the brief encounters typical of prior ECA studies,
the study captures processes that unfold over time, including rap-
port formation, reflective engagement, and goal alignment. This
temporal depth aligns digital health interactions more closely
with established counseling and motivational interviewing prac-
tices, where change is understood as an emergent process rather
than an immediate response to information delivery [15, 16].

Across conditions, immersive VR was associated with higher
physical workload, with higher cognitive and overall work-
load emerging particularly when multiple multimodal supports
were present. These effects are consistent with cognitive load
accounts in which additional representational channels com-
pete for limited processing resources, especially in immersive
contexts that already impose increased perceptual and atten-
tional demands [23, 24, 29]. At the same time, VR uniquely
supported stronger behavioral commitment in minimally scaf-
folded, conversation-only interactions, specifically in the absence
of additional multimodal supports. In contrast, 2D interactions
supported lower workload and more stable relational alignment
in these settings, facilitating emotional bond and task agreement
without additional processing demands. Importantly, these pat-
terns reflect differences in underlying mechanisms rather than
evidence of platform superiority.

Although the present study did not measure downstream
health behaviors directly, the observed differences in behavioral
commitment intentions remain meaningful in light of prior work

demonstrating a positive association between attitudes, inten-
tions, and subsequent behavior change across health domains
[44, 45]. From this perspective, behavioral commitment inten-
tions can be interpreted as proximal indicators of motivational
readiness rather than immediate behavior change.

The asymmetric effects of subtitles and visualizations further
extend multimedia learning theory into embodied conversational
settings. While such supports often reinforce clarity and compre-
hension in non-immersive contexts [20, 21], they can increase
workload or alter social impressions in immersive environments
when they compete with embodied co-presence cues [23, 24].
These findings indicate that identical multimodal supports may
operate differently depending on immersive context and interac-
tion demands.

Taken together, the results motivate a design-oriented interpre-
tation rather than a platform verdict. When relational stability,
clarity, and sustained dialogue are central, lower-fidelity inter-
faces can provide a robust foundation for extended health
conversations. When experiential salience and motivational acti-
vation are priorities, immersive VR can offer distinct benefits,
even when accompanied by increased cognitive and physical
demands. Hybrid approaches that leverage the complemen-
tary strengths of both platforms may therefore be especially
promising for scalable health interventions [52].

In sum, immersion fidelity and multimodal support should be
treated as interacting design dimensions that shape how cog-
nitive effort, relational alignment, and behavioral commitment
intentions emerge over time. Recognizing these tradeoffs is essen-
tial for the effective design of embodied conversational agents in
health contexts.

9 | Limitations and Future Work

This study has several limitations. Although conversations with
the agent averaged over 23 min, unusually long for virtual reality,
multi-session studies are needed to examine sustained engage-
ment, alliance formation, and changes in behavioral commit-
ment intentions to adopt healthier eating habits over time. In our
setup, the interaction was primarily frontal and all key elements,
including the agent, subtitles, whiteboard, and TV, fit within the
headset field of view, which likely reduced the need for large
head rotations and extensive optical flow. In addition, the VR
condition used an HTC Vive Pro Eye headset, and its display char-
acteristics may differ from those of newer head-mounted displays
with higher resolution. As a result, some perceptual, workload,
or interaction outcomes may have been influenced in part by the
specific hardware used in this study. Although the HTC Vive Pro
Eye also supports integrated eye tracking, this study did not pro-
cess gaze measures since it is out of the scope of this study. This
represents an important direction for future work, particularly for
examining split attention and visual cognitive load under subtitle
and visualization conditions. Moreover, the 2D condition was
presented on a 55-inch display to approximate a more life-sized
interaction with the agent, based on prior peer-reviewed virtual
human research using large-screen setups to support more realis-
tic interpersonal encounters. At the same time, this design choice
may have increased co-location or interpersonal salience in the
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2D condition and may therefore have contributed to stronger
working alliance responses. Future work should directly com-
pare standard desktop displays, large-screen displays, and
immersive VR during multimodal conversational interactions
with embodied conversational agents to isolate how display size
and immersive fidelity shape attention allocation, workload,
and user experience. Future work should also directly measure
head rotation and related movement patterns to better assess how
these factors may shape user experience in VR [53, 54]. The study
also focused on a single task domain and agent design, which
may limit generalizability to other contexts or interaction styles.
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