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Effects of meta-human characteristics on user acceptance: from the perspective
of uncanny valley theory
Sujin Baea, Timothy Junga,b, Justin Chob and Ohbyung Kwona

aSchool of Management, Kyung Hee University, Seoul, South Korea; bDepartment of Operations, Technology, Events and Hospitality
Management, Faculty of Business and Law, Manchester Metropolitan University, Manchester, UK

ABSTRACT
Despite the potential of meta-humans in the virtual space, research on how consumers react to
meta-humans is scarce. This study investigates the effects of meta-human characteristics on user
acceptance. 280 responses from the online survey were analysed using structural equation
modelling. Findings revealed that meta-humans outshine digital humans in terms of performance
and user acceptance. Users encountering digital humans are affected by the uncanny valley in
terms of appearance and function. However, users encountering meta-humans are affected only
in terms of function. Social presence and perceived novelty are additional factors affecting user
acceptance. Theoretically, this study contributes to the literature by confirming the existence of
the uncanny valley effect in meta-humans and by expanding human likeness to appearance and
behaviour. Although meta-humans have surpassed the uncanny valley in appearance, they still
lack familiarity in terms of behaviour. Practically, meta-humans and meta-human modelling tools
have been found to surpass existing digital human technology both in performance and user
acceptance. However, behavioural human likeness must continue to be developed in order to
further increase user acceptance. Furthermore, familiarity does not directly affect user acceptance
but mediates satisfaction. As user acceptance follows satisfaction, marketers should investigate
user satisfaction rather than improving human likeness.
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1. Introduction

In a survey conducted in the US in 2022, 82% of
business executives from diverse industries stated that
they plan on incorporating the Metaverse into their
business operations in the next 3 years (PwC 2022).
The proliferation of extended reality (XR) and Meta-
verse technologies necessitates a higher quality of virtual
experiences (Suzuki et al. 2020). In order to create mem-
orable experiences for users, the content must be made
more realistic, human-machine interactions more
immersive and interactive, and the sense of presence
more immediate (Barreda-Ángeles, Aleix-Guillaume,
and Pereda-Baños 2020). The use of realistic immersive
content is already increasing in popularity in many sec-
tors, such as theatre performances (Salihbegovic 2020),
tourism (Noh and Ro 2021), education (Leow and
Ch’ng 2021), and e-commerce (Ssin et al. 2021).

Immersive experiences include virtual avatars. Cur-
rently, digital humans are already widely used. In this
study, digital humans refer to photorealistic AI-powered
virtual avatars that are capable of communicating and
connecting with humans through realistic features and

expressions (Silva and Bonetti 2021). Most recently,
meta-humans, hyper-realistic digital humans that are
very similar to real humans in both appearance and
movement, have been introduced. On the contrary,
meta-humans refer to a much more advanced digital
human with greatly enhanced visual and functional
capabilities (Gawand and Demirel 2020b). Meta-
humans are able to move in ways and perform func-
tions that humans cannot (Dean 2013). Whereas cre-
ation of digital humans can take several months,
modern modelling tools such as the MetaHuman Crea-
tor can create meta-humans in just a few hours. The
strength of the MetaHuman Creator lies in their ability
to generate hyper-realistic images compared to con-
ventional Digital Human Modelling (DHM) tech-
niques, which has aimed to depict more realistic
human appearances and behaviours. In this sense,
the use of meta-humans is expected to increase cost
efficiency greatly for businesses (Dharma and Suryadi-
natha 2019; MetaHuman Creator 2022). Meta-humans
have the potential to improve the quality of services
significantly. Their ability to enhance human-machine
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interactions makes it very likely that they will be
widely adopted by user interface developers.

However, despite the emergence of these hyper-rea-
listic meta-humans and their potential to replicate
body appearance and motions closely, there is still
uncertainty as to how consumers will react to this
novel technology.

One early study on humanoids found that as they
became more humanlike, user familiarity also increased.
However, when their human likeness reached a certain
point, users began to feel that this resemblance was
uncanny, which made them feel uncomfortable. At this
point, user familiarity rapidly declined, as did user accep-
tance (Mori 1970). However, as developers continued to
create humanoids that were less distinguishable from
real humans, user familiarity began to rise again. This
dip in familiarity and user acceptance caused by uncanni-
ness iswhat is knownas the uncanny valley (Mori 1970). It
is uncertain as to whether this effect of the uncanny valley
also applies tometa-humans. If so, it is highly likely tohin-
der the adoption of this technology, although the lack of
empirical research in this area makes it difficult to predict
whether or not the uncanny valley will affect users’ accep-
tance of meta-humans. This study explores the factors
affecting user familiarity and acceptance of meta-human
technology, posing the following research question:

In light of the uncanny valley effect, does the use of
meta-humans increase user acceptance when compared
to digital humans? What are the factors that influence
overall user acceptance of these two technologies?

In order to answer this question, the study will focus on
three key objectives. Firstly, in order to compare the effec-
tiveness ofmeta-humans to digital humans, the studywill
investigate their relative impacts on user acceptance. Sec-
ondly, with the advancement of modelling tools, develo-
pers are now able to greatly enhance both visual and
behavioural capabilities of avatars. Therefore, the study
will investigate whether there is a difference in impacts
on user acceptance between visual human likeness and
behavioural human likeness. Lastly, the studywill investi-
gate whether the uncanny valley effect applies to meta-
humans, and whether meta-humans have overcome this
effect. The study will also identify various factors that
affect user familiarity and acceptance.

2. Theoretical background

2.1. Digital human simulation tools

Digital Human Modelling (DHM) is a technique used to
create digital humans that resemble humans in terms of
both appearance and movement (Hanson, Högberg,
and Brolin 2020). These digital humans are then used to

simulate and evaluate interactions between humans and
products/objects. Studies have shown that DHM is an
effective tool for integrating human factors during the
process of designing digital humans (Ahmed et al. 2021).

DHM simulation tools have been used in many areas,
such as aerospace, the military, healthcare (Gawand and
Demirel 2020, July; Malek et al. 2006; Mohammed et al.
2020) and mobility (Steffan, Geigl, and Moser 1999).
DHM increases the time and cost efficiency of creating
simulations that involve humans (Gawand and Demirel
2020b). Recently, DHM tools have also been used in
conjunction with digital twin technologies in fields
related to human safety to boost its effectiveness further
(Raschke and Cort 2019). Many different DHM simu-
lation tools, such as IPS IMMA, AnyBody and OpenSim
(Delp et al. 2007), have been developed to create virtual
environments (Gaisbauer et al. 2020). They are used to
replicate the human musculoskeletal structure and res-
piratory systems in detail. Other DHM tools, such as
Unity3D (https://unity.com), Unreal Engine (www.
unrealengine.com) and CryEngine (https://www.
cryengine.com), include games. These tools provide
game-related platforms that allow users to animate
human movements more realistically with ease.

Although various DHM simulation tools exist, very
few produce digital humans that replicate human
expressions accurately whilst also functioning in various
environments (Suda andOka 2021). To alleviate this pro-
blem, meta-human modelling tools have recently been
developed (Siddiqui 2022). Compared to DHM tools,
meta-humanmodelling tools can help developers to cre-
ate hyper-realistic meta-humans in a much simpler, fas-
ter andmore scalablemanner (Higgins et al. 2018).Meta-
humans created using meta-human modelling tools can
accurately simulate human speech, facial expressions and
movements. These tools not only reduce the time, costs
and effort required in the production process, but also
produce much higher-quality digital humans (Gawand
and Demirel 2020b). Not only is the increased efficiency
appealing to businesses, but the literature also states that
an increase in familiarity that users feel towards technol-
ogy increases their acceptance of the technology itself
(Kim, Chua, and Han 2020; Pei, Wang, and Archer
2021; Rekswinkel 2020). Due to these new capabilities,
it is likely that meta-human modelling tools will be
more widely accepted than digital humans created
using digital human modelling tools.

2.2. Extended uncanny valley theory: two human
likeness factors

The uncanny valley theory states that at a certain point
on the continuum of human likeness, there is a valley of
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negative emotions caused by a feeling of uncanniness.
Existing studies on the uncanny valley theory are sum-
marised in Appendix A. The main problems we ident-
ified in this literature are as follows.

First, most studies focused their research on under-
graduate students. It is necessary to investigate the
effect of meta-humans on adults with income in
order to determine implications for businesses and
their managers. Secondly, many of the stimuli used
in the studies were not hyper-realistic; therefore, the
results were affected by the uncanny valley effect. In
Mori’s (1970) original experiment on the uncanny val-
ley, the humanoids investigated were not very similar
to humans. Although more recent studies have used
more realistic stimuli, these stimuli cannot yet be con-
sidered hyper-realistic. Thirdly, the evaluation of
human likeness has been mainly based on appearance.
However, emotional responses are caused by both
appearance and behaviour (i.e. motion and voice).
Therefore, it is necessary to expand the definition of
human likeness to determine the applicability of this
technology for business purposes. In addition, to inves-
tigate motion and voice, the stimuli should be pre-
sented in 3D video form rather than via 2D images.
Finally, similar concepts in the literature were labelled
differently (e.g. human likeness = realism; affinity =
familiarity = eeriness) and familiarity and eeriness
were commonly labelled as emotional responses. Con-
sistent terminology is necessary for applicability of
research findings to the marketplace.

According to uncanny valley theory, a nonlinearity
exists between human likeness and familiarity, as
shown in Figure 1. As digital humans become more

similar to real humans in terms of appearance, famili-
arity also increases. However, when human likeness
reaches a certain point, the appearance of digital
humans begins to cause feelings of uneasiness in
users, resulting in a sharp drop in familiarity (Mori
1970). Therefore, although meta-humans are more rea-
listic compared to digital humans, meta-humans may
also cause the uncanny valley effect. Accordingly, the
following hypothesis is proposed:

H1: In the context of digital/meta-humans, the uncanny
valley effect applies in the relationship between visual
human likeness and user familiarity.

In Mori’s (1970) experiment, human likeness was
measured only in terms of appearance. However, as pre-
viously mentioned, human likeness must be measured
in terms of both appearance and behaviour because
digital humans are used in a wide variety of ways.
They are designed specifically to perform their intended
tasks and to replicate human behaviour in different
ways. Some uses include increasing the realism of inter-
action between users and products (Reed et al. 2006),
increasing product design quality (especially clothing)
(Scataglini et al. 2019), and performing complex tasks
in manufacturing (Khayer, Patel, and Ningthoujam
2019; Zhu, Fan, and Zhang 2019). Digital humans are
often used to perform tasks that humans usually per-
form, but in a more efficient manner. Meta-humans
have similar uses to digital humans, and therefore it is
likely that their behavioural and functional resemblance
to humans will have a significant impact on user famili-
arity. Accordingly, the following hypotheses are
proposed:

Figure 1. Uncanny valley effect (figure adapted from Reuten, Van Dam, and Naber 2018).
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H2: In the context of digital/meta-humans, the uncanny
valley effect applies in the relationship between user
familiarity and behavioural human likeness.

Similar to experiences with digital humans, experiences
with meta-humans may be subject to the uncanny valley
effect. However, compared to digital humans, user
experiences with meta-humans may differ because of
their greater sense of realism in terms of appearance
and behaviour. In this study, we compare user experi-
ences with both digital humans and meta-humans,
examining the uncanny valley effect in terms of
human likeness and familiarity. Figure 2. depicts 3
potential scenarios of whether the two technologies
(digital humans and meta-humans) have overcome the
uncanny valley. If both have advanced to the point
where they can overcome the uncanny valley effect
(case B), their relationship is expected to be linear. How-
ever, if one of the technologies has overcome the
uncanny valley effect whilst the other has not (case C),
their relationship is expected to be nonlinear (see
Figure 2).

2.3. Social presence, perceived novelty,
familiarity and satisfaction

In the following sections, we identify additional factors
that can potentially affect user familiarity and accep-
tance in the context of digital humans and meta-
humans. Of course, the two technologies are likely to
have varying impacts.

Social presence refers to the degree to which users
feel a personal connection with each other through
the use of digital media (Short, Williams, and Christie
1976). These days, more and more companies are
using digital technologies to diversify customer services.
Previous research revealed that social presence has a
positive effect on customer satisfaction in various con-
texts, including financial services (Gimpel, Huber, and
Sarikaya 2016), online learning (Andel et al. 2020; Hor-
zum 2017; Hostetter and Busch 2006) and virtual rea-
lity-based services (Hodge et al. 2008). Research on

immersive virtual worlds has also shown that social
presence has a positive effect on satisfaction (Jung
et al. 2018). Therefore, in the context of digital/meta-
humans in virtual worlds, we expect that the social pres-
ence of digital/meta-humans will positively affect satis-
faction. Therefore, we hypothesise as follows:

H3: The social presence of digital humans/meta-
humans has a positive impact on user satisfaction.

Perceived novelty is the interest or curiosity evoked in a
user when encountering a novel product/experience
(Choi, Lee, and Kim 2017). Perceived novelty is felt
when users encounter new products (Chong 2018),
and it is known to affect both user satisfaction and fam-
iliarity positively (Toyama and Yamada 2012).[open-
strick]

[close-strick]If perceived novelty causes a positive
reaction in users, it is likely that it will also positively
impact user satisfaction, as is widely evident in areas
such as education/training (Fierro-Suero et al. 2020;
Stoa and Chu 2020), marketing (Toyama and Yamada,
2012) and various other services (Truong et al. 2020).
We believe the same effect can be expected in the con-
text of digital/meta-humans, which are also used for
education, marketing and information purposes. The
following hypothesis is therefore proposed:

H4: The perceived novelty of digital humans/meta-
humans has a positive impact on user satisfaction.

2.4. Familiarity, user satisfaction and purchase
intention

The familiarity that users feel when using IT products
or services positively impacts their purchase intention.
This effect has been documented in contexts such as
electronic payments (Pei, Wang, and Archer 2021),
voice/music-related services (Rekswinkel 2020) and
online reservation services (Kim, Chua, and Han
2020). Thus, we expect that the familiarity that users
feel towards digital/meta-humans will affect their will-
ingness to use the technology. In the context of

Figure 2. Three potential relationships between human likeness of digital human/meta-human technologies and familiarity.
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marketing activities on SNS (Chun, Lee, and Park
2020) and Korean cosmetics (Augusta, Mardhiyah,
and Widiastuti 2019) studies, we found the same
results of a positive impact on familiarity and pur-
chase intention. Therefore, the following hypotheses
are proposed:

H5-1: User familiarity towards digital humans/meta-
humans has a positive impact on user satisfaction.

H5-2: User familiarity towards digital humans/meta-
humans has a positive impact on purchase intention.

Finally, the positive effect of satisfaction on the purchase
intention has been widely observed in business research.
Most recently, the positive impact of user satisfaction on
the intention to use has been confirmed in contexts such
as digital personal stores (Mariani, Styven, and Teulon
2021), mobile shopping (Gharaibeh and Gharaibeh
2021) and gaming (Abou-Shouk and Soliman 2021).
Consequently, it is likely that the same pattern will be
seen for digital/meta-humans, which are also used for
digital personalisation, commercial services and gam-
ing. The following hypothesis is therefore proposed:

H6: User satisfaction with digital humans/meta-
humans has a positive impact on purchase intention.

These hypotheses can be aggregated into a research
model shown in Figure 3.

3. Methods

3.1. Study design

A quantitative study using an online questionnaire was
conducted with adult participants who viewed videos
featuring digital humans or meta-humans. The survey
was conducted from May 22–27, 2021 by a survey

company in Korea. The total number of surveys sent
was 1,551,944; follow-up emails were sent to 2,949
panel members (0.19% of all respondents) who
expressed willingness to participate in the survey. In
total, 551 panel members accessed the survey emails
(corresponding to 18.7% of emails sent), and the num-
ber of recipients who actually responded was 330, com-
prising 59.8% of the users who accessed the email.
Gender and age ratios were ensured using a stratified
sampling method, and $4 incentives were provided to
respondents to induce active participation. Those
wishing to participate in the survey were asked first to
check whether the requested video viewing environ-
ment was possible. After the system check, they were
asked to watch the demonstration video for about 40 s.

To understand the existence of the uncanny valley
phenomenon, we selected representative digital/meta-
humans with different quality from the perspective of
human likeness (visual/behavioural) as demonstration
videos. Subjects were randomly divided into two groups:
a group that watched a video featuring digital humans
and a group that watched a video featuring meta-
humans (Figure 4). The sample was divided into two
groups as this has been shown to help isolate and
emphasise the specific effects of each digital/meta-
human (Shadish, Cook, and Campbell 2020), enable
simple and direct comparisons across groups (Cooper
and Campbell 2018), and reduce biases that can impact
the evaluation of the participants (Dawes, Singer, and
Lemons 1972). After watching the video, they answered
questions about the digital/meta-human in the video
(Appendix B). A reverse question was included for
one item to discriminate inattentive respondents.
Based on this test, 50 insincere responses were excluded
from the total 330 responses, leaving us with a final
sample of 280 responses (corresponding to 84.8% of
respondents) for use in the analysis.

Demographic characteristics were confirmed with
SPSS 28.0, and PLS-based structural equation modelling
analysis was performed using Smart PLS 4.0 (please see
Table 1). After verifying the measurement model (outer
model) of the reflective model, hypothesis testing was
performed by evaluating the structural model (inner
model) and conducting bootstrapping (boot strapping).

3.2. Measures

Questionnaire items from previous studies based on the
uncanny valley theory were modified to fit this study.
For example, two constructs, human likeness and fam-
iliarity, both of which have been used in research on
humanoids or digital actors since Mori (1970), were
modified for this study. In particular, for human

Figure 3. Research model.
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likeness, the humanness index proposed by Ho and
MacDorman (2010) was used. Some of the social pres-
ence scales proposed by Gefen and Straub (2004) were
also used. Familiarity was measured as one item on a
scale ranging from strange to familiar in the study of
MacDorman (2006, July); however, for this study, the
familiarity index of Bouwer, Human, and de Lange
(2019) was used. Bouwer, Human, and de Lange
(2019) used sub-indices such as Eeriness, Attractiveness,
Pleasure, and Warmth as components of their Famili-
arity Index. On the other hand, the construct intention
to use was borrowed from technology acceptance
models such as the UTAUT (Venkatesh et al. 2003).

In previous studies, in order to identify differences in
evaluation according to the context of use for digital
humans, two dimensions were most often considered:
hedonic value and utilitarian value. However, in this
study, the utilisation context was divided into three
dimensions; we included normative value in addition
to hedonic value and utilitarian value because the
uncanny valley involves social and psychological

characteristics such as the mental health of users.
Thus, survey participants were asked to answer ques-
tions that digital/meta-humans are likely to ask (Cho,
Molina, and Wang 2019).

To verify the content validity of the derived question-
naire items, one professor ofmedia studies and two gradu-
ate students were asked to review it prior to
implementation, afterwhich apreliminary surveywas con-
ducted using non specialists as subjects. Survey responses
were scored using a 7-point Likert scale (1 = not agree at
all ∼ 7 = strongly agree). A factor analysis was conducted
based on the results, which are shown in Table 2.

3.3. Reliability and validity of the measurement
model

SmartPLS 4.0 was used to verify the research model and
hypotheses of this study. First, the suitability and discri-
minant validity of the measurement model were inves-
tigated. After confirming the fit and discriminant
validity of the model, we verified the research hypoth-
eses through structural analysis of the model.

Before testing the hypotheses of this study, we exam-
ined the validity and suitability of the measurement
model. First, as shown in Table 3, the average variance
extracted (AVE) value was 0.831 or higher, thereby indi-
cating satisfactory convergent validity (Bagozzi and Yi
1988). Composite reliability (CR), an index to measure
the convergent validity of the measurement model, was
0.937 or higher, thereby indicating satisfactory reliability
(Bagozzi and Yi 1988). In addition, reliability (Cronbach’s
alpha) as tested using the PLS algorithm was 0.864 or
higher, ensuring internal consistency and high reliability
(Bagozzi and Yi 1988; Hair et al. 2012). When it comes
to R2, the value of R2 of familiarity (0.142) indicates the
presence of the uncanny valley effect rather than linearity
between human likeness (visual) and human likeness
(behavioural) with familiarity. Therefore, it cannot be

Figure 4. Sample demo images for digital/meta-human experiment: (a) Digital human (b)Meta-human (B).

Table 1. Demographic characteristics of study subjects.
Category Number (%)

Gender Male 143 (51.1)
Female 137 (48.9)

Age 20s 84 (30.0)
30s 84 (30.0)
40s 62 (22.1)
50s 50 (17.9)

Education High school graduate 30 (10.7)
College registration 38 (13.6)
College graduate 183 (65.4)
Graduate student or above 29 (10.4)

Profession Student 35 (12.5)
Office worker 104 (37.1)
Employee 9 (3.2)
Professional 47 (16.8)
Self-employed 13 (4.6)
Housewife 31 (11.1)
Others 41 (14.6)

Stimulus Digital human 139 (49.6)
Meta-human 141 (50.4)
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solely explained by R2, rather it indicates the presence of
the uncanny valley effect.

In order to confirm discriminant validity, the value of
the square root of the AVE of each factor must be
greater than the correlation coefficient between vari-
ables (Fornell and Larcker 1981). In this study, as
shown in Table 4, the values were all greater than the
correlation coefficients between the variables, confi-
rming that this requirement was satisfied.

3.4. Fitness of the structural model

In addition, the average value for the fitness of the struc-
tural model was determined using the R2 value of the

endogenous variable and classified according to the
size of the R2 effect (lower: 0.02∼0.13, middle:
0.13∼0.26, upper: 0.26 or more), which is lower than
that of other variables. Values for familiarity were
higher than 0.438, confirming the fitness of our struc-
tural model (Tenenhaus et al. 2005).

4. Results

4.1. Digital human vs. meta-human

In this study, an independent samples t-test was per-
formed to verify differences between factors before we
investigated factors affecting the intention to use the

Table 2. Factor analysis.

Variable Items

Factor Loadings Eigen
Value

Explained Variance
(%)

Confidence
Coefficient1 2 3 4 5 6 7

Purchase Intention PI1 0.868 0.088 0.075 0.201 0.207 0.228 0.157 3.196 15.981 0.951
PI2 0.867 0.110 0.131 0.186 0.171 0.178 0.207
PI3 0.822 0.141 0.073 0.160 0.206 0.262 0.243

Human Likeness (Visual) HLV2 0.099 0.858 0.293 0.181 0.210 0.116 0.094 2.839 14.197 0.966
HLV3 0.125 0.854 0.273 0.173 0.226 0.140 0.065
HLV1 0.124 0.852 0.289 0.229 0.223 0.138 0.052

Human Likeness
(Behavioural)

HLA1 −0.034 0.175 0.884 0.077 0.076 0.151 0.087 2.697 13.484 0.898
HLA2 0.124 0.247 0.882 0.102 0.096 0.078 0.084
HLA5 0.180 0.267 0.808 0.129 0.108 0.002 0.090

Social Presence SP1 0.209 0.124 0.040 0.823 0.192 0.171 0.166 2.614 13.068 0.890
SP2 0.172 0.241 0.212 0.785 0.135 0.191 0.148
SP3 0.180 0.238 0.129 0.778 0.176 0.120 0.315

Perceived Novelty PN2 0.169 0.215 0.140 0.160 0.863 0.180 0.077 2.508 12.538 0.902
PN1 0.227 0.330 0.069 0.185 0.770 0.181 0.085
PN3 0.325 0.184 0.165 0.226 0.682 0.373 0.170

Satisfaction SF1 0.399 0.194 0.109 0.245 0.322 0.707 0.194 2.049 10.244 0.953
SF3 0.390 0.220 0.144 0.236 0.311 0.703 0.218
SF2 0.398 0.162 0.154 0.273 0.319 0.684 0.234

Familiarity FM4 0.292 0.085 0.108 0.247 0.090 0.199 0.838 1.832 9.159 0.901
FM5 0.285 0.077 0.172 0.324 0.149 0.172 0.797

Note: KMO (Kaiser-Meyer-Olkin measure of sample adequacy) = 0.913; total variance = 88.67%; Bartlett’s test of sphericity = 5834.316 (df = 190, p = 0.000).

Table 4. Correlation analysis.
Constructs Mean SD (1) (2) (3) (4) (5) (6) (7)

(1) Human Likeness (Visual) 4.64 1.50 0.967
(2) Human Likeness (Behavioural) 3.48 1.39 .576** 0.912
(3) Social Presence 3.60 1.30 .524** .368** 0.907
(4) Perceived Novelty 4.52 1.33 .584** .367** .547** 0.915
(5) Familiarity 3.61 0.68 −0.084 −0.061 .145* −0.032 0.954
(6) Satisfaction 4.33 1.34 .511** .375** .622** .738** −0.115 0.956
(7) Purchase Intention 3.66 1.36 .374** .293** .520** .582** 0.040 .740** 0.955

Note: *p < 0.05, **p < 0.01, ***p < 0.001.

Table 3. PLS-SEM overall model fit.
Cronbach’s alpha Composite reliability (rho_a) Composite reliability (rho_c) Average variance extracted (AVE) R2

Human Likeness (Visual) 0.966 0.966 0.978 0.936
Human Likeness (Behavioural) 0.898 0.905 0.937 0.831
Social Presence 0.892 0.892 0.933 0.822
Perceived Novelty 0.903 0.918 0.939 0.837
Familiarity 0.901 0.903 0.953 0.910 0.142
Satisfaction 0.953 0.953 0.970 0.914 0.664
Purchase Intention 0.952 0.952 0.969 0.912 0.583
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existing digital humans and meta-humans as exper-
imental subjects. The results, shown in Table 5,
confirmed significant differences between factors by
subject. It was confirmed that the meta-humans were
evaluated more highly.

4.2. Hypotheses test results

The hypotheses were tested by determining the path
coefficients, and the significance values of the path
coefficients were confirmed using 5,000 bootstrapping
samples (Hair, Ringle, and Sarstedt 2011). Figure 5
shows the results of the path analysis based on the
high fitness of the path model.

4.3. Multigroup PLS-SEM test results

Table 5 confirms the differences between factors for each
test subject. To check whether these differences were also
evident in the path coefficients of the PLS-SEM, the

results of the multigroup PLS-SEM test were confirmed.
First, in order to examine the path coefficients and
hypothesis test results for digital humans (n = 139), the
significance of the path coefficients was confirmed
using 5,000 bootstrapping samples (Hair, Ringle, and
Sarstedt 2011). The results are shown in Figure 6.

Then, the path coefficients and hypothesis test results
formeta-humans (n = 141) were investigated. The signifi-
cance of the path coefficients was confirmed using 5,000
bootstrapping samples. The results are shown in Figure 7.

The results for hypothesis testing using PLS-SEM for
each test subject were slightly different; thus, we statisti-
cally verified differences between groups in terms of the
path coefficient for each test subject (Kock 2014). As
shown in Table 6 and Table 7, the only significant differ-
ence was from satisfaction to intention to use (t = 2.167,
p = 0.05), while other paths showed no difference in
path coefficients by test subject.

Table 5. Independent t-test results by subject.
Variables Type n M SD t df p

Human Likeness (Visual) Digital human 139 3.76 1.31 −10.706 *** 276.800 0.000
Meta-human 141 5.40 1.25

Human Likeness (Behavioural) Digital human 139 2.71 0.91 −11.131 *** 278.000 0.000
Meta-human 141 4.25 1.37

Social Presence Digital human 139 2.96 1.26 −6.960 *** 277.813 0.000
Meta-human 141 4.00 1.24

Perceived Novelty Digital human 139 4.25 1.39 −4.681 *** 278.000 0.000
Meta-human 141 4.96 1.15

Familiarity Digital human 139 3.00 1.18 −4.052 *** 278.000 0.000
Meta-human 141 3.62 1.39

Satisfaction Digital human 139 4.01 1.30 −4.058 *** 277.889 0.000
Meta-human 141 4.65 1.30

Purchase Intention Digital human 139 3.39 1.34 −3.288 *** 278.000 0.001
Meta-human 141 3.92 1.33

Note: *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 5. PLS-SEM test results.
Figure 6. Multigroup PLS-SEM type 1 (digital human) test
results.
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4.4. Scatter plot of uncanny valley effect

As shown in the research models and hypotheses, we
assumed an uncanny valley effect in the relationship
between human likeness (visual) and familiarity, and
between human likeness (behavioural) and familiarity.
Therefore, we assumed a nonlinear relationship between
these variables using a scatter plot as an additional confir-
mation; the results are shown in Figure 8.

The scatter plot reveals that, for visual human like-
ness, digital humans scored low, while familiarity
increased, which seems to be a typical phenomenon
that occurs before the uncanny valley is reached. In con-
trast, meta-humans scored relatively high for human
likeness and increased after familiarity decreased,
which is also a typical phenomenon after the uncanny
valley is reached. Therefore, in terms of appearance, it
seems that digital humans and meta-humans are dis-
tributed on the left and right sides of the uncanny valley,
respectively.

On the other hand, in terms of human likeness
(behavioural), that is, in terms of how similar the
actions and conversations of digital/meta-humans are
to actual humans, the results differ. In the case of digital
humans, familiarity increased at a relatively low level of
human likeness. Meta-humans received relatively
higher scores for human likeness than digital humans,
but with increased familiarity. Therefore, they fall on
the right side of the uncanny valley, unlike digital
humans (see Table 8). Overall, the nonlinearity between
human likeness and familiarity assumed earlier was
confirmed, as were differences between digital humans
and meta-humans, and differences in terms of human
likeness (visual) and human likeness (behavioural)
were found in our tests of human likeness.

5. Discussion, contributions and limitations

5.1. Discussion

In this study, we investigated the effects of meta-human
characteristics on user acceptance, asking whether users

Figure 7.Multigroup PLS-SEM type 2 (meta-human) test results.

Table 7. PLS-SEM for test of multigroup differences

Hypothesis Path Name
Multigroup
comparison Difference

H1 Human Likeness (Visual) →
Familiarity

Digital = Meta 0.360

H2 Human Likeness
(Behavioural) →
Familiarity

Digital > Meta 0.050*

H3 Social Presence →
Satisfaction

Digital = Meta 0.906

H4 Perceived Novelty →
Satisfaction

Digital = Meta 0.930

H5-1 Familiarity → Satisfaction Digital = Meta 0.619
H5-2 Familiarity → Purchase

Intention
Digital = Meta 0.252

H6 Satisfaction → Purchase
Intention

Digital > Meta 0.009**

Note: *p<0.05, **p<0.01, ***p<0.001.

Table 6. PLS-SEM for MGA test.

Hyp. Path Name

Digital human Meta-human Path Coefficient
Difference

(|Digital – Meta|)
P value

(|Digital – Meta|)
Path

Coefficient P value
Path

Coefficient P value

H1 Human Likeness (Visual)
→ Familiarity

0.225 0.011 0.084 0.425 0.141 0.298

H2 Human Likeness (Behavioural)
→ Familiarity

0.405 0.000 0.091 0.462 0.314 0.031

H3 Social Presence
→ Satisfaction

0.168 0.033 0.181 0.019 −0.013 0.899

H4 Perceived Novelty
→ Satisfaction

0.528 0.000 0.541 0.000 −0.013 0.932

H5-1 Familiarity
→ Satisfaction

0.238 0.003 0.296 0.000 −0.058 0.571

H5-2 Familiarity
→ Purchase Intention

0.177 0.009 0.297 0.000 −0.120 0.246

H6 Satisfaction
→ Purchase Intention

0.712 0.000 0.463 0.000 0.249 0.007

Note: *p < 0.05, **p < 0.01, ***p < 0.001.
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of technology featuring meta-humans are also affected
by the uncanny valley effect. In particular, we set out
to answer research questions, and this discussion is
structured around them.

Objective 1: Are meta-humans superior to digital
humans in terms of user acceptance?

Our findings showed (Table 5) that meta-humans
had significantly higher user acceptance than digital
humans. This is partly due to the greater satisfaction
and purchase intention with meta-humans compared
to digital humans. In addition, meta-humans were
also rated higher than digital humans in terms of
human likeness (visual and behavioural, social presence,
intention to use and perceived novelty), which confirms

the findings of Higgins et al. (2018). In fact, with the
introduction of meta-human modelling tools, the cre-
ation of highly accurate and hyper-realistic meta-
humans has been made possible. It is not unexpected
that the use of meta-human modelling tools would pro-
duce a much higher-quality version of digital humans;
the results of this study confirmed this (Gawand and
Demirel 2020b). Considering the lack of empirical
research on the use of meta-humans and its potential
to enhance the current capabilities of digital technol-
ogies (Dean 2013; Dharma and Suryadinatha 2019),
these results provide valuable information.

Objective 2: Does the human likeness of meta-
humans in terms of appearance play a different role to
that of human likeness in terms of functionality? How
do these two types of human likeness affect user
acceptance?

The findings of this study revealed that the level of
human likeness (visual) of meta-humans was higher
than that of digital humans (Table 8 and Figure 8).
Moreover, the relationship between human likeness
(visual) and user familiarity was strongest on the right
side of the uncanny valley. These results show that
meta-humans have overcome the uncanny valley effect
in terms of appearance. Although there is scepticism
as to whether developers of digital humans can

Figure 8. Scatter plot of the uncanny valley effect.

Table 8. Comparison of uncanny valley effect between digital
humans and meta-humans as measured on the human
likeness scale.

Digital Humans Meta Humans

Human likeness
(Visual)

Relatively low human
likeness
The left side of the
uncanny valley

Relatively high human
likeness
The right side of the
uncanny valley

Human likeness
(Behavioural)

Relatively low human
likeness
The left side of the
uncanny valley

Relatively high human
likeness
The left side of the
uncanny valley
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overcome the uncanny valley effect (Bartneck et al.
2007; Burleigh, Schoenherr, and Lacroix 2013), our
results indicate that the use of deep learning technology
has enabled meta-human technology to overcome the
uncanny valley effect by an acceptable margin. This is
highly significant, as the uncanny valley effect drastically
reduces acceptance of such technologies (Mori 1970),
thereby hindering potential business applications. This
study therefore serves as a meaningful turning point
for developers of digital and meta-human technology.

On the other hand, although the level of human like-
ness (behavioural) of meta-humans was higher than that
of digital humans, the relationship between human like-
ness (behavioural) and user familiarity for meta-
humans was similar to that of digital humans in relation
to the uncanny valley effect; it was strongest on the left
side of the valley. This indicates that the behavioural
aspects of meta-humans, such as movement and
human interaction, are not yet sufficiently realistic to
overcome the uncanny valley effect. Thus, compared
to using the previous definition of human likeness
(Ho and MacDorman 2010; Mori 1970; Mori et al.,
2012), our approach of evaluating visual human likeness
and behavioural human likeness separately has provided
a better understanding of the relationship between
human likeness and user familiarity.

Objective 3: Have meta-humans overcome the
uncanny valley effect? When human likeness surpasses
the uncanny valley, what factors affect user familiarity
and acceptance?

Furthermore, our findings show that social presence
and perceived novelty have a significant effect on famili-
arity with both meta-humans and digital humans. This
confirms the findings of previous research (Borup,
West, and Graham 2012; Gefen and Straub 2004; Toyama
and Yamada 2012), which identified positive relation-
ships between social presence/perceived novelty and
user familiarity. A positive correlation between human
likeness and familiarity was confirmed in this study, as
was the existence of the uncanny valley effect. The fact
that meta-humans could partially overcome the uncanny
valley effect seems to have contributed to their levels of
social presence and perceived novelty (Mori 1970).

Moreover, as shown in the multigroup difference test
(Table 6), there was no significant difference in the
intensity of causality between meta-humans and digital
humans for all factors except for the relationship
between satisfaction and intention to use. This suggests
that social presence and perceived novelty likely play a
positive role for both meta-humans and digital humans
in surpassing the uncanny valley effect.

As expected, there was a significant relationship
between user satisfaction and familiarity (Pei, Wang,

and Archer 2021; Rekswinkel 2020). Moreover, since
neither visual nor behavioural human likeness were
found to affect user satisfaction directly, the uncanny
valley effect was confirmed between human likeness
and user satisfaction. In addition, perceived novelty
was found to have a direct effect on satisfaction
(Toyama and Yamada 2012). However, social presence
had no direct effect on satisfaction. Instead, social pres-
ence indirectly affected satisfaction through familiarity.
In order for businesses to improve user satisfaction
when using digital/meta-humans, they must take per-
ceived novelty into consideration. Social presence, how-
ever, must also be taken into consideration, as it still
impacts user satisfaction in terms of increasing their
familiarity with the technology (Andel et al. 2020; Gim-
pel, Huber, and Sarikaya 2016; Jung et al. 2018).

5.2. Theoretical contributions

This study provides a number of theoretical contri-
butions. This is the first empirical study to find a signifi-
cant difference between digital humans and meta-
humans in the context of the uncanny valley effect
(Ho and MacDorman 2010; Mori 1970). Although pre-
vious studies have evaluated and discussed the use of
digital humans from the perspectives of design and
ergonomics (Ahmed et al. 2021; Gaisbauer et al. 2020;
Gawand and Demirel 2020b; Khayer, Patel, and Ningth-
oujam 2019), few studies have investigated the use of
meta-humans, despite their significantly improved
appearance and behaviour. In this study, meta-humans
were found to be significantly superior to conventional
digital humans in all aspects, including human likeness,
social presence, perceived novelty, familiarity, satisfac-
tion, and purchase intention. In this way, our empirical
study showed that meta-humans are superior in terms
of user behavioural intention.

Secondly, we verified the existence of the uncanny
valley effect in the relationship between human likeness
and familiarity, confirming the results of previous
studies (Ho and MacDorman 2010; Mori 1970). We
also found that whilst the level of human likeness of
digital humans was measured as being before the
uncanny valley, the human likeness of meta-humans,
in terms of appearance, had surpassed the uncanny val-
ley. Therefore, it is likely that meta-humans, in terms of
appearance, can be used effectively in multiple contexts
involving media services.

Thirdly, this study contributed to the literature on
uncanny valley theory by expanding the definition of
human likeness into two constructs: appearance and
behaviour. For meta-humans, there was a significant
difference between human likeness in terms of
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appearance and human likeness in terms of behaviour.
Although developers of meta-humans have been suc-
cessful in making them hyper-realistic and overcoming
the uncanny valley effect in terms of appearance, they
have not yet been successful in terms of behaviour.
Therefore, we recommend that future research on the
uncanny valley effect in the context of humanoids and
digital humans should investigate these two types of
human likeness separately.

Fourthly, our results confirmed that social presence
and perceived novelty, in addition to human likeness,
are also impactful factors when investigating user fam-
iliarity, user satisfaction and purchase intention of digi-
tal/meta-humans. Familiarity and satisfaction positively
impacted users’ intention to use products introduced to
them by digital/meta-humans.

5.3. Practical contributions

This study also provided several practical contributions.
First, it suggests that managers who plan to provide ser-
vices/products using digital human simulation tools in
companies should consider the uncanny valley effect
and make efforts to improve the quality of human like-
ness (visual) and familiarity at the same time. While
human likeness (visual) is a technical performance
improvement, familiarity is connected to services or
messages, so it is important to reflect elements that
can make consumers feel familiar.

Secondly, this study provided empirical evidence that
behavioural human likeness is also significant in the
acceptance of digital/meta-humans. In addition to
their appearance, designers should also focus on
improving the facial expressions, movements, and inter-
actions of digital/meta-humans to increase user accep-
tance. In this study, the lack of acceptance of digital/
meta-humans with realistic appearances was based on
the lack of behavioural similarity.

Thirdly, we also found that familiarity does directly
affect purchase intention. Recently, companies are
increasingly using digital/meta-humans in their meta-
verse or platforms to provide services and content.
This suggests that corporate marketers should consider
the familiarity factor in their marketing strategies if they
want to provide experiences that reinforce the famili-
arity factor from digital/meta-humans, as it will increase
the intention to purchase products/services rec-
ommended by digital/meta-humans, which will help
corporate performance.

Lastly, the results of this study also have significant
implications for developers of digital human modelling
tools. In particular, although modelling tools have been
confirmed to impact user satisfaction and purchase

intention positively through the creation of visually
hyper-realistic meta-humans, designers must go further
to replicate human behaviour accurately. In particular,
social presence and perceived novelty influence satisfac-
tion, so it is important to design experiences that reflect
the characteristics of social presence and perceived
novelty that can be experienced in digital/meta-humans
experiences. Adding features for improving behavioural
likeness to future modelling tools can greatly increase
the effectiveness of the digital/meta-humans and ensure
their acceptance.

5.4. Limitations and future research

There are a few limitations of this study. First, accurate
measurement of the location of digital humans and the
uncanny valley on the human likeness scale and famili-
arity are difficult solely using the face. However, most
previous studies were limited to the face, which is the
most important and universal factor for the evaluation
of humanoids and digital/meta-humans (Mori 1970;
Mori, MacDorman, and Kageki 2012; Schindler et al.
2017). Unlike previous studies, this study included
voice as well as facial appearance, enabling a richer
evaluation. Nevertheless, human likeness is also affected
by posture, gesture and motion. Therefore, a more
refined scale development for Human Likeness
(Visual/Behavioral) and familiarity are also necessary
in future research. Further empirical research is needed
to verify the location of digital/meta-humans on this
scale and address the uncanny valley effect more accu-
rately by examining the whole body.

Secondly, digital humans or meta-humans can be
evaluated differently by different users depending on
their backgrounds. For example, older people might
value human likeness more than younger people (Tu,
Chien, and Yeh 2020). Furthermore, the use of digital/
meta-humans from varied ethnic groups may also
have an impact on user evaluations. Therefore, the
evaluation of digital humans or meta-humans according
to different user groups is a useful indicator for future
adoption by consumers and also provides insight into
the direction of future development of avatars in the
context of the Metaverse environment.

Thirdly, in this experiment, the effect of the gender of
the digital humans or meta-humans used in the stimuli
on users’ evaluations (especially for the constructs fam-
iliarity, satisfaction and purchase intention) was not
considered. There are also limitations in that we did
not separately consider the different ethnic groups of
the digital/meta-humans as stimuli, so caution should
be exercised when interpreting the results of this
study. In robotics research, the effect of homophily
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between humans and humanoids on user acceptance is
often discussed (Lim, Rooksby, and Cross 2021).
Clearly, homophily is a factor to consider in technology
acceptance (Farrell, Pammer, and Drebert 2021,
August). Moreover, the relationship between homo-
phily and user acceptance is rather complex, as it
involves elements of the user’s culture (e.g. collectivism)
(Farrell, Pammer, and Drebert 2021, August). However,
in this study, homophily and cultural dimensions were
omitted because the focus of this study was to analyse
differences in the location of meta-humans on the
human likeness scale concerning the uncanny valley
compared to digital humans and introduce a new
definition of human likeness. In a future study, we
hope to address these factors. Furthermore, future
research evaluating the differences between digital and
meta-humans should seek to limit the variables of the
avatars of each technology concerning gender, ethnicity,
and general appearance as these factors may affect the
perceptions of the users.

Fourthly, it should be noted that the current study
does not investigate specific contexts. The current
study provides a general and introductory insight into
the differences between digital humans and meta-
humans in terms of user acceptance and familiarity
(given the lack of studies on meta-humans), and also
provides an analysis of some of the key factors that
affect acceptance and other relevant impacts. However,
these effects will likely vary depending on the research
context. Future research should aim to identify the con-
textual differences in the impact of meta-humans on
user acceptance by comparing the use of the technology
in different industries such as theatre performance,
tourism, education, and theatre performances (Salihbe-
govic 2020), tourism (Noh and Ro 2021), education
(Leow and Ch’ng 2021), and e-commerce (Ssin et al.
2021) where the use of immersive content is increasing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Ministry of Education of the
Republic of Korea and the National Research Foundation of
Korea (NRF-2020S1A3A2A02093277).

References

Abou-Shouk, M., and M. Soliman. 2021. “The Impact of
Gamification Adoption Intention on Brand Awareness
and Loyalty in Tourism: The Mediating Effect of

Customer Engagement.” Journal of Destination Marketing
& Management 20: 100559. https://doi.org/10.1016/j.
jdmm.2021.100559

Ahmed, S., L. Irshad, M. S. Gawand, and H. O. Demirel. 2021.
“Integrating Human Factors Early in the Design Process
Using Digital Human Modelling and Surrogate
Modelling.” Journal of Engineering Design 32 (2): 1–22.

Andel, S. A., T. de Vreede, P. E. Spector, B. Padmanabhan, V. K.
Singh, andG. J. De Vreede. 2020. “Do Social Features Help in
Video-Centric Online Learning Platforms? A Social Presence
Perspective.” Computers in Human Behavior 113: 106505.
https://doi.org/10.1016/j.chb.2020.106505

Augusta, E. D., D. Mardhiyah, and T. Widiastuti. 2019. “Effect
of Country of Origin Image, Product Knowledge, Brand
Familiarity to Purchase Intention Korean Cosmetics with
Information Seeking as a Mediator Variable: Indonesian
Women’s Perspective.” Dermatology Reports 11 (s1): 7–10.

Bae, S., T. H. Jung, N. Moorhouse, M. Suh, and O. Kwon.
2020. “The Influence of Mixed Reality on Satisfaction and
Brand Loyalty in Cultural Heritage Attractions: A Brand
Equity Perspective.” Sustainability 12 (7): 2956. https://
doi.org/10.3390/su12072956

Bagozzi, R. P., and Y. Yi. 1988. “On the Evaluation of
Structural Equation Models.” Journal of the Academy of
Marketing Science 16 (1): 74–94. https://doi.org/10.1007/
BF02723327

Barreda-Ángeles, M., S. Aleix-Guillaume, and A. Pereda-
Baños. 2020. “An “Empathy Machine” or a “Just-for-the-
fun-of-it” Machine? Effects of Immersion in Nonfiction
360-Video Stories on Empathy and Enjoyment.”
Cyberpsychology, Behavior, and Social Networking 23 (10):
683–688. https://doi.org/10.1089/cyber.2019.0665

Bartneck, C., T. Kanda, H. Ishiguro, and N. Hagita. 2007,
August. Is the Uncanny Valley an Uncanny Cliff?. In
Robot and Human interactive Communication, 2007.
RO-MAN 2007. The 16th IEEE International Symposium
on (pp. 368–373). IEEE.

Borup, J., R. E. West, and C. R. Graham. 2012. “Improving
Online Social Presence Through Asynchronous Video.”
The Internet and Higher Education 15 (3): 195–203.
https://doi.org/10.1016/j.iheduc.2011.11.001

Bouwer, W., F. Human, and R. de Lange. 2019. “The
Perceived Human Likeness and Familiarity of Human
Actors in Relationship to Digital Actors in Film.” The
Computer Games Journal 8 (2): 83–105. https://doi.org/
10.1007/s40869-019-00077-1

Burleigh, T. J., J. R. Schoenherr, and G. L. Lacroix. 2013. “Does
the Uncanny Valley Exist? An Empirical Test of the
Relationship Between Eeriness and the Human Likeness
of Digitally Created Faces.” Computers in Human
Behavior 29 (3): 759–771. https://doi.org/10.1016/j.chb.
2012.11.021

Cho, E., M. D. Molina, and J. Wang. 2019. “The Effects of
Modality, Device, and Task Differences on Perceived
Human Likeness of Voice-Activated Virtual Assistants.”
Cyberpsychology, Behavior, and Social Networking 22 (8):
515–520. https://doi.org/10.1089/cyber.2018.0571

Choi, J., H. J. Lee, and H. W. Kim. 2017. “Examining the
Effects of Personalized app Recommender Systems on
Purchase Intention: A Self and Social-Interaction
Perspective.” Journal of Electronic Commerce Research 18
(1): 73–102.

BEHAVIOUR & INFORMATION TECHNOLOGY 13

https://doi.org/10.1016/j.jdmm.2021.100559
https://doi.org/10.1016/j.jdmm.2021.100559
https://doi.org/10.1016/j.chb.2020.106505
https://doi.org/10.3390/su12072956
https://doi.org/10.3390/su12072956
https://doi.org/10.1007/BF02723327
https://doi.org/10.1007/BF02723327
https://doi.org/10.1089/cyber.2019.0665
https://doi.org/10.1016/j.iheduc.2011.11.001
https://doi.org/10.1007/s40869-019-00077-1
https://doi.org/10.1007/s40869-019-00077-1
https://doi.org/10.1016/j.chb.2012.11.021
https://doi.org/10.1016/j.chb.2012.11.021
https://doi.org/10.1089/cyber.2018.0571


Chong, K. L. 2018. “Price or Pride? Malaysian Marine
Cruising Behaviour.” International Journal of Tourism
Sciences 18 (2): 110–123. https://doi.org/10.1080/
15980634.2018.1471877

Chun, T. Y., D. K. Lee, and N. H. Park. 2020. “The Effect of
Marketing Activities on the Brand Recognition, Brand
Familiarity, and Purchase Intention on the SNS of
Franchise Companies.” The Journal of Asian Finance,
Economics and Business (JAFEB) 7 (11): 955–966. https://
doi.org/10.13106/jafeb.2020.vol7.no11.955

Cooper, H., andM. T. Campbell. 2018.Quasi-experimentation:
Postpositivist and Pragmatic Approaches to Causal Inference.
6th ed. Thousand Oaks, CA: SAGE Publications.

Dawes, R. M., D. Singer, and F. Lemons. 1972. “An
Experimental Analysis of the Contrast Effect and its
Implications for Intergroup Communication and the
Indirect Assessment of Attitude.” Journal of Personality
and Social Psychology 21 (3): 281–295. https://doi.org/10.
1037/h0032322.

Dean, R. T. 2013. A meta-pianist serial music comproviser.
Delp, S. L., F. C. Anderson, A. S. Arnold, P. Loan, A. Habib, C.

T. John, E. Guendelman, and D. G. Thelen. 2007.
“OpenSim: Open-Source Software to Create and Analyze
Dynamic Simulations of Movement.” IEEE Transactions
on Biomedical Engineering 54 (11): 1940–1950. https://
doi.org/10.1109/TBME.2007.901024

Dharma, P. I. B. N. H., and G. A. A. N. O. Suryadinatha. 2019.
“Meta-competency of Human Resources in Improving
Service Quality in Pharmacy Department of RSUD
Klungkung.” Russian Journal of Agricultural and Socio-
Economic Sciences 94 (10): 193–199.

Farrell, W., M. Pammer, and J. Drebert. 2021, August.
“COVID Contact Tracing App Technology Acceptance
Among Students.” In 2021 IEEE International Conference
on Technology and Entrepreneurship (ICTE), edited by
Daim, Kazlauskaite, Vanhaverbeke, and Minin, 1–6.
Kaunas, Lithuania: IEEE.

Fierro-Suero, S., B. J. Almagro, P. Sáenz-López, and J.
Carmona-Márquez. 2020. “Perceived Novelty Support
and Psychological Needs Satisfaction in Physical
Education.” International Journal of Environmental
Research and Public Health 17 (11): 4169. https://doi.org/
10.3390/ijerph17114169

Fornell, C., and D. F. Larcker. 1981. Structural Equation
Models with Unobservable Variables and Measurement
Error: Algebra and Statistics.

Gaisbauer, F., E. Lampen, P. Agethen, and E. Rukzio. 2020.
“Combining Heterogeneous Digital Human Simulations:
Presenting a Novel co-Simulation Approach for
Incorporating Different Character Animation
Technologies.” The Visual Computer 37 (4): 717–734.

Gawand, M. S., and H. O. Demirel. 2020, July. “A Design
Framework to Automate Task Simulation and Ergonomic
Analysis in Digital Human Modeling.” In International
Conference on Human-Computer Interaction, edited by
Kurosu, 50–66. Copenhagen, Denmark: Springer.

Gawand, M. S., and H. O. Demirel. 2020b, November.
Extending the Capabilities of Digital Human Modeling: A
Design Framework to Assess Emergencies Early in
Design. In ASME International Mechanical Engineering
Congress and Exposition (Vol. 84539, p. V006T06A026).
American Society of Mechanical Engineers.

Gefen, D., and D. W. Straub. 2004. “Consumer Trust in B2C
e-Commerce and the Importance of Social Presence:
Experiments in e-Products and e-Services.” Omega 32 (6):
407–424. https://doi.org/10.1016/j.omega.2004.01.006

Gharaibeh, M. K., and N. K. Gharaibeh. 2021. “Understanding
Adoption Intention of Mobile Shopping Applications:
Empirical Assessment from IDT–Perceived Risk and
Enjoyment.” International Journal of Sociotechnology and
Knowledge Development (IJSKD) 13 (2): 31–47. https://
doi.org/10.4018/IJSKD.2021040103

Gimpel, H., J. Huber, and S. Sarikaya. 2016. Customer
Satisfaction in Digital Service Encounters: The Role of
Media Richness, Social Presence, and Cultural Distance.

Hair, J. F., C. M. Ringle, and M. Sarstedt. 2011. “PLS-SEM:
Indeed a Silver Bullet.” Journal of Marketing Theory and
Practice 19 (2): 139–152. https://doi.org/10.2753/
MTP1069-6679190202

Hair, J. F., M. Sarstedt, C. M. Ringle, and J. A. Mena. 2012.
“An Assessment of the use of Partial Least Squares
Structural Equation Modeling in Marketing Research.”
Journal of the Academy of Marketing Science 40 (3): 414–
433. https://doi.org/10.1007/s11747-011-0261-6

Hanson, L., D. Högberg, and E. Brolin, eds. 2020. DHM2020:
Proceedings of the 6th International Digital Human
Modeling Symposium, August 31-September 2, 2020
(Vol. 11). IOS Press.

Hanson, D., A. Olney, S. Prilliman, E. Mathews, M. Zielke, D.
Hammons, R. Fernandez, and H. Stephanou. 2005, July.
Upending the uncanny valley. In AAAI (Vol. 5, pp. 1728–
1729).

Higgins, D., D. Egan, R. Fribourg, B. R. Cowan, and R.
McDonnell. 2018. Ascending from the Valley: Can state-
of-the-art photorealism avoid the uncanny?. ur.

Ho, C. C., and K. F. MacDorman. 2010. “Revisiting the
Uncanny Valley Theory: Developing and Validating an
Alternative to the Godspeed Indices.” Computers in
Human Behavior 26 (6): 1508–1518. https://doi.org/10.
1016/j.chb.2010.05.015

Hodge, E. M., M. H. N. Tabrizi, M. A. Farwell, and K. L.
Wuensch. 2008. “Virtual Reality Classrooms: Strategies
for Creating a Social Presence.” International Journal of
Social Sciences 2 (2): 105–109.

Horzum, M. B. 2017. “Interaction, Structure, Social Presence,
and Satisfaction in Online Learning.” Eurasia Journal of
Mathematics, Science and Technology Education 11 (3):
505–512. https://doi.org/10.12973/eurasia.2014.1324a

Hosany, S., and M. Witham. 2010. “Dimensions of Cruisers’
Experiences, Satisfaction, and Intention to Recommend.”
Journal of Travel Research 49 (3): 351–364. https://doi.
org/10.1177/0047287509346859

Hostetter, C., and M. Busch. 2006. “Measuring up Online: The
Relationship Between Social Presence and Student
Learning Satisfaction.” Journal of Scholarship of Teaching
and Learning 6 (2): 1–12.

Jung, T., M. C. tom Dieck, P. Rauschnabel, M. Ascenção, P.
Tuominen, and T. Moilanen. 2018. “Functional, Hedonic
or Social? Exploring Antecedents and Consequences of
Virtual Reality Rollercoaster Usage.” In Augmented
Reality and Virtual Reality, edited by Timothy Jung and
M. Claudia tom Dieck, 247–258. Cham: Springer.

Khayer, S. M., T. Patel, and B. Ningthoujam. 2019.
“Ergonomic Postural and Biomechanical Analysis of

14 S. BAE ET AL.

https://doi.org/10.1080/15980634.2018.1471877
https://doi.org/10.1080/15980634.2018.1471877
https://doi.org/10.13106/jafeb.2020.vol7.no11.955
https://doi.org/10.13106/jafeb.2020.vol7.no11.955
https://doi.org/10.1037/h0032322
https://doi.org/10.1037/h0032322
https://doi.org/10.1109/TBME.2007.901024
https://doi.org/10.1109/TBME.2007.901024
https://doi.org/10.3390/ijerph17114169
https://doi.org/10.3390/ijerph17114169
https://doi.org/10.1016/j.omega.2004.01.006
https://doi.org/10.4018/IJSKD.2021040103
https://doi.org/10.4018/IJSKD.2021040103
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1007/s11747-011-0261-6
https://doi.org/10.1016/j.chb.2010.05.015
https://doi.org/10.1016/j.chb.2010.05.015
https://doi.org/10.12973/eurasia.2014.1324a
https://doi.org/10.1177/0047287509346859
https://doi.org/10.1177/0047287509346859


Manual Weeding Operation in Agriculture Using Digital
Human Models.” In Research Into Design for a Connected
World, edited by Chakrabarti, 451–462. Singapore:
Springer.

Kim, J. J., B. L. Chua, and H. Han. 2020. “Mobile Hotel
Reservations and Customer Behavior: Channel
Familiarity and Channel Type.” Journal of Vacation
Marketing 27 (1): 82–102.

Kock, N. 2014. “Advanced Mediating Effects Tests, Multi-
Group Analyses, and Measurement Model Assessments in
PLS-Based SEM.” International Journal of e-Collaboration
(IJeC) 10 (1): 1–13. https://doi.org/10.4018/ijec.2014010101

Leow, F. T., and E. Ch’ng. 2021. “Analysing Narrative
Engagement with Immersive Environments: Designing
Audience-Centric Experiences for Cultural Heritage
Learning.” Museum Management and Curatorship 36 (4):
1–20.

Lim, V., M. Rooksby, and E. S. Cross. 2021. “Social Robots on
a Global Stage: Establishing a Role for Culture During
Human–Robot Interaction.” International Journal of
Social Robotics 13 (6): 1307–1333. https://doi.org/10.1007/
s12369-020-00710-4

Lu, L. C., W. P. Chang, and H. H. Chang. 2014. “Consumer
Attitudes Toward Blogger’s Sponsored Recommendations
and Purchase Intention: The Effect of Sponsorship Type,
Product Type, and Brand Awareness.” Computers in
Human Behavior 34: 258–266. https://doi.org/10.1016/j.
chb.2014.02.007

MacDorman, K. F. 2006, July. “Subjective Ratings of Robot
Video Clips for Human Likeness, Familiarity, and
Eeriness: An Exploration of the Uncanny Valley.” In
ICCS/CogSci-2006 Long Symposium: Toward Social
Mechanisms of Android Science, edited by MacDorman
and Ishiguro, 26–29. Stresa, Italy.

Malek, K. A., J. Yang, T. Marler, S. Beck, A. Mathai, X. Zhou,
A. Patrick, and J. Arora. 2006. “Towards a new Generation
of Virtual Humans.” Int J Hum Fact Model Simul 1 (1): 2.
https://doi.org/10.1504/IJHFMS.2006.011680

Mariani, M. M., M. E. Styven, and F. Teulon. 2021.
“Explaining the Intention to use Digital Personal Data
Stores: An Empirical Study.” Technological Forecasting
and Social Change 166: 120657. https://doi.org/10.1016/j.
techfore.2021.120657

Mehmetoglu, M., and M. Engen. 2011. “Pine and Gilmore’s
Concept of Experience Economy and its Dimensions: An
Empirical Examination in Tourism.” Journal of Quality
Assurance in Hospitality & Tourism 12 (4): 237–255.
https://doi.org/10.1080/1528008X.2011.541847

MetaHuman Creator and Unreal Engine. 2022. Accessed
March 17, 2022. https://www.unrealengine.com/en-US/
digital-humans.

Mohammed, A. R., M. O. Mohamed, Y. A. Alhubaishy, K. A.
Nasser, and I. S. Fahim. 2020. “Ergonomic Analysis of a
Working Posture in Steel Industry in Egypt Using Digital
Human Modeling.” SN Applied Sciences 2 (12): 1–8.

Mori, M. 1970. “The Uncanny Valley.” Energy 7 (4): 33–35. (in
Japanese).

Mori, M., K. F. MacDorman, and N. Kageki. 2012. “The
Uncanny Valley [From the Field].” IEEE Robotics &
Automation Magazine 19 (2): 98–100. https://doi.org/10.
1109/MRA.2012.2192811

Nam, C., H. Dong, and Y. A. Lee. 2017. “Factors Influencing
Consumers’ Purchase Intention of Green Sportswear.”
Fashion and Textiles 4 (1): 1–17. https://doi.org/10.1186/
s40691-016-0085-6

Noh, Y., and J. Y. Ro. 2021. “A Study on the Service Provision
Direction of the National Library for Children and Young
Adults in the 5G Era.” International Journal of Knowledge
Content Development & Technology 11 (2): 77–105.

Pei, Y., S. Wang, and N. Archer. 2021. “Reputation,
Familiarity and use Intention for e-Payment Services: A
Comparison of Pure-Play and Click-and-Mortar e-
Payment Services.” International Journal of Services
Technology and Management 27 (1/2): 72–103. https://
doi.org/10.1504/IJSTM.2021.113575

PwC. 2022. PwC 2022 US Metaverse Survey. Accessed
September 3, 2023. https://www.pwc.com/us/en/tech-
effect/emerging-tech/metaverse-survey.html.

Quadri-Felitti, D., and A. M. Fiore. 2013. “Destination
Loyalty: Effects of Wine Tourists’ Experiences, Memories,
and Satisfaction on Intentions.” Tourism and Hospitality
Research 13 (1): 47–62. https://doi.org/10.1177/
1467358413510017

Raschke, U., and C. Cort. 2019. “Siemens Jack.” In DHM and
Posturography, edited by Paul Scataglini, 35–48. Academic
Press.

Reed, M. P., J. Faraway, D. B. Chaffin, and B. J. Martin. 2006.
The HUMOSIM Ergonomics Framework: A New
Approach to Digital Human Simulation for Ergonomic
Analysis (No. 2006-01-2365). SAE Technical Paper.

Rekswinkel, S. 2020. Sounds familiar: The effect of music fam-
iliarity on radical innovation adoption.

Reuten, A., M. Van Dam, and M. Naber. 2018. “Pupillary
Responses to Robotic and Human Emotions: The
Uncanny Valley and Media Equation Confirmed.”
Frontiers in Psychology 9: 774. https://doi.org/10.3389/
fpsyg.2018.00774

Rosenthal-Von Der Pütten, A. M., and N. C. Krämer. 2014.
“How Design Characteristics of Robots Determine
Evaluation and Uncanny Valley Related Responses.”
Computers in Human Behavior 36: 422–439. https://doi.
org/10.1016/j.chb.2014.03.066

Salihbegovic, F. 2020. “The Encounter with the Real: What
Can Complicite’s Theatre Performance The Encounter
Teach Us About the Future of VR Narratives?” Body,
Space & Technology 19 (1). https://doi.org/10.16995/bst.336

Scataglini, S., F. Danckaers, T. Huysmans, J. Sijbers, and G.
Andreoni. 2019. “Design Smart Clothing Using Digital
Human Models.” In DHM and Posturography, edited by
Scataglini and Paul, 683–698. London, UK: Academic
Press.

Schindler, S., E. Zell, M. Botsch, and J. Kissler. 2017.
“Differential Effects of Face-Realism and Emotion on
Event-Related Brain Potentials and Their Implications for
the Uncanny Valley Theory.” Scientific Reports 7 (1): 1–
13. https://doi.org/10.1038/srep45003

Seymour, M., L. I. Yuan, A. Dennis, and K. Riemer. 2021.
“Have We Crossed the Uncanny Valley? Understanding
Affinity, Trustworthiness, and Preference for Realistic
Digital Humans in Immersive Environments.” Journal of
the Association for Information Systems 22 (3): 9. https://
doi.org/10.17705/1jais.00674

BEHAVIOUR & INFORMATION TECHNOLOGY 15

https://doi.org/10.4018/ijec.2014010101
https://doi.org/10.1007/s12369-020-00710-4
https://doi.org/10.1007/s12369-020-00710-4
https://doi.org/10.1016/j.chb.2014.02.007
https://doi.org/10.1016/j.chb.2014.02.007
https://doi.org/10.1504/IJHFMS.2006.011680
https://doi.org/10.1016/j.techfore.2021.120657
https://doi.org/10.1016/j.techfore.2021.120657
https://doi.org/10.1080/1528008X.2011.541847
https://www.unrealengine.com/en-US/digital-humans
https://www.unrealengine.com/en-US/digital-humans
https://doi.org/10.1109/MRA.2012.2192811
https://doi.org/10.1109/MRA.2012.2192811
https://doi.org/10.1186/s40691-016-0085-6
https://doi.org/10.1186/s40691-016-0085-6
https://doi.org/10.1504/IJSTM.2021.113575
https://doi.org/10.1504/IJSTM.2021.113575
https://www.pwc.com/us/en/tech-effect/emerging-tech/metaverse-survey.html
https://www.pwc.com/us/en/tech-effect/emerging-tech/metaverse-survey.html
https://doi.org/10.1177/1467358413510017
https://doi.org/10.1177/1467358413510017
https://doi.org/10.3389/fpsyg.2018.00774
https://doi.org/10.3389/fpsyg.2018.00774
https://doi.org/10.1016/j.chb.2014.03.066
https://doi.org/10.1016/j.chb.2014.03.066
https://doi.org/10.16995/bst.336
https://doi.org/10.1038/srep45003
https://doi.org/10.17705/1jais.00674
https://doi.org/10.17705/1jais.00674


Shadish, W. R., T. D. Cook, and D. T. Campbell. 2020. The
Causal Experimenter: A Practical Guide for Social Science
(6th ed.). Boston, MA: Houghton Mifflin Harcourt.

Short, J., E. Williams, and B. Christie. 1976. The Social
Psychology of Telecommunications. Toronto; London;
New York: Wiley.

Siddiqui, J. 2022, February 18. FExGAN-Meta: Facial
Expression Generation with Meta Humans. https://doi.
org/10.31219/osf.io/ygdrt.

Silva, E. S., and F. Bonetti. 2021. “Digital Humans in Fashion:
Will Consumers Interact?” Journal of Retailing and
Consumer Services 60. https://doi.org/10.1016/j.jretconser.
2020.102430

Ssin, S., M. Suh, J. Lee, T. Jung, and W. Woo. 2021. “Science
Tour and Business Model Using Digital Twin-Based
Augmented Reality.” Augmented Reality and Virtual
Reality: New Trends in Immersive Technology 267–276.

Steffan, H., B. C. Geigl, and A. Moser. 1999. “A new Approach
to Occupant Simulation Through the Coupling of PC-
Crash and MADYMO.” SAE Transactions 108: 785–793.

Stevens, C. J., B. Pinchbeck, T. Lewis, M. Luerssen, D. Pfitzner,
D. M. Powers, A. Abrahamyan, Y. Leung, and G. Gibert.
2016. “Mimicry and Expressiveness of an ECA in
Human-Agent Interaction: Familiarity Breeds Content!.”
Computational Cognitive Science 2 (1): 1–14. https://doi.
org/10.1186/s40469-016-0008-2.

Stoa, R., andT. L. A.Chu. 2020. “AnArgument for Implementing
and Testing Novelty in the Classroom.” Scholarship of
Teaching and Learning in Psychology 9 (1): 88–95.

Suda, M., and M. Oka. 2021, July. Evaluation of the effect of
mimicry on facial expression in Avatar-Mediated
Communication. In ALIFE 2021: The 2021 Conference
on Artificial Life. MIT Press.

Suzuki, S. N., H. Kanematsu, D. M. Barry, N. Ogawa, K.
Yajima, K. T. Nakahira, T. Shirai, M. Kawaguchi, T.
Kobayashi, and M. Yoshitake. 2020. “Virtual Experiments
in Metaverse and Their Applications to Collaborative
Projects: The Framework and its Significance.” Procedia
Computer Science 176: 2125–2132. https://doi.org/10.
1016/j.procs.2020.09.249.

Tenenhaus, M., V. E. Vinzi, Y. M. Chatelin, and C. Lauro.
2005. “PLS Path Modeling.” Computational Statistics &
Data Analysis 48 (1): 159–205. https://doi.org/10.1016/j.
csda.2004.03.005

Thepsoonthorn, C., K. I. Ogawa, and Y. Miyake. 2021. “The
Exploration of the Uncanny Valley from the Viewpoint
of the Robot’s Nonverbal Behaviour.” International
Journal of Social Robotics 13: 1443–1455.

Tokunaga, R. S. 2013. “Engagement with Novel Virtual
Environments: The Role of Perceived Novelty and Flow
in the Development of the Deficient Self-Regulation of
Internet use and Media Habits.” Human Communication
Research 39 (3): 365–393. https://doi.org/10.1111/hcre.
12008

Toyama, M., and Y. Yamada. 2012. “The Relationships among
Tourist Novelty, Familiarity, Satisfaction, and Destination
Loyalty: Beyond the Novelty-Familiarity Continuum.”
International Journal of Marketing Studies 4 (6): 10.
https://doi.org/10.5539/ijms.v4n6p10

Truong, N. T., D. Dang-Pham, R. J. McClelland, and M.
Nkhoma. 2020. “Service Innovation, Customer
Satisfaction and Behavioural Intentions: A Conceptual
Framework.” Journal of Hospitality and Tourism
Technology 11 (3): 529–542.

Tu, Y. C., S. E. Chien, and S. L. Yeh. 2020. “Age-related
Differences in the Uncanny Valley Effect.” Gerontology 66
(4): 382–392. https://doi.org/10.1159/000507812

Venkatesh, V., M. G. Morris, G. B. Davis, and F. D. Davis.
2003. “User Acceptance of Information Technology:
Toward a Unified View.” MIS Quarterly 27 (3): 425–478.
https://doi.org/10.2307/30036540

Vitaliano, P. P., J. Russo, L. Weber, and C. Celum. 1993. “The
Dimensions of Stress Scale: Psychometric Properties 1.”
Journal of Applied Social Psychology 23 (22): 1847–1878.
https://doi.org/10.1111/j.1559-1816.1993.tb01069.x

Zhu, W., X. Fan, and Y. Zhang. 2019. “Applications and
Research Trends of Digital Human Models in the
Manufacturing Industry.” Virtual Reality & Intelligent
Hardware 1 (6): 558–579. https://doi.org/10.1016/j.vrih.
2019.09.005

16 S. BAE ET AL.

https://doi.org/10.31219/osf.io/ygdrt
https://doi.org/10.31219/osf.io/ygdrt
https://doi.org/10.1016/j.jretconser.2020.102430
https://doi.org/10.1016/j.jretconser.2020.102430
https://doi.org/10.1186/s40469-016-0008-2
https://doi.org/10.1186/s40469-016-0008-2
https://doi.org/10.1016/j.procs.2020.09.249
https://doi.org/10.1016/j.procs.2020.09.249
https://doi.org/10.1016/j.csda.2004.03.005
https://doi.org/10.1016/j.csda.2004.03.005
https://doi.org/10.1111/hcre.12008
https://doi.org/10.1111/hcre.12008
https://doi.org/10.5539/ijms.v4n6p10
https://doi.org/10.1159/000507812
https://doi.org/10.2307/30036540
https://doi.org/10.1111/j.1559-1816.1993.tb01069.x
https://doi.org/10.1016/j.vrih.2019.09.005
https://doi.org/10.1016/j.vrih.2019.09.005


Appendices

Appendix A. Literature on digital humans based on uncanny valley theory

Authors (Year) Study Context Key Variables Method

Pilot
Study
(Yes /
No) Stimulus Sample Key Findings

Hanson et al. (2005) Robotic systems humanlike facial
expressions, engagement

experiment No video, animated
human face

not reported For realistic robots to be appealing to
people, robots must attain some level
of integrated social responsivity and
aesthetic refinement

MacDorman (2006,
July)

Robot
development

human likeness, familiarity,
eeriness

experiment: rating videos
(‘Participants were asked to rate
13 robots and 1 human shown in
video clips’), using images of
androids

No 2D, still images,
from nonhuman
robot to real
human

Total n = 56 (100%), males n =
43 (76.8%), females n = 13
(23.2%); college students
and government workers

Perceived human likeness of a robot is
not the only factor determining the
perceived familiarity, strangeness or
eeriness of the robot

Bartneck et al.
(2007)

Robot
development

human likeness, likeability empirical study (‘We conducted a 3
(framing) x 4 (anthropomorphism)
within-participant experiment’)

No 2D still images, from
nonhuman robot
to humanoid

Total n = 58 (100%), males n =
30 (51.7%), females n = 28
(48.3%); university students
in the Kyoto district of Japan
(age: 18∼41)

Anthropomorphism had a significant
influence on the measurements, but
not even pictures of real humans were
rated as likeable as the pictures of
humanoids or toy robots

Ho and MacDorman
(2010)

Computer-
animated
characters and
robots

anthropomorphism,
animacy, likeability,
perceived intelligence,
perceived safety

empirical study
(5 out of 10 video clips were
randomly selected)

No video, from
nonhuman robot
to computer-
animated human
characters

Total n = 384 (100%), males n
= 223 (58.1%), females n =
187 (48.7%); undergraduate
students

New humanness and eeriness indices
facilitate plotting relations among
rated characters of varying human
likeness

Burleigh,
Schoenherr, and
Lacroix (2013)

Computer digital
models’
development

prototypicality, human
likeness, pleasantness,
eeriness, realism, affect

experiment: examining the
relationship between human
likeness and eeriness using
digital human faces

No 2D, still images,
digital humans

Total n = 47 (100%), males n =
19, females n = 28;
undergraduate students

Human likeness affects eeriness using
digital human faces

Schindler et al.
(2017)

Creat the
cartoon
characters

human likeness, appeal,
realism, intensity, emotion

experiment 　 2D, still images,
human character

Total n = 32 (100%), males n =
10, females n = 22; college
students

Face realism has a strong influence on
the acceptance of digital humans

Rosenthal-Von Der
Pütten and
Krämer (2014)

40 robots
evaluation

human likeness, likeability,
familiarity

empirical study 　 2D, still images,
from nonhuman
robot to
humanoid

Total n = 151, males n = 42,
females n = 109; campus
members

In contrast to humanoid robots, the
android robots were rated higher on
familiarity and likeability

Thepsoonthorn,
Ogawa, and
Miyake (2021)

Robot’s
nonverbal
behaviour

human likeness, affinity experiment: rate robots with
different nonverbal behaviours

　 demo, NAO
(humanoid) robot

Total n = 20, males n = 11,
females n = 9; students

Different nonverbal behaviours
(gestures, speaking, face tracking, etc.)
influence the u-shaped relationship
between human likeness and affinity

Seymour et al.
(2021)

Avatars in a
virtual reality

realism, affinity,
trustworthiness

empirical study 　 2D, VR avatar Total n = 50 employees of
Amazon Mturk

Hyper-realistic character portrayals can
cross the uncanny valley
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Appendix B. Survey Items

Variable Items Source

Human Likeness (Visual) HLV1 The shape of the digital human (meta-human) I experienced is similar to that of a real person. Ho and MacDorman (2010) revised
HLV2 I have experienced that the appearance of the digital human (meta-human) is similar to that of

a real human.
Ho and MacDorman (2010) revised

HLV3 My experience of the digital human (meta-human) is similar to that of a real human. Ho and MacDorman (2010)
HLV4 I experienced that the digital human (meta-human) looked like a real human. Ho and MacDorman (2010) revised

Human Likeness
(Behavioural)

HLA2 I experienced that the digital human (meta-human) felt synthetic. Ho and MacDorman (2010)
HLA1 I experienced that the digital human (meta-human) seemed artificial. Ho and MacDorman (2010)
HLA5 I experienced that the digital human (meta-human) had mechanical expressions and

movements.
Ho and MacDorman (2010); MacDorman (2006, July)

Social Presence SP2 When experiencing the digital human (meta-human), I felt human warmth. Gefen and Straub (2004)
SP1 When I experienced the digital human (meta-human), I felt that the (digital human / meta-

human) was sociable.
Gefen and Straub (2004)

SP3 When I met the digital human (meta-human), I realised it has human emotions. Gefen and Straub (2004)
Perceived Novelty PN1 The digital human (meta-human) I experienced was new. Tokunaga (2013); Vitaliano et al. (1993)

PN2 My experience with the digital human (meta-human) was a feeling I had never felt before. Tokunaga (2013); Vitaliano et al. (1993)
PN3 I felt that the digital human experience was differentiated from other content experience Tokunaga (2013); Vitaliano et al. (1993)

Familiarity FM4 I feel attached to the digital human I have experienced Stevens et al. (2016)
FM5 I feel emotionally close to the digital humans I have experienced MacDorman (2006, July)

Satisfaction SF1 I am generally satisfied with my experience meeting a digital human (meta-human). Bae et al. (2020); Hosany and Witham (2010); Mehmetoglu and Engen (2011); Quadri-
Felitti and Fiore (2013)SF2 I am satisfied with the digital human (meta-human) experience.

SF3 After experiencing the digital human (meta-human), I’m more satisfied than before.
Purchase Intention PI1 I want to buy a product guided by an experienced digital human. Lu, Chang, and Chang (2014)

PI2 I would like to recommend to my acquaintances the purchase of a product guided by an
experienced digital human.

Lu, Chang, and Chang (2014)

PI3 I intend to buy items guided by an experienced digital human. Nam, Dong, and Lee (2017)
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