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Abstract

This study investigates the relationship between the uncanny valley effect and
perceived facial expressions in anthropomorphized virtual animals. This thesis builds
upon previous research by the author in the hopes of addressing previously identified
limitations and reinforcing the data of the earlier study. The aim is to examine whether
the uncanny valley effect can be triggered by a mismatch between realistic and stylized
facial animations applied to a realistic or stylized 3D animal, and if this effect varies
depending on the expression portrayed. A research questionnaire was used to assess
whether participants experience uncanniness when there is a discrepancy between the
level of realism and stylization in the animation of virtual animals. The findings of the
study indicated that the hypothesis is true even with the additional improvements and
greater scrutiny concluding that the study will contribute to the understanding of the
uncanny valley effect in relation to anthropomorphized virtual animals.

Keywords: Uncanny Valley, Animation, Anthropomorphisation, Virtual Animals,
Facial Expressions, Animal Facial Expressions.
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1 Introduction

The practice of anthropomorphism, which involves attributing human characteristics to
animals, is a prevalent aspect within the realm of animation. This arises from the innate
human inclination to understand and interpret animal behavior as if they were similar to our
own. In this context, endowing animals with human-like traits in animation can foster
greater empathy and connect the audience with the characters on the screen. However, the
use of realistic Computer-Generated Imagery (CGI) animals can often elicit an unsettling
effect known as the "uncanny valley" (Mori, MacDorman, & Kageki, 2012). This phenomenon
refers to the eerie and unnatural appearance that results from an object's attempt to attain
perfect realism, but falling short of the desired outcome. Previous research in this area
suggests that animals are susceptible to the uncanny valley effect, and that the expression of
the subject affects the degree of perceived uncanniness (Schwind et al., 2018; Frick et al.,
2022), something you can also find in similar studies with human subjects (Tinwell et al.,
2011 & 2013).

The driving force behind this paper is the growing significance of understanding the
relationship between animals and the uncanny valley, as technology continues to improve,
enabling greater realism in media featuring animals, such as the live-action Lion King
(2019), the Jungle Book movie (2016), or the video game Stray (2022). This research is also
relevant because virtual robots and virtual animals are expected to play a major role in a
serious games context, as well as video instruction, and the personalization of educational
instruction. This can already be seen as several serious games made even within the last five
years normally feature mascots or some other form of animated character to increase appeal
for the serious content, such as (examples of the serious games papers you found, at most 2).

This study is a continuation of the author's previous work, aimed to examine the connection
between the uncanny valley and perceived facial expressions in anthropomorphized virtual
animals (Frick et al., 2022). That paper addressed the issues associated with the uncanny
valley effect and its relationship to anthropomorphism, the contrasting impact of stylized
and realistic animation and models, and the influence of human-like facial expressions on
the appeal of virtual animals. The central research question explored was whether the
uncanny valley effect can be triggered by the mismatch between realistic and stylized facial
animations applied to a realistic or stylized 3D animal model and if this effect changes based
on the emotional expression being portrayed. The results of the previous study indicated that
indeed there is a connection between the uncanny valley and mismatching stylization and
anthropomorphism of virtual animals. However, some inadequacies in the study design, the
limitations of resources, and other things mentioned in the future work segment of the
previous research lead to the results not being perfectly conclusive (Frick et al., 2022). Thus
this paper aims to reexplore and improve upon the previous study to garner clearer data.

To readdress this question, a study was created showcasing two sets of facial animations
depicting six distinct emotions, with one set being realistically animated and the other set
being highly stylized. These 12 animations were then applied to both a realistic and stylized
3D cat model, resulting in a total of 24 animation clips. These clips were used in a research
questionnaire to determine whether the experience of uncanniness is elicited when there is a
disparity between the realism and stylization in the animation applied to a virtual animal.
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2 Background

To provide a comprehensive understanding of the background themes relevant to this
research, the information has been organized into four distinct sections. The section on the
Uncanny Valley encompasses studies related to the human inclination towards human-like
objects up to a certain point, beyond which the affinity dips into uncanniness. The portion on
Anthropomorphism examines the human tendency to attribute human qualities to
non-human objects or animals to enhance their appeal. The part on Animation and Facial
Expression delves into the intricacies of facial animation in humans and animals, and the
significance of these in relation to the uncanny valley phenomenon. Lastly, The section on
Stylised Animal Faces serves as a synthesis of the previous sections, contextualizing the
themes within the framework of stylized animal faces.

2.1 The Uncanny Valley

The concept of "the uncanny valley" originated from a seminal work entitled "The Uncanny
Valley" by Masahiro Mori, a prominent roboticist, which was published in 1970 and
translated by MacDorman and Kageki in 2012. The paper outlines the theory of the uncanny
valley, which posits that as a robot becomes increasingly human-like, our affinity for it
grows, until it reaches a point where it appears almost, but not entirely, human, causing
feelings of unease, or "the uncanny". After this point, the “valley” in the uncanny valley,
affinity begins to increase again as the robot becomes more human-like and difficult to
distinguish from a real person. Mori suggests that this phenomenon may be driven by the
instinct of self-preservation. The theory presented in this work remains the cornerstone of all
subsequent research on the uncanny valley.

A study by Brink, Gray, and Wellman (2019) sought to determine whether children exhibit
the uncanny valley and at what age it becomes apparent. The researchers presented 240
children between the ages of 3 and 18 with videos of three different types of robots:
mechanical, human-like, and abstractly humanoid. The children were then asked to rate the
level of eeriness they felt while viewing the videos through a series of multiple-choice
questions. The results showed that younger children found both the mechanical and
human-like robots to be eerier than the abstractly humanoid robot, while older children
found the human-like robot to be the most uncanny. This study suggests that the uncanny

valley may not be an inherent mechanism in all humans, but is developed over the course of
childhood.

Chattopadhyay and MacDorman (2016) investigated how incongruities in realism in human,
animal, and object models could contribute to the uncanny valley effect. The study was based
on two previously established categories in the field of the uncanny valley: category
uncertainty and perceptual mismatch (Katsyri et al. 2015). Category uncertainty posits that
the uncanny valley is caused by uncertainty as to whether the viewed subject is real or
simulated. Perceptual mismatch, on the other hand, focuses on the physical features of an
entity and whether there is a mismatch between, for example, human likeness and computer
simulation. Participants were shown a series of images and asked to identify whether they
were real or computer-generated. The study found that eeriness was more likely to be
experienced when participants viewed human and animal models, while inanimate objects
were not found to be uncanny, regardless of the level of realism. These findings support the
2



theory put forth by Mori, MacDorman, and Kageki (2012) regarding innate human
self-preservation and threat avoidance.

A study by Zell et al. (2015) further supports the notion that semi-realistic characters are
perceived as eerie. The study investigated eeriness, appeal, and familiarity in a set of human
characters that ranged from highly stylized to realistic. The results showed that shape was
the dominant factor in realism and that material was the most important factor in appeal.

The perception of the uncanny valley can also be linked with negative personality traits, such
as psychopathy. In a study by Tinwell, Nabi, and Charlton (2013), it was found that
computer-generated animated characters with limited facial expression in the upper regions
of the face (i.e., eyes, eyelids, brow, and forehead) were perceived as eerier than those with
full expressiveness in these regions. Furthermore, limited expression was perceived as
masking negative emotions and making the character seem unsympathetic. The study
consisted of 205 participants who were shown videos of a real human, a computer-generated
human with full facial animation, and a computer-generated human with limited

2.2 Anthropomorphism

Urquiza-Haas and Kotrschal (2015) characterize anthropomorphism as the tendency to
attribute human emotions and cognitive states to non-human animals or inanimate objects.
This can lead to negative outcomes for both humans and animals, as demonstrated by a
study by Meints, Racca, and Hickey (2010), which found that 69% of 4-year-olds
misinterpreted aggressive facial expressions in dogs as happy and smiling, resulting in a
potential miscommunication with dangerous consequences. Despite not being directly
relevant to the present research area, information on the prevalence and reasons for
anthropomorphism is important for understanding this phenomenon.

Waller and Micheletta (2013) provide a comprehensive overview of anthropomorphism,
emphasizing the need for research in this area to take into account the differences between
human and non-human facial expressions in terms of anatomy and methodology. The
authors note that the mobility of facial components and the presence of facial muscles play a
crucial role in determining the expressive capabilities of an animal. For example, birds lack
both the mobile facial components and facial muscles necessary for complex facial
expressions, whereas mammals tend to exhibit more varied and complex expressions, with
canids displaying a variety of movements of the ears, mouth, lips, and eyes, often
accompanied by vocalizations.

Furthermore, Waller and Micheletta (2013) argue that much of the research on facial
expressions has been focused on the sender rather than the receiver, leading to the potential
issue of subjectivity in the interpretation of anthropomorphic expressions, as the expressions
may not be perceived equally by all receivers.

Anthropomorphism as such is a highly biased inclination found in humans. Connell (2013)
conducted a study in which 62 undergraduates were presented with two anthropomorphized
and two non-anthropomorphized animal mascots in order to determine their preference for
advertisement purposes. The results indicated that humans tend to prefer to
anthropomorphize animals that exhibit some degree of human likeness, as the
anthropomorphic bear, with a higher baseline for physical human likeness, was rated more
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favorably than the lion counterpart. This study, although limited in scope, raises the notion
that humans are biased toward anthropomorphism and that the physical characteristics of
an animal can impact the degree of anthropomorphism applied to it.

Schwind et al. (2018) investigated the applicability of the "uncanny valley" phenomenon to
animal-like digital characters and conducted two studies to determine the effect of stylized
versus realistic representations of a cat on the perception of uncanniness. The results showed
that uncanniness can be perceived in non-human-like digital forms, and this effect is
strongest in realistic-looking animals. The use of anthropomorphic facial expressions, such
as smiling, was found to increase the uncanniness of the animal representation, particularly
when it is rendered at a high level of realism. The authors suggest that to create a good
realistic animal character, human expressions, emotions, or speech should be avoided.

In contrast, Dydynski and Maiekivi (2019) found that stylized virtual animals are not as
strongly impacted by biological limitations and tend to draw inspiration from human
expressions rather than their biological counterparts. The authors propose that a greater
awareness of the biological limitations of animals can offer animators a starting point for
creating expressive virtual characters. The findings indicate that while stylized animals
incorporate a significant degree of zoomorphism in their design and expression, they mainly
rely on human expressions rather than those found in their biological counterparts.

2.3 Animation and Facial Expressions

Mori's (2012) original hypothesis on the uncanny valley suggests that movement could
increase the eerie sensation of an already uncanny creature. Although Mori did not
investigate this idea in his paper, subsequent research has tested this theory, particularly with
the rise of digital media. Katsyri, Makardinen, and Takala (2017) have examined the
relationship between animation techniques in movies and the uncanny valley. They analyzed
the audience's perception of human characters in three types of movies: human-acted films,
semi-realistic movies using motion capture, and cartoonish films based on Disney's
animation principles (Thomas & Johnston 1981). The study found that semi-realistic movies
using motion capture consistently elicited the eeriest responses and that the character
Beowulf (2007) rated highest for human-likeness and was also the most eerie-looking
character in the study. Although the study did not explore the specific aspects of animation or
stylization that contribute to this creepy response beyond the desire for realism, Cantrell and
Hawkes (2021) discuss the shortcomings of the movie Cats (2019) and its descent into the
uncanny valley. The Polar Express (2004) is one of the semi-realistic films included in
Katsyri et al.'s (2017) study. In that study, The Polar Express (2004) is categorized as a movie
that elicits an uncanny response from its audience. Cantrell and Hawkes' (2021) paper lists
the general audience's grievances with the animation and suggests that the perceived lifeless
eyes of the characters may be a major factor contributing to their eerie appearance, with a
large part of the audience rejecting the characters as a result.

This is further supported by Tinwell et al. (2013) as their research also highlighted the
significance of eye movements as a contributory element to the phenomenon of the uncanny
valley and negative personality traits. They have also demonstrated how failure to animate
the upper half of a character's face can cause that character to be perceived as creepy or
hostile. This conclusion was also reached in an earlier investigation by Tinwell et al. (2011), in
which subjects were presented with 20 video clips of a 3D model displaying six different
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emotions, both with and without animation in the upper half of the face. They were asked to
rate each expression's degree of human likeness. The research indicated that an absence of
animation and facial expressions in the upper half of the face resulted in the character being
viewed as creepy. Furthermore, the study discovered that disgust, fear, sadness, and surprise
were more prone to the uncanny valley under these conditions than anger and happiness,
which is intriguing in contrast to Schwind et al.'s (2018) investigation, which revealed that
the cat model was perceived as more uncanny when displaying happiness. Despite the fact
that the study does not provide images of the models or animations that were shown to the
subjects, it is still considered useful for this purpose since the findings were replicated in
Tinwell et al.'s (2013) later research.

The importance of animation in the upper half of the face becomes relevant when discussing
how to animate anthropomorphized expressions on animal anatomy. In Waller and
Micheletta’s study (2013), facial expressions in mammalian animals found that the primary
point of focus was always on the jaws, lips, ears, and eyelids. The lack of said features leads to
non-mammalians lacking the ability to emote at all. The forehead region is a significant
factor in human expressions, particularly due to the communicative role of the eyebrows.
This has been affirmed in various studies including those by Tinwell et al. (2011 & 2013) and
Ekman (1999), which investigate the critical movements and expressions in human body
language and facial expressions. Ekman (1999) further denotes the significant function of
eyebrow movements as "batons" for amplifying human emotions. Typically, a lowered brow
signifies negative emotions like anger, sadness, and fear, while a raised brow represents
positive emotions.

This may be the leading cause for why realistic CGI animals with humanized expressions may
appear eerie, unlike cartoon animals that do not, partly due to the presence of eyebrows in
the latter. The absence of eyebrow muscles in realistic animals means that applying brow
movements to them can result in uncanniness. For instance, in an animation industry article
ANIMATIONWorld (2002), the senior supervising animator for DreamWorks' 2D movie,
"Spirit: Stallion of the Cimarron" (2002), James Baxter, wrote about how they gave the
protagonist horse eyebrows to enable it to emote clearly, a feature not present in real horses.
This issue highlights how the addition or omission of certain features in animated characters
can affect their appeal to viewers.

Disney's animation principles advocate exaggeration to better convey the emotional state of
cartoon characters (Thomas & Johnston, 1981). Hyde et al. (2013) investigated this principle
by creating eight human characters - four semi-realistic 3D models and four flat-shaded 2D
cartoons - and animating them with exaggerated or dampened motion capture. The study
hypothesized that mismatched animation, which exaggerates the semi-realistic model's
animation or dampens the cartoon one, would produce an eerie effect. However, the study
found the opposite to be true: the semi-realistic model was deemed more eerie with
dampened animation, while the cartoon face appeared uncanny with exaggerated animation.
However, the outcome may instead be attributed to the limitation of applying motion capture
to cartoon characters, which could still be considered a “mismatched” animation by itself,
even if the animations are exaggerated. Nevertheless, the finding that semi-realistic
characters with realistic animation are eerier aligns with the studies by Katsyri et al. (2017)
and Schwind et al. (2018), which suggest that striving for realism may result in semi-realistic
characters being perceived as more uncanny than those falling short.



2.4 Stylized Animal Faces

As demonstrated by Schwind et al. (2018), the uncanny valley phenomenon can be observed
in both human and animal characters. In humans, this effect is most pronounced when
characters have a semi-realistic or realistic appearance and are animated with movements
that resemble those of humans, such as those captured through motion capture. Stylized
characters, however, appear to be more tolerant of different animation styles. The same holds
true for virtual animals with realistic appearances, which are perceived as more uncanny
when displaying human-like expressions, such as smiling or exaggerated brow movements,
that do not occur naturally. Conversely, stylized animals often benefit from exaggerated
emotions as their anatomy is adapted to allow for human expressions. Realistic mammals
generally use their mouth, eyes, and ears to emote, while humans rely heavily on brow
movements, which are largely unique to humans, rather than animated ears. As such, when
reading emotions, humans tend to focus on the upper half of the face, and a lack of animation
in this region can make it difficult to interpret emotions and create an uncanny appearance,
particularly when animating realistic animals. To avoid uncanniness in realistic animals,
animators should aim to remain as faithful as possible to natural animal behavior, drawing
inspiration from human expressions only as needed to ensure that the intended emotion is
clearly conveyed. Stylized animal characters, on the other hand, can more readily avoid
appearing uncanny, even when animated with human-like facial expressions.



3 Problem

Upon reviewing the literature in the categories above, it was noted that there is a dearth of
research surrounding the topic of anthropomorphized facial animation in animal characters.
Schwind et al. (2018) raised this issue in their study, cited in the Animation and Facial
Expressions section, highlighting that anthropomorphic expressions on realistic animals may
lead to a perceptual mismatch (Katsyri et al. 2015), potentially causing an uncanny sensation
in viewers due to an inability to categorize the human likeness in the animal. However, their
study only examined still images on realistic models, and it is unclear whether the opposite is
also true - whether a realistic feline expression on a stylized cat model would trigger this
perceptual mismatch. Additionally, their study only examined still images, not whether or
not animation could alter the result, which is something the paper brings up as a possible
limitation.

Understanding the threshold at which an object becomes uncanny can be advantageous for
animators when creating believable characters, regardless of whether the aim is to avoid or
achieve uncanniness. To this end, this paper seeks to investigate the boundary of
uncanniness in anthropomorphized facial animations by applying realistic animal
expressions as well as anthropomorphic, human-like expressions to both a realistic and a
stylized 3D model of a cat to examine different expressions to determine if certain facial
animations elicit greater uncanniness than others. This is similar to the work of Schwind et
al. (2018), however with a distinct focus on animation and how it may or may not affect the
results. This is distinctly different from the previous work in the field which has only
conducted studies with static images. It is critical to explore this as Mori’s seminal work
(2012) theorized that movement could sharply enhance the uncanny valley effect and leaving
animation out of the study of the uncanny valley of virtual animals would leave the data
incomplete.

Additionally in the study of serious games, one topic dominates the field from the beginning
of its formalization to today. Educational games. It is by a wide margin the primary subject of
most papers on the subject, of how to improve, replace, or in some way alter how education
is formatted in the current day. Furthermore, as educational games, serious or not, have
children and teens as their primary demographic, and there is a strong tradition in children's
entertainment to add mascot characters to increase the appeal of the product, it should come
as no surprise then that many serious games that are produced also feature mascots of some
sort. This can be seen in various instances, such as “Pico's Adventures” featuring the titular
character Pico teaching children with ASD communication skills with both parents and other
children with ASD (Malinverni et al. 2016), and ECHOES a serious game that also aims to
teach ASD children communication skills (Bernardini et al. 2014). However, with cases such
as the live-action lion king movie (2019), there are indeed instances where the improper
consideration of the uncanny valley backfires so that the mascot character meant to increase
the appeal for the serious game instead created a space of negative emotions to be associated
with the product. With this in mind, it can be reasoned that properly understanding the
uncanny valley, especially when it comes to virtual animals which are frequently the subject
of such mascots, is important and thus the principal area of research in this study.



Based upon the literature this thesis will utilize two hypotheses. The main hypothesis of this
study (also referred to as H1), formulated based on the findings of Schwind et al. (2018) and
the previous research conducted by Frick et al. (2022), posits that the application of a
stylized animation on a realistic model would result in a notable increase in both the
perception of uncanniness and human-likeness. This is attributed to the perception of the
stylized animations as being more human-like rather than animal-like. Additionally, the
second hypothesis (also referred to as H2) theorizes that there would be a decrease in the
ability to accurately interpret the emotional state of the animal when the animations and
model are not congruent or matched. This is expected to apply to a stylized model with
realistic animations as well, but to a lesser degree as stylized models and cartoons are
perceived as more forgiving in the area of the uncanny (Katsyri, Makardinen, & Takala, 2017;
Schwind et al., 2018; Zell et al., 2015).

To provide a succinct overview, the research questions this thesis aims to answer are as
follows:

e Does a stylized or realistic 3D animal become uncanny when applying
anthropomorphized or realistic facial expressions to it?
e Does this change depend on the specific expression displayed in the animation?

Additionally, the hypotheses investigated within the scope of this thesis are as follows:

e A realistic model combined with stylized animations is anticipated to result in a
quantifiable elevation in the perceived levels of uncanniness and human-likeness of
the animation. This escalation in uncanniness is expected to subsequently generate a
quantifiable negative perception of the animation video (H1).

e When a realistic model is combined with a stylized animation, or vice versa,
discerning the emotions portrayed in the animations is expected to become more
challenging compared to when the model and animation are congruent (H2).

3.1 Method

In this chapter a detailed description of the relevant methods is used in this thesis. This
information has been segmented into eight distinct sections. The section on the Measures
encompasses an overall description of the values measured in the study as well as an
overarching description of the procedure as a whole. The portion on Ethics covers the ethical
consideration partaken in this study. The portion on Stimuli describes the stimuli used for
measurements in this study. The survey procedure segment describes the mostly quantitative
survey and how it was conducted. The pilot study segment covers the titular pilot study and
how it affected the final methodology. The Qualitative Interview Procedure covers the
interviews utilized to gather the qualitative data that is used to supplement the mainly
quantitative data gathered in the survey. The participant segment covers the details of the
participants and the basic principles of inclusion/exclusion of them, concluded with
descriptions of the participant sampling methods used. Limitations cover the limitations of
the survey which are mostly in accordance with the weaknesses of the previous thesis (Frick
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et al.

, 2022). Finally, the last segment covers explicitly how this thesis is similar to the

previous study as well as the differentiations between them.

3.1.1

Measures and Procedure

To find the desired data we utilize two 3D cat models, one which is realistic and one
which is stylistic, as well as two sets of twelve animations, one set of which was realistic
and one stylistic in character, for a total of 24 animations. These stylized and realistic
models and animations were then paired up in every possible combination of model
and animation. This created four distinct groups: Realistic model with realistic
animations, realistic model with stylized animations, stylized model with stylized
animations, and stylized model with realistic animations. These four groups were then
sorted into two meta-groups: matched, which is defined as the style of animation
matching the style of the model (e.g. the realistic cat model combined with any realistic
animation), and mismatched, which is defined as when the style of animation does not
match the style of the 3D cat model (e.g. the realistic model combined any stylized
animation).

While some may argue that studying static images of uncanny animals suffices,
research indicates that adding animation to uncanny objects yields a significant effect,
as shown by Piwek, McKay, and Pollick’s (2014) and Rativa et al.’s (2022) studies.
Therefore, we deemed it necessary to investigate the effects of anthropomorphic facial
animation on cat models.

We selected cats as the focus of our research as they are one of the most common
house pets, and their facial shape and structure exhibit less variation compared to the
multitude of dog breeds. Additionally, some dog breeds have negative reputations that
may influence participants' responses. We aimed to avoid these issues by using a cat
model.

To measure the uncanny valley phenomenon within the animations, As with the
author’s previous paper (Frick et al., 2022), this study utilized a version of the
Godspeed questionnaire inspired by Ho and MacDorman (2010) and Schwind et al.
(2018)’s interpretations of it, which used terms with animal subjects in mind. The
variables measured were Aesthetics, Familiarity, Human-Likeness, and Emotional
Readability. A bipolar scale was used containing three-word pairs to assess Aesthetics,
Familiarity, and Human-Likeness as per the research. The variables chosen for
Aesthetics were Ugly — Beautiful, Unpleasant — Pleasant, and Repulsive — Agreeable.
For Familiarity the variables were Strange — Familiar and Artificial — Natural and for
Human-Likeness the variables were simply Human-like — Beast-like. We also included
a measure of Emotional Readability by asking participants to identify the emotion
depicted in the stimuli (Appendix A). With this set of measurements, we use low
scores in Aesthetics and Familiarity to quantify uncanniness, while human-likeness is
used to define how anthropomorphic the cat is perceived. The predicted results are
that mismatched animation will elicit low scores overall and thus be seen as uncanny
and undesirably human (H1).

As this area of research has already been researched in the author's previous work
(Frick et al., 2022), the primary addition to this study is to rectify some of the
weaknesses in the original survey, mainly some confusingly labeled media as well as
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ambiguous questions. Furthermore, we will develop the full range of emotions listed in
the work of Schwind et al. (2018), something which had to be cut for time in the
author's previous research. Additionally, some of the animations of the previous study
were found lacking and thus were also remade for this study to hopefully garner better
data. As for the survey itself, the questions were more thoroughly randomized. Lastly,
this survey, while remaining a hybrid study of both quantitative and qualitative data,
will have an extended focus on the qualitative interviews, which were also cut for time
in the previous study. This will most certainly help with data triangulation and general
data reliability.

3.1.2 Stimuli

To conduct our study, due to a lack of resources, we will continue to utilize the models
developed in the previous study (Frick et al., 2022). Two rigs, namely a deformation rig
and a control rig, were developed for a pre-existing 3D cat model with realistic
features. Subsequently, these rigs were adapted to suit another pre-existing 3D cat
model with stylized features. The resulting rig was then utilized to create 24
animations based on six basic emotions: happiness, sadness, anger, surprise, disgust,
and fear. Each animation was developed in both realistic and stylized versions,
producing a total of 24 video clips for the study (Appendix B). The realistic animations
were developed based on actual reference videos/images of cats to achieve movements
that mimic the behavior of a real feline. On the other hand, the stylized animations
were created with greater creative freedom and were influenced by human emotional
expressions.

Figure 1 A selection of the realistic cat model (top row) and the stylistic cat model
(bottom row) in multiple emotional states.

3.1.3 Survey Procedure

The survey was divided into a quantitative and a qualitative component, which began
by collecting basic information about the participants, such as their age, gender, and
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consumption of animated media. The main section of the survey displayed one of 24
video clips, followed by six quantitative questions in which participants rated the clip
on a six-point scale based on the variables from the Godspeed questionnaire (Appendix
A). Participants were then asked to identify the emotion being displayed by the cat to
assess the animation's readability. Finally, the survey included open-ended questions,
such as "Were there any of the animations that you saw that were particularly difficult
to assess?" and a request to identify their favorite and least favorite clips. The survey's
structure was intended to provide both quantitative and qualitative data on each
animation clip and the animations as a whole.

Due to a lack of resources, the study makes use of two pre-made 3D models, which
introduces a lack of complete control over the production of all aspects of the
animations, including the model. This can lead to uncanniness arising, not necessarily
from the animation, but from the models themselves. This compounds the general
challenges of measuring the uncanny valley phenomenon. To account for this we
included a qualitative segment to our otherwise quantitative survey with open-ended
questions to gather participants' thoughts on which aspects of the stimuli were
unnerving as well. This allowed us to distinguish whether any perceived uncanniness
was due to the model or the animation itself (Appendix A). This was then further
reinforced with even more in-depth qualitative data gathering in the form of
interviews.

To mitigate potential bias arising from prolonged exposure to the cat videos, three
distinct versions of the survey were developed, employing randomized question orders.
With a URL randomizer distributing the versions equally to all participants of the
study.

Additionally, the survey was followed up with a select number of voluntary qualitative
interviews with some of the survey participants. This was done to ask for more detailed
answers and reasonings for the choices the participants choose during the survey.
These interviews were recorded and then a keyword analysis was conducted to garner
more fleshed-out data to triangulate with the quantitative data of the initial survey.

3.1.4 Pilot Study

As this study is a continuation of previous work (Frick et al., 2022) which was mainly
quantitative in nature, the pilot study for this paper was not focused on the
quantitative aspect. It was instead focused on the qualitative interviews that were cut
because of time constraints in the past. This pilot study consisted of six recorded
interviews that had the same general structure as the old survey but with more
open-ended questions. The same demographic data was gathered, followed by asking
the participants a series of questions while the animated clips played in front of them.
The questions were as follows:

° What is your general/first impression of the video you just watched?

o Do you think the video is more
ugly/beautiful /naturalistic/cartoony/creepy/pleasant/strange/normal
/human-like/cat-like or Anything you feel watching this?

What emotion do you think the cat is expressing in this video?
Are there features/movements that caught your attention in the video?
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The choice to include specific word prompts in the question instead of allowing them to
be fully open-ended was deliberate, as a preliminary test interview that took place
before the pilot study (of which its results were not taken into the final results)
revealed that without any prompting or pre-selected word suggestions, the participants
used extremely neutral and thus not useful language to describe the animations.

Each answer to one of the questions was followed with a request for the participant to
elaborate and explain their reasoning in further detail. After all the clips had been
reviewed by the participant they were asked the same closing questions, which
included their favorite/least favorite video, any video they thought was hard to assess,
as well as additional thoughts about the study as a whole.

The findings aligned with the first hypothesis (H1) that a realistic model combined
with a mismatched animation would result in a predominantly negative response from
participants. Participants identified mismatched animations on the realistic model as
their least favorite clips, often describing them as uncanny or unnatural. Feedback
included phrases such as: “Obviously very cartoony. Real cats don’t do that,” “This
looks weird to me. [...] Real cats don't really make those faces.”

Although the study yielded interesting results, the initial questions posed to
participants may have inadvertently focused their attention on identifying the
expression of the cat rather than the quality of the animation. The notable observation
made in this study pertains to the participants' inclination to utilize excessively neutral
language when describing the animations, which renders their feedback less
informative. To address this issue, a more effective approach was identified, namely
conducting interviews with participants who had already completed the quantitative
survey. This sequential arrangement ensured that their mindset had been shaped by
the preceding quantitative survey, enabling them to assess the videos not only in terms
of identifying the displayed emotion but also in analyzing the qualitative aspects,
specifically the presence or absence of uncanniness. This discovery prompted a
redesign of the qualitative interview.

3.1.5 Qualitative Interview Procedure

The interview procedure employed in this study followed a semi-structured approach,
allowing for flexibility while maintaining a predetermined framework. The
participants' surveys were carefully reviewed by the author, who identified
approximately 10 questions that yielded non-typical or intriguing responses per
individual participant. Here, non-typical refers to answers that deviated from the
normative responses based on the mean values obtained from the surveys of the
general dataset. Subsequently, the selected participants were engaged in a
non-structured dialogue, during which they were asked to elaborate on their reasons
behind the non-typical responses.

Furthermore, participants were queried about their rationale for assigning different
scores to matched and mismatched animations of the same kind, meaning the same
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animation applied to both the stylized and realistic models. This line of inquiry aimed
to gain insights into the factors influencing their evaluation of animation congruence.

Lastly, participants were invited to provide further elaboration on the three
open-ended questions included at the end of the survey. These questions pertained to
identifying the videos that posed the greatest challenges in discerning emotions, as well
as those that were considered favorite and least favorite. The interviews were recorded
and subsequently subjected to a keyword analysis to uncover prominent themes and
patterns within the data. Lastly, the participants were assigned the letters A-G to
identify them for the purposes of identification in the results segment of this thesis.

3.1.6 Participants

The aim of the present study was to collect diverse data by including a wide range of
participants. In order to achieve this, we restricted our participant pool to individuals
categorized as adults, defined as those aged between 18 and 65 years old. The
participants were primarily collected through snowball sampling through voluntary
participation in the survey and the follow-up interview. The Survey was distributed
through online forums and locals were encouraged to spread the survey freely amongst
themselves.

As this study aims to analyze the behavior of the general population there was not
deemed necessary to exclude participants that weren’t minors, the reasons for this are
mostly pragmatic as This age range was chosen based on legal adulthood in Sweden,
which is recognized as 18 years old, and the typical retirement age of 65 years old. This
decision was made due to previous research, such as Brink, Gray, and Wellman's
(2019) investigation of the uncanny valley effect in children, and Tu, Chien, and Yeh's
(2020) study on the differences in the elderly, which have already explored these age
groups. Therefore, it was not possible to thoroughly examine the intricacies of these
populations in the current study, and future research will need to be conducted
separately.

A total of 26 participants took part in the survey, with a subset of 7 participants (25% of
the total sample) engaging in follow-up qualitative interviews. Analysis of the collected
demographic data did not yield significant findings of particular interest. The gender
distribution among the participants was nearly equal, with approximately 50%
identifying as women, 35% as men, and 15% selecting other gender identifications. In
terms of age demographics, the majority of participants (75%) fell within the 18-29
years old category, indicating a predominantly young sample.

3.1.7 Ethics

In consideration of the ethics of privacy for the participants the survey was completely
anonymous, the only identifiable data gathered was a completely voluntary opt-in
post-survey interview in which case they provided an E-mail. The participants were
informed of this anonymity of their data in the introduction of the survey (Appendix
A), an e-mail address was also provided so that the participants could contact and
request the removal of their data from the study at any time. The interviews and the
survey could also be canceled at any time and the data was only stored upon
completion of the surveys/interview.
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3.1.8 Limitations

This study regrettably suffers from most of the same limitations as the previous
bachelor thesis (Frick et al., 2022). The quality of the two cat models employed in the
study, it is still regrettable that the realistic cat model still doesn’t fully hold up to
expectations. Despite its intended realism, the accompanying texture exhibited
noticeable pixelation, undermining its realistic authenticity. Given our background as
an animator rather than 3D artists, there is still a lack of the expertise needed to create
a hyper-realistic 3D cat model from scratch. These limitations of the realistic cat model
may introduce biases in the data, as participants may struggle to overlook the model's
shortcomings instead of focusing solely on the animated movement.

Moreover, each emotion selected for the study was represented by a single animation.
This decision was made to prevent an excessive number of questions in the study
questionnaire and to address resource constraints. However, if we had generated
multiple animations depicting each emotion, a broader range of data on emotional
readability, one of our key metrics, could have been obtained. The study's sample size
consisted of 26 participants, which, while suitable for our objectives, may be
considered relatively small for drawing definitive conclusions even with the additional
qualitative data compared to the original study.

Regarding the limitations inherent in the survey methodology, it is important to
acknowledge the inherent weaknesses associated with voluntary surveys, which rely on
individuals who are willing to participate without any form of compensation.
Consequently, the sample obtained from such surveys cannot be considered fully
representative of the general population in this regard.

One additional limitation of the current study is the same as the one inherited by
Schwind et al. (2018), which is the lack of differentiation between the sensation of
uncanniness and other related emotions such as fear, disgust, or horror. The measures
utilized in this research do not specifically capture the nuanced experience of the
uncanny, and further investigation is warranted to gain more detailed insights into this
phenomenon and its association with other negative emotions. It is also important to
acknowledge that this study focuses solely on exploring the uncanny valley
phenomenon within the context of cat depictions, with the assumed generalizability of
the findings to other animal species. This is however not necessarily an error-free
assumption and future research should aim to address these limitations and broaden
the scope of inquiry to encompass a wider range of species and emotional responses.

3.1.9 Thesis Relation to Previous Work

As this thesis is a direct continuation of our previous bachelor study (Frick et al.,
2022), the research question and general method remain the same. The primary
difference between the previous study and the current thesis is an expansion of scope.
The previous study used a hybrid survey based on the Godspeed questionnaire, which
is primarily quantitative in nature. However, as noted in the future work segment in
the initial study, there are notable weaknesses found within the study itself. The
number of emotions depicted in the animations was cut down to just four of the base
six emotions because of time constraints, excluding disgust and surprise from the
lineup. Because of said time constraints, the previously planned follow-up qualitative
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interviews with the participants of the study were also cut. Additionally, there was a
lack of thorough randomization of the study questions to avoid recency bias, and some
questions and animations were simply deemed too unclear in presentation and thus
gave unclear data.

Finally, some of the animations were singled out as bringing anomalous data, notably
the stylized scared animation, which was the only animation in the whole study to get a
uniquely terrible Emotional Readability score, often being incorrectly identified as
surprised instead. It was deemed exceedingly unlikely that a stylized scared animation
has some unique quality compared to all the other animation clips, thus it was instead
deduced that there was a dearth of quality with the stylized scared animation instead.
To address these limitations in the present study, two modifications were
implemented. Firstly, a new scared animation was designed to appear less surprised.
Secondly, the previous scared animation was refined and repurposed as the new
stylized surprised animation.

All of these points have been addressed in this thesis. In summary, the scope has been
expanded, with all base emotions portrayed in the study this time, proper qualitative
interviews to better triangulate the data, and general polishing of the randomization
process, the questions, and the animations themselves to garner better data.
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4 Results & Analysis

The results of the study have been separated into four groups as described in the method,
those being Aesthetics, Familiarity, human-likeness and emotional readability. Each of these
categories has been segmented and is separately analyzed with both its subsequent
quantitative and qualitative data. Friedman’s tests were also conducted to establish
statistical relevance for the key categories. This is followed by a detailed analysis of the most
and least favorite clips combined with general insights gleaned by the interviews not already
covered. This is concluded by a summary of the results as a whole.

4.1 Aesthetics

The Aesthetics metric is defined as the median scores of the "Ugly — Beautiful" and "Creepy —
Pleasant" scales for each animation clip and then computing the mean score amongst them
across all the participant survey answers. The collected data was then organized into three
separate graphs.

The first two graphs have the data sorted into six groups for each of the animations and then
divided into matched (meaning the style of the animation matches that of the 3D model) and
mismatched (meaning the style of the animation does not match that of the 3D model)
animation clips as to facilitate the creation of a comprehensible graph (Fig. 2) for the
purposes of comparison between. The gathered data indicates that the stylized cat model
exhibited higher aesthetic appeal when realistic animations were applied, except for the
angry animation, in which the stylized animation on the stylized cat model was perceived as
most aesthetically pleasing. In contrast, for the realistic cat model, there was a noticeable
decline in perceived aesthetics when a mismatched animation was presented compared to a
matched animation. However, participants consistently rated the realistic animations as
more aesthetically pleasing overall than the stylized animations no matter which model they
were applied to.

Furthermore, in the third graph, the Aesthetics scores were categorized into four groups
based on all the possible combinations of matched and mismatched animations and models.
The mean scores were computed for each category and presented in a chart (Fig. 3) for
comparative analysis. Figure 3 is designed to focus on comparing the matched and
mismatched on the basis of the stylization of the 3D model rather than the individual
emotions as shown in Figure 2. Similar to the previously discussed data in Figure 2, the chart
illustrates a distinct decrease in aesthetics for matched animations compared to mismatched
animations on the realistic model, whereas an increase in aesthetics is observed for the
stylized model.

To confirm the statistical relevance of the Aesthetics metric, a Friedman’s test was utilized,
the result of which showed that there were statistically significant differences in the
aesthetics values for the four stimuli groups (Q(3) = 100.05, p < 0.01).

The findings of the aesthetics metric followed a similar trend to the author’s previous study
(Frick et al., 2022). There it was also found that there was a distinct reduction in aesthetics
for the matched contra mismatched animations on the realistic model, which is in line with
the first hypothesis (H1) — that mismatched animations would be perceived more negatively
and uncanny in comparison to their matched counterpart. This result is aided by the
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qualitative interviews, in which there was frequent usage of the words “creepy”, “weird” or
“uncanny” when describing the mismatched animations on the realistic model. “/...] It just
looks a lot weirder on this [realistic] model/.]” Participant G noted. The primary exception
to the general results which align with the previously-mentioned hypothesis (H1) is the
notable increase in aesthetics for the stylized model with mismatched animations, i.e. the
stylistic 3D model combined with realistic animations.

This seemingly unexpected result however was noted in the previous study as well. While
broadly aligning with our first hypothesis, that mismatched animations would garner worse
aesthetics scores (H1), approximately half of the collected data contradicts this notion. In
numerous instances, the realistic animation on the stylized model received more positive
evaluations and exhibited a higher level of emotional readability compared to its matched
counterpart (Frick et al., 2022).

This unexpected outcome may be attributed to the perceived superior quality and overall
aesthetic appeal of the stylized model as described by a range of interviewed participants. In
these interviews when asked why they gave low scores within the Aesthetics categories they
frequently used words such as “ugly” or “bad” when comparing the two models. These factors
potentially enhance the stylized model's overall legibility and likability. This is reinforced by
the interviews, many of which directly comment on the realistic cat models' pixelated texture
as a major reason why they usually rated its clips poorly, as well as making it less generous
interpretations, even when the animation is matched. “/...] that [realistic] model just looks
worse with that pixelated texture and weird teeth, compared to the other [stylized] model
[...]” Said participant C. Moreover, there is evidence suggesting that cartoony models are
generally more forgiving of the uncanny valley effect compared to those striving for realism
(Katsyri, Makaridinen, & Takala, 2017; Schwind et al., 2018; Zell et al., 2015), which could
elucidate the prevalent preference for the stylized model across all the collected data.

Aesthetics Matched Aesthetics Mismatched
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Happiness Anger Sadness Fear Suprise Disgust Happiness Anger Sadness Fear Suprise Disgust

Realistic Cat Stylised Cat Realistic Cat Stylised Cat

Figure 2 Graphs displaying the Aesthetics of the matched (left) and the mismatched
(right) animations.
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Aesthetics

Stylized Cat Stylized Cat Realistic Cat Matched Realistic Cat
Matched Mismatched Mismatched

Figure 3 Graphs displaying the Aesthetics of the four broad categories of

matched/mismatched animations paired with the stylized or realistic model
respectively

4.2 Familiarity

The Familiarity metric is defined as the median survey scores obtained from the "Strange -
Normal" and "Artificial - Natural" scale for each animation clip and then calculating the
mean score amongst them across all the participant survey answers. The collected data was
then organized into three separate graphs.

The first two graphs have the data sorted into six groups for each of the animations and then
divided into matched (meaning the style of the animation matches that of the 3D model) and
mismatched (meaning the style of the animation does not match that of the 3D model)
animation clips as to facilitate the creation of a comprehensible graph (Fig. 4). Our findings
revealed a substantial decrease in familiarity when mismatched animations were presented
on the realistic model across all the videos. In contrast, for the stylized cat model, there was a
noticeable increase in familiarity when a mismatched animation was observed, compared to
the matched animations. It was also observed that the realistic animations consistently
received higher ratings, regardless of the model, although the ratings were even higher when
the realistic animation was matched with the realistic model compared to being mismatched
on the stylized model i.e. stylized model combined with realistic animations.

Moreover, in Figure 5, the Familiarity scores were categorized into four groups based on all
possible combinations of matched and mismatched animations and models. The mean
scores for each category were then computed and presented in a chart for comparative
analysis (Fig. 5). In this chart, the aforementioned results became even more contrasting,
with the realistic animations receiving significantly higher scores compared to the stylized
animations. Additionally, the decrease in familiarity was particularly pronounced when the
realistic cat model was paired with a mismatched animation. Furthermore, Friedman's test
indicated the presence of statistically significant differences in familiarity for the four
stimulus groups (Q(3) = 100.05, p < 0.01). Notably, Familiarity exhibited a consistent
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pattern, yielding nearly identical results to the previous bachelor's thesis, even with the
inclusion of additional emotions.

Regarding the overall Familiarity data, a similar trend to familiarity can be observed, with a
pronounced decline between matched and mismatched animations on the realistic model.
However, it is noteworthy that the column representing matched animations on the stylized
model is consistently lower than the corresponding column for the realistic model.

This discrepancy can be attributed to the participants' emphasis on assessing realism rather
than uncanniness in this dataset. In other words, when presented with a stylistic animation,
the participants consistently labeled it as "strange" because, as expressed by interviewee A,
"cats don't do that." Thus, from a naturalistic standpoint, all stylistic animations were
considered "strange," irrespective of whether they were presented on a stylistic or realistic
model. This observation extends to the artificial-natural metric as well, where the stylistic
animations were deemed more artificial. Consequently, it is unsurprising that the
naturalistic animations received higher overall scores.

However, it should be noted that despite this pattern, the column representing matched
animations on the stylized model still outperformed the column for mismatched animations
on the realistic model. This difference can be attributed to the aforementioned higher quality
of the stylistic model, which allowed for greater leniency in scoring due to its inherent
cartoonishness.

Familiarity Matched Familiarity Mismatched
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Happiness Anger Sadness Fear Suprise Disgust Happiness Anger Sadness Fear Suprise Disgust

Realistic Cat Stylised Cat Realistic Cat Stylised Cat

Figure 4 Graphs displaying the Familiarity of the matched (left) and the mismatched
(right) animations.
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Familiarity

Stylized Cat Stylized Cat Realistic Cat Matched Realistic Cat
Matched Mismatched Mismatched

Figure 5 Graphs displaying the Familiarity of the four broad categories of
matched/mismatched animations paired with the stylized or realistic model respectively

4.3 Human-likeness

Human-likeness, following the same procedure as previously described, was evaluated by
allowing participants to rate the degree of human-like appearance on a scale ranging from
one (high degree of human-like appearance) to six (high degree of beast-like appearance).
The resulting sums were averaged to compute the mean scores and subsequently organized
into three graphs for evaluation. The data was divided into six distinct categories based on
the displayed emotions of the cats, as illustrated in Figure 6, for the purposes of comparing
the matched (meaning the style of the animation matches that of the 3D model) contra
mismatched animations (meaning the style of the animation does not match that of the 3D
model) on a per-emotion basis (Fig. 6). As anticipated, the video clips obtained higher
ratings for beast-like appearance when realistic animation was applied to either model,
whereas stylized animation yielded higher ratings for human-like appearance, with the
stylistic cat model being ranked more humanlike than the realistic one overall.

Furthermore, as displayed in Figure 7, the Human-likeness scores were also divided into four
groups, for each possible combination of matched contra mismatched animation and model.
The mean scores for each category were then calculated and visually represented in a chart to
facilitate comparative analysis (Fig. 7).

To determine the statistical significance of these findings, a Friedman's test was performed,
which indicated significant differences in aesthetics across the four stimulus groups (Q(3) =
100.05, p < 0.01).

The results showcase a strong correlation for the first hypothesis, that a realistic model
combined with stylized animations would have a quantifiable elevation in the perceived
levels of uncanniness and human-likeness of the animation (H1). These findings were
similar to the results found in the previous research (Frick et al. 2022), meaning that stylistic
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animations are consistently viewed as more humanlike while realistic animations are
deemed more beast-like no matter the model. However, it should be noted that the stylistic
model was always viewed as more human-like than its realistic counterpart. The eyes
especially were frequently commented on by the interviewees: “/...] the eyes are very human
looking, like rough you know? It’s like, different compared to the [realistic model],”
described participant C. These comments lend an explanation for the patterns in the data.
The most notable finding is that the results are virtually identical to the results of the
previous study in spite of the addition of more emotional states.

Human-likeness Matched Human-likeness Mismatched
1 = Human-like 6 = Beast-like 1 = Human-like 6 = Beast-like
6
5
4
| Tund i
2
hhhLh 1A
Happiness Anger Sadness Fear Suprise Disgust Happiness Anger Sadness Fear Suprise Disgust
[ Realistic Cat W Stylised Cat [0 Realistic Cat m Stylised Cat

Figure 6 Graphs displaying the Human-likeness of the matched (left) and the
mismatched (right) animations.
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Stylized Cat Stylized Cat Realistic Cat Realistic Cat
Matched Mismatched Matched Mismatched

Figure 7 Graphs displaying the Human-likeness of the four broad categories of

matched/mismatched animations paired with the stylized or realistic model respectively
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4.4 Emotional Readability

For emotional readability, each participant was asked to choose one of six base emotions that
they thought the cat was displaying in each individual video (Appendix A), of which every
individual animation video had a preselected emotion it was designed to convey (Appendix
B). The participant responses were then compared to the preassigned emotion the animation
displayed, and when there was a match between the participant's answer and the assigned
emotion, it was considered a correct response. The percentage of correct responses was then
calculated, and the mean percentage scores were computed for each of the four distinct
groups formed based on the combinations of matched and mismatched animations, as
defined in the previous categories. These scores were then depicted in a visual chart (Fig. 8)
for clear representation and comparison. The secondary hypothesis theorizes that when a
realistic model is combined with a stylized animation, or vice versa, discerning the emotions
portrayed in the animations is expected to become more challenging (H2).

In the data, there is a minor decrease in emotional readability between the matched contra
mismatched animations. However, these differences are rather minor and thus can’t have
generalized conclusions taken from them. Interestingly enough, these findings are nearly
identical to the previous study (Frick et al., 2022) despite adding the surprised and disgusted
emotional states. The guiding assumption for this thesis was that the expanded range of
animations, including the addition of a proper surprised option, would enable participants to
make more comprehensive comparisons and lead to more consistent ratings across all
animations. However, contrary to this expectation, the new stylized surprised animation
produced nearly identical results compared to the previous study, with approximately 44% of
participants perceiving it as displaying fear. This suggests that gasping motions are
inherently challenging to identify, particularly in the context of animated cats.

Emotional Readability

100.00%
75.00%
50.00%

25.00%

Percentage Correct

0.00%

Matched Matched Mismatched Mismatched
Realistic: Styized: Realistic: Stylized:

Figure 8 Graph displaying Emotional Readability.
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4.5 Most & Least Favorite Videos

In the second qualitative part of the survey, participants were asked three open questions:
Which out of all the video clips was their favorite, least favorite, and hardest to assess. They
were allowed to vote for as many clips as they wanted, or none at all, for all three categories.
Then the top three most voted-for clips within each of the three categories were selected and
illustrated as a gridded table, ranked in descending order based on the total amount of votes
each video clip received. The table was then color coded with matched animations (e.g. a
stylized animation combined with the stylized 3D cat model) being colored in blue while
mismatched animations (e.g. a stylized animation combined with the realistic 3D cat model)
were colored in red for ease of analysis (Fig. 9).

Asking for participants’ favorite video clip resulted in a total of 42 votes (Fig. 9). The three
clips with the most votes were the realistic surprise on the realistic model with 11 votes
(26.1%), the realistic happy on the realistic model with 7 votes (16.7%), and the realistic
happy on the stylized model with 6 votes (14.3%).

Asking for participants’ least favorite video clip resulted in a total of 38 votes (Fig. 9). The
three clips with the most votes were the stylized happy on the realistic model with 12 votes
(31.6%), the stylized disgusting on the realistic model with 6 votes (15.8%), and the stylized
happy on the stylized model with 5 votes (13.2%).

Finally, asking participants’ which video clips were the hardest to assess resulted in a total of
29 votes (Fig. 9). The three clips with the most votes, all of which got exactly 3 votes each,
were the stylized sad on the realistic model, the realistic disgust on the stylized model, and
the realistic happy on the stylized model. This category is distinct in that a far larger portion
of voters left the question blank, indicating that it was not perceived as particularly difficult
to assess the emotions of the cats overall. This is further reinforced by the extremely neutral
distribution of votes with all top three choices not only having the exact same amount of
votes but also that the number of votes is half that of the lowest vote in the other two
categories.

Overall, there is a very clear correlation in this data that matched animations (e.g. a stylized
animation combined with the stylized 3D cat model) are far more liked than mismatched
animations (e.g. a stylized animation combined with the realistic 3D cat model), and that the
mismatched animations were widely seen as harder to discern the emotions of, even if
emotional readability remains high in general. This is corroborated by the qualitative
interviews where participants frequently spoke of how much they liked the realistic surprised
animation, especially on the realistic model, with frequent usage of words such as “cute” and
“natural,” usually while using their own pets as points of reference. In contrast, the stylistic
happy animation, especially on the realistic model, was frequently criticized in the
interviews, as noted in the aesthetics section. There was frequent usage of words like “weird”
and “ugly” when describing the stylized happy animation on the realistic model. Participant
A even went out of their way to ask /...J why would you do something like that to a poor
cat? It’s so ugly!”
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Favorite Least Favorite Hard to Assess

Figure 9 Table displaying the top three most voted Favorite, Least Favorite and
Hardest to Assess video clips. Ranked in descending order. Blue coloration stands for a
matched style of animation and model while red stands for a mismatched style of
animation and model.
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5 Conclusions

5.1 Summary

In this thesis we aimed to answer two principal research questions: Does a stylized or
realistic 3D animal become uncanny when applying anthropomorphized or realistic facial
expressions to it? Does this change depend on the specific expression displayed in the
animation?

Two hypotheses were developed for this, primarily based on the work of Schwind et al.
(2018) in conjunction with the author's previous bachelor thesis on the same topic (Frick et
al., 2022). The first hypothesis suggested that a realistic model combined with stylized
animations is anticipated to result in a quantifiable elevation in the perceived levels of
uncanniness and human-likeness of the animation. This escalation in uncanniness is
expected to subsequently generate a quantifiable negative perception (i.e. the uncanny valley
effect) of the animation video (H1). The second theorized that when a realistic model is
combined with a stylized animation, or vice versa, discerning the emotions portrayed in the
animations is expected to become more challenging compared to when the model and
animation are congruent (H2).

To achieve this, a quantitative online survey with qualitative follow-up interviews was issued
to measure the perceived uncanniness or lack thereof of two 3D model cats, one stylized and
one realistic. These models were then combined with two sets of twelve animations, one
stylized set of animations, and one realistic set of animations. The models and animations
were combined into two broad categories. Matched, meaning when the stylization of the
animation and the 3D cat model is matching (e.g. a stylized angry animation combined with
the stylized 3D cat model) and mismatched (e.g. a stylized angry animation combined with
the realistic 3D cat model). The survey participants were asked to score the animations in a
number of categories to measure how uncanny or pleasant they perceived the individual
clips. With this data, the matched and mismatched animations were compared to discern if
there were any measurable patterns.

The primary finding is that the data thoroughly corroborates with the first hypothesis (H1). A
realistic cat model was perceived as significantly more uncanny when exhibiting human-like
expressions (i.e. stylized animations), particularly when those expressions involved extreme
movements or behaviors that strongly deviated from typical feline behavior, such as smiling.
Additionally, participants demonstrated greater proficiency in correctly identifying realistic
cat expressions than initially postulated, suggesting that an extensive level of
anthropomorphism is not necessary for understanding the emotional state of a virtual
realistic cat. It is important to note, however, that this study solely focuses on facial
expressions and head movements, and no claims can be made regarding how
anthropomorphism may influence audience interpretation of general cat behavior or other
forms of body language.

In summary, the collected data broadly corroborated both research questions, with one
notable exception observed in the case of the stylized surprised animations, which were
commonly misidentified by a large segment or even the majority of participants. This is in
line with our previous study (Frick et al., 2022) as the stylized surprise animation was the
retrofitted and edited version of the stylized scared animation from the previous study. Thus
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the most reasonable conclusion is that the gasping action which is depicted in the stylized
scared animation is simply hard to interpret between surprise and fear.

From a design perspective, these findings suggest that animators working with realistically
rendered cat models should carefully align the animations with the intended realism, as
imparting overly human-like expressions to a realistic cat model may engender a sense of
unease and aversion due to the disparity in expectations. These results, while broadly in line
with previous research (Frick et al., 2022), have a distinct advantage this time around of
being not only more thorough, with a higher degree of data triangulation with qualitative
data. But also a greater scope, including all the animations for the six base emotions.
However, the greatest improvement upon the previous research is the greater extent of
statistical rigor. With the aid of Friedman’s tests, the data can safely be considered more
generally applicable than the previous data which did not have such calculations. Regarding
participants' preferences, happy expressions and the stylized model were highly favored,
with little correlation observed between matched or mismatched animations. Conversely, the
realistic model was overwhelmingly chosen as the least favorite, often in the context of
mismatched animations.

5.2 Discussion

The main objective of this research was to investigate whether the uncanny valley effect is
triggered when there is a mismatch between realistic and stylized facial animation applied to
a realistic or stylized 3D animal model, and whether this effect varies depending on the
expression. Our first hypothesis suggested that a mismatch between a realistic model with
stylized animation, or vice versa, would lead to a decrease in familiarity and an increase in
uncanniness (H1). We also predicted that the stylized cat model would be perceived as more
forgiving, even when exhibiting mismatched animation, due to its cartoony nature. Our
findings largely support this claim, with a few exceptions, mainly that the stylized models'
cartoony nature lends it greater flexibility with respect to its general likability. Thus the
mismatched (i.e. realistic) animations on the stylized model sometimes had equal or even
greater aesthetic and familiarity scores than their matched counterpart. It is worth noting
though that despite these exceptions, the results closely resembled those of the initial study
(Frick et al., 2022), which adds an enhancing effect on the credibility of the data in that
original and provides additional evidence in support of not only this thesis hypothesis but
also the findings of Schwind et al. (2018) which served as its primary source.

Furthermore, these findings have significant implications for the broader field of research on
the uncanny valley, as there is a limited body of work focusing specifically on the effects of
animation and motion on virtual animals. This thesis contributes to expanding the
knowledge in this area and sheds light on the importance of considering the level of
stylization in animal animations, even in the context of a stylized cat model, to avoid
unintentionally creating uncanny works. This knowledge is desirable considering many
games, especially serious games, rely on animated characters to make serious content more
palatable for its intended audience. This is one of the core tenants of gamification, after all. If
a character or animation in general exhibits unintentional uncanniness then it runs the risk
of hampering the desired goal of such products. For this reason, this research is particularly
valuable for developers of serious games and game developers in general, particularly those
involved in the animation field, with the frequent use of mascots and animated characters
that those genres exhibit. Furthermore, the growing utilization of advanced
computer-generated imagery (CGI) in contemporary media productions, exemplified by
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films like Lion King (2019) and Stray (2022), demonstrates that this emerging realm extends
beyond human characters and encompasses photorealistic depictions of animals as well.
Therefore, it is imperative to broaden our comprehension of the uncanny valley phenomenon
to enhance the creative process in cultural media production across all domains.

In conclusion, despite greater scrutiny being conducted during this thesis than in the original
bachelor's thesis (Frick et al., 2022), the data still retains relevance and makes a compelling
case that the findings are credible. The mismatching of 3D animal models and animation in
levels of stylization does indeed trigger the uncanny valley effect in a measurable capacity.
However the same can not be said of the second research question of this thesis when it
pertains to a specific emotion affecting the severity of the uncanny valley effect. The data
remains far more inconclusive to that end. Emotional readability was as a rule shown to be
very high across all animations depicted, matched, or mismatched, and the variation in the
gathered data is too small to draw any real conclusions from it. Despite this, qualitative data
does lend credence to the notion that more extreme anthropomorphic motions (i.e. more
human-like expressions and movements such as smiling) on virtual animals do indeed
agitate the uncanny valley effect to a certain extent. This is especially prevalent in stylistic
happy animation on the realistic cat model is a prime example of this phenomenon.
Nonetheless, the small sample size and not completely consistent data make this conclusion
less solid than that of the first research question.

5.3 Future Work

Despite addressing some major weaknesses of the previous study (Frick et al., 2022), this
thesis still exhibits certain limitations that could not be fully addressed. The primary
limitation pertains to the relatively small size of the data sample. Future research should aim
to overcome this limitation by employing a larger pool of participants and expanding the
demographic range beyond voluntary participation. The current data skews toward a
younger demographic, which restricts the generalizability of the conclusions drawn from the
study.

Additionally, there would be considerable value in developing original models of both
stylized and realistic cats that are of equal quality. This would help mitigate the potential bias
introduced by the low-quality model, thereby enhancing the reliability of the test results.
Furthermore, creating a greater variety of animations for each emotional state could help
mitigate issues encountered with the stylized surprise animation, which generated divisive
responses among participants. By incorporating a more diverse range of animations, both
realistic and stylized, the study would be less susceptible to the influence of a single poorly
designed or misinterpreted animation.

It is worth noting that the limitation of employing only one camera angle and focusing solely
on the heads of the stylized cat model remains a significant weakness of this methodology. In
natural communication, cats utilize their entire body, and by limiting the study to a single
camera angle and partial cat models, the results may not fully capture the nuances of feline
communication. Hypothetically, employing multiple camera angles and utilizing complete
cat models that incorporate full-body movements could yield different outcomes, particularly
regarding the perception of human-likeness and natural feline behavior within the
animations.
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Finally, this study exclusively utilizes cat models to test a theory that should be applicable to
animals in general. However, the limitation of focusing solely on one species raises concerns
regarding the universal applicability of the findings. Further research involving other animal
species is necessary to confirm the wider generalizability of these findings.
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Appendix A - The Survey

Introduction

Hello and thank you very much for choosing to partake in our research study. This study is
conducted as part of our master's thesis. On the following pages, you will be presented with
24 short clips of animated cats, followed by a number of questions relating to each video
asking about your thoughts about it.

The data gathered will only be used for this thesis and will be completely anonymous to an
outside observer. At the end of the survey, you will be asked to provide an email for a
potential follow-up interview. This is entirely optional and the email, along with your
responses, will be deleted once the research is concluded.

In total this survey should take around 30-35 minutes to complete.

Demographic data-

What age are you? *

1. 18-29
2. 30-39
3. 40-49
4. 50-59

b, 60+

Gender *

Male
Female
Other

Prefer not to say



Do you own a cat? *

Yes

Mo

Do you watch a lot of animated media? *

Yes

Mo

If yes, what animated material? (Video games, cartoons, animated movies etc.)

Short-answer text

Question’s for the videos -

What emotion do you think the cat was displaying? *

Happiness
Anger
Sadness
Surprise
Fear

Disgust

Rate the movement characteristics of this cat on a scale of 1-6 *

Ugly O @) @) O O Beautiful



Creepy to Pleasant *

Creepy O O O @) Q QO Pleasant

Strange to Normal *

Strange O O O O O O Normal

Artificial to Natural *

Artificial @) Q Q @) @) @) Natural

Human-like to Beast-like *

Human-like {:} O O O O O Beast-like

Were any of the animations particularly difficult to assess? *

If you had to choose, which of the clips would you consider your favourite? Please specify a
number and your reasoning for it.

If you had to choose, which of the clips would you consider your least favourite? Please
specify a number and your reasoning for it.



Appendix B- The Animation Videos

Realistic Cat Realistic Happy https://voutu.be/HaouKTsUzpo
Realistic Cat Stylised Happy https://voutu.be/3B-PTo8uRkA
Realistic Cat Realistic Angry https://youtu.be/8UtmLAEUVNI
Realistic Cat Stylised Angry https://voutu.be/Zg6Ad71T4TE
Realistic Cat Realistic Sad https://youtu.be/Krz yThvino
Realistic Cat Stylised Sad https://voutu.be/307hR8ycspl
Realistic Cat Realistic Scared https://youtu.be/QcHpdq6AfII
Realistic Cat Stylised Scared https://voutu.be/UNKddpXxtog
Realistic Cat Realistic Suprised https://youtu.be/iuxFGtd3LFg
Realistic Cat Stylised Suprised https://youtu.be/6StvsJKtIMJA

Realistic Cat Realistic Disgust  https://youtu.be/TupPad3KOIg
Realistic Cat Stylised Disgust  https://voutu.be/N6c3rnx5U7I
Stylised Cat Realistic Sad https://voutu.be/wPROL7T051k
Stylised Cat ~ Stylised Sad https://youtu.be/QMO0SnB6bTI

Stylised Cat  Realistic Scared https://voutu.be/G-kQG6AZRIA
Stylised Cat  Stylised Scared https://voutu.be/gqliMaoZ0Ozvk

Stylised Cat  Realistic Happy https://voutu.be/3s0FaW2K-31

Stylised Cat  Stylised Happy https://voutu.be/zfXH52ZEGVY
Stylised Cat  Realistic Angry https://voutu.be/tJsB6DKjgs4
Stylised Cat  Stylised Angry https://voutu.be/1iToOvxohJc
Stylised Cat  Realistic Suprised https://youtu.be/qLV_7spsETk
Stylised Cat ~ Stylised Suprised https://youtu.be/TbNxxpjx85Q

Stylised Cat  Realistic Disgust  https://voutu.be/bbAocmFvLqgY
Stylised Cat ~ Stylised Disgust  https://voutu.be/IQmrozuz-Vo
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https://youtu.be/G-kQG6AZRjA
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