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Figure 1: Comparison of a real instructor and their digital twin avatar delivering remote lectures via Zoom.

Abstract
The prevalence of remote instruction has heightened the need to
understand how emerging avatar technologies might support in-
structor presence in virtual classrooms. Digital twins, defined here
as animated avatars that mirror a speaker’s facial expressions and
movements in real time, represent a potential alternative to standard
webcam video. This formative study examines student perceptions
following exposure to a digital twin instructor during live Zoom
lectures. Twenty-four students completed a post-session survey as-
sessing perceived realism, emotional engagement, and willingness
to attend future sessions. Spearman correlation analysis revealed
that affective qualities such as likeability and enjoyment showed
strong positive associations with receptivity, while perceptions
of awkwardness and weirdness showed strong negative associa-
tions. Perceived natural movement was strongly associated with
human resemblance and inversely associated with eeriness, con-
sistent with uncanny valley theory. These exploratory findings
identify candidate factors for future controlled investigations and
offer preliminary design guidance emphasizing behavioral fidelity
and emotional warmth over photorealism alone.
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1 Introduction
The widespread adoption of remote education has intensified schol-
arly attention to student engagement and instructor presence in
virtual classrooms [15, 18]. Video conferencing platforms enable
synchronous communication but impose constraints on nonver-
bal cues that contribute to social presence and learning outcomes
[1, 4, 23]. Research on Zoom fatigue suggests prolonged video con-
ferencing imposes cognitive costs that may undermine educational
effectiveness [7, 22].

Digital twins represent an emerging approach to addressing
these limitations (see Figure 1). We define digital twins as animated
avatars that replicate a speaker’s facial expressions and movements
in real time, distinguishing them from pre-recorded virtual agents
or stylized cartoon representations. Unlike conventional webcam
video, digital twins can provide consistent visual presentation while
preserving expressive communication. Avatar-based representa-
tions may also reduce self-consciousness associated with being on
camera [2]. However, prior work demonstrates that deviations in
realism can elicit discomfort associated with the uncanny valley
phenomenon [17, 19], making user perceptions critical to under-
stand.

Given the nascent state of this technology in educational con-
texts, formative research is needed to identify perceptual factors
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that may influence student receptivity. This exploratory study in-
vestigates students’ responses to a live lecture delivered through a
digital twin avatar integrated with conventional video conferencing,
addressing two research questions: RQ1:What perceptual factors
are associated with students’ willingness to attend future classes
with a digital twin instructor? RQ2:What perceptual factors are
associated with perceived natural movement of the avatar? These
questions generate hypotheses for future controlled investigations
rather than test causal relationships.

This work makes three contributions. First, it provides empirical
observations from an authentic classroom deployment, bridging
the gap between laboratory studies and practical implementation.
Second, it identifies specific perceptual dimensions warranting
attention in future research on avatar-mediated instruction. Third, it
offers preliminary design guidance for researchers and practitioners
exploring digital twin technologies in educational settings.

2 Related Work
2.1 Social Presence and Virtual Agents
Social presence theory posits that communication media vary in
their capacity to convey the psychological sense that others are
present [23]. Video conferencing constrains social and emotional
dimensions of communication compared to face-to-face interaction
[1, 20]. The concept of transformed social interaction [2] suggests
avatar-mediated communication offers unique affordances, includ-
ing consistent visual presentation across varying conditions.

Research on pedagogical agents demonstrates that animated
characters can support learning when designed with attention to
social cues [10, 14, 24]. The persona effect suggests lifelike charac-
ters can positively influence student engagement [16], and instruc-
tor immediacy behaviors remain important predictors of student
outcomes in mediated contexts [25]. Systems such as ViGather [13]
have explored photorealistic avatars in collaborative environments,
finding that avatar quality affects perceived social presence. How-
ever, most existing research focuses on immersive VR or stylized
avatars, leaving a gap in understanding digital twins integrated
with conventional video conferencing tools.

2.2 The Uncanny Valley
The uncanny valley phenomenon describes how near-human repre-
sentations can elicit discomfort when subtle imperfections break the
illusion of humanity [19]. Research establishes that motion quality
is particularly critical in triggering uncanny responses [12, 17, 21].
Ho and MacDorman developed indices for measuring perceived
humanness and eeriness [11]. Studies find that behavioral realism
significantly affects willingness to engage with virtual agents [3, 8].
This study addresses the gap by examining real-time digital twins
deployed within conventional video conferencing for classroom
instruction.

3 Methodology
3.1 Study Design
This formative study examined student perceptions following expo-
sure to a digital twin instructor during live remote lectures. Consis-
tent with established approaches to formative HCI research [9, 26],

we employed an exploratory design without a control condition
or preregistered hypotheses. All reported associations are correla-
tional and should be interpreted as identifying patterns worthy of
future investigation rather than establishing causal relationships.
The absence of a control condition means findings speak to varia-
tion in perceptions within the digital twin experience rather than
comparing digital twins to conventional video.

3.2 Technical Implementation
The digital twin system was controlled using Apple Vision Pro,
which captured the instructor’s facial expressions and head move-
ments via built-in sensors. Custom software mapped detected facial
action units to a high-fidelity 3D avatar rendered in real time. The
avatar video feed was shared as the instructor’s camera feed within
Zoom. The system operated at approximately 30 fps with total la-
tency of 100 to 150 milliseconds. The avatar tracked major facial
regions and head rotation, though fine-grained expressions such as
micro-expressions were not fully captured.

3.3 Procedure and Participants
Two professors delivered lectures to their respective classes while
represented by digital twin avatars via Zoom, with lectures last-
ing approximately 50 minutes. Students were not informed in ad-
vance that the instructor would appear as a digital twin, preserving
ecological validity. Following each session, students completed a
voluntary, anonymous survey. The study was approved by the insti-
tutional review board. A total of 24 students completed the survey,
consistent with formative HCI studies [5].

3.4 Measures
The survey employed single-item 7-point Likert scales assessing
constructs identified in prior work [11, 19]. Items were organized
into four categories: Perceived Realism (natural movement, facial
realism, human-likeness, smoothness, natural behavior, felt real),
Negative Perceptual Qualities (robotic, awkward, unnatural, eerie,
weird), Emotional Engagement (comfortable, pleasant, comfortable
interacting, warm, likeable, enjoyable, engaging), and Repetition
Desirability (willingness to interact again, willingness to attend
future classes). Single-item measures were selected to minimize
participant burden; future confirmatory research should employ
validated multi-item instruments [6]. Table 3 provides descriptive
statistics.

3.5 Data Analysis
Given the small sample and non-normal distributions, Spearman
rank correlations were computed. Only correlations achieving p <
.05 are reported. Consistent with formative research, no multiple
comparison corrections were applied; results should be interpreted
as hypothesis-generating.

4 Results
Descriptive statistics appear in Table 3. Students rated the avatar
moderately on perceived realism (Natural Movement: M = 4.08, SD
= 1.74) and engagement (Likeability: M = 5.08, SD = 1.29). Negative
qualities such as Awkwardness (M = 4.21) and Weirdness (M =
4.58) were rated near or above the midpoint. Notably, Repetition
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Table 1: Spearman correlations with Repetition Desirability
(p < .05).

Variable 𝜌 𝑝

Positive
Likeability .768 <.001
Comfortable Interaction .766 <.001
Enjoyment .765 <.001
Interact Again .714 <.001
Pleasantness .639 .001
Facial Realism .606 .002
Smoothness of Motion .558 .005
Natural Behavior .532 .007
Warmness .413 .045

Negative
Dislikeability -.770 <.001
Weirdness -.629 .001
Coldness -.619 <.001
Eeriness -.520 .009
Awkwardness -.477 .018
Robotic Impression -.456 .005

Desirability was relatively low (M = 3.00, SD = 1.29), indicating
limited enthusiasm for repeating the experience.

4.1 RQ1: Factors Associated with Repetition
Desirability

Table 1 presents correlations with Repetition Desirability. Willing-
ness to attend future sessions showed strong positive associations
with Likeability (𝜌 = .768), Enjoyment (𝜌 = .765), and Comfortable
Interaction (𝜌 = .766). Perceptual realism variables also showed pos-
itive associations, including Facial Realism (𝜌 = .606) and Natural
Behavior (𝜌 = .532). Repetition Desirability showed strong negative
associations with Dislikeability (𝜌 = -.770), Weirdness (𝜌 = -.629),
Coldness (𝜌 = -.619), and Awkwardness (𝜌 = -.477). These patterns
suggest receptivity depends on both achieving positive affective
impressions and minimizing uncanny perceptions.

4.2 RQ2: Factors Associated with Natural
Movement

Table 2 presents correlations with Perceived Natural Movement.
Natural Movement was strongly associated with Human Resem-
blance (𝜌 = .882), Natural Behavior (𝜌 = .817), and Comfortableness
(𝜌 = .779). Strong negative associations with Eeriness (𝜌 = -.844),
Awkwardness (𝜌 = -.792), and Unnaturalness (𝜌 = -.784) are con-
sistent with uncanny valley theory [19]. Natural Movement was
also significantly associated with Repetition Desirability (𝜌 = .521),
suggesting motion quality may be important in overall receptivity.

5 Discussion
5.1 Interpretation of Findings
The correlation patterns suggest that emotional response may be
more predictive of acceptance than technical realism alone. The
strong associations between affective variables (likeability, enjoy-
ment) and willingness to attend future sessions align with research

Table 2: Spearman correlations with Perceived Natural Move-
ment (p < .05).

Variable 𝜌 𝑝

Positive
Human Resemblance .882 <.001
Natural Behavior .817 <.001
Comfortableness .779 <.001
Felt Real .775 <.001
Facial Realism .771 <.001
Smoothness of Motion .768 <.001
Pleasantness .757 <.001
Likeability .694 <.001
Repetition Desirability .521 .011
Enjoyment .464 .026

Negative
Eeriness -.844 <.001
Awkwardness -.792 <.001
Unnaturalness -.784 <.001
Weirdness -.749 <.001
Dislikeability -.728 <.001
Robotic Impression -.686 <.001

on pedagogical agents [16, 24]. The strong negative associations
between uncanny perceptions (eeriness, awkwardness) and both
natural movement and repetition desirability are consistent with
uncanny valley theory [19]. The particularly strong correlation be-
tween natural movement and eeriness (𝜌 = -.844) supports findings
that motion quality is critical in avatar acceptance [12].

The relatively lowRepetitionDesirability (M = 3.00) indicates cur-
rent technology may not yet achieve the quality threshold needed
forwidespread acceptance. However, substantial variance and strong
correlations suggest some students responded positively, and im-
proving identified factors could increase acceptance.

5.2 Design Implications
These formative findings suggest several preliminary design con-
siderations. First, developers should prioritize behavioral fidelity
and motion quality over static visual realism. Second, avatar design
should attend to warmth and emotional expressiveness. Third, de-
signers should actively minimize uncanny valley effects through
testing with target populations.

5.3 Limitations
Several limitations bound interpretation. The small sample (N = 24)
limits generalizability. The absence of a control condition prevents
comparison with webcam video. The correlational design precludes
causal inference. Single-item measures introduce unknown mea-
surement error. Future research should address these limitations
through controlled experiments, validated multi-item measures,
and objective learning outcome measures.

6 Conclusion
This formative study examined student perceptions of a digital twin
instructor during live Zoom lectures. Affective qualities such as
likeability and enjoyment showed strong positive associations with
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Table 3: Descriptive statistics (N = 24). All items used 7-point
scales.

Variable M SD

Perceived Realism
Natural Movement 4.08 1.74
Natural Behavior 4.29 1.57
Felt Real 3.58 1.93
Facial Realism 2.88 1.76
Smoothness of Motion 4.33 1.66
Human Resemblance 4.50 1.78

Negative Qualities
Robotic Impression 4.04 1.52
Awkwardness 4.21 1.69
Unnaturalness 4.08 1.64
Eeriness 3.04 1.80
Weirdness 4.58 2.02

Emotional Engagement
Comfortableness 4.54 1.70
Pleasantness 4.08 1.79
Comfortable Interaction 4.50 1.70
Warmness 3.46 1.38
Likeability 5.08 1.29
Enjoyment 4.25 1.73
Engagement 4.58 1.57

Repetition
Interact Again 4.29 1.78
Repetition Desirability 3.00 1.29

receptivity, while uncanny perceptions including awkwardness
and weirdness showed strong negative associations. These patterns
suggest avatar design for educational contexts should prioritize
behavioral fidelity and emotional warmth alongside technical real-
ism. The exploratory nature of this research means findings should
be treated as hypotheses warranting future controlled investiga-
tion. Nevertheless, the real-world deployment context provides
ecological validity, and identified patterns offer preliminary guid-
ance for researchers and practitioners exploring avatar-mediated
instruction.
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