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Figure 1: Participants observed realistic or abstract virtual humans, either with low (2D-screen) or high immersion (VR). Realistic
virtual humans engaged in idle motion are shown on the left, and abstract virtual humans performing wavemotion on the right.

ABSTRACT
Virtual humans significantly contribute to users’ plausible XR expe-
riences. However, it may be not only the congruent rendering of the
virtual human but also the degree of immersion having an impact
on virtual humans’ plausibility. In a low-immersive desktop-based
and a high-immersive VR condition, participants rated realistic and
abstract animated virtual humans regarding plausibility, affective
appraisal, and social judgments. First, our results confirmed the
factor structure of a preliminary virtual human plausibility ques-
tionnaire in VR. Further, the appearance and behavior of realistic
virtual humans were overall perceived as more plausible compared
to abstract virtual humans, an effect that increased with high immer-
sion. Moreover, only for high immersion, realistic virtual humans
were rated as more trustworthy and sympathetic than abstract vir-
tual humans. Interestingly, we observed a potential uncanny valley
effect for low but not for high immersion. We discuss the impact
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of a natural perception of anthropomorphic and realistic cues in
VR and highlight the potential of immersive technology to elicit
distinct effects in virtual humans.
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1 INTRODUCTION
Virtual humans play a central role in various relevant applications of
mixed, augmented, and virtual reality (MR, AR, VR: XR for short),
encompassing beneficial areas such as mental health [3, 11, 50],
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motor rehabilitation [17], or education [35, 51]. Aiming for high
efficacy, these application domains necessitate high credibility in
the system and a thorough understanding of perceptive and cogni-
tive processes in conjunction with utilizing virtual humans. In this
context, recent theories and models have drawn attention towards
exploring experiences and effects in XR concerning the notions of
plausibility, i.e., “what is apparently happening is really happen-
ing” [59, p. 3553], and congruence (coherence respectively), i.e.,
the objective match between processed and expected information
contributing to plausibility [30, 57]. Being an essential entity of
many XR scenarios, virtual humans and the congruence of their ap-
pearance and behavior, as well as their congruence with the virtual
environments (VEs), have been considered important contributing
to a user’s plausible XR experience [38, 58]. Striving for life-likeness,
typical cues shaping these congruencies have been related to their
degree of realism [15, 29, 70] and anthropomorphism [36, 45].

However, it may be not only the congruent rendering of the
virtual human but also the intermediary display technology having
a significant impact on the perception and plausibility of virtual
humans [67]. Aiming towards a cross-platform Metaverse [9], so-
cial VE’s have recently gained considerable popularity by fostering
pro-social interactions [9, 43, 54]. Thereby, they can support a broad
range of XR technologies as well as devices with 2D screens, like
desktop computers or mobile handhelds [9, 37, 71]. In comparisons
to desktop environments, related studies have demonstrated VR’s
capacity to augment the sense of social or co-presence [16, 69] with
virtual humans, and associated social judgments [53]. Yet, higher
levels of immersion may also lead to increased eeriness ratings
linked to the potential emergence of the uncanny valley effect [19].
While there is a remarkable body of research concerning the role of
different types of virtual humans, in general, (seeWeidner et al. [65]
for an overview) and a solid base of related work comparing vir-
tual humans between desktop and VR, this work is particularly
concerned with the research question of:

RQ: How does the degree of immersion (low/high) affect the
perceived plausibility of virtual humans showing dissimilar
cues concerning realism and anthropomorphism?

To address the research question, we conducted a user study
comparing the plausibility of two types of animated virtual humans
presented on a 2D screen or in VR. The virtual humans were distinct
in realism and anthropomorphism: (1) realistic virtual humans striv-
ing for a life-like appearance created by a 3D-reconstruction pho-
togrammetry process and (2) abstract virtual humans with generic
anthropomorphic features. Participants assessed the virtual hu-
mans’ plausibility, affective appraisal, sympathy, and trust. Our
evaluation is accompanied by validating the factor structure of a
preliminary virtual human plausibility questionnaire in VR and
exploring a potential uncanny valley effect and social judgments as-
sociated with virtual humans. This work applies empirical evidence
to the significant domain of the plausibility of virtual humans and
enhances our understanding of the disparities between low- and
high-immersive experiences.

2 RELATEDWORK
2.1 Virtual Experiences and Plausibility
Plausibility and coherence have emerged as fundamental concepts
in the realm of XR experiences and effects [30, 56, 61]. Thereby,
plausibility has been described as the illusion of “what is apparently
happening is really happening” [59, p. 3553] and coherence refers
to the inherent properties of the virtual scenario, contributing to its
plausibility [57, 61]. Latoschik and Wienrich [30] proposed an alter-
native theoretical congruence and plausibility model (CaP model),
naming congruence as an ontological specification of coherence.
The model assumes a state of plausibility to arise from the congru-
ence of cues on sensory, perceptual, and cognitive levels influencing
relevant qualia of XR, such as spatial presence. As virtual humans
are a central component in numerous VEs, these virtual entities and
the congruence of their cues have also been indicated to contribute
to a user’s plausible XR experiences [4, 7, 8, 25, 28, 39, 58, 67]. In
this context, Mal et al. [38] referred to the CaP model, stating that
virtual human plausibility (VHP) is the subjective feeling of how
reasonable and believable a virtual human appears to a user. VHP,
therefore, arises from the congruence of habitual sensory, proximal
perceptual, or higher-order cognitive cues of a virtual human’s
appearance and behavior within a VE [30, 38].

2.1.1 Realism and Anthropomorphism in Virtual Humans. Typical
cues shaping a virtual human’s appearance and behavior, as well
as its match with the VE, are related to their degree of realism, i.e.,
the perception that something could realistically or possibly exist
in a non-mediated context, and anthropomorphism, i.e., the percep-
tion or assignment of human-like properties or characteristics to
entities that may or may not be human [36, 45]. Indeed, extensive
research emphasizes the influence of diverse cues of virtual hu-
mans in striving for a life-like experience [15, 24, 29, 36, 45, 70], on
relevant qualia of XR experiences. Thereby, the degree of realism
or anthropomorphism of virtual humans may match the perceived
plausibility of virtual humans in a specific VE; however, they can
also diverge depending on priming and habituation to environments
that simulate an alternative reality following rules not coherent
with the physical world. In our study, we compare the plausibility of
two types of virtual humans rendering dissimilar cues concerning
realism and anthropomorphism in form and material: (1) realistic
virtual humans created by a 3D-reconstruction photogrammetry
process striving for a life-like appearance and (2) abstract virtual
humans of lower realism and anthropomorphism resembling a
wooden mannequin with generic human anatomy.

2.1.2 Virtual Human Plausibility Questionnaire. To assess the plau-
sibility of virtual humans, in previous work, we presented a Virtual
Human Plausibility Questionnaire (VHPQ) [38], identifying and in-
terpreting the underlying structure of the 11 items in an online
study. Yet, the reliability and confirmation of the factor structure in
an immersive context remain open. We consider understanding the
mechanisms behind the perception of virtual humans, their con-
tribution to users’ plausible XR experiences, and the development
of a standardized scale to assess VHP as essential for developing
relevant applications with virtual humans. We, therefore, further
evaluate the factor structure and reliability of the VHPQ in VR.
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2.1.3 Media Immersion. Numerous studies have highlighted dis-
parities in presenting content on a VR head-mounted display (HMD)
versus a traditional 2D screen [26, 46, 55, 62]. Also, how we per-
ceive virtual humans has been shown to depend on the intermedi-
ary display technology and its degree of immersion. Related work
indicated increased sensitivity to virtual agents’ footing cues in
VR [47], and enhanced sense of social or co-presence in VR towards
a human-like virtual agent [5, 16, 69]. According to Slater [59],
the immersion of an interactive medium is shaped by its objective
technical properties and the extent to which they support valid
sensorimotor contingencies, allowing users to perceive and interact
with the provided content naturally. In that sense, VR applications
are considered to be more immersive media compared to desktop
applications [60]. Eventually, we hypothesize a more natural percep-
tion of virtual humans in immersive VR would lead to an increased
focus on the congruence of their anthropomorphic and realistic
cues. A virtual human showing more human or life-like cues would
then be perceived as more human in VR compared to a lower im-
mersive medium, and (in)congruencies in these cues would have an
intensified effect on the perceived VHP. We follow the introduced
concept of VHP and conclude with the following hypotheses.
H1.1: Realistic virtual humans will be rated significantly higher

in VHP than abstract virtual humans.
H1.2: Differences in VHP between realistic and abstract virtual

humans will be intensified in VR.

2.2 Uncanny Valley Effect and Social Judgments
We further exploratively evaluate the virtual human’s affective
appraisal, as well as social judgments in sympathy and trust. The
affective appraisal of virtual humans has been considered crucial
concerning the uncanny valley effect [67]. It describes a shift from
initial affinity to a sense of eeriness as an anthropomorphic char-
acter approaches but falls short of achieving convincing human-
likeness [44]. Latoschik et al. [29] suggested the potential presence
of an uncanny valley effect when comparing realistic virtual hu-
mans and an abstract virtual human similar to the virtual humans
in our study. Interestingly, Hepperle et al. [19, 20] indicated a more
pronounced uncanny valley effect in VR compared to a desktop envi-
ronment, while Wolf et al. [67] did not find display dependent differ-
ences in humanness or eeriness in virtual humans between VR and
AR. Further, we evaluate social judgments of trust and sympathy.
These aspects are highly relevant in everyday social interactions
[53] having a favorable impact on mediated social interactions [34].
WhileWeidner et al. [65] summarized more realistic avatars to bene-
fit likability and trust, Latoschik et al. [29] showed comparable trust
ratings between abstract and realistic virtual humans in VR. Interest-
ingly, rather realistic virtual humans were perceived as more sympa-
thetic and trustworthy in VR compared to a desktop condition [53].

3 METHODS
3.1 Design
We employed a 2 × 2 mixed design with the independent variables
degree of immersion (low/high) as a between-subject factor and
virtual human realism (abstract/realistic) as a within-subject fac-
tor. Participants either joined an online desktop (low immersion)
or an on-site VR (high immersion) study and were consecutively

presented with one of ten animated virtual humans with either an
abstract or realistic appearance (see Figure 1). Our dependent vari-
ables assessed participants’ ratings of the respective virtual human
regarding its plausibility, affective appraisal, and social judgments.

3.2 Participants
A total of 106 undergraduate students were recruited through the
University of Würzburg’s participant management system. They re-
ceived course credit for participation. Post-survey exclusion criteria
ruled out the data from participants who had not spoken German
for at least ten years (𝑛 = 2), had not corrected visual impair-
ments (𝑛 = 1), experienced technical issues (𝑛 = 3), or knew at least
one of the virtual human models in person (𝑛 = 9). This resulted in
91 valid data sets. For the 65 valid data sets in the low immersive
condition, ages ranged from 18 to 53 years (𝑀 = 21.52, 𝑆𝐷 = 4.29),
comprising 33 females, 31 males, and one non-binary participant.
For the 26 valid data sets in the high immersive condition, ages
ranged from 19 to 27 years (𝑀 = 21.73, 𝑆𝐷 = 1.97), comprising 20
females and six males. The study was conducted according to the
Declaration of Helsinki and approved by the ethics committee of the
Human-Computer-Media Institute of the University of Würzburg.

3.3 Measures
We assessed the virtual humans’ plausibility (VHP) using the Vir-
tual Human Plausibility Questionnaire (VHPQ) [38]. It comprises
the virtual human’s (1) appearance and behavior plausibility (ABP)
and (2) match to the virtual environment (MVE). The 11 questions
were rated on a 7-point Likert scale (7 = highest VHP). Further, we
assessed affective appraisal in terms of (1) humanness and (2) eeri-
ness with the Uncanny Valley Index (UVI) [21]. Pairs of statements
were rated using semantic differentials ranging from -3 to 3. The
results were mapped to a scale of 1 to 7 (7 = highest humanness and
eeriness). Finally, we assessed social judgments towards the virtual
humans in (1) trust and (2) sympathy with concise questions taken
from Roth and Wienrich [53]. Responses were rated on a 7-point
Likert scale (7 = highest social judgment).

3.4 Apparatus
3.4.1 Virtual Humans. Six realistic virtual humans striving for a
lifelike appearance were created by applying a 3D-reconstruction
photogrammetry pipeline [1]. Therefore, we scanned three male
and three female volunteers wearing casual clothes. Their ages
ranged from 21 to 25 (𝑀 = 23.33, 𝑆𝐷 = 1.86), they gave written
consent, and they were not compensated for participation. Further,
four unique and distinguishable variants of abstract virtual humans
showing generic anthropomorphic features were created by color-
ing a wooden mannequin’s upper body in green, yellow, blue, or
brown. All virtual humans are depicted in the supplemental material
of this work. The virtual humans utilized consistent pre-generated
animations. Body motion was recorded using an OptiTrack Flex 3
motion capture system. Subtle and non-intrusive facial expressions,
including randomized eye blinks, were pre-modeled. Due to fixed
eyes and the absence of fingers of abstract virtual humans, only the
realistic virtual humans moved their gaze and fingers slightly in a
randomized manner. The resulting animation sequence comprised
an initial idle motion (11 s) succeeded by a brief waving motion (7 s).
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Table 1: The descriptive values of the dependent measures for each experimental condition and p-values of the multilevel linear
models’ main and interaction effects. Single-asterisks indicate significant and double-asterisks highly significant 𝑝-values.

Low Immersion High Immersion Main Effect Main Effect Interaction EffectAbstract Realistic Abstract Realistic Immersion Realism

𝑀 (𝑆𝐷) 𝑀 (𝑆𝐷) 𝑀 (𝑆𝐷) 𝑀 (𝑆𝐷) 𝑝 𝑝 𝑝

Appearance and Behavior (ABP) 4.53 (1.24) 4.68 (1.09) 4.39 (1.21) 5.28 (0.93) .072 <.001** <.001**
Match with VE (MVE) 4.60 (1.35) 4.54 (1.20) 4.49 (1.45) 4.58 (1.38) .946 .815 .341
Humanness 2.49 (0.94) 4.17 (1.32) 2.41 (0.82) 5.02 (1.19) .014* <.001** <.001**
Eeriness 3.07 (0.77) 3.37 (0.75) 3.28 (0.97) 3.19 (0.61) .826 <.001** <.001**
Sympathy 4.11 (1.47) 4.13 (1.44) 3.74 (1.51) 4.71 (1.45) .820 <.001** <.001**
Trust 3.63 (1.38) 3.78 (1.30) 3.40 (1.36) 4.36 (1.34) .245 <.001** <.001**

3.4.2 System Description. We implemented an application support-
ing both immersion conditions using Unity in version2019.4.8f1 [63].
A neutral, light-colored virtual room was utilized as the virtual
environment. For the low immersive condition, we recorded ten
dedicated videos of 18 s (30 fps, 1280 × 720 pixels), each featuring
one of the virtual humans. The videos were streamed in an online
study, implemented with LimeSurvey 4.5 [32]. For the high immer-
sive condition, participants wore an HTC Vive Pro HMD (110◦ FOV,
90Hz, 1440×1600 px per eye) [22], integrated using SteamVR [64]
and the related Unity plug-in in version 2.6.1. The setup ran on a
VR-capable workstation. The virtual environment was calibrated
along the X and Z axes, aligning the participant’s head position and
rotation with the virtual camera’s viewpoint of the video recordings.
The distance between the virtual humans and the participants, or
the virtual camera, respectively, was set to 2.25m.

3.5 Procedure
Upon registration, participants were either provided a link to the
online study or invited to the local laboratory. As the study com-
menced, participants were informed about the procedure, provided
explicit consent, reported demographic data, and received a brief-
ing about the upcoming exposition phase. During each exposition,
participants viewed one of the ten virtual humans performing the
recorded animation for 18 seconds, either played as a video (low im-
mersion) or presented as 3D representations in VR (high immersion).
Subsequently, participants answered questions about the presented
virtual human, including all dependent measures and whether they
knew the virtual human model in person. In the immersive condi-
tion, participants removed the HMD and used a desktop computer
to answer questions. The exposition’s procedure was repeated for
each stimulus in a randomized order, resulting in ten expositions per
participant. In the study, virtual humans were referred to as virtual
characters, preventing implicit expectations for resembling human
characteristics. There was no explicit framing of whether the virtual
humans were human or computer-controlled. The experimental
procedure took an average of 36min (desktop) and 64min (VR). A
depiction can be found in the supplemental material of this work.

3.6 Statistical Analysis
Statistical analyses were performed in R (version 4.3.0) [49] and
conducted at a significance level of α = .05. First, we conducted

a confirmatory factor analysis (CFA) [52] and calculated Cron-
bach’s α [66] to confirm the factor structure and reliability of the
VHPQ for a total of 260 appraisals in VR. We tested for multivariate
normality (Henze-Zirkler) [27] and reported recommended fit mea-
sures [6, 23] including RMSEA (cut-off ≤ .06), CFI (cut-off ≥ .95),
and TLI (cut-off ≥ .95) as well as standardized loading estimates.
Second, we calculated multilevel linear models with maximum like-
lihood estimation [12, 48] to examine the effects of immersion and
virtual humans on the dependent measures. Descriptive statistics
for each condition and p-values for the multilevel linear models’
main and interaction effects are reported in Table 1. A planned con-
trast was set to compare realistic and abstract virtual humans. In
case main and interaction effects became significant, we interpreted
the highest order effect only, i.e., the significant interaction [12]. For
significant interaction effects, we performed post hoc comparisons
leveraging mixed-effects models to compare virtual humans across
immersion groups. We applied the planned contrast, accounted for
repeated measures, and adjusted for multiple comparisons (Bonfer-
roni) within each between-group [31].

4 RESULTS
4.1 Confirmatory Factor Analysis (VHPQ)
We performed a robust maximum likelihood estimation with Yuan-
Bentler corrected test statistics (factor = 1.701, HZ = 2.51, 𝑝 <

.001) [68]. The 11 items had a satisfactory fit within the structure of
ABP and MVE (𝜒2 (43) = 188.11, RMSEA = .061, CFI = .964, TLI =
.955), with only RMSEA marginally exceeding the cut-off value.
High internal reliability was found for both ABP (α = .90) and
MVE (α = .95). Standardized loading estimates are reported in
this work’s supplemental material.

4.2 Virtual Human Plausibility
The interaction between the degree of immersion and virtual hu-
mans, 𝜒2 (1) = 30.25, 𝑝 < .001, significantly affected ABP. Pairwise
comparisons and the interaction plot (Figure 2) indicate that realistic
virtual humans were rated significantly higher in ABP than abstract
virtual humans for low immersion, 𝑡 (817) = 2.03, 𝑝 = .042, 𝑟 = .07,
and high immersion, 𝑡 (817) = 7.84, 𝑝 < .001, 𝑟 = .26. Further,
the degree of immersion, 𝜒2 (1) = .01, 𝑝 = .95, virtual humans,
𝜒2 (1) = .06, 𝑝 = .82, and their interaction, 𝜒2 (1) = .91, 𝑝 = .34,
had no significant effect on MVE.
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Figure 2: The interaction plots depict the degree of immersion (low or high) and the contrast between realistic and abstract
virtual humans. Error bars represent 95 % confidence intervals estimated using bootstrapped standard deviations.

4.3 Affective Appraisal
The interaction between the degree of immersion and virtual hu-
mans significantly affected humanness, 𝜒2 (1) = 51.90, 𝑝 < .001.
Pairwise comparisons and the interaction plot (Figure 2) indicate
that realistic virtual humans were rated significantly higher in hu-
manness compared to abstract virtual humans for low, 𝑡 (817) =

24.813, 𝑝 < .001, 𝑟 = .66, and high immersion, 𝑡 (817) = 24.335, 𝑝 <

.001, 𝑟 = .65. Further, the interaction between immersion and vir-
tual humans significantly affected eeriness, 𝜒2 (1) = 16.38, 𝑝 <

.001. Pairwise comparisons and the interaction plot (Figure 2) in-
dicate that realistic virtual humans were rated as significantly
more eerie compared to abstract virtual humans for low immer-
sion 𝑡 (817) = 5.90, 𝑝 < .001, 𝑟 = .20, but not for high immersion,
𝑡 (817) = −1.07, 𝑝 < .285, 𝑟 = .04.

4.4 Social Judgment
The interaction between the degree of immersion and virtual hu-
mans significantly affected sympathy, 𝜒2 (1) = 28.42, 𝑝 < .001, and
trust, 𝜒2 (1) = 29.55, 𝑝 < .001. Pairwise comparisons and the inter-
action plot (Figure 2) indicate no significant differences between the
types of virtual humans for low immersion in sympathy, 𝑡 (817) =
0.23, 𝑝 = .818, 𝑟 = .01, and trust, 𝑡 (817) = 1.77, 𝑝 = .077, 𝑟 = .06.
However, for high immersion, realistic virtual humans were rated
more sympathetic, 𝑡 (817) = 6.49, 𝑝 < .001, 𝑟 = .22 and more
trustworthy, 𝑡 (817) = 7.59, 𝑝 < .001, 𝑟 = 0.26, than abstract ones.

5 DISCUSSION
5.1 Virtual Human Plausibility Questionnaire
We confirmed the factor structure and reliability of the VHPQ items
using a total of 260 evaluations in VR. Overall, our CFA demon-
strated a satisfactory goodness-of-fit for the structure of ABP and
MVE with high internal reliability for both factors. Furthermore,
our results highlight the sensitivity of the ABP scale in detecting
(in)congruencies related to anthropomorphic and realism cues in
animated virtual humans. Moving forward, it is crucial to further

assess the questionnaire’s validity [41], focusing on factor-specific
congruence manipulations of virtual humans.

5.2 Virtual Humans Realism and Immersion
5.2.1 Virtual Human Plausibility. In line with H1.1, the appear-
ance and behavior of realistic virtual humans were perceived as
more plausible compared to abstract virtual humans. We attribute
higher ratings of ABP for realistic virtual humans to congruencies
between the virtual human’s appearance and the physical world,
but also their internal visual and behavioral features. Rendering
realistic behavioral cues, i.e., motion-captured body animations and
facial expressions, was eventually perceived as more congruent
with the life and human-like appearance of realistic virtual humans.
This interpretation goes along with related work naming the inter-
play between visual and behavioral realism an important aspect
in virtual humans [2, 13, 40, 70]. Furthermore, in line with H1.2, a
notable shift in ABP emerged as the effect increased from small, or
even marginal, to intermediate [14] when transitioning from low
to high immersion. The higher degree of immersion might have
contributed to a sense of “being there” in the VE [18], allowing
participants to perceive the virtual humans more naturally [59]. In
that sense, when encountering a (virtually) life-sized virtual hu-
man in VR, individuals are likely to allocate greater attention to
anthropomorphic and realistic cues and their congruencies. This
tendency is also evident in the heightened attribution of humanness
to realistic virtual humans in VR. Besides, comparable ratings of
MVE across all conditions indicate that the rather neutral VE did
not affect the plausibility of the virtual humans.

5.2.2 Affective Appraisal. In the low immersive condition, realistic
virtual humans were rated more human and eerie than abstract vir-
tual humans, indicating a possible uncanny valley effect. However,
contradicting the marginal indications from related work [19, 29],
our results do not imply an (intensified) uncanny valley effect in the
immersive condition. A noticeable increase in humanness for re-
alistic virtual humans between low and high immersion might
reflect a recovery from the uncanny valley in VR. However, we
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must remain open-ended regarding whether the realistic virtual
humans have either not yet entered or sufficiently recovered from
the uncanny valley, as we only have two types of virtual humans as
reference points. Future work will have to explore a wider range of
animated virtual humans and their level of humanness concerning
the uncanny valley effect in immersive VR.

5.2.3 Social Judgments. Our findings align with previous work in-
dicating increased sympathy and trust for realistic virtual humans
when transitioning from low to high immersion [53]. Notably, this
increase is not observed in abstract virtual humans. An intensified
perception of (in)congruencies in VR may have led to acceptance
or even the suspension of disbelief [18, 30] in virtual humans, po-
tentially influencing social judgments. Interestingly, the interaction
plot unveils a parallel pattern between ABP and social judgments,
indicating a relationship between the plausibility of virtual humans’
appearance and behavior and how we perceive them as social ac-
tors. This aspect warrants further analysis within ecologically valid
scenarios with (social) interaction and validated measurements [33].

5.3 Limitations and Future Work
First, our study did not provide interaction possibilities, limiting our
results to non-interactive animated virtual humans. However, our
approach ensured controlled and comparable stimuli presentation
in both conditions. When replicating our work in an interactive
setting, one should be aware that interactions might elicit incongru-
encies and be prone to fall into an uncanny valley [42]. Second, an
imbalance in sample sizes between low (𝑁 = 65) and high immer-
sion (𝑁 = 26), and an imbalance in the number of stimuli concerning
the virtual human’s realism (six realistic and four abstract), may af-
fect the findings’ generalizability and warrant cautious application
to broader populations. Third, for the low immersion condition,
we relied on an online study. With this approach, we overcame
COVID-19 restrictions during data collection, engaging a broader
participant pool. However, it limited overall control, and our condi-
tions diverged as VR participants had to come to the local laboratory,
spending more time on the study. Lastly, to provide a comprehen-
sive understanding of virtual human plausibility aiming towards a
cross-platformMetaverse [9], future work should broaden the scope
of XR and handheld devices. This expansion would enhance the
generalizability of findings and offer insights into user experiences
with virtual humans across different technological contexts.

5.4 Conclusion
We investigated the differences between low and high immersion on
the plausibility of two types of virtual humans (realistic/abstract),
distinct in realism and anthropomorphism. We first confirmed the
factor structure and internal reliability of a preliminary virtual hu-
man plausibility questionnaire in VR to take a step further toward
a validated scale. Moreover, our results revealed that the appear-
ance and behavior of realistic virtual humans were perceived as
more plausible compared to their abstract counterparts. Although
these distinctions were evident in both conditions, a notable shift
occurred when transitioning from 2D screens to VR, intensifying
the effect with higher immersion. A comparable pattern emerged in
social judgments, with discernible differences in trust and sympa-
thy towards the virtual humans becoming evident exclusively with

high immersion. Additionally, our findings indicate an uncanny
valley effect for low but not for high immersion. The noticeable
increase in perceived humanness for realistic virtual humans in
VR might indicate a potential recovery from the uncanny valley;
however, this interpretation should be approached with caution and
requires further investigation. In summary, we indicate the poten-
tial of life-like virtual humans to contribute to a plausible immersive
experience as the basis for creating credible systems in beneficial
areas utilizing virtual humans [10]. Furthermore, our study affirms
related work highlighting the potential of high immersion to elicit
distinct and intensified effects in virtual humans.
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