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Abstract 
 

The creation of realistic and believable Three-Dimensional (3D) human characters continues to be an 

important goal for many modern 3D animators. However, the relationship between the quality of 3D 

human animation and the way in which the audience responds is not yet understood. Since the 

audience’s subjective judgement has implications for their perception and emotional response, it is 

important to find ways to address whether these are reported similarly by audiences. Moreover, the 

Uncanny Valley model, which describes a drop in believability as human-like characters become more 

realistic, assumes that the audience’s perception would be affected by their emotional response. 

Therefore many 3D animators try to improve realism and believability so their 3D human animations 

cross over the Uncanny Valley.  

This thesis explores a number of components of 3D human characters and proposes a new model, for 

better understanding the interplay between 3D human animation and the audience.  

A review of the literature established that the audiences’ subjective feeling and emotional response 

are different aspects of audience perception, although both relate to their prior experience. 

This new model establishes that 3D human character’s Appearance and Movement properties could 

influence the audience’s perception of visual realism, but they also interact with the Contextual 

properties, which may not match the audiences’ expectation. These Contextual properties, including 

emotional expressions, are becoming increasingly important, especially when the 3D human 

characters are performing in a realistic context. Therefore this thesis investigated a number of factors 

influencing cephalic animation and perception of cephalic animation in 3D human characters.   

Empirical studies demonstrated that a dynamic displayed 3D human cephalic animation with speech 

can significantly affect the audiences’ subjective judgment, in terms of Eeriness, Believability and 

Actual Visual Realism. Further investigation demonstrated that there is a range of subcomponents of 

movements, which affect the audiences’ subjective judgment. Neck auxiliary, gaze behaviour and eye 

region all contributed to the audience perception and emotional response in different ways.     

This thesis adds to this understanding and will facilitate 3D animators to create 3D human characters 

which can better influence the audiences’ subjective judgment. Moreover, this thesis suggests that 

there is more to understanding animated display than simply the display itself or the sum of its 

component parts.
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Chapter 1 – Introduction 
 

Computer generated Three-Dimensional (3D) human characters have developed significantly over 

the last twenty years. These human-like Three-Dimensional characters (3D human characters) are 

often referred to as ‘Virtual human characters’, or ‘Avatars’ in Virtual Reality (VR) and games, and can 

be defined as animated entities that have been brought to life using a computer (Gao, 2013). They are 

increasingly used in the photorealistic world (Creed, 2002). 3D human characters are challenging our 

ability to discern what is human. However, 3D human characters have not always been successful in 

the film industry and it has been reported that the audience’s perception, or response, has not been 

positive to realistic human-like characters (MacGillivray, 2007; McDonnell et al., 2008).  A particular 

concern with 3D human characters is their association with a negative audience response (Seyama & 

Nagayama, 2007; Thompson et al., 2011), such as seeming overly strange, creepy and inducing feelings 

of eeriness (MacDorman & Ishiguro, 2006; Ho et al., 2008). For example in “Final Fantasy: The Spirits 

Within” (Sakaguchi & Sakakibara, 2001) the animated 3D human characters have been designed to 

look realistic but have not been well accepted (Claydon, 2005).  Since “Final Fantasy” other similar 

examples, including the “Polar express” (Zemeckis, 2004) and “Beowulf” (Zemeckis, 2007) also did not 

live up to the expectation of its audiences (Gallagher, 2007; Hicks, 2008; Geller, 2008 ). More recently, 

other films using 3D human characters have used this problem in a constructive way to make the 

characters actually feel creepy, such as “A Christmas Carol” (Zemeckis, 2009),  “Resident Evil: 

Damnation” (Kamiya, 2012) and “Stina & The Wolf” (Charisse, 2015).   

Thus, 3D human characters from the film industry may be confronted with the same drop in 

believability described by the Uncanny Valley model for realistic humanoid robots (Mori, 1970) 

(Section 3.2).  This models a drop in believability as robots, or characters, acquire greater similarity 

with humans (i.e. the human-likeness of a 3D human character does not fall within the audiences’ 

expectation). This causes the suggested feelings of discomfort (Lim, 2008). These 3D human characters 

look physically realistic, but there are some undefined elements that do not seem natural, which 

affects the audiences’ perception of the whole experience.  
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There are a variety of approaches aimed at improving the perception of Visual Realism of animated 

3D human characters, with aspects of the 3D human character’s visual appearance and visual 

movement (animation) (Figure 1.1) being the most common (Chaminade et al., 2007; Guadagno et al., 

2007; MacDorman et al., 2009; McDonnell et al., 2009; McDonnell et al., 2012).  

 

 

Figure 1.1 Elements that affect the perception of visual realism for 3D human characters. 

 

 

  

 

 

Figure 1.2 The Media context’s influence on the audiences’ perception of Visual Realism and the interaction 
with their perception of Believabil ity. 
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There is also some work studying the effect of these aspects on audience perception (e.g. (Minato et 

al., 2006; Shimada & Ishiguro, 2008; Malakhoff & Jans, 2013; Hofree et al., 2015; van Welbergen et al., 

2015) and Believability (Figure 1.2). 

However, these studies focused on a narrow conceptualisation of the audiences’ perception of Visual 

Realism that all involve an undefined ‘cognitive judgement’; in which participants compare human 

likeness with their prior experience (Figure 1.2). However, this abstract subjective comparison, will 

vary in each participant. Thus any comparison that was made between the previous study’s materials 

and prior experience (i.e. 3D software, playing computer video games or watching CGI films) cannot 

even be guaranteed to be exclusively based on an appropriate media example (e.g. video recording), 

rather than on appropriate (or otherwise) real life events.  

Thus, the above studies all share a commonality; they did not investigate the perception of 3D human 

characters’ appearance and movement compared with a defined, comparable, media example (Figure 

1.2) of a real humans’ appearance and movement, i.e. they did not have a control condition. Moreover, 

as a cognitive judgement, they do not facilitate emotional responses, such as how the participants’ 

perceived Believability interacts with their perceived Visual Realism.  

There are controlled studies in other areas, such as comparing recognition of emotional expression 

between 3D human characters and human actors (Section 1.4 and Section 4.2). However, if the 

audiences’ feelings of discomfort are dependent on Believability (Mori, 1970) then there is also a need 

to investigate its relationship to established properties of human likeness in 3D human characters. 

 

1.1 The Initial Research Question  
 

Few studies have examined the relationship between the properties of realistic 3D human characters 

with respect to audience perception. The fundamental question addressed in this thesis is thus: 

‘Does the 3D human character’s appearance and movement influence the audiences’ perception of 

Visual Realism and how does this interact with their perception of Believability?’ 

This early question needs to be defined in more detail before an appropriate research approach can 

be determined as these concepts cover several areas of study. 

 

1.2 The Properties of Realistic 3D Human Characters  
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A study by MacDorman et al. (2009) evaluated the visual realism of 3D human characters in a number 

of Computer Generated Imagery (CGI) animated feature films. They suggested a common feature of 

Zemeckis’ films (i.e. ‘The Polar Express’ in 2004 and ‘Beowulf’ in 2007) is that there is a mismatch 

between the 3D human characters’ appearance and their movement, due to the issues with the use 

of motion capture technology (with motion capture, human actors’ movements are recorded and the 

data used to animate 3D characters). Thus, they suggested the commercial and critical failure of these 

films is likely to be due to the audience’s negative response to this mismatch (MacDorman et al., 2009). 

Indeed, much of the existing literature in the area of success of CGI films suggests that matching all 

aspects of the 3D character is required and this may in part be due to a greater sense of perceived 

Believability when the 3D human movement falls within the expectations of the audience (e.g. (Green, 

2004; Coulson et al., 2012; Asensio et al., 2014). Considering the impact that appearance and 

movement have on the audiences’ perceived Visual Realism for a 3D human characters, it clearly has 

both static and dynamic components (Figure 1.3). Static components relate to the 3D characters’ 

Static visual appearance in pictures and animation (e.g. face shape or skin texture), and dynamic 

components relate to 3D characters’ Dynamic visual movement in animation only (e.g. speed of 

blinking). Combining these types provide static and dynamic aspects of Visual Realism respectively 

(Figure 1.3). 

 

Figure 1.3 Components of realistic 3D human character. 
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A 3D character representing a human might look statically realistic but over time, its dynamic changes 

may not. This is even noted in popular media articles (Kotaku 2015). For example, a realistic 3D 

Computer Generated (CG) Japanese schoolgirl (Saya) was co-created by two CG freelance artists 

Teruyuki and Yuki Ishikawa (Figure 1.4). Although the image of the CG Saya model were well received 

on Twitter, when the artists proposed animating the CG Saya for the motion clips, there were many 

tweets expressing concern that the CG schoolgirl’s movement might well drop into the Uncanny Valley 

(Section 3.2). 

Therefore, in order to understand the way in which properties of realistic 3D human characters may 

affect the audiences' experience of Visual Realism, the research question must first be further defined. 

Having asserted that realistic 3D human characters are a combination of Static visual appearance and 

Dynamic visual movement, in order to investigate this, it is needed to further define the properties of 

Static visual appearance and Dynamic visual movement. 

 

1.2.1 Defining Static Visual Appearance 
 

Early studies (Section 1.1) were most relevant to the development of static 3D human characters. 

Indeed, this area of study almost exclusively focused on 3D human characters’ Static visual appearance 

(MacDorman et al., 2009; McDonnell et al., 2009; McDonnell et al., 2012). However, when Static visual 

appearance is researched, it is rather often approached in a simplified manner losing sight of the 

complexity of the concept. For example ‘Static visual appearance’ or ‘Static realism’ can be used in a 

 

Figure 1.4 A realistic 3D Japanese schoolgirl  – Saya (Teruyuki & Ishikawa, 2015). 
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sense that mixes up distinctions such as human-like or non-human, detailed or non-detailed, 

cartoonish or non-cartoonish, fantasy or non-fantasy and 2D or 3D (Haake & Gulz, 2009). This 

tendency to consider the perception of ‘Appearance properties’ in a simplified manner easily leads to 

unwarranted over-generalisation of ‘statically realistic’ 3D human characters.  

 

 

However, if the Appearance properties causes the audience to evaluate the 3D human character’s 

Static visual appearance against human standards, they are more likely to be aware of inconsistencies 

from human norms (MacDorman & Ishiguro, 2006). In 2009, a series of studies found that a static 3D 

human character’s appearance, that creates an expectation of a human form (i.e. photorealistic skin 

texture) but mixed with non-human properties (i.e. disproportionate eye and ears), fails to support 

the audiences’ expectations. For example, the audiences seemed to want a cartoonish character’s 

face shape to match its details (i.e. cartoonish eyes), and realistic human face’s skin appearance to 

match realistic proportions (i.e. eye and ear size) (Figure 1.5). Mismatches in those Appearance 

 

Figure 1.5 MacDorman’s (2009) properties of 3D human character’s static appearance. 
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properties will not meet the audiences’ expectation (MacDorman et al., 2009). Thus, in order to study 

the effect of perception of realistic 3D human characters on an audience, it is necessary to have 

consistent Appearance properties (e.g. texture and proportion). 

 

1.2.2 Defining Dynamic as ‘Movement Properties’ of Visual Realism  
 

The beneficial effects of consistent Appearance properties (e.g. texture and proportion) on the 

audience’s expectations have been established by previous studies (Section 1.2.1). However, this is 

only one aspect of Visual Realism and a number of researchers considered other properties of realistic 

3D human characters.  

 

To appear dynamically realistic, a 3D human character’s Dynamic visual movement needs to satisfy 

the laws of physics, and stay within the space of naturally occurring human movement. Thus, the 

animated 3D human characters’ must be supported by appropriate ‘Movement properties’. This 

would include the way in which an action is performed, such as a dynamic sequence of skin 

 

Figure 1.6 Components of realistic 3D human characters’ movements. 
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deformation (Park & Hodgins, 2006), motion speed (Fang et al., 2013) and surface curvature (Saerbeck 

& Bartneck, 2010) (Figure 1.6).  

 

However, Magnenat-Thalmann and Thalmann (2005) also found that believable 3D human characters 

should also have human capabilities, such as facial expression, speech and body movement (Figure 

1.7). Thus, the audience’s perceived Visual Realism is also influenced by a number of Contextual 

properties within a realistic 3D human character’s display. However, Static visual appearance and 

Dynamic visual movement also interact with the Contextual properties to confirm that a 3D human 

character is appropriate in the Media context. Thus, in order to investigate the perception of realistic 

3D human characters, it will be necessary to understand these components of Visual Realism.  

 

Figure 1.7 Properties specific for the realistic 3D human characters within a media context. 
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However, an audience’s judgment of the perception of a realistic 3D human character can either be 

based solely on abstract (definable) properties (i.e. skin texture) or on how these interact in the Media 

context. However, the relative importance of this will vary depending on the scenario presented. A 

character could display a sense of Apparent Visual Realism (Figure 1.8), which is related to the ability 

of a visual presentation to emulate the significant features of an experience to convince the audience 

that the presentation is realistic. Alternatively a character could create a sense of Actual Visual Realism, 

which is more concerned with whether presentations were perceived as equivalent to other real-life 

situations. Thus, the audiences will judge the perception (actual appearance and movement) based 

on their prior experience and context.  

 

 

 

Figure 1.8 The components of Visual Realism (Actual Visual Realism and Apparent Visual Realism) and its 
interaction with the perception of Believabil ity as affected by the audiences’ experience. 
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Apparent Visual Realism thus does not necessarily need a precise match between the appearance, 

and movement, of a character and reality.  For example, a cartoonish character doing a human action 

(e.g. Mickey mouse), or a human character which does not behave like a human (e.g. Superman) 

(Figure 1.9) could have apparent realism. Thus, the Media context (Figure 1.8) affects the audiences’ 

expectations of what should be presented and hence an unrealistic looking character, moving in an 

exaggerated manner might be perceived as appropriate, if the context (e.g. a cartoon character) is 

consistent with expectations. However, for photorealistic 3D human animation this context is not 

appropriate, and therefore, the cognitive judgment will always be made to the general physical 

experience of the audience (Actual Visual Realism).  

 

 

Figure 1.9 The different categories of characters’ influence the audience’s perception of Apparent Visual 
Realism and Actual Visual Realism. 
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However, with realistic 3D human characters, physical realism and context will also affect Actual Visual 

Realism as well. Thus, considering this perception of Actual Visual Realism in more detail (Figure 1.10), 

the audience’s perception can be considered in terms of the precision of static appearance or dynamic 

movement (Accurate Realism) (Figure 1.10) and also whether those are consistent with the 

behaviourally movements that should be performed in a situation (Appropriate Realism) (Figure 1.10). 

Thus, the audience’s perception of a 3D human character, for a real-life situation, should be 

considered as the perception of Actual Visual Realism, which is formed from the perception of 

Accurate Realism and the perception of Appropriate Realism (Figure 1.10). However, it should be 

noted that previous studies (Section 1.1) did not include this latter context. Thus, the refined question 

now is…. 

‘For animated 3D human characters with a consistent appearance, does the accuracy and 

appropriateness of movement influence the audiences’ perception of Actual Visual Realism and how 

does this interact with their perception of Believability?’ 

 

 

Figure 1.10 The perception of Accurate Realism and Appropriate Realism as components for the perception of 
Actual Visual Realism. 
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1.3 Applying Actual Visual Realism and Believability to Animated 3D Human Characters  
 

There is a considerable focus on perception of Believability for a realistic 3D human character. 

Moreover, the underlying assumption is that the audience’s perception of Believability (Chapter 3) 

may lead to higher assessment of 3D human characters physical realism (Actual Visual Realism and 

Apparent Visual Realism) (Figure 1.8) (Fan et al., 2014), especially when the 3D human characters 

(realistic and unrealistic) are performing in a contextual story (e.g. emotional expressions). 

Moreover, the success of traditional animation suggests that much of perceived Believability is based 

on the use of unrealistic human characters (i.e. looks like a human but with non-human moves, or 

with human moves but it does not look like a human or a creature) (Figure 1.9). For example, the 

principles of animation, introduced by Thomas et al. (1995), usually involve a stylised or overreacted 

animated character (i.e. an exaggerated cartoon character) supporting only Apparent Visual Realism 

(Figure 1.9). However, this is problematic for realistic 3D human characters in CGI films or animations, 

where the Appearance properties and Movement properties must be accurate. The most promising 

area of study thus seems to be focussing directly on where appropriateness of Movement properties 

should be present, e.g. depending on the presented scenario (i.e. context), thus skin or muscle 

deformation must be implemented at an appropriate level, and not exaggerated as the principles of 

animation suggest (Kalra et al., 1998; Magnenat-Thalmann & Thalmann, 2005; Fan et al., 2014; 

Iwamoto et al., 2015).  
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A study that investigated the effects of character’s properties, with or without verbal support (i.e. 

Contextual speech), noted that the participants expected a high level of human-like verbal behaviour 

from a human-like character. The results showed that the participants had a preference for the 3D 

human character rather than 2D human character, when both had verbal support (McBreen & Jack, 

2001). Whilst these results are encouraging, there was no reported analysis of the participant’s 

perception of specific properties and the study does not consider why the 3D human character was 

preferred (perhaps it was that the 3D appearance was more realistic than the 2D), nor does it discuss 

Appearance properties or Movements properties for Actual Visual Realism or Believability. Indeed, 

most studies focus on Actual Visual Realism rather than the perceived Actual Visual Realism and 

Believability of the 3D human character. However, to be realistic, the model for a 3D human character 

needs to be perceived as cognitively reasonable and, to be believable, the appropriate appearance 

and movements (i.e. Contextual properties) must match the audiences’ expectations (Figure 1.11). 

However, this would imply there is a significant difference between acceptable visual display for 

standardised characters (e.g. a virtual shopping assistant or online avatar) and the ability to make a 

3D human character a believable unique character or personality. 

 

Figure 1.11 Apparent Visual Realism for unrealistic 3D human characters. 
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The lack of cognitive focus could be due to the question of how to measure the degree of Actual Visual 

Realism and Believability of a realistic 3D human character. To address those questions, two things 

should be considered: first, what is the purpose of the application in context (i.e. social training for a 

realistic scenario in virtual environments, or request for a particular professional application), and 

second, what is the aim of the 3D human character within the application (i.e. a digital crowd or 

character lead). In some sense, the goal is to produce human-like behaviour, but what is meant by 

‘human–like’ is going to vary depending on the answers to these two questions. In general, it means 

either ‘more realistic’ or ‘more believable’; where the audiences’ perceived Actual Visual Realism 

focuses on accurately capturing particular aspects of human behaviour, while Believability focuses on 

creating a character’s Contextual properties (i.e. facial expression, body language and speech) that are 

superficially appropriate, and do not reduce the overall flow of the scenario. However, the latter may 

have unrealistic movement behaviours or abilities for the scenario (in some context of the story) for 

the audience (i.e. digital stunt double or fantasy performer), and this could be considered under the 

perception of Apparent Visual Realism (Figure 1.12). 

It is important to note that regardless of whether the focus is on Believability or Actual Visual Realism, 

evaluation needs to depend on qualitative, and often subjective, judgements, even though some 

aspects of human behaviour can be precisely quantified, such as the time to react to an event. For 

 

Figure 1.12 Individual subjective judgment as perception of a realistic 3D human character. 
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example, when evaluating whether a 3D human character’s decision making strategy is realistic, even 

though the 3D human character might make a seemingly inaccurate decision (as it is unable to achieve 

the required goal for example), this is not necessarily inaccurate in terms of behaviour, because real 

humans will sometime make inaccurate decisions. Randall (1995) noted that the audiences’ judgment, 

after perception, can describe the way an individual deals with the real life situation. Thus, the 

individual needs to make a subjective judgement of the perceived situation for whether that 3D 

human’s Contextual properties or humans’ behaviours are appropriate (Figure 1.12). 

 

A recent study by Beck et al. (2009) considered participants’ perceived Actual Visual Realism 

interaction with Believability by comparing the interpretation of an emotional animated 3D human 

character and an emotional human actor. It concluded that the animated 3D human character can be 

accurately interpreted but the human actor was found to be more believable and more emotional, 

but only for negative emotions (Beck et al., 2009). However, this study was carried out on perception 

of emotional body language and it is not evident that their findings hold when introducing facial 

expression. However, it has been argued that, animated facial expressions may contribute to the 

perception of 3D human character’s Actual Visual Realism or Believability (Koda & Maes, 1996; Sloan 

et al., 2008; Wallraven et al., 2008). Moreover, also within Actual Visual Realism, the perception of 

 

Figure 1.13 An emotional 3D human character’s properties that affected the audience perception of Actual 
Realism and Believabil ity. 
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Appropriate Realism interacts the perception of Believability (Figure 1.13). Thus, the second 

refinement of the research question is: 

‘For emotional expressions displayed by an animated 3D human character, does the accuracy and 

appropriateness influence the audiences’ perception of Actual Visual Realism and how does this 

interact with their perception of Believability?’ 

However, the context (in which an emotion is displayed) has been shown to be important (Section 

1.2.2), thus the question needs to be grounded in a research context before it can be explored further. 

 

1.4 Evaluation of Emotional Facial Expression for the Audiences’ Perception of Actual 
Visual Realism and Believability  
 

An early study introduced emotional facial expression as a modality to be considered for computer-

human interaction (Takeuchi & Nagao, 1993), with the study demonstrating clear benefits in 

contextual verbal conversation. The experiment showed that animated emotional facial expression is 

helpful especially during first contact with the system and that early interaction with facial expression 

improves successive interaction, even when there is no facial expression displayed. This study 

supports Koda and Maes (1996) finding that participants’ impressions of a facial expression in a task 

are different from ones of a face in isolation, and extends these results by demonstrating that 

animated human characters can help participants’ engagement with a task. However, the 

characterisation of 3D human characters also affects participants’ preferences along with the nature 

of tasks. Although, realistic animated facial expressions were rated as significantly more intelligent, 

engaging and reliable than less realistic facial expression, the perceived intelligence was actually 

determined by the human character’s abilities, rather than appearance. However, the participants in 

this study were shown varying emotional facial expressions, and the individual features were not 

differentiated. The emotional facial expressions improved the participants’ perception of Actual Visual 

Realism but the contribution of the emotional facial expression to the improvement in participants’ 

subjective judgements or perception is unclear.  

A study that also used facial expression, McBreen and Jack (2001) demonstrated clear benefits in 

communicative behaviours (i.e. verbal and nonverbal behaviours within a media context) of animated 

human-like characters for some important dimensions of participants’ subjective judgments (i.e. 

participants perception of intelligence, Believability, ability and Actual Visual Realism). Their study 

tests the effects of conversational animated human characters (as sales assistants) on the participants’ 

(who adopted the roll of customer) perception in electronic retail applications. It was found that the 
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participants expected a high level of realistic human-like verbal and nonverbal behaviour from the 

human-like character. 24 out of 36 participants enjoyed the conversational capabilities of the 

application and preferred to see an animated human character in the application’s interface. The 

participants had a preference for the 3D human character rather than the 2D human character. They 

also a full body 3D human character was preferred to just a facial display. However, one third (12 out 

of 36) participants did not prefer to see animated human-like characters in the applications interface. 

If the nonverbal behaviour is developed to provide the necessary information to the participants, 

perhaps the participants may then prefer to interact with a human-like character who has consistent 

personality (Nass & Reeves, 1996). 

Although the literature suggests that emotional facial expressions have an effect on the audience’s 

perception of a human-like character’s Actual Visual Realism, the relationship between animated 

facial expressions and perception of Appropriate Realism are less well understood. Also, questions 

such as when is facial animation realistic enough, remains unaddressed. 

Given that some facial animation seem to be highly realistic, a question still remains as to how to 

evaluate that quality of Actual Visual Realism? Cosker et al. (2004) suggested an interesting evaluation 

method based on using mismatches between audio and visual cues (the McGurk effect). They applied 

it to the behavioural quality of 2D talking facial animation, relating it to the integration of the auditory 

and visual perception. Their study demonstrated that, the evaluation of perceptual measures could 

be indirect rather than a straight judgment of character’s looks and moves. Another study compared 

recognition of animated 3D human emotional facial expressions with recognition of real human actor 

emotional facial expressions in video sequences (Rizzo et al., 2001). Their experiment showed that an 

avatar’s (virtual representation of human) performance was consistently worse than the 

corresponding video sequences. The study’s results showed that the recognition of an emotion from 

facial expression also influenced the participants’ subjective judgments. This study used different 

human actors for each emotional facial expression (i.e. different appearances), which makes it difficult 

to make generalisations. It is also important to have an indirect, perceptual measure, such as how the 

audiences’ subjective judgment perceives the presented emotion (Section 3.1).   

 

1.5 The Final Research Question  
 

The perception of emotion from facial expressions offers potential to influence an audience’s 

judgment. However, considering the lack of previous studies into the relationship between the 3D 

human characters’ Contextual properties (i.e. emotional facial expression) (Figure 1.13) and the 
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audiences’ subjective judgment, it is difficult to make informed decisions when designing a realistic 

3D human character. Thus, the final research question addressed in this thesis is: 

‘For emotional expressions displayed by an animated 3D human character (Section 1.3), does the 

Accuracy (Movement properties) and Appropriateness (Contextual properties) (Section 1.2.2 and 

Section 1.3) influence the audiences’ subjective judgment, in terms of perception of Actual Visual 

Realism and how does this interact with their perception of Believability (Section 1.3)?  

Thus, in order to investigate how the audience’s perception of Actual Visual Realism (Accurate and 

Appropriate) interact with Believability, a framework of the audiences’ subjective judgment (Chapter 

3) should be considered for the perceptual evaluation of emotional 3D human animation, especially 

in the field of human and computer communicative interactions (Cunningham et al., 2003; 

Cunningham et al., 2004; Van Kuppevelt et al., 2005).  

 

1.6 Contribution to Knowledge   
 

In order to answer the research question (Section 1.5), this thesis proposes a new model of the 

interplay between the realistic 3D human character’s display and the audience’s individual subjective 

judgment (Figure 1.13), this has led to contributions to knowledge in several areas. 

 

1.6.1 Identification of the Components of 3D Human Character Displays that may Influence the 

Audience’s Subjective Judgment. 

 

Many studies to date in the field of 3D human character animation for audiences’ subjective 

judgement have focussed on Appearance and Movement properties, and have paid less attention to 

the appropriate Contextual properties of the 3D human character in the Media context. However, it 

is important to identify components within realistic 3D human characters’ which may significantly 

affect the desired Actual Visual Realism, in order to identify and improve their role in presenting visual 

properties in terms of Accurate Realism and Appropriate Realism.  

A number of components were identified, which could potentially facilitate the 3D animator to make 

a 3D human character close to the audience expectation (Chapter 2). The three main components 

identified, that could affect the audience’s perception, are: display visual cues, communication cues, 

and cephalic expression cues. These three components are made up of subcomponents and these 
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factors significantly affect the 3D human character’s display or the audience’s perception and 

therefore warrant further investigation. The factors identified are: the Display Modality and the 

Communication Condition (Section 1.6.2) and neck auxiliary (Section 1.6.3). In addition, gaze 

behaviour and eye region has an effect on aspects of the audience’s subject judgment (Section 1.6.4).  

Whilst most of these factors have been discussed independently in a review of the literature (Chapter 

3), this thesis has considered all aspects of the audience’s subjective judgment, building upon the 

Uncanny Valley model (Figure 3.3), in terms of the audience’s perception and emotional response.  

The new theoretical model proposed here (Figure 3.4) was derived from a review and analysis of the 

literature (Chapter 2), and updated to inform understanding of the interplay between a 3D human 

character and audience.  

 

1.6.2 Investigation of the Display Modality and the Communication Condition Effect of 3D Human 

Characters on the Audience’s Subjective Judgment 

 

A number of studies of the perception of 3D human character use static images as reference material 

(Section 1.2.1). However, the Uncanny Valley suggested that a near-humanlike character moving 

(dynamic display) can have a stronger effect than still images on the audiences’ emotional response, 

in terms of Eeriness and Believability (Section 3.2). Although Tinwell et al. (2010) research found that 

a mismatch between the 3D human dynamic movement and speech can affect the perception of 3D 

human characters, or the audience’s uncanny response (Eeriness), it was not clear whether dynamic 

behaviour also affects Believability, and also it was not clear how the audiences’ reported Eeriness 

related to the perception of Actual Visual Realism (Section 3.2).  

Therefore an empirical study was undertaken to investigate whether the effects of a dynamic modality 

and speech condition are appropriate for the audience perception and emotional responses (Eeriness 

and Believability) (Chapter 4). This demonstrated that the verbal condition can significantly affect the 

audiences’ perceived Eeriness in a static display or perceived Believability in a dynamic display. 

However, a number of dynamic movements could be taken into account as potential effects with the 

Communication Conditions to the audience’s subjective judgments. 

This contribution to knowledge could help inform 3D animators to understand the audience’s 

perception and emotional response, in order to create a 3D human character. This is the first study to 

demonstrate that the Display Modality (Static vs Dynamic) and the Communication Conditions 
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(Nonverbal vs Verbal) can affect the audiences’ subjective judgment of a 3D human character’s 

emotion display. 

 

1.6.3 The Effect of Neck Auxiliary on the Audiences’ Subjective Judgment 

 

Chapter 4 demonstrated that dynamic 3D human cephalic animation can have a significant effect on 

the audiences’ subjective judgment, in terms of Eeriness, Believability and Actual Visual Realism. 

However, these perceptual differences could be influenced by a number of dynamic movements 

(Cephalic Expression Factors) and the Communication Conditions. However, both Communication 

Conditions were carried out on the perception of Accurate Realism and the perception of Appropriate 

Realism. Thus it is not known whether the Cephalic Expression Factors or the Communication 

Conditions effects the audiences’ subjective judgment, in terms of perception and emotional response. 

Therefore an empirical study was conducted to investigate the influence of the Cephalic Expression 

Factors and the Communication Conditions on the audience perception and emotional responses 

(Chapter 5, 6 and 7).  

The contribution to knowledge from this experiment was to demonstrate the potential for using a 

combination of movements (Cephalic Expression Factors) to effect the audience emotional response 

in a nonverbal condition for the perception of Accurate Realism, and in a verbal condition for the 

perception of Appropriate Realism. This knowledge could help 3D animators understand what they 

need to do to make 3D human characters match the audiences’ expectation, and why audiences’ judge 

characters in particular ways.  

 

1.6.4 The Effect of Cephalic Expression Factors on Aspect of the Audiences’ Subjective Judgement 

 

It appears that Cephalic Expression Factors can affect the audiences’ subjective judgment, perhaps 

due to the interaction between the Cephalic Expression Factors, which can affect the audience 

emotional response and perceptions in different Communication Conditions. However, it is not known 

which Cephalic Expression Factors could effectively influence individual aspects of perception or 

emotional response.  

 

Thus a further contribution to knowledge for the second experiment (Chapter 5, 6 and 7) is to 

demonstrate the influence of Cephalic Expression Factors on the audiences’ subjective judgment. This 
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extends knowledge by allowing 3D animators to understand audiences by using certain 3D human 

character’s movements to trigger a specific audiences’ response.    

 

1.7. Thesis Organisation 
 

Chapter 2 presents the components and subcomponents of a realistic 3D human character, which will 

then be presented along with a review of issues that may affect audiences. These components and 

subcomponents are investigated further in empirical studies (Chapter 4 and Chapter 5, 6, 7). 

Chapter 3 presents a critical review of aspects of interaction: the audience’s individual subjective 

judgment. More precisely, it was suggested that prior experience is essential for the audience’s 

emotional response. However, in the concept of the Uncanny Valley and its predicted perception 

relating to the audience’s emotional response, it was not clear whether the audience was influenced 

by their prior experience or not. This needs to be considered more fully, along with the reasons for 

how the audience reacted on a 3D human character animation.  

Chapter 4 outlined the first stage of an empirical study, this was comparing the Emotion Recognition 

Accuracy of cephalic emotional expression displayed by a 3D human and human actor. The results are 

discussed in relation to audience perception and emotional response. The results indicate that there 

was no difference between the 3D human and human actor, displaying cephalic emotional expression, 

for audience perception and recognition. However, the dynamic display found a significant effect on 

the audience perception and emotional responses between the Communication Conditions. The 

results suggested that this could be due to the number of cephalic movements having a significant 

effect on the audiences’ subjective judgment in a nonverbal condition or in a verbal condition. This 

warrants further investigation to help the animator understand the gap between what they create 

and what the audience perceives.  

Chapter 5, 6 and 7 addresses the issue raised in Chapter 4 and details a study comparing the 

combination of movement (Cephalic Expression Factors) and the Communication Condition on the 

audience emotional response via their perception, in terms of Accurate Realism and Appropriate 

Realism. The results suggest that with neck auxiliary involved, animation can have a significant effect 

on the audience’s perceived Eeriness, Believability and Accurate Realism. It also suggested that with 

gaze behaviour involved animation can have a significant effect on the audience’s sense of Eeriness, 

and with eye region involved animation effects the appropriateness of cephalic expression for 

audience perception.  
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Chapter 8 concludes the research programme, and discusses the main contributions to knowledge 

together with the implications for the design of realistic 3D human character cephalic animation for 

the audiences’ subjective judgment. There are also suggestions made for future work to further 

extend our understanding of this complex topic. 
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Chapter 2 – Components and Subcomponents of an 
Emotional 3D Human Character’s Display 
 

 

Audience perception of Actual Visual Realism is influenced by the 3D human characters’ interaction, 

which in turn is influenced by the interaction between the 3D human character’s Accurate Realism 

and Appropriate Realism (Figure 2.1). Thus, the 3D human character’s Accurate Realism and 

Appropriate Realism are combined to form the properties of the 3D human character, rather than the 

properties of a human. However, those are in turn dependent on a realistic 3D human characters’ 

Static visual appearance (the way a 3D human face looks) and Dynamic visual movement (the way a 

3D human face moves) all in their embedded context (e.g. emotional expression in a contextual story) 

(Section 1.2).  

Therefore, in order to identify those Contextual properties, such as emotional facial expressions, 

emotional body language or speech (Figure 2.1) for a realistic 3D human character display, it is 

necessary to conduct a review of human behaviours (i.e. communicative behaviours) to determine 

those that have clear benefits for the components of realistic 3D human characters’ properties or 

behaviours (Nass & Reeves, 1996; McBreen & Jack, 2001; Rizzo et al., 2001; Cosker et al., 2013). 

 

Figure 2.1 An emotional 3D human character’s properties that affected the audience perception of Actual 
Visual Realism and Believabil ity. 
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2.1 The Communicative Behaviours Supported by a 3D Human Character’s Properties  
 

 

Communicative behaviours can be defined as: “all of the procedures by which one mind may affect 

another” (Shannon & Weaver, 2015). Thus, a realistic 3D human character’s communicative 

behaviours may be divided into two main subsets: Nonverbal behaviour and Verbal behaviour (Figure 

2.2). However, in order to consider how accurate or appropriate a 3D human character is, an 

understanding of how real humans beings look, move and behave, is needed.   

Human nonverbal behaviour contains expressions, without speech, as well as their generally outward 

appearance and movement. Kendon et al. (1981) suggested that, for developing the semiotics of 

gesture, nonverbal behaviour is “… generally considered to refer to communication as it is effected 

through behaviour whose communicative significance cannot be achieved in any other way” (Kendon 

et al., 1981). However, some of those nonverbal behaviours (i.e. emotional facial expression or 

emotional body language) could also influence the perception of a human’s appropriateness for its 

contextual situation.  

Many people’s nonverbal behaviours were learned and based on their prior experience (i.e. childhood 

and from their cultural background). Thus, most people should be able to judge Accurate Realism 

 

Figure 2.2 The component of communicative behaviours. 
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based on nonverbal behaviours, such as the skin colour change for certain temperature condition (Joe, 

2012; Purnell, 2012) and walking speed (fast for hurrying) (Schneider et al., 2014). This is why most 

previous studies (Section 1.2) focussed on the visual aspect of movements (i.e. how accurate was the 

deformation or timing). 

Verbal behaviour, has a role in influencing perception, and includes any modality that uses symbolic 

interaction, this includes the sound of a voice, spoken language, signs that stand for the representation 

of verbal meaning (i.e. writing or no entry sign as a command or request), and sign language. Thus, a 

human with a verbal behaviour would be better understood than one with nonverbal behaviour for 

the audience to provide an appropriate emotional response. Moreover, people can use their prior 

experience to judge whether a verbal behaviour is appropriate or not (i.e. inappropriate joke in a 

wedding speech), even though that person has accurate appearance and movement.   

Jones and LeBaron (2002) have questioned whether communication can be separated with a clean 

line of demarcation between verbal and nonverbal behaviours though. Many studies estimate that 

nonverbal behaviour has anywhere from 65-95 percent contribution for human-to-human 

communications. For example, Birdwhistell (2010) notes that, even though people prefer to use 

language or words, verbal behaviour seems to have a much smaller contribution for communication. 

His study into human body language for communication found that the words only rated 7 percent for 

information communication, whilst 38 percent of communication was through the tonality (human 

voice), and nearly 55 percent was about the human physiological movements (Birdwhistell, 2010). This 

study’s results are very similar to early research into the relationship between verbal and nonverbal 

behaviour channels. For examples, Philpott (1983) stated that, only 31 percent of what is expressed 

during communication is due to verbal information. Both studies suggest that nonverbal behaviour is 

normally considered to contribute to communication as it provides a context that cannot be achieved 

in any other way.                     

If those estimates proved correct, then the higher percentage attributed to nonverbal behaviour may 

be made up of more components than one might think. According to Goffman (2012), researchers in 

many different disciplines have defined a variety of specific nonverbal behaviours as communicative 

behaviours or code systems. These code systems include physical appearance (skin texture, face or 

body anatomy), kinesics (facial expression, body language and posture), oculesics (eye or gaze 

behaviour) and also vocalics (sound or speech besides actual words) (Canado & Garcia, 2010; Kueh & 

Bagul, 2012; Bình, 2015). However, this code system was designed to understand the facial movement 

and body language of real humans, and does not address the question as to whether human and 3D 

human displays are perceived similarly by audiences.  
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A number of studies suggest that nonverbal behaviours could fit into the Computer Generated (CG) 

virtual environment research. Perlin and Goldberg (1996) studied the creation of realistic nonverbal 

movements for human actors in 3D virtual environments using the Improv system (a scripting system 

for animating 3D human characters). This study lays the groundwork for many possibilities for further 

studies in 3D virtual environment development, creating systems that produce procedurally 

generated 3D human characters with autonomous cooperating behaviours.  

A study that also used nonverbal behaviour in CG virtual environments measured different aspects of 

the human audience’s perception of nonverbal behaviour for 3D human characters. Isbister and Nass 

(2000) studied the relationship between verbal and nonverbal behaviours, examined 40 human 

participants to evaluate, interpret and respond to animated 3D human characters that exhibited 

differing levels of extroversion and introversion. The results show that human participants strongly 

preferred the 3D human characters where the nonverbal and verbal behaviours were internally 

consistent in display. Thus, it could indicate that realistic 3D human characters, which display 

nonverbal behaviour and verbal behaviour combined (e.g. emotional expressions with speech), are 

more positively experienced by a human audience, than just nonverbal behaviour.  

In a similar study 48 human participants were asked to evaluate three different animated 3D human 

characters with speech (Van Es et al., 2002), in order to investigate the effects of different levels of 

gaze behaviours (i.e. head and eye movements). The results found that participants assessed the 3D 

human characters with more appropriate gaze behaviour with a more positive response than when 

random gaze behaviour was displayed by the 3D human character with speech. However, this study 

used cartoon style (low poly model) 3D characters and is missing realistic 3D human characters for 

this approach.  

However, some unrealistic human characters displaying emotion through communicative behaviours 

have been found to be believable and successful for audiences. For example, Disney animators 

Thomas et al. (1995) described that an animated cartoon character should be able to effectively 

communicate it’s emotion to the audience, but to do so, it must maintain consistency between its 

behaviour and emotional expressions to make the audiences really believe in it.   

Therefore, communicative behaviours and emotional expressions have been used with varying 

degrees of success for unrealistic human characters. However, there is little evidence regarding the 

impact that comparing different aspects of communicative behaviours (verbal and nonverbal), for 

realistic 3D human characters, may have on audience perception.  
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Moreover, the realistic 3D human’s verbal behaviour need to consider both movement and sound. A 

character’s speech should take into account the contextual display, such as lip-sync animation. 

Therefore, in order to explore how a 3D human character’s emotional expression can be more realistic, 

the focus now has moved on to the emotional facial expression.     

 

2.2 The Study of Emotional Facial Expression in Psychology 
 

An emotional facial expression displayed by a realistic 3D human character may offer the potential for 

enhanced Contextual properties to influence the audience’s perception of Actual Visual Realism 

(Accuracy and Appropriate) (Figure 2.2). Therefore in order to consider the human audience’s 

judgement on what accuracy and appropriateness are, it is necessary to explore emotional facial 

expression as displayed by a real human. This is a growing area of research, and studies of human 

emotional facial expressions in psychology have already established an accurate measurement 

process. 

 

2.2.1 The Facial Action Coding System (FACS) 
 

The study of human emotional facial expression received little attention in modern psychology until 

the 1960s; a fact that is attributable to the lack of available tools for measurement. However, in the 

1970s electromyography was applied to the study of spontaneous behaviour of human facial 

expressions, and activity in muscle groups was examined in relation to a variety of psychological 

variables, such as diagnosis in psychiatric groups and mood ratings (Blair & Cipolotti, 2000) as well as 

social cognitive processes (Keltner & Anderson, 2000). Observational schedules and coding schemes 

were developed as well, the most notable among them being the Facial Action Coding System (FACS) 

(Ekman & Friesen, 1978b). The availability of this system greatly facilitated work on human facial 

expression and emotion.  

According to Cacioppo and Petty (1979), FACS are technical guides that explain how to categorise the 

different human facial expressions of emotions based on which muscle movements are involved in 

the facial behaviours. Ekman achieves this by concluding how the movement of facial muscles (singly 

or in combination with other muscles) changes the appearance of the face. This was achieved by using 

various test subjects and videotapes on facial behaviour ranging from infants interacting with their 

parents, to adults displaying a natural emotion or trying to portray a false emotion. Doing this allowed 



Chapter 2 

28 
 

for a close examination of facial behaviour and for them to identify the specific changes that happen 

within the muscular contractions along with how these can be differentiated one from another. By 

studying the facial changes that appear with each of the different expressions, Ekman was able to 

develop a reliable means for scoring the expressions and which categories they would fall into.  

However, the FACS system itself is based around the expressions of adults and how the muscles react 

to certain expressions. Further studies have shown that an adaptive FACS system has to be 

implemented when observing the human facial expressions of infants or children, the main reason 

behind this is because infants differ from adults in the distribution of facial tissues (Ekman & Friesen, 

1978c). This has a direct impact on how certain facial muscular actions appear differently from an 

adult. Oster (2003) studied the human facial expressions in infants, detailing the differences in a work 

called Baby FACS. However, FACS is still an essential requirement for using this method and Ekman et 

al. (1988) also went on to study the facial behaviour of infants and their interaction with their mothers 

by exploring a range of happy faces (smiles) from a simple cheek raise to open mouth. They concluded 

that the different face movements (i.e. happy faces) grew stronger with a person’s age, and that both 

head and facial movements can be related, but also show how they differ from each other.  

FACS uses a measurement system known as Action Units (AUs), which describes all visually 

distinguishable facial activity on the basis of 44 unique AUs, as well as several categories of head and 

eye position, and movement. With the FACS system in place, one would observe a human facial 

expression and then start to break down all the different muscle movements into their corresponding 

AUs. This is then scored against the list of all possible AUs along with any recording on timing, intensity 

and asymmetry. FACS scores are for descriptive purpose only though and do not provide any 

implications about the meaning of the behaviour itself. 

FACS is a very reliable system, when used for measuring emotional human facial expressions and has 

revealed the answer to many questions about expressions (Kanade et al., 2000; Sayette et al., 2001; 

Cohn et al., 2007). From Ekman and Friesen (1978b) experiments using FACS and the AUs, they have 

determined there are several hundred thousand distinguishable facial expressions. However, many of 

these expressions do not have a singular name and many of the expressions are synonymous or 

suggest different influences of these different facial expressions. For example, every facial muscle 

movement can be involved in one or more facial expressions, so there is no real distinction between 

emotional and non-emotional muscles. However, some AUs are consistently used, e.g. the zygomatic 

major muscle which is responsible for creating a smile and portrays happiness, is never involved in a 

negative emotion without it obscuring the original message. Another example is that some emotions, 
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such as happiness and disgust can be achieved by the use of a single muscle, but other emotions such 

as sadness, requires the use of other muscles to be portrayed correctly. 

If possible, FACS would be able to score every change in the facial muscle movements. However, it is 

limited by the recorder and which of these movements can be seen as it does not allow for the 

measurement of invisible changes (e.g. muscle tension). Thus, FACS includes most, but not all, subtle 

differences in appearance which result from different muscle movements. The quality of the scoring 

difference in FACS depends upon what can be reliably distinguished when a facial expression is 

inspected repeatedly, and in paused and slowed movement.  

The main goal for FACS was for it to be comprehensive, as a technique that could be used to measure 

all the visible distinguishable human facial expressions portraying emotions. The reason why this is so 

important is because FACS was created from the analysis of the anatomical basis for facial expression. 

Even though, there is a huge difference person to person and between individual shape deformation, 

proportion and location of certain facial expressions in emotion, having a good understanding of these 

different expressions and a reliable scoring system helps in dealing with those inconstancies.  

Thus, the FACS provides researchers with a very precise description of facial expression (facial muscle 

movements) in emotion that can be used by animators.  

 

2.2.2 FACS System for the 3D Human Facial Animation  
 

A lot of computer animators refer to the FACS coding system for the creation of animated 3D human 

characters (Wargo, 2005; Krumhuber et al., 2012; Cosker et al., 2013; Yu et al., 2014). The reason being 

that the knowledge of expressions recorded by FACS can be transferred to indicate the various facial 

muscle movements required to animate a 3D human character. However, this is not the only purpose 

for using FACS. Since a significant amount of work has gone into determining the underlying 

anatomical structure of the human face, the computer animator is able to relate this and adapt these 

findings in the creation of facial muscle systems for a 3D character.  

When a 3D human character is created, it is necessary to consider how the topology will form and 

take shape, such as which edge loops to include (refer to Figure 4.2). There are thus common issues 

to address when creating 3D human face models that are required to portray a range of emotions and 

also be able to produce the correct mouth movements for speech. Having access to Ekman and 

Friesen's (1978c) work helps with determining which muscles are responsible for which expression, 

and hence how a human characters’ face should be created in a 3D package. It is because of this 
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process that computer animators have developed a fundamental system when creating the 3D human 

face model to allow for these expressions to take place. 

Ekman and Friesen’s FACS has been integrated within facial animation software to achieve the facial 

expression of emotion in realistic, human-like 3D human characters. Dyck et al. (2008) conducted a 

study to investigate whether the 3D humans’ emotional facial expressions could be recognized as 

easily as those produced on human faces. Still images of 3D human characters expressing the 

emotions happiness, sadness, anger, fear, disgust and a neutral control condition were compared to 

still images of humans expressing the same emotions at the same medium levels of intensity. Most 

emotions were recognised equally well between humans and 3D human characters. However, two 

emotions, fear and sadness, achieved better recognition rates when presented in the 3D human 

characters than when expressed on human faces. Conversely, disgust was the only emotion that could 

not achieve a better recognition rate in 3D human characters when compared to humans as it was 

mainly confused with anger. However, they noted that the results of their study might have been 

different had animated characters been used to assess how emotions can be interpreted with 

movements. 

In addition, a very attentive audience can often detect ‘micro-expressions’, that are very difficult to 

animate and generally are not currently presentable via a 3D human character. However, the 

substantive features of a 3D human character still need to be considered for further investigation 

(Section 8.4). 

 

2.3 Features of 3D Human’s Emotional Expressions  

 

3D human facial expressions have become increasingly realistic, including the animation of emotions 

(Parke & Waters, 2008). These facial expressions can be used as well-controlled, static and dynamic 

stimuli in emotion studies (Section 2.2). However, the audience generally reports on how realistic that 

3D human’ facial expression is based on a comparison to a natural emotion display (e.g. a human’s 

emotional facial expression in a real life situation). Therefore, showing the precision of movements is 

a fundamental part for animating a 3D human character. A number of features were suggested which 

can contribute significantly to achieve a realistic 3D human facial animation.  
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Research has categorised the different elements (i.e. features or factors) of movements of a 3D 

human’s emotional facial expressions, depending on how it occurs in animation. The categorisation 

created from Cassell et al. (2004) can be separated into three main features; such as facial movement 

(facial expression), head movement and eye movement (Figure 2.3). Thus, the feature of movements 

produced for the 3D human characters’ Accurate Realism will have to include these components in 

some form. This is also supported by Itti et al. (2004) who suggested facial, head and eye animation 

are also features of a realistic Avatar (i.e. 3D human head model). They found that a 3D human 

character showing its head and eye movement could increase the realism of animation, and both 

features could have significant contribution to the precision (i.e. accuracy) of movements and support 

the quality of facial animation. However, their study suggested that there were a number of 

movements which can be combined together to also contribute to the facial animation. This is not 

necessarily achieved solely by always focusing on the facial expressions, but by a combination of 

movements and facial expression. For example, everything above the neck (cephalic) could be 

 

Figure 2.3 Some features of 3D Human Cephalic Expressions (Cassell  et al. 2004). 
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animated for expressions. For example, neck auxiliary, gaze behaviour and eye region (or eyelids) can 

all support human emotional expressions (Figure 2.3). Thus, the emotional expression displayed by a 

3D human character, for any movement above the neck, should be considered as 3D human cephalic 

animation, or cephalic emotional expressions.  

 

2.3.1 Animated Facial Movement and Head Movement 
 

 

In terms of a feature of 3D human cephalic emotional expression for animation, an important 

difference when animating is that 3D human cephalic model can be either non-rigged or rigged (Figure 

2.4).  

Non-rigged 3D human cephalic model refers to deformations of the facial movement (i.e. facial 

expression). However, rigged 3D human cephalic models support head movement (Figure 2.2), such 

as rotations and translations. Some studies found the beneficial effects of head movement in 

enhancing recognition accuracy when unfamiliar 3D human faces were rotated (Schiff et al., 1986; 

Pike et al., 1997) or when head movements were accompanied by speech (Hill & Johnston, 2001). 

However, another study failed to find beneficial effects for head movement (Christie & Bruce, 1998).  

With respect to facial movement, even though many studies with familiar faces have consistently 

shown the positive effects on recognition accuracy of facial movement (e.g. (Christie & Bruce, 1998; 

 

Figure 2.4 The 3D human animation with non-rigged (A) and rigged (B) cephalic models. 
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Lander & Bruce, 2000; Lander et al., 2001; O'Toole et al., 2002), it is unclear whether there are any 

positive effects of facial movement on recognition accuracy for unfamiliar faces. Thus, it seems in 

these studies that there is evidence for 3D human facial animation carrying information about identity 

first, but the effects are small and differ with perception of recognition (i.e. familiarity) and perception 

of context (e.g. speech). In this case, the recognition accuracy (Section 3.1) seems to be an important 

variable for the audience’s reaction to both facial and head movements. The audiences’ recognition 

accuracy may be related to the fact that it takes experience to identify which movement (facial 

movement or head movement) has significant effects. Once the significant movements have been 

extracted, those movements may be used as additional properties, a suggestion which is clearly in line 

with the supplemental Movement properties influencing the perception of a 3D human character 

(Cassell et al., 2004). 

Although, aspects of 3D human cephalic expressions’ movements (facial movement and head 

movement) in recognition accuracy have been studied, important questions about the 3D human 

cephalic expressions for realistic emotional display remain unanswered. With respect to the facial 

movement, the head movements may also occur simultaneously with cephalic expression, and are 

also probably coordinated with the facial movement, as components in a multi component display 

(Ekman, 1979; Jordan & Abedipour, 2010). Lyons et al. (2000) found that a 3D human’s head position 

has significant effects on the perception of emotional facial expression. For example, head position 

changes were perceived as facial expression change, even though they are not strictly facial muscle 

movements (i.e. deformation of the 3D face surface) (Lien et al., 2000). In an effort to improve realistic 

displays, Lee and Terzopoulos (2006) have also been developing increasingly realistic features of head 

movement, such as neck movement. Their study found that neck movement plays an important role 

in supporting the mass of the head movement, by indicating balance under gravity (i.e. neck auxiliary) 

upon the cervical spine (i.e. axial rotation) in order to generate the controlled head movements that 

are important to so many aspects of a 3D human character’s movements. Thus, because neck auxiliary 

movements are the main control for the whole animation of face and head relative to the body, the 

neck controlled head movement (i.e. rigged facial movement) becomes a significant problem in 3D 

human characters’ realistic cephalic expression (Figure 2.2). 

 

2.3.2 Animated Eye Movement  
 

Eye animation (i.e. animated eye movement) may also occur during 3D human characters’ cephalic 

expression (Figure 2.2). In order to consider the audience’s judgement on 3D human cephalic 
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expressions’ realism, it is necessary to explore eye movement as displayed by a real human. Zuber and 

Stark's (1966) study of human behaviours found that eye movement can be defined as voluntary or 

involuntary movement of the eyes, such as eye self-rotation or eye contact. However, involuntary eye 

movement is more concerned with whether head and eye movements are working together or 

whether head movement drives the eye movement, such as in a gaze behaviour (Gibson & Pick, 1963; 

Argyle, 2013). Garau et al. (2001) described gaze as a richly informative behaviour in face to face 

interaction. It serves at least five separate communicative functions, such as variable conversational 

flow, providing response, communicating emotional information, communicating the nature of social 

relationships and avoiding distraction by controlling visual involvement.  

Thus, in order to animate a realistic 3D human’s cephalic emotional expressions, it is necessary not 

just to consider real human eye movements, but to specifically consider gaze behaviours. This is 

supported by Kipp (2005) who suggested that gaze behaviour plays a significant role in a 3D human 

character’s realistic movement in terms of the perception of Believability (Section 3.2). He found that 

animating gaze behaviour has an expressive and functional purpose in social judgments; mainly 

conveying emotion and personality behaviour and mediating conversation flow. However, he also 

reported that the perception of Believability of a 3D human character cannot be accomplished by 

focusing on a single aspect of behaviour, but instead needs a focus on many aspects (Loyall, 1997).   

Additionally, studies of eye movement patterns of human cephalic expressions have also considered 

the audiences’ perception of precision (i.e. accuracy) of a 3D human’s facial movement (Schmidt & 

Cohn, 2001; Chuang & Bregler, 2002; Dal Monte et al., 2014). Most studies, applied independently to 

specific features of eye and facial movement areas (i.e. eye region or eyelids) (DiPaola, 1991). 

Unexpectedly, they found that the audience mainly fixates on the eye region (e.g. where eye ball 

movement caused the face skin to deform) of the face, as opposed to the mouth. Thus, when subjects 

are asked to make social judgments, the perception of 3D human’s behaviour moves often toward the 

eyes rather than the mouth (Lansing & McConkie, 1999; Buchan et al., 2004; Buchan et al., 2005). 

However, when required to attend to speech specific aspects of communication cues (i.e. 

communicative behaviours), human audiences will make significantly more fixations on the mouth 

region than the eye region (Vatikiotis-Bateson et al., 1998; Lansing & McConkie, 2003).  

In summary (Section 2.3), the aspect to which behaviours of the 3D human character’s cephalic 

expression contributes are: personality characteristics and emotions. Bearing in mind that previous 

studies (Section 1.2.2) concluded that determining behaviour from a 3D human character’s cephalic 

expression with precision, requires that the movements should be performed in a contextual situation 

(i.e. emotional expression), it is important to note that in terms of perceived Believability a 3D human 
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character’s cephalic expression (i.e. behaviours) should be consistent with both the accurate 

movement involved and within the appropriate context.  

 

2.4 Conclusion of Components and Subcomponents 
 

To animate a realistic 3D human character’s cephalic emotional expression is complex, and involves 

multiple components and subcomponents, which may interact with each other in unpredictable ways.  

There are number of components and subcomponents which are important (they are leading to the 

variable for the studies in Chapter 4 and Chapter 5), and those are: 

Nonverbal behaviour and Verbal behaviours as components of communicative behaviours (Section 

2.1). 

The features of a 3D human cephalic animation (i.e. facial movement, head movement, eye movement) 

will be the subcomponents (factors) of cephalic emotional expression. The combination of those 

features of a 3D human cephalic animation (i.e. neck auxiliary, gaze behaviour, eye region) can also 

be considered as the subcomponents (factors) of cephalic emotional expression (Section 2.3). Those 

identified features need to be taken into account in the creation of a realistic 3D human cephalic 

emotional expression for study in this thesis.   
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However, since communicative behaviours, and those features of 3D human’s cephalic expression are 

being advocated as a useful tool for emotional display for an audience’s judgment and perception 

(Figure 2.5), it is important to identify those features (i.e. facial movement, head movement and eye 

movement) within cephalic expression which may facilitate or inhibit the desired audience perception 

of emotion. Moreover, some 3D human cephalic features (i.e. head movement) might affect the 

audiences’ recognition as well as their perception of emotion. Therefore, in order to identify those 

features which are most likely to influence perception of emotion, it is necessary to explore the 

components of perception (i.e. cognitive processing) which develop into an audience’s subjective 

judgment and ultimately perception of emotions (Chapter 3). 

 

 

 

 

 

 

 

Figure 2.5 The components of communicative behaviours and feature of cephalic expression which 
influence the audience’s judgement and perception of emotional display by a 3D human character. 
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Chapter 3 – The Perception of Emotional 3D Human 
Characters and the Audiences’ Emotional Responses  
 

Using 3D human cephalic features and communicative behaviours (Chapter 2) should influence an 

audience’s subjective judgment, in terms of perception of Actual Visual Realism or Believability 

(Chapter 1). It should be noted that 3D human cephalic features in this context includes Appearance 

properties (i.e. how the character looks) and Movement properties (i.e. how the character moves) 

(Section 1.2). Additionally, the realistic 3D human characters’ Media context might also influence the 

perception of emotional expressions (Section 1.3). Without displaying convincing emotions 3D human 

characters tend to seem unnatural (Kunkler, 2007) and hence, might well drop into the Uncanny Valley 

(Section 3.2).  

Therefore, it is first necessary to consider how the emotions of real humans are perceived before 

constructing a realistic 3D human character. Since the emotions displayed by an animated 3D human’s 

cephalic expression will have to be assessed by a human audience, this perception must be supported 

by the 3D human characters’ properties. Finally methods for measuring this emotional impact on a 

human audience, should also be considered. 

 

3.1 The Perception of Internal Experience of an Emotion in Psychology 

 

Emotions are complex and the definition of emotion is problematic.  

‘One of the most significant things ever said about emotion may be that everyone knows what it is 

until they are asked to define it’ (LeDoux & Rogan, 1996). 

The problem in defining the term mainly comes from the difficulty of drawing a distinction between 

what is emotional and what is not. Defining such boundaries is very subjective. Indeed, even a 

question such as ‘when do emotions occur?’ is not easily answered.  

According to Scherer (2005), emotion can be: 

‘an episode of interrelated, synchronized changes in the states of all or most of the five organismic 

subsystems in response to the evaluation of an external or internal stimulus event as relevant to major 

concerns of the organism’ (Scherer, 2005).  
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The definition by Scherer (2005) is a somewhat mechanical explanation for the emotion, and it also 

relates primarily to a person’s awareness of their own emotion, such as the ‘internal experience of an 

emotion’. Moreover, the perception of this internal experience of an emotion is not simply a state, 

but a processes.  

This was recognised more than a century ago. The James-Lange theory (1884, 1885) suggests that the 

perception of an internal experience of an emotion comprised processes from Event to Arousal to 

Interpretation to Emotion (Figure 3.1). According to this theory, the Event could be an emotional 

display which then triggers Arousal and Interpretation, and a response to the Emotion. However, the 

Event could also be something completely non emotional and still can be comprised of the same 

processes, for example, a neutral Event (an object) may also causes a person to feel an emotion. 

Therefore, the Event (Figure 3.1) could either be an emotion or non-emotion. However, most of the 

time, an audience would be triggered by an emotional character display (emotion Event) in the Media 

context, and then they will have an emotional response to this display, and their self-perception (i.e. 

perception of internal experience of an emotion) of this response becomes the Emotion stage of the 

process (Figure 3.1).   

The perception of an emotion Event will stimulate a specific physiological reaction (Arousal). The 

human brain will then interpret these physiological changes (Interpretation), which are then perceived 

as an emotional response (Emotion). However, this theory also suggested that if physiological 

sensations could be removed, there would be no emotional experience, and thus it’s the physiological 

arousal that causes emotion (Cannon, 1987 94). Indeed, James himself suggested that:   

 

Figure 3.1 The James-Lange theory (1884 and 1885). 
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‘We feel sad because we cry, angry because we strike, afraid because we tremble, and neither we cry, 

strike, nor tremble because we are sorry, angry or fearful, as the case may be’ (James, 1884).  

James mentioned the physiology associated with an emotion, and focused more on conscious 

emotions and the conscious emotional experience (e.g. crying because sad). Later, in 1885, the 

psychologist Lange also developed a similar theory independently. Both theorists defined emotion as 

a feeling of physiological changes due to a stimulus (The James-Lange theory). Lange has re-

interpreted James’s prediction by operationalising it. He made James’s prediction more testable and 

suitable to real life situations. This has been confirmed by Lang and Peter (1994), who conducted 

experimental tests and application to real life situations, and concluded that Lange’s theory of 

emotional experience supports the James’s theory (Lang & Peter, 1994). 

Therefore, even more than a century later, the James-Lange’s model is still relevant, inspiring 

subsequent advances in the study of psychology. The James-Lange theory described an emotional 

response to a processes. However, this theory distinguished ‘Interpretation’ (Figure 3.1) as the 

‘subjective feeling’ and ‘Emotion’ (Figure 3.1) which is the internal experience of that subjective feeling 

forming into an ‘emotional response’. Therefore, there is a distinction between the subjective feeling 

and emotional response to the feeling.  

In the context of the study of negative audience response to realistic 3D human characters (Chapter 

1) it is therefore important that, a distinction is made in the relationship between the subjective 

feelings of discomfort and the emotional responses. This distinction is of particular interest in this 

context, where emotional response are the subjective feelings that are created by the Uncanny Valley.  

How that subjective feeling is created from Arousal (Figure 3.1) has been considered by other 

researchers. There are a number of theories which take the stance that there is a cognition stage to 

the whole process of internal experience of an emotion display (Arnold, 1960; Frijda, 1986; Lazarus, 

1991, 2001). These theories are capable of extending our understanding of the Interpretation stage 

(Figure 3.1) by proposing that humans appraise situations and then perceive a subjective feeling 

depending on their cognitive appraisal (i.e. the result of their evaluation). This cognitive appraisal is a 

term used to describe the thought processes that give positive or negative meaning to life’s events. 

However, prior experiences and future goals heavily influence this cognitive appraisal (Koenig et al., 

2012).  

The same event can thus result in a wide range of different emotions, depending on the meaning of 

the event to the audience. The meaning of an event is determined by cognitive appraisal, where the 
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individual thinks about what has happened and relates it to their own needs, objectives and 

experiences.  

For examples, Lazarus (2000) evaluated the use of prior experience, in sport-specific cognitive 

perception. This study found that prior sport experience was involved in developing participants’ 

(athletes) perceptions of their abilities to perform. Participants’ individual performance history can be 

responsible for realistic, and unrealistic, expectations of performing well in competitions. The prior 

experience (i.e. performance history) is frequently reflected in participants’ current ranking, and 

influences their cognitive perceptions of their own, as well as their rivals’, abilities. Thus, the influence 

that participant’s prior experience might have on individual cognitive perceptions can be potentially 

important in determining their subjective performance in competitive situations (Lazarus, 2000).  

Similarly, a study found that coping in competitive situations would depend on various factors (i.e. 

perceived possibility of achieving success). The perception of the possibility of achieving success is 

created by prior experience in similar competition or rank of rivals (Salvador, 2005). This supports the 

suggestion that prior experience influences cognitive appraisal with perception. Therefore, it is 

reasonable to argue that prior experience could have a substantial influence on participants’ 

physiological response.   

Overall, the James-Lange theory suggested ‘Emotion’ arises from ‘Event’ via a process (Figure 3.1). 

However, there are additional stages between ‘Emotion’ and ‘Event’. ‘Emotion’ (emotional response) 

is linked to a subjective feeling modulated by prior experience.  

Thus when exploring the perception of emotion there should be a distinction between the stage of 

subjective feeling (and its relationship to prior experience) and the stage of emotional response. This 

is an important distinction, which has implications for the Uncanny Valley as applied to the 3D human 

characters’ cephalic emotional animation. 

 

3.2 Definition of the Uncanny Valley and Audience Emotional Responses 
 

With improvements in technology allowing for an increase in the audiences’ perception of Actual 

Visual Realism (Section 1.2.2) in the Computer Generated (CG) films and games industry, realistic 3D 

human characters are increasingly taking on roles that were once reserved for real human actors. 

However, using emotional 3D human characters’ properties (Section 1.3) and communicative 

behaviours (Section 2.1) could also influence the audiences’ emotional response to a subjective feeling 

(Section 3.1).  
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The Uncanny Valley concept (Figure 3.2) proposes a relationship between perceived familiarity and 

human likeness (similarity to humans) in humanoid robots (Mori, 1970). The Japanese roboticist 

Masahiro Mori in 1970 predicted that the audiences’ perceived familiarity increases with human 

likeness until a ‘Valley’ is reached caused by sensitivity to perceived imperfections in near-humanlike 

forms. He also proposed that the Uncanny Valley effect can be stronger when near-humanlike robots 

are moving rather than still (e.g. demonstrated by the difference between the two curves in Figure 

3.2). However, as the robot’s look and moving continues to become less different from that of human 

beings, the audience’s perceived familiarity will become positive again (i.e. it feels like a healthy 

person) (Figure 3.2).   

Although, Mori put the subjective feeling of familiarity on that graph (Figure 3.2) for the audience’s 

perceived human likeness, Tinwell (2014) argued that the Uncanny Valley in Japanese as ‘Bukimi no 

Tani Genshō’ cannot directly be translated to familiarity in English. In an attempt to explain and 

translate the Uncanny Valley, the word ‘familiarity’ is frequently used because it is the opposite of the 

word ‘unfamiliarity’ which is one of the synonyms for ‘Bukimi’. In recent years though, the word 

‘Eeriness’ is typically used to define what is ‘unfamiliar’, and many studies have used it as a negative 

response, a perceived uncanniness, when measuring the audiences’ emotional response to a 

subjective feeling (Hanson, 2006; MacDorman & Ishiguro, 2006; Seyama & Nagayama, 2007; Bartneck 

et al., 2009). 

 

Figure 3.2 The “Uncanny Valley” hypothesized from Mori (1970). 
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However, the Uncanny Valley phenomenon also has relevance for the Computer Generated Image 

(CGI) industry. One common approach, which has been used to operationalise the relationship 

between the audience’s emotional response and human likeness, involves applying emotions to 3D 

animated human characters (Liu, 2006; Niewiadomski et al., 2009; Beck, 2011; Cho et al., 2015). Gratch 

et al. (2006) suggested that emotions have a strong influence on human-human interactions. However, 

typically system evaluation does not assess whether emotions presented by humans on animated 

displays are perceived similarly to real life by the audience. In accordance with the James-Lange theory 

(Figure 3.1) it has been demonstrated that to be effective, such 3D human characters would have to 

be perceived as having internal emotions (i.e. the perception of emotional expression), and thus the 

audiences’ emotional response arises from the 3D human characters’ cephalic emotional expression 

display (Section 3.1). In addition, the perception of emotion distinguished the stages between the 

audiences’ emotional response and the 3D human characters’ cephalic emotional expression display. 

The stage of subjective feeling, is influenced by the audiences’ prior experience. Thus, the stage of 

emotional response is also modulated by the audiences’ prior experience, which is the audiences’ 

internal experience of that subjective feeling forming into an emotional response (Section 3.1).  

 

The Uncanny Valley phenomenon (Figure 3.2) can be useful to describe the audiences’ emotional 

response (positive or negative) against increasing levels of 3D human characters’ human likeness. 3D 

human characters, as used here, refers to computer generated images intended to support an 

 

Figure 3.3 The Uncanny Valley described emotional responses within the audiences’ subjective judgment. 
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audiences’ perception of Actual Visual Realism (Chapter 1). However, the audiences’ expectation is 

that as Actual Visual Realism of a 3D human character increases so should perceived Believability 

(Section 1.3). Previous studies (Chapter 1) evidenced that some of animated 3D human characters 

from the film industry do not fall within the audiences’ expectation, causing feelings of discomfort. 

Brenton et al. (2005) reported that audiences could have a feeling of discomfort when an unfamiliar 

character becomes disconcertingly close to human, as there is a very strong drop in Believability. Thus, 

they suggested that the Uncanny Valley’s ‘unfamiliarity’ can also be describing a drop in Believability, 

as animated 3D human characters become more realistic past a certain acceptance level, perhaps due 

to an inconsistency with other expected properties. This may explain why traditional animators aim 

to create a visual style of ‘unrealistic 3D human characters (Section 1.3), just before the valley (Figure 

3.2), instead of a ‘realistic 3D human character’ which might result in a drop in Believability. A higher 

level for 3D human character’s human likeness can elicit either a feeling of great comfort or a feeling 

of Eeriness. One of the goals for achieving Actual Visual Realism that is believable for the 3D human 

characters is to overcome the Uncanny Valley. However, some of these contextual situation displayed 

a character which could trigger the sense of Eeriness and Believability at the same time for the 

audience, such as a classic Japanese ghost story ‘Ringu’ (Nakata, 1998), the film maker made that 

ghost character extremely believably eerie. Although the film works through a believably eerie setting 

for an unusual character as an unrealistic character, this does not stop the audience from having the 

same feeling about a realistic character. Therefore, in order to understand how the audience reacts 

to certain 3D human character animations it is necessary to explore what audiences sense as both 

perceived Eeriness and perceived Believability can be either positive or negative and these combine 

to give the audience’s final emotional responses (Figure 3.3).  

Moreover, with reference to Mori’s Uncanny Valley, the audiences’ perceived level of human likeness 

relates to the perception of Actual Visual Realism, but it is unclear what the relationship is between 

this and the audiences’ accurate visual recognition of the 3D human characters’ expression as well as 

the audiences’ perception of the appropriateness of the 3D human characters’ expression. In recent 

years, a number of psychologists have investigated the relationship between the level of human 

likeness and its influence on the audiences’ uncanny response. However, these studies altered the 

appearance of still images, exhibiting precise expressions (e.g. changing the shape of anatomy or 

changing the skin texture) (MacDorman et al., 2009) or by changing static expressions (e.g. including 

an emotional expression with the voice, but only for a single frame) (Russell et al., 2003; Tinwell et al., 

2011). With respect to TV or films, the still image or static emotional expression; that the 3D human 

character displays could only affect the audience’s emotional responses, if used in static advertising, 

such as a poster. Since the Uncanny Valley model (Figure 3.2) has two lines, still and moving can both 
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effectively change the audience emotional response. Therefore, in terms of understanding how the 

audience responded to a 3D human character, the 3D animator needs to consider the difference 

between static and dynamic displayed 3D human characters.  

However, an uncanny character (e.g. ‘zombie’ in Figure 3.2) that ‘looks real’ (the perception of 

Accurate Realism) but does not ‘feel real’ (the perception of Appropriate Realism), might not allow 

the audience to feel present in the Media context as it may constantly remind them that the situation 

was artificial and therefore could result in a drop in Believability (Figure 3.3).  

The perception of emotional expression for a 3D human character, is important for a sense of unique 

characterisation and genuine responsiveness. In some scenarios, the 3D human character’s 

appropriateness is more critical than visual accuracy to the sense of human likeness (look and 

movement), in order to avoid or induce an audience’s emotional responses (perceived Eeriness or 

perceived Believability) depending on the  contextual story (Nowak & Biocca, 2003).  

Many computer animators have attempted to influence the sense of appropriateness of 3D human 

characters (referring to the perception of 3D human characters’ Appropriate Realism). Work has 

focussed on producing, expressive nonverbal behaviours from a set of neutral behaviours. For instance, 

modifying shape and effort parameters to change the qualitative aspects of the perception of 

nonverbal behaviours (Tanenbaum et al., 2014), adding secondary movement to existing 3D human 

animation based on personality and emotion (Sultana et al., 2013) or the difference between a normal 

and emotional expression by measuring the perception of  3D human character’s timing (i.e. speed) 

and range (i.e. spatial amplitude) of an emotional movement (Lhommet & Marsella, 2014). Note that 

these studied low fidelity 3D human characters, and the results of high fidelity 3D human character 

may be different. However evaluative studies have shown that the simple addition of movement or 

random nonverbal behaviours to enhance the sense of appropriateness in 3D human characters is not 

sufficient. The behaviours have to be both naturalistic and acceptable to the context within which the 

3D human character is being displayed. Lee and Marsella (2006) reported that perceived nonverbal 

behaviour could not be labelled appropriately because there was not a clear and consistent pattern 

between the perceived conversation and the perceived behaviours. The nonverbal behaviours on 

these expressions were usually perceived at the beginning of the speech or when the audience was 

highlighting a particular word or context, but the behaviours should be different in each situation.  

However, previous studies (Section 2.1) also suggested that verbal behaviour might also effect the 3D 

human character for Appropriate Realism (Figure 3.3). In recent years, the influence of emotional 

expression on the appropriateness of 3D human character’s verbal behaviour and the audience’s 
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emotional response (i.e. uncanny response) has received some small attention (Tinwell et al., 2010; 

Tinwell et al., 2011).  

For example, Tinwell et al. (2010) proposed in their work on visual and auditory mismatch, an 

approach to study the relationship between the 3D human characters’ emotional expressions and the 

audience’s perception of behaviours. They found verbal behaviour (with speech) also contributed to 

the 3D human character’s behavioural appropriateness and influenced the audience’s emotional 

uncanny response (Eeriness). However, their experiment was investigating 3D human characters’ 

behaviours in a horror genre. The category of 3D human character (Section 1.2.2) is different between 

the realistic 3D human character (e.g. the Emily Project (Metrics, 2008)) and an unrealistic 3D human 

character (i.e. a zombie from the video game, ‘Alone in the Dark’ (Atari Inc, 2009)). Unrealistic human 

characters, such as the ones used in traditional animation (Section 1.2.2) were not confronted with a 

drop in Believability as they produced a perception of Apparent Visual Realism (Section 1.3). However, 

Tinwell’s study investigated the 3D human characters’ behaviour in a horror scenario (i.e. a zombie 

game). The participants found that the character’s behaviour was appropriately matched with the 

speech. They suggested that speech was associated with the 3D character’s display to make the 

audience sense Eeriness based on their prior experience. Therefore, the presence of speech should be 

taken into account for the audience’s perceived Appropriate Realism. In a later study, Tinwell et al. 

(2011) also suggested that a lack of appropriate emotional expressions in the upper parts of the facial 

movement during speech exaggerates the audience’s uncanny response by inhibiting effective 

communication of the displayed emotion. The study highlights the functional significance of 

understanding the Uncanny Valley as the result provides evidence that an audience’s perception of 

the uncanny, in 3D human characters displaying insufficient appropriateness, is significantly 

influenced by the emotional expression displayed by the character.    

In summary, the Uncanny Valley model (Figure 3.2), which describes a drop in believability as human-

like characters become more realistic, assumes that the audience’s perception would be affected by 

their emotional response.  

A review of the literature suggests that the 3D human character’s communicative behaviours might 

influence the audiences’ perception of Actual Visual Realism (both Accurate and Appropriate), which 

also might influence the audiences’ emotional response, in terms of Believability or Eeriness. However, 

no previous empirical study has been conducted that manipulates cephalic emotional expressions and 

speech, in a realistic 3D human character, to determine their effect on the audience’s perception of 

Actual Visual Realism. Tinwell’s study is limited to the upper face, so it was still unclear which cephalic 

features (Section 2.3) might influence perception (Chapter 2), and particularly the subsequent effect 
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on the audiences’ uncanny response (i.e. emotional response). Therefore an empirical study is needed 

to investigate how individual features, of cephalic emotional expressions, displayed by a realistic 3D 

human character in different communicative behaviours influences the audiences’ perception (in 

terms of Accuracy Realism and Appropriate Realism) and any emotional response (perceived Eeriness 

and perceived Believability) (Chapter 5).  

This should be contextualised in the display cues in the Uncanny Valley model, including the difference 

between the static and dynamic images and how this effects the audience’s expectation. This will be 

considered in the next chapter (Chapter 4).  
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Chapter 4 – The Effects of Communication Conditions 
and Display Modalities on the Audience Perceptual 
Difference between the 3D Human Animation and 
Human Actor     
 

4.1 Introduction  
 

Actual Visual Realism of 3D human characters is usually supported by their appearance, derived from 

cognitive, physiological, social or emotional processes unique to that 3D human character’s 

composition (Section 3.1). Riedl and Stern (2006) suggested it has proven difficult to clearly define 

what ‘realistic’ truly means when discussing and, more importantly, comparing and contrasting the 

emotional expression displayed by 3D human characters. However, it is well established that humans 

use a wide range of nonverbal behaviour modes to express emotions (Section 2.1). It is only over the 

past few decades though, that substantial progress has been made in understanding how emotions 

are expressed through these nonverbal behaviours (Ekman & Davidson, 1994; Russell & Fernández-

Dols, 1997; Laurenceau et al., 1998).  

However, Mori’s hypothesized Uncanny Valley phenomenon suggests that a more realistic 3D human 

character may have a negative effect on the audience’s emotional responses (i.e. Eeriness or drop in 

Believability) (Section 3.2). However, according to the James-Lang theory, for the perception of 

emotion (Section 3.1), a confounding factor could be present in the way the audiences’ perception 

and emotional response was described by the Uncanny Valley. The phenomenon originally concerned 

a problem that occurs with humanoid robots’ looks or movements becoming more realistic, and it is 

unclear whether the humanoid robots displayed emotion or not. Therefore, before testing the implicit 

assumption in terms of the relationship between an emotional 3D human characters and audience 

perception, it is important to verify that emotions are recognized before an audience gives an 

emotional responses. Moreover, in order to consider how accurate or appropriate a 3D human 

character is, the audience’s recognition of a 3D human characters’ emotions and their emotional 

response needs to be coherent with that of a real human.  

3D animators need to understand what the audience is seeing and what they are perceiving, as this is 

the only way results based on accurate perception can be confirmed. This suggests that there were no 

guarantees that the result actually applied to what the audience is perceiving, perhaps the audiences’ 

sense of Eeriness is because they cannot recognise the emotion. The recognition task is a basic 
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confirmation that the stimulus itself is correct. If the stimulus is not been perceived correctly, any 

results after this will be nonsense. For example, a cephalic emotional expression is presented, and a 

number of participants may respond to it as eerier, this may not be because they are responding eerily 

to that emotion, but because they don’t understanding what that emotion is. This could mean that 

the 3D human character was deeply flawed, and the audiences just cannot perceive and understand 

the displayed emotion.  

 

4.2 Design  
 

The aim of this experiment is to compare the participants’ (audience) perception (recognition) and 

emotional response of a 3D animated human character and a human actor (Human Type), which are 

both displaying the same cephalic emotional expressions. A formal experimental procedure is adopted, 

however, several issues in the perception of 3D animated humans have been identified (Section 2.2) 

that need to be considered. 

Previous studies on emotional expression (Lander & Bruce, 2000; Canamero & Fredslund, 2001; Young 

et al., 2002; Oster, 2003; Russell et al., 2003) have classified six facial expressions (facial movement) 

which correspond to distinct universal emotions: Disgust, Sadness, Happiness, Fear, Anger and 

Surprise (Ekman & Friesen, 1978c) (Section 2.2.2). Therefore, a range of cephalic expressions 

portraying the six basic emotions could be used for the study, except that previous empirical studies 

have only validated these movements in still images or static expressions.  

The majority of 3D human characters featured in computer-animated films and video games do not 

remain still and the Uncanny Valley hypothesis suggests that the audience’s emotional response 

would be stronger when human-like characters are moving rather than still (Section 3.2). Therefore, 

as this study is to investigate whether participants will be capable of recognizing the six basic emotions 

at a cognitive level, and then given an emotional response, these emotions will need to be compared 

between a static modality and a dynamic modality (Display Modalities). 

Understanding the emotions displayed by a 3D human character is a complicated perceptual task. The 

different senses gather information about an event and, in some contexts, the senses work together 

in the perception of a single event (Warren et al., 1981). Hence, when the perception involves two or 

more different sensory display modalities, or communication conditions (nonverbal behaviour and 

verbal behaviour) simultaneously, there is a process of information comparison, an active search for 
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cross modal confirmation (Anderson, 1998). The concept of cross modal confirmation has also been 

discussed in the context of virtual worlds (Groehn et al., 2001).  

In order to focus on the perception of 3D humans’ cephalic emotional expression in terms of Actual 

Visual Realism (Accurate and Appropriate) (Figure 3.3), a theoretical model is necessary to explain the 

perception of an emotional event (Section 3.1). The word ‘perception’ could have several meanings, 

for example, the James-Lange theory suggests perception is a string of activities, from an Event, which 

is then followed by Arousal to Interpretation to Emotion (Figure 3.1). Their theory could thus suggest 

that the perception of a 3D human character displayed emotion event will stimulate a specific 

physiological reaction (Arousal). The audiences’ brain will interpret these physiological changes and 

then perceive them as an emotional response (Emotion). When it comes to assessing the audiences’ 

‘Emotion’ though, this is based on their subjective feeling, which is the internal experience of the 

physiological changes. However, the audiences’ subjective feeling is related to their prior experience 

and thus, their emotional response is also modulated by prior experience. For example, an audiences 

member’s individual prior experience can implicitly influence subsequent processing through a 

memory phenomenon, termed conceptual priming, which occurs without accuracy of recognition. 

However, the audience’s recognition of emotion from the 3D human character is also important to an 

audience’s emotional response, such as the uncanny responses (Tinwell et al., 2010) (Section 3.2). This 

implies that audience perception has two components, recognition of the emotion and then 

emotional response to that recognition.   

The Uncanny Valley suggests that the audiences’ perception of 3D human characters is related to their 

emotional responses for Eeriness and Believability (Section 3.2), thus in order to measure the 

conditions’ effects on participants’ emotional responses (i.e. Eeriness and Believability) two additional 

dependent variables were defined to explore the perception of cephalic emotional expression. 

Eeriness was used to test whether it was possible for participants to interpret any discomfort, 

disturbance or strange and frightening feelings from that character’s appearance or behaviour. 

Believability was used to measure the feeling of acceptance, such as, do participants believe that the 

character’s appearance and behaviour is real. The perceived Eeriness (Dependent Variable) and 

perceived Believability (Dependent Variable) of the emotion displayed will also be assessed alongside 

perception of Actual Visual Realism (Dependent Variable). Actual Visual Realism was used to 

investigate the perception of human likeness, such as, how realistic the 3D human character is to the 

participants as opposed to a real human.  

Previous 3D experiences and knowledge (i.e. a participant’s prior experience with 3D software, playing 

computer video games and watching CGI films) (Chapter 1 and Section 3.1) could also affect the 
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perception of the 3D animated human. Therefore, the experiment investigated possible correlations 

between previous experiences and the participants’ emotional responses. 

 

To summarize, the experiment used a mixed design with three independent variables (Human Type, 

Communication Condition and Display Modality) (Table 4.1). The difference between a 3D human 

character and a human actor will be tested as Human Type, in which Communication Condition and 

Display Modality could have a significant effect on the participants’ subjective judgements.  

 

4.3 Hypotheses 
 

The experimental hypotheses were as follows: 

4.3.1 Emotion Recognition Accuracy Hypotheses 
 

For this study, considering the James-Lang theory for the perception of emotion (Section 3.1) it was 

necessary to verify the participants’ ability to accurately recognise that the six basic emotions 

displayed by the 3D human’s cephalic expressions were the same as for the real human’s cephalic 

expressions (Section 3.1.1). Therefore, the first hypothesis (H1) is there will be no difference between 

the Human Type on Emotion Recognition Accuracy for the six basic emotions, from cephalic 

expressions alone. 

The cross modal comparison study (Tinwell & Grimshaw, 2010) also suggests that there is a need to 

look at nonverbal behaviour and verbal behaviour (Section 3.2). Moreover, Narumoto et al. (2000) 

 

Table 4.1 2x2x2 subject design (the effect of Display Modalities and Communication Conditions was tested 
as Within Subjects variables. The effect of Human Types was tested as Between Subjects). 

 

 



Chapter 4 

51 
 

suggested that, participants’ recognition for verbal behaviour were higher than for nonverbal 

behaviour during emotion matching tasks. Therefore, the second hypothesis (H2) is that, there will be 

a difference between the Communication Conditions on Emotion Recognition Accuracy. 

Previous empirical studies of cephalic Emotion Recognition Accuracy were based on six basic emotions 

(anger, disgust, fear, happiness, sadness and surprise) in still images or static expressions (Section 

1.2.1). However, the majority of 3D human characters featured in computer animated films and video 

games do not remain still. Therefore, the third hypothesis (H3) is there will be a difference between 

the Display Modalities on Emotion Recognition Accuracy. 

 

4.3.2 Audiences’ Emotional Responses Hypotheses 
 

To investigate whether 3D human and human actor’s cephalic emotional expressions are responded 

to similarly by participants (Section 3.2), the fourth hypothesis (H4) is there will be no difference 

between the Human Types on Participants’ emotional Responses, in terms of each dependent variable: 

i. There will be no difference between the Human Types on participants’ perceived Eeriness.  

ii. There will be no difference between the Human Types on participants’ perceived Believability. 

iii. There will be no difference between the Human Types on participants’ perceived Actual Visual 

Realism. 

However, as accuracy for Communication Condition should change, the fifth hypothesis (H5) is there 

will be a difference within the Communication Conditions on the participants’ emotional responses 

this will be operationalised as: 

i. Tinwell et al. (2010) reported strong correlations were found for the perceived Eeriness for a 

3D character with how human-like a character’s speech sounded (Section 3.2). Therefore, 

participants will perceive a difference in Eeriness between the nonverbal condition and verbal 

condition. 

ii. Bogdanovych et al. (2015) suggested that nonverbal condition and verbal condition were two 

significant components that should be considered when measuring the integration of 

emotions as character attributes within believable characters. Therefore, there will be a 

difference between the Communication Conditions for Believability. 

iii. This study also investigated whether there is a difference for the perceived Actual Visual 

Realism of the character displays between the Communication Conditions. Therefore, 



Chapter 4 

52 
 

participants will perceive greater Actual Visual Realism from the verbal condition, rather than 

the nonverbal condition.  

Mori (1970) proposed that the Uncanny Valley effect can be stronger when a human-like character is 

moving (rather than still). Therefore, the sixth hypothesis (H6) is there will be a difference within the 

Display Modalities on the participants’ emotional responses. Therefore: 

i. Participants will perceive a difference in Eeriness between the static modality and the dynamic 

modality. 

ii. Participants will perceive a difference in Believability between the static modality and the 

dynamic modality. 

iii. Participants will perceive a difference in Actual Visual Realism between the static modality 

and the dynamic modality.  

 

4.3.3 Individual Prior Experience Hypotheses 
 

Another issue to consider for emotion judgments is the perception of emotion could be affected by 

previous similar experience. Thus, individual participants’ previous Experiences of 3D software, 

Frequency of playing video games and Familiarity with watching CGI films may be related to their 

perceived Eeriness, Believability and Actual Visual Realism. 

Thus, hypothesis seven (H7) is individual participants’ previous experience will be correlated to their 

perception of cephalic expressions (Section 3.1). This is measured by: 

i. Experiences with 3D software. 

ii. Frequency of playing video games. 

iii. Familiarity with watching CGI films. 

 

4.4 Participants 
 

A general invitation was extended in the University of Portsmouth, and 48 adult students and staff (32 

men and 16 women) responded, ranging in age from 18 to 58, all of whom attended. Participants were 

entered in a raffle in exchange for participation. A range of UK and international students were 

included. Participants were asked for their Age, Gender, Education level and Ethnicity at the start of 

the pre-experimental questionnaire. Participants did not require any previous skill or knowledge to 
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undertake the experiment. The study involved watching a selection of 3D animated human or human 

actor videos. Participants were randomly allocated to one of the two groups (3D human vs human 

actor). The twenty-four participants in the 3D human animation condition, ranged in age from 19 to 

58 (M=22.67, SD=8.11). The twenty-four participants in the human actor condition, ranged in age from 

18 to 29 (M=20.96. SD=2.29).  

 

4.5 Apparatus and Materials 
 

In order to conduct this experiment a professionally modelled and animated 3D human character 

(cephalic only) was needed. A 3D computer animation replicating a scene from ‘Withnail and I’ 

(Robinson, 1987) was created, which was suitable for the experiment as it portrayed multiple 

emotions in the clip. During the original video footage captured from the scene, the main human 

character - ‘Withnail’ (used as reference for the 3D human character) was face on having a 

conversation with another human character - ‘Irishman’. The original scene featured a camera on each 

actor, and the camera view was switched to each actor during the speech. The acted sentences (in 

English) were also captured and used during the 3D human cephalic animation. These sentences 

contained emotional information and were used during the speech for the verbal conditions.  

There was a dialogue between the ‘Withnail’ (W) and the ‘Irishman (I): 

(W) I’ve a heart condition. I’ve a heart condition. If you hit me it’s murder! 

(I)    I’ll murder the pair of y’ers. 

(W) My wife’s having a baby. Listen, I don’t know what my f… [He starts to say friend but 
decides on a better course of action] acquaintance did to upset you but it’s nothing to do with 
me. I suggest you both go outside and discuss it sensibly, in the street. 

        [They push past the man and rush to the door] 

(W)  Ahhh, out of my way. 
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During that original video footage, there was an acquaintance of ‘Withnail’ in this scene (not created 

in 3D) which was pixelated (Figure 4.1) and the shoot of ‘Irishman’ cuts to a blank screen (grey screen). 

Thus, those sources of information were removed along with any possible effects that may come from 

other human characters. 

  

Figure 4.1 Screen shots of ‘Withnail and I’ (1987). 
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Autodesk Softimage was used for the modelling, rigging, animating and to render the 3D human 

cephalic animation. When modelling and rigging for the 3D human, the ‘3D cephalic  animation for the 

six basic emotions system - F.A.C.E hand book’ (Charisse, 2003) was used as reference (Table 4.2). 

 

 

Table 4.2 3D cephalic animation in six basic emotions menu by Charisse (2003). 
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The F.A.C.E system indicates the importance of topology (Figure 4.2) and how it can be used to the 

animators advantage to realistically simulate all aspects of different cephalic expression and lip-

syncing, via the use of morph targets. This method allows the creation of a series of expressions 

outlined by Ekman and Friesen’s manual for the ‘FACS’ (Ekman & Friesen, 1978a), for emotion 

recognition and allows for a combination of expressions to be used together. Having these systems in 

place ensured the quality of emotions being portrayed by various expressions via 3D human cephalic 

animation.  

There are various systems that help with capturing this data, such as Motion capture. However, the 

main difficulties of motion capture were the quality of the data that may include vibration as well as 

retargeting of the geometry.  

 

 
 

Figure 4.2 3D cephalic topology from F.A.C.E hand book by Charisse (2003). 
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Autodesk Softimage was also used to rig the animated 3D human head movement and rotate the eye 

movement, which accompanied the morphed facial movement. The speech was captured from the 

original video footage ‘Withnail and I’ (Robinson, 1987), it was overlaid with the rendered animation 

in Adobe Premiere to output the final 3D human condition. A version without speech was also created. 

The output compression sound format was MPEG-4, 256 kbps, and the image was exported as 

QuickTime, frame size 1280 x 720 (HDTV 720 widescreen).   

Knowing the 3D human animation was up to a high quality the next step was to find static clips of each 

emotion within the dynamic clips (as sequence frames). The six universal emotions were used, 

Happiness, Anger, Sadness, Fear, Surprise and Disgust (Ekman, 1999) for each different static pose 

(Figure 4.3).  

These were presented in a proprietary application. Adobe Flash was used to create a video interface 

and questionnaire for the different conditions. This simple method created a user-friendly way for 

participants to navigate (mouse click to watch next video) through the experiments. 

 

Figure 4.3 The six universal emotions displayed by a 3D animated human cephalic animation 
base on Ekman’s F.A.C.E. system. 
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The application used a Dell T3400 PC to carry out the experiments, the presented 3D animation and 

human video clips were displayed on a ‘24-inch’ Dell PC monitor (1024x768). To record participants’ 

answers, the material was embedded into custom made software, which was used for displaying the 

conditions as well as recording participants’ answers.    

 

 

The Emotion Recognition Accuracy, of the six emotions displayed, was assessed by a proprietary 

questionnaire that was created (Figure 4.4). In this study, the participants were asked to select the 

emotion they perceived as accurately corresponding to the cephalic expression displayed by the 3D 

Human Character or Human Actor. 

 
Figure 4.4 Screen shots of Emotion Recognition Accuracy for a 3D human. 
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In order to record participants’ emotional response to the cephalic emotional expression displayed, a 

questionnaire of participants’ emotional responses was created. Participants were asked to rate 

‘Eeriness’, ‘Believability’ and ‘Actual Visual Realism’ on seven point Likert scales (Figure 4.5).  

A paper based pre-study questionnaire gathered personal information including gender, age, 

education level and ethnicity. A computer based post-study questionnaire asked participants to rate 

their individual prior experience of 3D software, the frequency of playing video games and familiarity 

with watching CGI films on seven point Likert scales. Finally, participants were asked whether they 

recognized the conversation or the human actor, and whether they noticed the techniques used for 

the 3D human character creation (i.e. key framed or live captured).  

 

4.6 Procedure 
 

Participants each completed the same experiment but in individual sessions. Before conducting the 

experiment, each participant read through an information sheet detailing the experiment and its 

purpose then filled out a pre-questionnaire and signed a consent form. Once consented, the running 

of the experiment was explained to the participant. 

Participants then started the experiment looking at the six universal emotions in images and video, 

which were displayed only once, and in a randomized order. The participant matched each to the 

emotion they felt best described the image, and then the participants rated the Eeriness, Believability 

 

Figure 4.5 Screen shots of audiences’ emotional responses for a 3D human. 
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and Actual Visual Realism of each emotion. The experiment was advertised as a study on the 

recognition and emotional response to cephalic emotional expressions and the detailed aim only 

explained during debrief.  

Once all presented conditions were interpreted, the post–study questionnaire (Appendix A) was 

automatically started. At the end of the experiment participants had the opportunity to type any 

comments at the bottom of the questionnaire. Even though the participants could complete the study 

at their own pace, the whole procedure of the experiment took no more than 45 minutes.   

Participants proceeded from the nonverbal condition to the verbal condition and from static modality 

to dynamic modality. The presentation order was fixed to prevent judgments made being based on 

‘matching’ of lower level static ‘images’ with frames from the more complete dynamic/verbal 

condition. This was to prevent confounding the participants’ decision in the earlier static/nonverbal 

condition. This will be revisited in the discussion (Section 4.8).  

 

4.7 Results 
 

4.7.1 Evaluating Variability between Participants 
 

Prior to any hypothesis analysis, independent Samples T-Test were conducted to determine if 

differences confounded the results between the two Human Type groups (3D Human and Human 

Actor). There was no significant difference found for Age (t(46)=0.99, p=0.33). A T-Test was conducted 

for the possible difference between the two Human Type groups for previous experience with 

animated 3D humans. There was no difference for Experience in using 3D software (t(46)=-0.73, 

p=0.45), Frequency of playing video games (t(46)=-0.69, p=0.49) and for Watching a CGI films (t(46)=-

1.50, p=0.14) between the two groups. Therefore, there was no between group confound for previous 

experience of the participants. 

Therefore, any differences between the 3D Human Animation group and Human Actor group are not 

confounded by participant differences.   

Participants’ mean score (Maximum being 7) for Experience with 3D software was 3.5 out 7 (SD=1.59) 

for the 3D Human Animation group and it was 3.9 out 7 (SD=1.95) for the Human Actor group. A mean 

of 4.4 out 7 (SD=1.28) was reported on Frequency of playing a video game for the 3D Human Animation 

group and 4.7 out 7 (SD=1.63) for the Human Actor group. Finally, the mean for Watching CGI films 
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was 4.4 out 7 (SD=1.25) for the 3D Human Animation group and was 5 out 7 (SD=1.45) for the Human 

Actor group. 

Considering that the six basic emotions used in this study were the universal emotions (Ekman et al., 

1987), participants should not differ in how they recognise them.  An ANOVA showed there was no 

difference (F(7,47)=0.66, p=0.76) between the different participant Ethnicities for Emotion 

Recognition Accuracy rates, and therefore participant’ ethnicity difference does not need to be 

considered for this study.   

Moreover, an ANOVA was also conducted for the difference between the participants’ Ethnicity and 

participants’ emotional response. According participants in both groups (N=48) in 7 categories, there 

were 30 of White British, 2 of Mixed White and Black Caribbean, 2 of Mixed White and Black African, 

1 of Asian or Asian British Indian, 2 of Asian or Asian British Other, 4 of Black or Black British African, 

3 of Chinese and 4 of Other Ethnic Group. There was no significant difference between the participants 

Ethnicity for Eeriness (F(7,47)=0.70, p=0.67), for Believability (F(7,47)=0.41, p=0.89) or for Actual Visual 

Realism (F(7,47)=0.40, p=0.90).  

However, these results have a limitation, as an ANOVA should have equal group sizes for the results 

to be truly accurate and this wasn’t the case for this study. 
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4.7.2 Hypothesis testing  

4.7.2.1 Emotion Recognition Accuracy Hypothesis 

 

 

Table 4.3 Proportion of Emotion Recognition Accuracy for each emotion in groups (24 participants 
in 3D human and 24 participants in Human actor). Chance level would be (4/24) (Shaded results 

were ‘at’ or ‘below’ chance). 
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The Emotion Recognition Accuracy rates are mainly above chance level (Table 4.3). An independent 

samples t-test was conducted, for the Human Type condition, to test if there was a statistically 

significant difference in Emotion Recognition Accuracy rates. There were no outliers in the data, as 

assessed by inspection of a boxplot. Emotion Recognition Accuracy rates for each level of Human Type 

were normally distributed, as assessed by Shapiro-Wilk’s test (p>.05) and there was homogeneity of 

variances, as assessed by Levene’s test for equality of variances (p=0.88). As (H1) predicted, there was 

no significant difference found (t(46)= 0.12, p=0.30) between the 3D human and the human actor in 

terms of Emotion Recognition Accuracy.  

In order to test for within subjects’ variation, a paired samples t-test (as participants completed two 

different levels, on the same dependent variable) was run to determine if there were differences in 

Communication Condition or Display Modality on the Emotion Recognition Accuracy.   

A paired samples t-test was used to determine whether there was a statistically significant mean 

difference between the Communication Condition when participants’ recognize the six basic emotions 

in the nonverbal condition when compared to the verbal condition. There were no outliers in the data, 

as assessed by inspection of a boxplot. The assumption of normality was not violated, as assessed by 

Shapiro-Wilk’s test (p=0.81). However, no statistically significant difference (t(46)=0.03, p=0.28)  was 

found for Communication Condition on the Emotion Recognition Accuracy rates. 

In order to explore Display Modality, a further paired samples t-test conducted between the static 

modality and the dynamic modality explored differences in the Emotion Recognition Accuracy rates. 

There were no outliers in the data, as assessed by inspection of a boxplot. Emotion Recognition 

Accuracy rates for each level of Human Type were normally distributed, as assessed by Shapiro-Wilk’s 

test (p=0.51). However, no statistically significant difference (t(46)=-0.34, p=0.48) was found in Display 

Modality on the Emotion Recognition Accuracy rates. 

The results indicate that overall the six basic emotions’ recognition rates were not different between 

the Human Types (H1). There were also no differences found within the Communication Conditions 

(H2) or within the Display Modalities (H3) on Emotion Recognition Accuracy.   
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4.7.2.2 Participants’ Emotional Response Hypotheses 

 

In order to check whether the independent variables of Human Type, Communication Condition and 

Display Modality successfully resulted in expected experiential measures of participants’ perceived 

Eeriness, Believability and Actual Visual Realism, an initial ANOVA test was conducted (Table 4.4).  

Considering there was one between-subjects factor (Human Type groups) and two within-subjects 

factor (Communication Condition and Display Modality), a mixed ANOVA is used. The main effect of 

each of the independent variables (Factors) on each of the dependent variables will determine 

whether the null hypothesis is rejected or not. Moreover, the other reason for conducting a mixed 

ANOVA is to establish whether there is any interaction between the independent variables. 

 

4.7.2.2.1 The Effect of Human Type, Communication Condition and Display Modality on Eeriness  
 

A mixed repeated measures ANOVA was used to determine the effects of different factors (Human 

Type, Communication Condition and Display Modality) on Eeriness. There were no outliers in the data, 

 

Table 4.4 Independent variables of Display Modality (Static and Dynamic) and Communication Condition 
(Nonverbal and Verbal) as Within-subject effects. Independent variable of Human Type (3D Human and 

Human Actor) as a Between-subject effect. Means (Max=7) and Standard deviations of the results of 
participants’ emotional responses. 
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as assessed by inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the 

box. Participants’ perceived Eeriness for each Human Type, each level of Communication Condition 

and each level of Display Modality were normally distributed, as assessed by Shapiro-Wilk’s test 

(p=0.81), and there was homogeneity of variances, as assessed by Levene’s test of homogeneity of 

variances (p>.05). There was homogeneity of covariance, as assessed by Box’s test of equality of 

covariance matrices (p>.05).  

As (H4.i.) predicted, there was no significant difference found between the Human Type for Eeriness 

(F(1,46)=0.40, p=0.53, Partial η2=0.01). 

As (H5.i.) predicted, the main effect of Communication Condition showed a statistically significant 

difference for Eeriness (F(1,46)=5.06, p<0.05, Partial η2=0.10), with the verbal condition (M=3.76, 

SD=1.00) more eerie than the nonverbal condition (M=3.27, SD=0.97). However, Communication 

Condition showed no significant interaction effect with Human Type for Eeriness (F(1,46)=2.50, p=0.12, 

Partial η2=0.05). 

As (H6.i.) predicted, the main effect of Display Modality showed a statistically significant difference 

for Eeriness (F(1,46)=4.46, p<0.05, Partial η2=0.09), with the dynamic modality (M=3.77, SD=1.13)  

rated as more eerie than the static modality (M=3.26, SD=0.94). However, Display Modality had no 

significant interaction effect with Human Type for Eeriness (F(1,46)=0.09, p=0.76, Partial η2=0.00). 

 

In addition to the main effects, the ANOVA also showed a highly significant interaction effect 

(F(1,46)=9.23, p<0.01, Partial η2=0.17) between the Communication Condition and Display Modality 

for Eeriness (Table 4.5).  

 

Table 4.5 Mean and Standard deviations of the Communication Condition (Nonverbal and Verbal) 
and Display Modality (Static and Dynamic) for Eeriness. 
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Moreover, there was a statistically significant interaction (F(1,46)=6.74, p<0.05, Partial η2=0.13) 

between all three factors (Human Type, Communication Condition and Display Modality) for Eeriness 

(Table 4.6). 

 

4.7.2.2.2 The Effect of Human Type, Communication Condition and Display Modality for 
Believability 
 

A mixed ANOVA was carried out to determine if there were differences in participants’ perceived 

Believability for each factor (Human Type, Communication Condition and Display Modality). There 

were no outliers in the data, as assessed by inspection of a boxplot for values greater than 1.5 box-

lengths from the edge of the box. Participants’ perceived Believability for each group of Human Type, 

each level of Communication Condition and each level of Display Modality were normally distributed, 

as assessed by Shapiro-Wilk’s test (p>.05) and there was homogeneity of variance, as assessed by 

Levene’s test for equality of variances for Believability (p>.05). There was homogeneity of covariance, 

as assessed by Box’s test of equality of covariance matrices (p=0.35).  

Almost as (H4.ii.) predicted, there is a marginally significant difference between Human Type for 

Believability (F(1,46)=3.63, p=0.06, Partial η2=0.07). 

As (H5.ii.) predicted, the main effect of Communication Condition showed a statistically significant 

difference on Believability (F(1,46)=5.24, p<0.05, Partial η2=0.10), with the nonverbal condition 

(M=4.52, SD=0.83) rated as more believable than the verbal condition (M=4.15, SD=0.71). However, 

there was no significant interaction between the Communication Condition and Human Type for 

Believability (F(1,46)=2.73, p=0.11, Partial η2=0.06). 

 

 

Table 4.6 Mean and Standard deviations of the Communication Condition (Nonverbal and Verbal) 
and Display Modality (Static and Dynamic) and Human Type (3D human and human actor) for 

Eeriness. 
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As (H6.i.) predicted, the main effect of Display Modality showed a highly significant difference for 

Believability (F(1,46)=84.42, p<0.01, Partial η2=0.65). The participants found the dynamic modality 

(M=5.14, SD=0.86) more believable than the static modality (M=3.52, SD=0.74). However, Display 

Modality had no significant interaction effect with Human Type for Believability (F(1,46)=3.12, p=0.08, 

Partial η2=0.06). 

 

There was a highly statistically significant interaction effect (F(1,46)=9.86, p<0.01, Partial η2=0.18)  

between the Display Modality and Communication Condition for Believability (Table 4.7). However, 

there was only a marginal interaction effect between all three factors (Human Type, Communication 

Condition and Display Modality) for Believability (F(1,46)=3.28, p=0.08, Partial η2=0.07). 

 

4.7.2.2.3 The Effect of Human Type, Communication Condition and Display Modality for Actual 
Visual Realism 
 

A further mixed ANOVA was conducted to determine the effect of the different factors (Human Type, 

Communication Condition and Display Modality) on Actual Visual Realism. There were no outliers, as 

assessed by inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the box. 

Actual Visual Realism for each Human Type, each level of Communication Condition and each level of 

Display Modality were normally distributed, as assessed by Shapiro-Wilk’s test (p>.05), and there was 

homogeneity of variance, as assessed by Levene’s test for equality of variances for the participants’ 

perceived Actual Visual Realism (p>.05). There was homogeneity of covariance, as assessed by Box’s 

test of equality of covariance matrices (p=0.62).  

As (H4.iii.) predicted, there was no significant difference found between the Human Type for Actual 

Visual Realism (F(1,46)=0.28, p=0.60, Partial η2=0.01).  

As (H5.iii.) predicted, the main effect of Communication Condition showed a statistically significant 

difference on Actual Visual Realism (F(1,46)=5.59, p<0.05, Partial η2=0.11). The participants perceived 

 

Table 4.7 Mean and Standard deviations of Communication Condition (Nonverbal and Verbal) 
and Display Modality (Static and Dynamic) for Believabil ity. 
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more Actual Visual Realism with the verbal condition (M=5.43, SD=1.11) than the nonverbal condition 

(M=5.00, SD=1.16). However, Communication Condition showed no significant interaction effect on 

Actual Visual Realism (F(1,46)=0.27, p=0.61, Partial η2=0.01). 

As (H6.iii.) predicted, there was a highly significant difference in the participants’ perceived Actual 

Visual Realism (F(1,46)=9.86, p<0.01, Partial η2=0.18) with the dynamic modality (M=5.50, SD=0.77) 

higher than the static modality (M=4.93, SD=0.80). However, Display Modality had no significant 

interaction effect with Human Type for Actual Visual Realism (F(1,46)=0.00, p=0.96, Partial η2=0.00). 

 

There was however a statistically significant interaction between the Communication Condition and 

Display Modality on Actual Visual Realism (F(1,46)=4.25, p<0.05, Partial η2=0.08) (Table 4.8). However, 

there was no significant interaction between all three factors (Human Type, Communication Condition 

and Display Modality) for Actual Visual Realism (F(1,46)=0.00, p=0.95, Partial η2=0.08). 

 

4.7.2.3 Individual Prior Experience 
 

A Pearson’s correlation investigated the relationship between participants’ prior experience and 

participants’ subjective judgment (perception and emotional responses scores). Preliminary analyses 

showed the relationship to be linear with both variables normally distributed, as assessed by Shapiro-

Wilk test (p>.05), and there were no outliers.  

Thus, investigating the prior experience hypothesis (H7): 

There was no correlation (r(48)=-0.19, p=0.20) between Experience of 3D software and participants 

perceived Eeriness (H7.i.a). 

There was no correlation (r(48)=-0.18, p=0.23) between Experience of 3D software and participants’ 

perceived Believability (H7.i.b). 

  

Table 4.8 Mean and Standard deviations of the Communication Condition (Nonverbal and Verbal) 
and Display Modality (Static and Dynamic) on Actual Visual Realism. 
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There was no correlation (r(48)=0.06, p=0.70) between Experience of 3D software and participants’ 

perceived Actual Visual Realism (H7.i.c). 

 

There was no correlation (r(48)=-0.16, p=0.29) between Frequency of playing video games and 

participants’ perceived Eeriness (H7.ii.a). 

There was no correlation (r(48)=0.20, p=0.17) between Frequency of playing video games and 

participants’ perceived Believability (H7.ii.b). 

There was no correlation (r(48)=0.22, p=0.13) between Frequency of playing video games and 

participants’ perceived Actual Visual Realism (H7.ii.c). 

 

There is a marginally significant negative correlation (r(48)=-0.26, p=0.07) between Familiarity with 

watching CGI films and participants’ perceived Eeriness (H7.iii.a). 

There was no correlation (r(48)=0.03, p=0.85) between Familiarity with watching CGI films and 

participants’ perceived Believability (H7.iii.b). 

There was no correlation (r(48)=0.12, p=0.41) between Familiarity with watching CGI films and 

participants’ perceived Actual Visual Realism (H7.iii.c). 

 

The results indicate that participants’ perceived Eeriness, Believability and Actual Visual Realism (Table 

4.4), as measured by the questionnaire used, does not generally co-vary with participants’ previous 

experience in this study. 

Finally, 9 out 24 participants in 3D human group reported that the 3D human cephalic animation was 

key framed animation and 3 out 24 participants reported that it was tracked by camera.  Moreover, 

12 out 48 participants, across both groups, recognized the 3D animation clips and human video clips 

were from ‘Withnail and I’. 

 

4.8 Discussion 
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The current research compared participants’ perception in terms of recognition and emotional 

response to a 3D animated human and a real human actor. This study investigated a number of 

predictions (Section 4.3) that are discussed in this section.  

The results for each dependent variable assessed during the experiment will be discussed in turn 

(Human Type, Communication Condition and Display Modality).  

 

4.8.1 Emotion Recognition Accuracy  
 

The difference in participants’ emotion recognition between Human Type groups for cephalic 

expressions portraying the six basic emotions was assessed (Section 4.7.1.1). Cephalic expressions 

were operationalized by exploring happiness, sadness, anger, fear, surprise and disgust. As established 

from the literature review, according to the James-Lang theory (Section 3.1), there is a process 

between the emotion displayed and the audience’s emotion perception. Thus, the latter stage, 

emotional response (Eeriness and Believability), is based in part on participants’ understanding what 

the emotion is, i.e. their recognition.  

These recognition results were broadly above chance level (Table 4.3) but an ANOVA found there was 

no significant difference between Human Type, between Communication Conditions or between the 

Display Modalities for Emotion Recognition Accuracy. As the subsequent subjective responses (Section 

4.7.2.2) were based on participants’ equally recognising the emotions in all conditions, these results 

together suggest the subsequent emotional response results (Section 4.8.2) are not confounded by a 

lack of recognition or differences in recognition between conditions.  

There were obvious differences for specific emotions (e.g. Happiness), seemingly due to a mismatch 

between the visual and verbal signals (e.g. the speech content did not sound happy perhaps). However, 

these were not detected by the ANOVA analysis but should form a context in which the response 

results are considered. It is something that should be considered for any subsequent study (Chapter 

5). 

 

4.8.2 The Effect on Participants Perception and Emotional Responses  
 

The results showed that overall, there was no difference between the Human Type groups for Eeriness, 

Believability and Actual Visual Realism (Section 4.7.2.2). Combined with the fact that Human Type did 

not affect the Emotion Recognition Accuracy (Section 4.7.2.1), in this study, an inconsistent display of 
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Human Type (3D human vs human actor) did not affect the participants’ perception (recognition and 

emotional response) of cephalic emotional expression. This suggests that the quality of the animated 

3D human cephalic expression for this experiment was equivalent to a real human actor. This could 

be due to the Face Action Coding System (FACS) technique used for the 3D human cephalic animation. 

However, considering the FACS was original used to support animation of 3D human facial expression 

(Section 2.2.2) and Cassell et al. (2004) suggested a number of component of cephalic movements 

could contribute the quality of 3D human cephalic animation (Section 2.3), it is necessary to explore 

the effect of features of 3D human cephalic expression for the audience’s perception and the 

audiences’ emotional response. This is further investigated in the next Chapter (Chapter 5). 

Considering the stages of James-Lang’s model, this suggests, the emotion recognition rate was the 

same for both groups (Section 4.8.1) and there was subsequently no difference in the emotional 

response (Eeriness). This does not support Mori’s Uncanny Valley suggestion (Section 3.2). Mori’s 

predicts that the audiences’ perception of a character, with a human likeness, could have an uncanny 

effect, often described as an uncanny response (emotional response). However, the subjective feeling 

of ‘Eeriness’ refers to an emotional response without any necessary retrieval of an emotional 

character display (non-emotion Event) related to prior experience (Section 3.1). This could explain why 

the 3D human character display is inconsistent with the Uncanny Valley, but perceived Eeriness is 

coherent with media context.   

This experiment aims to investigate a number of factors affecting the participants’ emotional 

responses (Section 4.7.2.2). For Eeriness, there were main effects for Communication Condition and 

for Display Modality, there was also an interaction effect between the Communication Condition and 

Display Modality (Section 4.7.2.2.1). The results revealed (Table 4.5) that participants perceived more 

Eeriness in the verbal condition with the static modality. By contrast, the nonverbal condition was 

found more eerie in the dynamic modality. Thus, it appears that a mismatch between what was 

displayed and what was expected might introduce a sense of Eeriness, or at least make the participant 

question what is displayed. This experiment thus seems to support a previous empirical study that 

Eeriness is perceived more strongly in a verbal condition (Tinwell et al., 2011), perhaps caused by a 

consistency of a 3D character’s cephalic emotional expression display and its speech. 

In terms of the participants’ perceived Believability, there were main effects for Communication 

Condition and for Display Modality (Section 4.7.2.2.2). Participants found the six basic cephalic 

emotional expressions more believable without speech, rather than with speech, and the dynamic 

modality was found more believable than the static modality. It should also be noted there was an 

interaction effect between the Communication Condition and Display Modality for Believability 
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(Section 4.7.2.2.2). The results showed that (Table 4.7) the nonverbal condition was found to be more 

believable than the verbal condition in the static modality. By contrast, the verbal condition was more 

believable than the nonverbal condition in the dynamic modality. This is consistent with previous 

finding (Broekens et al., 2012; Bogdanovych et al., 2015), Believability is  influenced by an audience’s 

subjective perception of a character’s movements (i.e. can a participant match the character’s 

behaviour and sound to what coherent with real life).  

 

Although there were interaction effects between the Communication Condition and Display Modality 

for Eeriness and Believability, these were also assessed alongside Actual Visual Realism. With a 

significant interaction effect between the Communication Condition and Display Modality on the 

participants perceived Actual Visual Realism (Table 4.8). The participants found the 3D human cephalic 

expression more realistic for the verbal condition when compared to the nonverbal condition in the 

static modality. This is similar to the Eeriness result in the static modality (Table 4.5), this pattern could 

indicate that the verbal condition is more eerie than the nonverbal condition in the static modality but 

also more realistic. For example, the audience found that a cephalic emotional expression-talking 

picture could be realistic, but also feel that it’s strange when it talks. This is consistent with the 

Uncanny Valley’s prediction (Mori, 1970) (Figure 4.6) that a more realistic character can have an 

uncanny effect (Eeriness, drop in Believability) (Section 3.2).  

The difference between the verbal condition and the nonverbal condition in the static modality for 

Actual Visual Realism (Table 4.8) was the opposite for the Believability results (Table 4.7). Thus the 

 

Figure 4.6 The “Uncanny Valley” hypothesized from Mori (1970). 
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nonverbal condition in the static modality was more believable but less realistic. This could be because, 

for Believability, participants were in part considering the media type perhaps, not just the displayed 

cephalic expression. For example, a talking picture is odd because a static picture would not talk in a 

normal situation.   

For the dynamic modality, the participants perceived higher Actual Visual Realism in the verbal 

condition compared to the nonverbal condition (Table 4.8). The same pattern was evident for the 

Believability results (Table 4.7). Thus, as expected, a motion picture with speech will appear more 

realistic and more believable. This closely supports the Uncanny Valley prediction (Section 3.2) that 

the subjective feeling of Believability can be stronger when a human-like character is moving rather 

than still, but only if the character has a speech. However, without speech, the static condition was 

more believable than moving. There was no plausible explanation for this type of situation in a 

contextual computer animation or a real life. This could also be due to an increased risk of micro 

mistakes being a confounder for the dynamic display.  

Cassell et al. (2004) suggested the difference between the dynamic modality and static modality of 3D 

human’s cephalic emotional expressions could be due to head movement and eye movement (Section 

2.3). However, in the current study these were not considered in the static modality, because the 

major expression was delivery through facial movement (i.e. facial expression) (Figure 4.4). However, 

participants would have been aware of the contribution of neck auxiliary to support dynamic cephalic 

expressions in the dynamic condition. Moreover, eye movement and head movements will combine 

to define gaze behaviour, as well as the muscle contractions (in both static modality and dynamic 

modality) to produce realistic cephalic expressions. Considering Scherer and Ceschi (2000), it was 

expected that the Communication Condition would affect behaviour, with the dynamic modality 

having a higher emotional response, rather than the static modality not presenting important cues. 

Therefore, it will be necessary to further investigate the differences between Communication 

Conditions with dynamic characters’ cephalic expressions (i.e. cephalic behaviours) when considering 

the audiences’ emotional responses (Chapter 5).   

There was an interaction difference between the Communication Condition and Display Modality on 

Actual Visual Realism (Section 4.7.2.2.3). This result shows that, either in a nonverbal condition or in 

a verbal condition, the participants perceived more Actual Visual Realism when the 3D human 

character is moving than when it is still. This could suggest that a dynamic 3D human cephalic 

expression can be measured for the audience’s subjective perception in both the Communication 

Conditions combined. This is further investigated in the next chapters (Chapter 5, 6 and 7). 
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Moreover, there was an interaction effect between all three factors (Human Type, Communication 

Condition and Display Modality) for Eeriness (Table 4.6). However, there is no logical reason from the 

Uncanny Valley, or other literature review to explain this effect, therefore it should be considered in 

terms of what other effect could be present. There are many possible explanations for this, including 

a floor effect (i.e. some emotions are only just above the chance), or participants being aware of the 

experimental conditions and changing their score to match the condition displayed (Table 4.3). This 

could have resulted from an order effect, as the conditions were ordered to prevent ‘matching’ 

(Section 4.7) thus resulting in conditions being confounded. Otherwise, it maybe the participants’ 

being aware that the human actor in the dynamic modality, with the verbal condition, (as in the 

original film), just looks odd or eerie (Figure 4.1), especially for some emotions, which have a reverse 

score. For example, when the human actor was displayed after the 3D human, the participants’ 

recognition rate for Happiness was worse (Table 4.3). This could be simply because the human actor 

looks weird.    

It is therefore an important issue that will have to be fully investigated (Chapter 5) as it is currently 

not possible to establish whether differences are due to an order effect or to a human actor effect as 

they could both result in these perceptual difference. 

 

4.8.3 Audience Individual Prior Experience to the Emotional Responses 
 

The results investigated whether participants’ previous experience with 3D software, frequency for 

playing 3D human character video game or familiarity for watching a 3D human character films might 

have influenced the emotional responses (Eeriness or Believability) (Section 4.3.3). However, there 

was no correlation between the Experience of 3D software and participant’s emotional responses 

(Section 4.7.2.3). Similarly the Frequency of playing video games has no correlation with participant’s 

emotional responses (Section 4.7.2.3). Moreover, there was no correlation between Familiarity with 

watching CGI films and Believability or Actual Visual Realism. However, there was a marginally 

significant negative correlation between Familiarity with watching CGI films and Eeriness (Section 

4.7.2.3), but this difference was not large enough to be certain that prior experience would influence 

responses to cephalic emotional expressions, perhaps by allowing participants to ignore imperfections.  

 

4.9 Conclusion 
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The results established that it is possible to measure the audience’s perception of cephalic emotional 

expression. According to James-Lang’s model, both early stages (Arousal and Interpretation) have 

been met. Therefore any changes in the emotional response is due to the latest stage of the model 

and not to an error in recognition. Therefore, for emotional response, which is the key aim of this 

study (Section 4.1), the fact they both have equivalent recognition rate has shown the results are not 

confounded. The reason to have a recognition task is not for the perception of emotion. It is in order 

to confirm that audience perception and emotional response has been measured accurately as it is 

necessary to know if what the animator has presented is what the audience is perceiving, considering 

that this has not been measured in the past.  

This experiment demonstrated that Communication Conditions can significantly influence an 

audience’s perception of Actual Visual Realism and their emotional responses, within the static 

modality and within the dynamic modality. The participants’ emotional response, indicated that 

speech supports perception of realistic 3D human cephalic emotional expressions. This may give rise 

to an increased Eeriness and decreased Believability when presented in the static modality.  

This experiment also identified that, either with or without speech, a dynamic modality supports the 

perception of realistic 3D human cephalic expression can be perceived as more believable than a static 

modality, and this may be attributable to more cephalic expression factors in the dynamic modality 

display, as well as a change in terms of the perception of the cephalic expression, between static and 

dynamic displays. This is confirmed in the previous studies (Chapter 2), which suggested that head 

movement and eye movement were also different. This has implications for participants’ emotional 

responses when exploiting the benefit of a dynamic modality on the audience’s perception. Therefore, 

Chapter 5 investigates the use of 3D human cephalic features (cephalic emotional expression in 

Section 2.3) as a factor to affect the audience’s perception and emotional responses.  

This is also confirmed in the previous studies (Chapter 3), which suggested that speech would be likely 

to affect the audience’ emotional response (Section 4.8). Therefore, it will be necessary to combine 

the Communication Conditions (nonverbal condition and verbal condition in Section 3.1) with the 3D 

human cephalic features for the next study (Chapter 5, 6 and 7). 
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Chapter 5 – The Effect of Cephalic Expression Factors 
and Communication Conditions on Audience 
Perception and Emotional Response: Study Design  
 

5.1 Introduction  
 

5.1.1 Display Modalities and 3D Human Cephalic Expressions on the Perception of Actual Visual 
Realism 
 

The Uncanny Valley hypothesis (Mori, 1970) (Figure 5.1) suggests that the Actual Visual Realism of a 

3D human character would have an effect on its perceived Eeriness and perceived Believability. The 

Uncanny Valley predicts that those differences (Eeriness and Believability) could also be affected by 

either the static or the dynamic display of a human likeness (Section 3.2). 

The previous study (Chapter 4) did indeed find a significant difference in Eeriness and Believability, 

between the perception of a 3D human character’s cephalic emotional expressions displayed via a 

static modality and dynamic modality (Section 4.7.2.2). The audience perceived more Eeriness and 

more Believability in the dynamic modality (Section 4.6.2.2).  

However, within both these modalities (static or dynamic), there are unique components (i.e. 3D 

human Cephalic features) that may further affect the perceived Believability and perceived Eeriness 

(Section 4.8.2). For example, a 3D human character’s cephalic emotional expression is displayed via 

the individual cephalic features (i.e. facial movement, head movement or eye movement) (Figure 2.3). 

The previous study (Section 4.7) showed the 3D human animation was equivalent to a human actor 

for the audiences’ subjective judgment. This could be due to the Face Action Coding System (FACS) 

technique used, and hence the quality of 3D human cephalic expression could find similar to a human 

cephalic expression (Section 4.8.2). However, the FACS mainly focuses on facial expression (Section 

2.2.2), thus it might not contributed all the cephalic features that form cephalic animation, such as 

head movement and eye movement (Section 2.3).  

This combination of facial and head movement is known as neck auxiliary animation and results from 

the complexity of human anatomy and biomechanics (Lee & Terzopoulos, 2006; Busso et al., 2007) 

(Section 2.3). Moreover, the combination of head and eye movement, such as in a gaze behaviour, 

has been found to contribute to the role of emotional expressions as conversational characteristics 
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(Garau et al., 2001; Vertegaal et al., 2001) (Section 2.3). Facial and eye movement is known as part of 

eye region, and during the perception of communicative behaviours, the audience pays more 

attention to this eye region (Lansing & McConkie, 1999; Buchan et al., 2004; Buchan et al., 2005) 

(Section 2.3).     

These types of combination of features (i.e. neck auxiliary, gaze behaviour and eye region) were not 

investigated for the perception of 3D human characters’ cephalic animation (Chapter 4). However, 

combinations of features could also influence the quality of a human-like 3D human character’s 

cephalic emotional expressions.  

The previous study (Section 4.8) concluded that facial expression (facial movement) might deliver the 

most significant expression to cause the audiences’ emotional responses (in term of Eeriness and 

Believability). However, other features (i.e. head movement or eye movement) could also affect the 

emotional response (Section 4.9). In other words, the audiences may not be consciously aware of head 

movement and eye movement (i.e. head position and eye position has changed) during facial 

expression changes in the static modality. However, the audience could become aware of the head 

movement or eye movement when exposed to facial movement in the dynamic modality, at which 

point a realistic 3D human character may rely on these auxiliary cues in order to present the cephalic 

expression.  

Consequently, those features of 3D human cephalic expression, and those combinations of features, 

need to be considered to achieve Actual Visual Realism (Accurate and Appropriate) in portraying a 3D 

human character’s cephalic emotional expression.  

 

5.1.2 Communication Conditions 
 

In previous study (Chapter 4), there was an interaction effect between the Communication Condition 

(with speech and without speech) and the Display Modality (Static and Dynamic) on the perception of 

Actual Visual Realism for Eeriness and Believability (Section 4.7.2.2). This suggests that differences 

which the Uncanny Valley predicts (human likeness affecting the audience’s emotional responses, via 

their perception) could also be due to the Communication Conditions (nonverbal and verbal) as a 

component within the dynamic modality (Section 4.7.2.2).  

Specifically, the previous study (Chapter 4) indicated that participants’ perceived more Eeriness when 

the static 3D human characters’ cephalic emotional expression was displayed with speech (Section 

4.7.2.2.1). However, participants also perceived the dynamic 3D human character as more believable 



Chapter 5 

78 
 

when it was displayed with speech (Section 4.7.2.2.2). In other words, the perception of the verbal 

condition could affect the audience’s response to Actual Visual Realism in two ways (Eeriness and 

Believability). This could also suggest that the verbal condition contributes to the perception of Actual 

Visual Realism. Therefore, if the Uncanny Valley (Figure 3.6) described the audiences’ emotional 

responses, the verbal condition should be taken into account as a factor for the perception of a 3D 

human character. Moreover, previous studies (Section 2.1) suggested that the audience could judge 

a person’s verbal behavioural as appropriate or not via the perception of movement and speech, thus 

in order to have a verbal condition for the perception of Appropriate Realism, the 3D human’s 

movement should be contextually coherent with the real life situation.  

The previous study (Chapter 4) also demonstrated that the participants perceived the dynamic 

displayed 3D human cephalic animation as more eerie without speech (Section 4.7.2.2.1), and they 

perceived the static 3D human character as more believable when it was displayed without speech 

(Section 4.7.2.2.1). This suggest that the nonverbal condition also affects the audience’s response to 

Actual Visual Realism in two ways (Eeriness and Believability). Therefore, in order to investigate the 

audiences’ emotional response via their perception of Actual Visual Realism, the 3D human cephalic 

animation without speech also should take into account the 3D human cephalic movement’s realism. 

The perception of Accurate Realism is related to a visual aspect of 3D human cephalic movement (i.e. 

are the movements physically correct).  

In summary, the refined research question (Section 1.5) this thesis originally asked was for emotional 

expression displayed by a realistic 3D human character with a consistent appearance, does the 

accurate movement and appropriate contextual behaviour influence the audiences’ individual 

subjective judgment?  However, there were a number of components identified which might have the 

potential to contribute to the emotional expression displays for a realistic 3D human character (i.e. 3D 

human cephalic features and Communication Condition) (Chapter 2). Considering the audiences’ 

individual subjective judgment is also defined through an exploration of the perception of emotion 

(i.e. the audiences’ prior experience could affect their subjective feeling and emotional response), this 

has implications for the Uncanny Valley phenomenon (Chapter 3). In addition, the previous study 

(Chapter 4) confirmed 3D human cephalic emotional expression is equivalent to a real human actor’s 

cephalic emotional expression. Considering there was no difference in Emotion Recognition Accuracy 

results, thus, it also confirmed that audience perception and emotional response has been measured 

correctly. In addition, this study also established a number of variables (i.e. dynamic display and 

Communication Conditions) that could be measured for the audiences’ subjective judgements. 

Considering that, therefore, the main question of this thesis can be re-considered to be the effect of 

cephalic expression and Communication Condition on audience perception and emotional response.   
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5.2 Method  

It has previously been suggested (Section 5.1.1 and Section 5.2.2) that types of 3D human cephalic 

features within the Communication Conditions (nonverbal and verbal) could affect the perception of 

a 3D human character’s cephalic emotional expression in terms of Actual Visual Realisms. 

To investigate these two possibilities (3D human cephalic features and Communication Conditions), 

an experiment will be conducted to test the hypothesised Uncanny Valley’s relationship between that 

‘X’ axis (3D animated human’s realism) and ‘Y’ axis (audience’s emotional response) (Section 3.2).  

The framework for the relationship between the realistic 3D human character and the audience’s 

subjective judgment (perception and emotional responses) (Figure 3.7) suggested that, the only way 

to do so is to test whether the 3D human character in the verbal condition has higher perceived 

Appropriate Realism than the nonverbal condition, when they both display the same cephalic 

emotional expressions.  

However, the audience’s perception of their internal experience of an emotion (Section 3.1) could 

affect the relationship between the perception of cephalic emotional expressions for both perceived 

Accurate Realism and also perceived Appropriate Realism, as well as affecting the audience’s 

emotional responses, in terms to perceived Eeriness and perceived Believability. Therefore, this needs 

to be investigated.       

  

5.2.1 Design  
 

The audience’s emotional response can be divided in two distinct categories, as has already been 

described by the ‘Uncanny Valley’ (Section 3.2). The participant may feel that the 3D human character 

is eerie and simultaneously the participant may also feel that the 3D human character is believable 

(Section 3.2). The audience perception of Actual Visual Realism can also be divided in two distinct 

categories, participants may find that the 3D human character’s looks and movements are physically 

correct (the perception of Accurate Realism), and also participants may find that the 3D human 

character’s behaviours are contextually coherent (the perception of Appropriate Realism) (Figure 5.2).  
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The study uses a mixed design. 3D human cephalic features and Communication Condition are the 

independent variables, and perceived Eeriness, perceived Believability, perceived Accurate Realism 

and perceived Appropriate Realism are the dependent variable. 

 

5.2.2 Independent Variables 
 

 

Cassell et al. (2004) suggested that facial movement, head movement and eye movement were 

component expressions for the display of emotions (Figure 2.3). When adapted to the anatomy and 

physical appearance of the 3D human cephalic animation these might have an effect on different 

aspects of Actual Visual Realism (Section 2.3).  

It was anticipated that a complex set of interactions between Facial Movement Type, Head Movement 

Type and Eye Movement Type (Cephalic Expression Factors) (Section 5.2.2) would be found in the 

results. More precisely, a literature review (Chapter 2) predicted that the effect of Facial Movement 

Type would depend on Head Movement Type and on Eye Movement Type (Section 2.3).  

Therefore, those Cephalic Expression Factors (CEF) are; Facial Movement Type (facial movement and 

no facial movement), Head Movement Type (head movement and no head movement) and Eye 

Movement Type (eye movement and no eye movement).  

CEF also should include those combination of features such as:  

 

Table 5.1 Independent variables for the Within-subjects (Cephalic Expression Factor-CEF) and for the Between-
subjects (Communication Condition). 
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The combination of facial, head, and eye movement (i.e. full cephalic animation),  

The combination of facial, head and no eye movement (i.e. neck auxiliary),  

The combination of facial, no head and eye movement (i.e. eye region),  

The combination of facial, no head and no eye movement (i.e. facial movement only), 

The combination of no facial, head and eye movement (i.e. gaze behaviour),  

The combination of no facial, head and no eye movement (i.e. head movement), 

The combination of no facial, no head and eye movement (i.e. eye movement), 

The combination of no facial, no head and no eye movement (i.e. still image). 

As those combinations of features could also influence the participants’ perception and their 

emotional response (Table 5.1). 

Moreover, between subjects, Communication Condition (nonverbal and verbal) is also an independent 

variable.  

 

5.2.3 Dependent Variables  
 

 

The first two dependent variables measured in this study are perceived Eeriness and perceived 

Believability. These two dependent variables are based on the Uncanny Valley prediction that as a 3D 

 

Table 5.2 Dependent variables for the Experiment conditions in matrix (note - Independent variables in italic). 
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human character gets more realistic, these will be the emotional responses of the audiences’ 

(participants) subjective judgment (Section 3.2). Additionally, the participants’ perception of Accurate 

Realism may depend on CEF within the nonverbal condition; and the participants’ perception of 

Appropriate Realism may also depend on CEF within the verbal condition (Table 5.2).  

In particular, the participants’ perception of 3D human character’s cephalic emotional expression and 

accurate movement without speech are combined to define, perceived Accurate Realism. Moreover, 

the participants’ perception of a 3D human character’s cephalic emotional expression with movement 

matched to the contextual speech are combined to define perceived, Appropriate Realism.  

However, each dependent variable is described as an effect of the relationship between those 

independent variables (Section 5.2.2). Perceived Accurate Realism and perceived Appropriate Realism 

were an attempt to discover a difference between two conditions (nonverbal and verbal) by allocating 

two different groups of participants to each condition, that means the experimental treatment 

(nonverbal and verbal) for the participants in each group is different. Thus, perceived Accurate Realism 

and perceived Appropriate Realism are only within their own condition as dependent variables. 

In addition to external factors, another issue to consider when measuring emotional cognition is the 

participants’ innate ability to accurately recognise the emotion displayed. The perception of the 

internal experience of an emotion (Section 3.1) determines the audience’s ability to recognise 

displayed emotions. It is possible that participants experienced in creating computer generated 

human characters, familiar with watching animated human films or playing games with human 

characters are accustomed to the ‘uncanniness’ effect and will be less affected (Section 3.1.1). 

Therefore, this study also considered potential effects including whether prior experience affects 

participants’ perceived Eeriness or perceived Believability of the cephalic emotional expression 

displayed.  

 

5.2.4 Research Hypotheses  
 

For the perception of cephalic emotional expressions, it is predicted that realistic 3D human 

character’s emotional display will have an effect on Eeriness or Believability and that with facial 

movement animation will be perceived as higher than no facial movement (Table 5.2). Animation with 

head movement will be perceived as higher than no head movement (Table 5.2). With eye movement 

animation will be perceived as higher than no eye movement (Table 5.2). 
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The previous studies (Section 2.3.1) suggested that neck auxiliary movements are the main control for 

the whole animation of facial movement and head movement relative to the cephalic system. 

However, the combination movements between the face and head for neck auxiliary, could also either 

have eye movement involved (i.e. full cephalic animation) or no eye movement (i.e. neck auxiliary) 

(Table 5.1). This could suggest that both the combination movements (with either eye movement or 

no eye movement) between the facial and head could display a 3D human cephalic expression with 

neck auxiliary involved animation. It is predicted that the 3D human cephalic expression with neck 

auxiliary involved animation will be perceived higher than with no neck auxiliary involved animation. 

This means that there will be an interaction between the Facial Movement Type and Head Movement 

Type for audience perception and audience emotional responses (Table 5.2).  

Moreover, previous studies (Section 2.3.2) suggested that when head movement drives eye movement 

this could display gaze behaviour, which is a richly informative behaviour in face to face interaction. 

This study also needs to consider the possibility of the combination of head and eye movement 

described by gaze behaviour might also involve facial movement or no facial movement (Table 5.1). 

Thus, with gaze behaviour involved animation should address this problem. It is predicted that the 3D 

human cephalic expression with gaze behaviour involved will be perceived higher than with a no gaze 

behaviour involved animation. This means that there will be an interaction between the Head 

Movement Type and Eye Movement Type for the audience perception and the audience emotional 

responses (Table 5.2). 

In addition, the previous studies (Section 2.3.2) also suggested that the combination of facial and eye 

movement, such as animation with eye region involved could independently influence the audiences’ 

judgment of the perception of 3D human cephalic expressions. However, there is also a need to be 

aware that head movement might also be involved (Table 5.1). The prediction is that the 3D human 

cephalic expression with eye region involved will be perceived higher than a no eye region animation. 

This means that there will be an interaction between the Facial Movement Type and Eye Movement 

Type for the audience perception and the audience emotional responses (Table 5.2). 

Lastly, in order to study individual differences, the previous experience (Section 3.1) in watching CGI 

films, 2D or 3D knowledge and familiarity with cephalic expression will be recorded to assess bias from 

prior experience. 

In summary, the experimental hypotheses are as follows:  

H1. There will be a difference within the Cephalic Expression Factors (CEF) on Eeriness and Believability. 

i. Participants will perceive a difference in Eeriness between the Facial Movement Type. 
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ii. Participants will perceive a difference in Eeriness between the Head Movement Type. 

iii. Participants will perceive a difference in Eeriness between the Eye Movement Type. 

iv. Participants will perceive a difference in Believability between the Facial Movement Type. 

v. Participants will perceive a difference in Believability between the Head Movement Type. 

vi. Participants will perceive a difference in Believability between the Eye Movement Type. 

vii. There will be an interaction between the CEF on Eeriness. 

viii. There will be an interaction between the CEF on Believability. 

H2. There will be a difference between the nonverbal condition and verbal condition on Eeriness and 

Believability. 

i. Participants will perceive a difference in Eeriness between the nonverbal condition and the 

verbal condition. 

ii. Participants will perceive a difference in Believability between the nonverbal condition and 

the verbal condition. 

 

The perception of 3D human characters’ Actual Visual Realism within the nonverbal condition is 

expected to be different from the perception of 3D human characters’ Actual Visual Realism within 

the verbal condition. Therefore, two aspects of Actual Visual Realism should be considered as 

dependent variables affected by the Cephalic Expression Factors within their own conditions 

(nonverbal and verbal) (Section 5.2.3).   

H3.  When an animated 3D human character’s emotional cephalic expression is without speech, the 

Cephalic Expression Factors (CEF) will influence the audiences’ perception of Accurate Realism. 

i. There will be a difference between the Facial Movement Type for Accurate Realism. 

ii. There will be a difference between the Head Movement Type for Accurate Realism. 

iii. There will be a difference between the Eye Movement Type for Accurate Realism. 

iv. There will be an interaction between the CEF for Accurate Realism. 

H4. When an animated 3D human character’s emotional cephalic expression includes speech, the 

Cephalic Expression Factors (CEF) will influence the audiences’ perception of Appropriate Realism. 

i. There will be a difference between the Facial Movement Type for Appropriate Realism. 

ii. There will be a difference between the Head Movement Type for Appropriate Realism. 

iii. There will be a difference between the Eye Movement Type for Appropriate Realism. 

iv. There will be an interaction between the CEF for Appropriate Realism. 
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H5. Individual differences of participants’ prior experience (including Experience in using 3D software, 

Familiarity with watching the 3D CGI films and Frequency of playing the 3D human games) will 

influence their emotional response (Eeriness and Believability). Moreover, prior experience will 

influence the perception of Accurate Realism and the perception of Appropriate Realism.  

 

5.2.5 Participants 
 

72 Participants were invited; all members attended were students or staff of University of Portsmouth 

(39 males and 33 females) ranging in age from 19 to 63. Participants were randomly allocated to one 

of the two groups (Nonverbal condition and Verbal condition) (Table 5.2). The thirty-six participants 

(22 males and 14 females) in the nonverbal condition ranged in age from 20 to 54 (M=27, SD=9). The 

thirty-six participants (17 males and 19 females) in the verbal condition ranged in age from 19 to 63 

(M=30, SD=12). In exchange for participation, all participants were entered into the School of Creative 

Technologies (University of Portsmouth) annual raffle in which they could win either an iPhone, Xbox 

or Wii.   

 

5.2.6 Apparatus  
 

Taking into account the results of the previous study (Chapter 4), and to confirm they were tested 

under the same verbal condition within the cephalic expression animation, the same human speech 

in original video footage ‘Withnail and I’ (Robinson, 1987) was used. However, new professional 3D 

human cephalic animations (Section 4.5) using the specified Cephalic Expression Factors (CEF) (Section 

5.2.2) were created for this experiment.  

The creation of the displayed video clips followed a similar approach as the previous study (Section 

4.5). However, to avoid the potential confound (Section 4.8.2), and in contrast with the previous study, 

the 3D human cephalic animations were displayed in randomized order for Cephalic Expression Factors 

(CEF). This was done to ensure that different types of movements did not influence the perception of 

emotional expression cues with an order effect. 

Within both Communication Conditions (nonverbal and verbal), 3D human cephalic animations were 

produced based on the Facial Action Coding System (FACS) (Ekman & Friesen, 1978c) techniques 

(Section 2.2.2), which explain how to categorise the different facial expressions based on which muscle 

movements are involved. Prior to the construction, the animator prepared a set of different group 
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components for each facial movement in animation (Table 5.2). Although, in contrast with the 

previous study (Chapter 4) there was no requirement for participants to recognise a fixed set of 

emotional expressions  (i.e. recognition of emotion was not a dependent variable).  

However, the 3D human character was animated in the same set of scenarios as in the previous study 

(Section 4.5). The scenarios were animated and displayed in two different ways; A nonverbal condition 

for which the 3D human character was animated to accurately act the Cephalic Expression Factors, to 

achieve Accurate Realism; A verbal condition such that the movement would match to speech 

appropriately alone with the Cephalic Expression Factors to achieve Appropriate Realism. 

During the original video footage, the main actor (used as reference to the 3D animated human) was 

face-to-face having a conversation (monolog) with another actor. There were two cameras, each 

shooting a separate angle and the character shot focussed on whoever was speaking. However, the 

main actor was chosen as reference for the 3D human character’s cephalic emotional expression only. 

During the animation display, the second actor scenes were set to a blank screen (grey screen); those 

cuts followed the original video footage and this has been done for both conditions in study. This 

ensured that the animated display conveyed the intended timing.  
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The 3D human animation was a high polygon mesh modelled and animated in Autodesk Softimage. A 

unique cephalic topology for the cephalic looping system was designed, in order to help with 

animating the character and especially how the face would deform to create the correct shapes and 

poses of the FACS (Figure 5.1).  

Key frame animation was used to animate the 3D human character’s cephalic expression; this is the 

least automated of the processes to create animation although it delivers the maximum amount of 

control. Due to the complexity of the matrix (Table 5.2) within the Cephalic Expression Factors (CEF), 

the keyframe animation is made of scale values defining the morph targets for the facial movement. 

The keyframe animation can also use rotation and translation values for bones rig based head 

movement. The keyframe animation is also used to control eye movement. In addition, the control rig 

ensured a higher level of abstraction that can act on multiple face morph targets’ values or head/neck 

bones at the same time for the experimental requirements (Figure 5.1).   

 
Video 1. Facial_Head_Eye 
Video 2. Facial_Non Head_Eye 
Video 3. Facial_Head_Non Eye 
Video 4. Facial_Non Head_Non Eye 

Video 5. Non Facial_Head_Eye 
Video 6. Non Facial_Non Head_Eye 
Video 7. Non Facial_Head_Non Eye 
Video 8. Non Facial_Non Head_Non Eye 

 

Figure 5.1 Various poses of 3D animated human cephalic expression in eight different videos in two different 
Communication Conditions. 
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Autodesk Softimage was also used to render the animations. When rendering the animations, a grey 

background was placed behind the animated 3D human, in order to remove the potential bias caused 

by the background. The cephalic animation was not textured with a human skin map, so that this 

source of information was removed along with the possible uncanny effects that may come from skin 

texture. However, the animated 3D human character has added texture for the eyebrows and eye 

pupil as an indication of direction of brow movement and eye movement, this could help the 

participants to recognise the cephalic emotional expression from a non-skin textured 3D human 

character. Thus, sixteen cephalic expression clips were created: (2 Facial Movement Type x 2 Head 

Movement Type x 2 Eye Movement Type) in 2 conditions (nonverbal and verbal) (Table 5.1). 

To record participants’ answers, Adobe Flash was used to create an application (animation clips and 

questionnaire interface) (Figure 5.2). The material was embedded into a custom made interface, 

which was used for displaying the presented cephalic expression clips at life size (24 inch PC monitor) 

as well as recording the participants’ answers. 

The software used, displayed animation clips in a randomized order. However, the application did not 

record the order in which the clip was displayed. It therefore would not be possible to test whether 

the order in which participants saw the cephalic expression had an effect on their recognition. 

However, the submitted answers were auto recorded and emailed for subsequent analysis. Any 

adverse effects such as sickness or tiredness could not be accounted for. However, it should be noted 

that participants did not report being sick or tired during the debriefing stage, or that the study was 

too uncomfortable or too long.   

 

5.2.7 Materials 
 

 

Figure 5.2 Screen shots of the application between the Communication Condition (nonverbal and verbal). 
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In order to examine the 3D human cephalic animation effects (the effect of CFE); an existing 

questionnaire has been modified. The questionnaires were derived from MacDorman and Ishiguro 

(2006) that places audience’s emotional responses labels on the Uncanny Valley’s ‘Y’ axis with 

emotional response to the feeling dependent on the independent axis ‘X’ with human likeness. Each 

participant was asked to rate the Eeriness, Believability, Accurateness or Appropriateness on a Likert 

scale of 1-7 (where 1 was ‘Not at all’ and 7 was ‘Very much’) for each emotion video clip.  

Post-study questionnaires gathered personal information including gender (Male and Female), age, 

education and ethnicity. These four variables were essential to know and describe the sampled 

population. It would be impossible to draw and justify any generalization of the results without this 

data. Experience in using 3D software, frequency of playing video games and familiarity with watching 

3D animated humans were all recorded on a seven point Likert scale (where 1 was ‘Not at all’, 7 was 

‘Very much’). Those variables will be used to look for possible correlations between previous 

experiences with animated human and the reported Believability, Eeriness and number of successful 

interpretations of expressions.   

The participants’ information sheet stated that the questionnaire used in the study is embedded 

within a custom made application. The post-study questionnaire started at the end of the experiment. 

The questions were displayed one by one and participants had an option to stop at any time. Moreover, 

they could skip any questions that they do not want to answer.     

 

5.2.8 Procedure 
 

The study was advertised as a 3D human cephalic animation study, on the University of Portsmouth 

students’ and staff website. No indication of the evaluation of emotions was made to participants 

prior to the experiment.  

All participants were randomly allocated to one of the two groups (nonverbal and verbal) in individual 

sessions. Each session began by obtaining consent (a consent sheet needed to be agreed and signed 

by the participant and experimenter). Participants were then told how to use the software and given 

an explanation of the seven point Likert scale. Participants were then informed that the cephalic 

animations were not skin textured, before they were left alone to watch the 8 videos each lasting 30 

seconds. Each video was played through only once in randomized order. Participants responded to 

questions (Figure 5.2) and then pressed the next button for the next video to play. The post-study 

questionnaire (Appendix B) automatically started when all the videos were completed. Finally, 
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participants were fully debriefed regarding the purpose of the study and refreshments (tea or coffee) 

were offered. The whole procedure for each participant took less than 45 minutes. 
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Chapter 6 – The Effect of Cephalic Expression Factors 
and Communication Conditions on Audience 
Perception and Emotional Response: Study Results  
 

6.1 Data Confirmation 
 

Prior to the full analysis, there were possible differences between previous experience and participant 

responses that could result in differences in the Cephalic Expression Factors being confounded (see 

further analysis in Section 6.3).  

To see if age differences could have confounded the results between the two separate conditions 

(nonverbal vs verbal) groups, Independent Samples T-Tests were conducted on the between 

participants’ data. There was no difference between groups for Age (t(70)= -1.50, p=0.14). A T-Test 

was also conducted to evaluate the potential effect of a difference in prior experience between groups. 

There was only a marginal significance for Often playing video games (t(70)=1.84, p=0.07) and 

Familiarity with watching 3D animated humans (t(70)=1.81, p=0.08), and there was no difference for 

Experience in using 3D software (t(70)=1.18, p=0.24) between the two groups. Therefore, the results 

were not confounded by previous experience or participant differences. 

Participants’ mean score (Maximum being 7) for the Experience in using 3D software was 3.83 out 7 

(SD=2.16) in the nonverbal condition, was 2.86 out 7 (SD=2.33) in the verbal condition. An average of 

5.28 out 7 (SD=2.21) was reported on Often to playing video games in the nonverbal condition and 

4.31 out 7 (SD=4.31) in the verbal condition. For Familiarity with watching 3D animated humans the 

mean was 5.42 out 7 (SD=1.73) in the nonverbal condition and 4.64 out 7 (SD=1.92) in the verbal 

condition. 

 

 

6.2 Overview of the Experimental effects 
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A high level analysis of the experimental conditions was carried out with two ANOVAs; Cephalic 

Expression Factors (CEF) which are Facial Movement Type (facial movement and no facial movement), 

Head Movement Type (head movement and no head movement) and Eye Movement Type (eye 

movement and no eye movement). There is a between subjects Communication Condition (nonverbal 

and verbal) (Table 6.1).  

Considering there was three within-subject factors (Facial Movement Type, Head Movement Type and 

Eye Movement Type) and one between-subjects factor that is Communication Condition (groups), a 

mixed ANOVA is used. The main effect of each of the independent variables (CEF) on each of 

dependent variables will determine whether the null hypothesis is rejected or not. Moreover, 

conducting a mixed ANOVA establishes whether there is any interaction between the independent 

variables.  

Eeriness and Believability were dependent variables used to ‘operationalise aspects of’ the 

participant’s emotional responses. However, Accurate Realism was measured within the nonverbal 

condition and Appropriate Realism was measured within the verbal condition (Section 5.2.3). Thus, 

the different aspects of Actual Visual Realism cannot be compared between different Communication 

Conditions (nonverbal and verbal). 

 

 

Table 6.1 Two separate 2x2x2 within subjects design (Independent variables for the within-subjects- Cephalic 
Expression Factors). Between-subjects condition (Communication Conditions). 
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6.2.1 The Effect of Cephalic Expression Factors (Facial Movement Type, Head Movement Type and 
Eye Movement Type) and Communication Condition on Eeriness 

 

A mixed ANOVA was carried out to determine if there were differences in participants’ perceived 

Eeriness for each Cephalic Expression Factor (Facial Movement Type, Head Movement Type and Eye 

Movement Type). There were no outliers in the data, as assessed by inspection of a boxplot for values 

greater than 1.5 box-lengths from the edge of the box. Participants’ perceived Eeriness for each level 

of Facial Movement Type, each level of Head Movement Type and each level of Eye Movement Type 

were normally distributed, as assessed by a Shapiro-Wilk’s test (p>.05)  and there was homogeneity 

of variance, as assessed by Levene’s test for equality of variances for Eeriness (p>.05). There was 

homogeneity of covariance, as assessed by Box’s test of equality of covariance matrices (p=0.52). 

No significant difference was found between Facial Movement Types for Eeriness (F(1,70)=0.20, 

p=0.65, Partial η2=0.00), therefore, H1.i. was not supported. However, there was a statistically 

significant interaction effect (F(1,70)=4.07, p<0.05, Partial η2=0.06) between Facial Movement Type 

and Communication Condition for Eeriness. 

As predicted (H1.ii.), the main effect of Head Movement Type showed a highly significant effect for 

Eeriness at the different levels (F(1,70)=8.09, p<0.01, Partial η2=0.10), with head movement (M=3.75, 

SD=1.76) higher than no head movement (M=3.30, SD=1.69) on perceived Eeriness. However, Head 

Movement Type showed no significant interaction effect with Communication Condition for Eeriness 

(F(1,70)=0.11, p=0.75, Partial η2=0.00). 

As predicted (H1.iii.), the main effect of Eye Movement Type showed a highly significant effect on 

Eeriness at the different levels (F(1,70)=7.39, p<0.01, Partial η2=0.10), with the eye movement 

(M=3.67, SD=1.73) higher than the no eye movement (M=3.38, SD=1.75) on perceived Eeriness. 

However, Eye Movement Type showed no significant interaction effect with Communication Condition 

for Eeriness (F(1,70)=0.05, p=0.82, Partial η2=0.00). 
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In addition to the main effects, the ANOVA also showed a highly significant interaction effect 

(F(1,70)=30.45, p<0.01, Partial η2=0.30) between Facial Movement Type and Head Movement Type 

for Eeriness (Table 6.2).  

Moreover, there was a highly significant interaction effect (F(1,70)=9.41, p<0.01, Partial η2=0.12) 

between Head Movement Type and Eye Movement Type for Eeriness (Table 6.2). 

 

 

Table 6.2 Mean and Standard deviations of Eeriness for the Facial Movement Type (facial movement and 
no facial movement), Head Movement Type (head movement and no head movement) and Eye Movement 

Type (eye movement and no eye movement). 
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However, H2.i. was not supported, as there was no significant difference found between the 

Communication Condition for Eeriness (F(1,70)=0.19, p=0.67, Partial η2=0.00) (Table 6.3). 

 

6.2.2 The Effect of Cephalic Expression Factors (Facial Movement Type, Head Movement Type and 
Eye Movement Type) and Communication Condition on Believability 
 

A mixed repeated measures ANOVA was used to determine the effects of different factors (Human 

Type, Communication Condition and Display Modality) on Eeriness. There were no outliers in the data, 

as assessed by inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the 

box. Participants’ perceived Eeriness for each group of Human Type, each level of Communication 

Condition and each level of Display Modality were normally distributed, as assessed by a Shapiro-

Wilk’s test (p>.05), and there was homogeneity of variances, as assessed by Levene’s test of 

homogeneity of variances (p>.05). There was homogeneity of covariance, as assessed by Box’s test of 

equality of covariance matrices (p=0.10).  

 

Table 6.3 Mean and Standard deviations of Eeriness for the Communication Condition (Nonverbal and 
Verbal) and CEF (Facial Movement Type, Head Movement Type and Eye Movement Type). 
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As predicted (H1.iv.), the main effect of Facial Movement Type showed a highly significant effect on 

Believability (F(1,70)=68.36, p<0.01, Partial η2=0.49), with facial movement (M=4.61, SD=1.67) 

perceived greater than no facial movement (M=3.82, SD=1.77) for Believability. However, there was 

no significant interaction between Facial Movement Type and Communication Conditions for 

Believability (F(1,70)=0.64, p=0.43, Partial η2=0.01). 

As predicted (H1.v.), the main effect of Head Movement Type showed a highly significant effect for 

Believability at the different levels (F(1,70)=125.94, p<0.01, Partial η2=0.64), with head movement 

(M=4.93, SD=1.51) higher than no head movement (M=3.50, SD=1.72) on perceived Believability. 

Moreover, there was a highly significant interaction effect (F(1,70)=24.58, p<0.01, Partial η2=0.26)  

between Head Movement Type and Communication Condition for Believability.  

As predicted (H1.vi.), the main effect of Eye Movement Type showed a highly significant effect on 

Believability (F(1,70)=9.06, p<0.01, Partial η2=0.12), with eye movement (M=4.34, SD=1.72) perceived 

greater than no eye movement (M=4.08, SD=1.81) for Believability. However, there was no significant 

interaction between Eye Movement Type and Communication Condition for Believability (F(1,70)=0.03, 

p=0.87, Partial η2=0.00). 

 

 

Table 6.4 Mean and Standard deviations of Believabil ity for the Facial Movement Type (facial movement 
and no facial movement), Head Movement Type (head movement and no head movement) and Eye 

Movement Type (eye movement and no eye movement). 
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There was a highly significant interaction effect (F(1,70)=11.01, p<0.01, Partial η2=0.14) between the 

Facial Movement Type and Head Movement Type for Believability (Table 6.4). However, there was 

only a marginal interaction effect between Facial Movement Type and Eye Movement Type for 

Believability (F(1,70)=3.62, p=0.06, Partial η2=0.05). 

 

There was also a highly significant interaction between Facial Movement Type and Head Movement 

Type and Communication Conditions for Believability (F(1,70)=7.04, p<0.01, Partial η2=0.09) (Table 

6.5).  

As predicted (H2.ii.), the main effect of group showed that there was a statistically significant 

difference in Believability between Communication Conditions (F(1,70)=6.22, p<0.05, Partial η2=0.08).  

Considering as predicted (H2.ii.), when the interaction term is statistically significant, this indicates 

that Believability might affected by the CEF within each conditions (nonverbal condition and verbal 

condition), it would therefore be separate tests required. 

 

 

Table 6.5 Mean and Standard deviations of Believabil ity for the Communication Condition (Nonverbal and 
Verbal) and CEF (Facial Movement Type, Head Movement Type and Eye Movement Type). 
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6.2.2.1 Cephalic Expression Factors in a Nonverbal Condition for Believability 
 

Within the nonverbal condition, the main effect of Facial Movement Type showed a highly significant 

effect on Believability (F(1,35)=25.33, p<0.01, Partial η2=0.42). The main effect of Head Movement 

Type also showed a highly significant effect on Believability (F(1,35)=23.64, p<0.01, Partial η2=0.40). 

However, there was only a marginal difference on Eye Movement Type for Believability (F(1,35)=4.07, 

p=0.052, Partial η2=0.10).  

Moreover, there was a significant interaction effect (F(1,35)=17.49, p<0.01, Partial η2=0.33) between 

the Facial Movement Type and Head Movement Type for Believability. 

 

6.2.2.2 Cephalic Expression Factors in a Verbal Condition for Believability 

 

Within the verbal condition, the main effect of Facial Movement Type showed a highly significant 

effect on Believability (F(1,35)=106.83, p<0.01, Partial η2=0.42). The main effect of Head Movement 

Type also showed a highly significant effect on Believability (F(1,35)=50.14, p<0.01, Partial η2=0.40). 

Moreover, there was only a marginal difference on Eye Movement Type for Believability (F(1,35)=5.02, 

p=0.052, Partial η2=0.10).  

However, there was no significant interaction between Facial Movement Type and Head Movement 

Type for Believability (F(1,35)=0.26, p=0.64, Partial η2=0.01) 

 

6.2.3 Tests of Within-Subjects Effects on Accurate Realism in the Nonverbal Condition 
 

Two aspects of Actual Visual Realism should be considered as dependent variables affected by the 

Cephalic Expression Factors within their own conditions (nonverbal and verbal) (Section 6.2.3 and 

Section 6.2.4). Each ANOVA will produce a separate test of within-subjects effects (Table 6.1), which 

contains the result of the repeated measures ANOVA. 
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A repeated measures ANOVA was conducted to determine whether there was a statistically significant 

difference in Accurate Realism between each level of CEF (Facial Movement Type, Head Movement 

Type and Eye Movement Type). There were no outliers and the data was normally distributed at each 

level of Facial Movement Type,  each level of Head Movement Type and each level of Eye Movement 

Type, as assessed by boxplot and a Shapiro-Wilk test (p>.05), respectively.  

As predicted (H3.i.), the main effect of Facial Movement Type showed a highly significant effect on 

Accurate Realism (F(1,35)=46.05, p<0.01, Partial η2=0.57). The participants perceived more Accurate 

Realism with facial movement (M=4.92, SD=1.45) than no facial movement (M=3.88, SD=1.63).  

As predicted (H3.ii.), the main effect of Head Movement Type showed a highly significant effect on 

Accurate Realism (F(1,35)=40.49, p<0.01, Partial η2=0.54). The participants perceived more Accurate 

Realism with head movement (M=4.91, SD=1.50) than no head movement (M=3.90, SD=1.60).  

However, Eye Movement Type showed no significant interaction effect on Accurate Realism 

(F(1,35)=1.84, p=0.18, Partial η2=0.05). 

  

Table 6.6 Nonverbal Condition, Mean and Standard deviations of Accurate Realism for the Facial 
Movement Type (facial movement and no facial movement), Head Movement Type (head movement and 

no head movement) and Eye Movement Type (eye movement and no eye movement). 
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There was however a highly significant interaction between Facial Movement Type and Head 

Movement Type for Accurate Realism (F(1,35)=10.99, p<0.01, Partial η2=0.24) (Table 6.6).  

 

6.2.4 Tests of Within-Subjects Effects on Appropriate Realism in the Verbal Condition 

 

 

A repeated measures ANOVA was conducted to determine whether there was a statistically significant 

difference in Appropriate Realism between each level of CEF (Facial Movement Type, Head Movement 

Type and Eye Movement Type) (Table 6.7). There were no outliers and the data was normally 

distributed at each level of Facial Movement Type,  each level of Head Movement Type and each level 

of Eye Movement Type, as assessed by boxplot and a Shapiro-Wilk test (p>.05), respectively.  

As predicted (H4.i.), the main effect of Facial Movement Type showed a highly significant effect on 

Appropriate Realism (F(1,35)=78.52, p<0.01, Partial η2=0.69). The participants perceived more 

Appropriate Realism with facial movement (M=4.56, SD=1.95) than no facial movement (M=3.43, 

SD=2.08).  

 

Table 6.7 Verbal Condition, Mean and Standard deviations of Appropriate Realism for the Facial Movement 
Type (facial movement and no facial movement), Head Movement Type (head movement and no head 

movement) and Eye Movement Type (eye movement and no eye movement). 

 

 



Chapter 6 

101 
 

As predicted (H4.ii.), the main effect of Head Movement Type showed a highly significant effect on 

Appropriate Realism (F(1,35)=187.30, p<0.01, Partial η2=0.84). The participants perceived more 

Appropriate Realism with head movement (M=5.42, SD=1.42) than no head movement (M=2.58, 

SD=1.65).  

As predicted (H4.iii.), the main effect of Eye Movement Type showed a highly significant effect on 

Appropriate Realism (F(1,35)=30.56, p<0.01, Partial η2=0.47). The participants perceived more 

Appropriate Realism with eye movement (M=4.28, SD=2.02) than no eye movement (M=3.72, SD=2.13).  

In addition to the main effects, the ANOVA also showed a significant interaction effect (F(1,35)=6.76, 

p<0.05, Partial η2=0.16) between Facial Movement Type and Eye Movement Type for Appropriate 

Realism (Table 6.9).  

 

6.3 Analysis of Individual Differences 
 

A Pearson’s correlation investigated the relationship between participants’ prior experience and 

participants’ subjective judgments (perception and emotional responses scores). Preliminary analyses 

showed the relationship to be linear with both variables normally distributed, as assessed by a 

Shapiro-Wilk test (p>.05), and there were no outliers.  

The relationship between Experience in using 3D software and Eeriness was computed using a Pearson 

correlation. There was no correlation between Experience in using 3D software and Eeriness for both 

the Communication Conditions combined (r(72)=-0.05, p=0.78).  

There was also no correlation between Experience in using 3D software and Believability for both the 

Communication Conditions combined (r(72)=-0.02, p=0.74). 

Pearson’s correlations were also conducted to assess the relationship between Experience in using 3D 

software and Actual Visual Realism factors. There was no relationship between Experience in using 3D 

software and Accurate Realism for the nonverbal condition (r(36)=-0.16, p=0.37). Similarly, there was 

no relationship between Experience in using 3D software and Appropriate Realism for the verbal 

condition (r(36)=-0.06, p=0.75).     

Pearson’s correlation also showed no relationship between Familiarity with watching 3D human 

animation and Eeriness for both the Communication Conditions combined (r(72)=0.06, p=0.61).  

The relationship between Familiarity with watching 3D human animation and Believability was 

assessed using a Pearson correlation. There was no correlation between Familiarity with watching 3D 
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human animation and Believability for both the Communication Conditions combined (r(72)=0.05, 

p=0.65).  

A Pearson’s correlation was conducted for the relationship between Familiarity with watching 3D 

human animation and Actual Visual Realism. There was no relationship between Familiarity with 

watching 3D human animation and Accurate Realism for the nonverbal condition (r(36)=-0.02, p=0.90). 

Moreover, there was no relationship between Familiarity with watching 3D human animation and 

Appropriate Realism for the verbal condition (r(36)=0.14, p=0.42).     

The relationship between Often playing video games and Eeriness was computed using a Pearson 

correlation. There was no correlation between Often playing video games and Eeriness for both the 

Communication Conditions combined (r(72)=0.18, p=0.30).  

There was no relationship between Experience in Often playing video games and Believability for both 

the Communication Conditions combined (r(72)=0.08, p=0.68).  

A Pearson’s correlation was run to predict the relationship between Often playing video games and 

Actual Visual Realism. There was no correlation between Often playing video games and Accurate 

Realism for the nonverbal condition (r(36)=0.08, p=0.66). Similarly, there was no relationship between 

Often playing video games and Appropriate Realism for the verbal condition (r(36)=-0.04, p=0.80).    

 

6.4 Qualitative Observations  
 

At the end of the study, participants were given an opportunity for additional written comments on 

the post-questionnaire (Appendix B). No subject title was given, but the feedback was all on the 

techniques used for the creation of cephalic animations.  

18 out of 72 participants reported that the 3D human character was Key frame animated and 

referenced from the Facial Action Coding System (FACS), and 25 out of 72 participants commented 

that the 3D animated human character could be tracked, based on human cephalic expressions. 

However, nearly half of the participants (29 out of 72) did not give any feedback about the techniques 

used to create the animation.  

12 out of 72 participants reported that they recognised the voice from the original video footage used 

(‘Withnail and I’) and 26 out of 72 participants were familiar with the 3D human character, they 

reported that this 3D human character had been used from other CGI animations. Half of the 
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participants (36 out of 72) did not recognise or were unfamiliar with the 3D human character before 

the study. 
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Chapter 7 – The Effect of Cephalic Expression Factors 
and Communication Conditions on Audience 
Perception and Emotional Response: Discussions 
 

7.1 Introduction 
 

The current study compared participants’ emotional responses (in terms of Eeriness or Believability) 

and participants’ perception (in terms of Accurate Realism and Appropriate Realism) to emotional 

expression in a nonverbal condition and a verbal condition. This study investigated a number of 

hypotheses (Section 5.2.4), which are discussed in this chapter. 

 

The result for each dependent variable assessed during the experiment (Chapter 6) will be discussed 

in turn, based on the Communication Condition (Table 7.1).  

 

 

 

Table 7.1 Cephalic Expression Factors (CEF) for the nonverbal condition and the verbal condition. 
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This discussion will be grounded in the model (Figure 7.1) developed from the previous literature 

(Chapter 2 and Chapter 3). The result of this study (Chapter 6) will thus be discussed in relation to the 

Media context (Figure 7.1), the display of Accurate Realism and Appropriate Realism, as well as the 

audiences’ perception and emotional response of those along with their prior experience (Figure 7.1).  

 

7.2 The Effect of Cephalic Expression Factors and Communication Conditions on Eeriness 
 

The Eeriness results (Section 6.2.1) suggested that there were a number of components of the CEF 

(Table 7.1) which had significant effects on perceived Eeriness. 

Head Movement Type (head movement / no head movement) had a significant effect for Eeriness 

(Section 6.2.1). Participants perceived more Eeriness when a 3D human’s cephalic animation had head 

movement than no head movements for both Communication Conditions combined. This is broadly 

consistent with the finding of Lyons et al. (2000) who observed that a 3D human character’s head 

position has a significant effect on the perception of emotional expressions, that study even showed 

that head position changes were perceived as facial expression changes, even though there were no 

facial muscle movements (i.e. facial movement). However, the Eeriness results show this effect 

transcends perception, into the emotional response to that perception. Moreover, a similar significant 

difference was also found in Eye Movement Type (eye movement / no eye movement) for Eeriness 

 

Figure 7.1 A model of the interplay between a realistic 3D human character and the audience’s individual 
subjective judgment. 
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(Section 6.2.1). The 3D human’s cephalic emotional expression that had eye movement was perceived 

as more eerie compared to no eye movement for both Communication Conditions combined.  

These results generally confirmed the hypotheses (Section 5.2.4) that the participants could perceive 

a higher level of Eeriness for a 3D human’s cephalic emotional expression when displayed with head 

movement or with eye movement. However, there are many component combinations of a 3D human 

cephalic emotional expression, which may have contributed to this finding (Table 7.1).  

Considering these combinations, there was a highly significant interaction between Facial Movement 

Type and Head Movement Type for Eeriness (Section 6.2.1), for both Communication Conditions 

combined. All the emotional 3D human character’s that displayed conditions with neck auxiliary 

animation involved (e.g. neck auxiliary and a full dynamic cephalic animation) (Table 7.1) were 

perceived as more eerie than those displaying conditions with no neck auxiliary involved (e.g. eye 

movement only and still image) (Table 7.1). This is consistent with the Uncanny Valley (Section 3.2), 

which suggests that a near-humanlike character is perceived as more eerie when moving than when 

it is still.  

Moreover, the significant effect of Eye Movement Type could also suggest that it might be a general 

cause of Eeriness. However, considering the difference between Facial Movement Type and Head 

Movement Type, this could suggest that the audience might find that eye movement itself is eerie 

when that 3D human character’s cephalic animation does not have any facial and head movement 

involved. However, conditions with neck auxiliary involved had the strongest response for Eeriness. 

Therefore, the lack of eye movement in this suggests that 3D animators should pay more attention to 

neck auxiliary for 3D human characters, particularly if they need (to be designed) to be eerie (e.g. 

Gollum from the Lord of the Ring or Scrooge from a Christmas Carol). However, in the display condition 

with neck auxiliary, with full cephalic animation (Table 7.1) it does have eye movement. This could 

suggest that it should be just neck auxiliary displayed alone that causes the Eeriness. Therefore, the 

explanation for this result could be the lack of consistency, and thus it must be something specific 

about the neck auxiliary (i.e. the effect between a head position forward and backward based on neck 

auxiliary). Further investigation is thus necessary to establish this (Section 8.4).  

In addition, there was also a highly significant interaction between Head Movement Type and Eye 

Movement Type for Eeriness, for both Communication Conditions combined (Section 6.2.1). The 

emotional 3D human display conditions with gaze behaviour Involved (e.g. gaze behaviour and full 

dynamic cephalic animation) was perceived as more eerie than conditions with no gaze behaviour 

involved (i.e. facial movement only and still image). This supports and extends the model of the 

Uncanny Valley (Section 3.2) and suggested that there could be a different level of perceived Eeriness 
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when a 3D human cephalic emotional expression displays conditions with gaze behaviour involved, 

which are inconsistent with other type of movements. The previous experiment (Chapter 4) has 

already noted that the participants’ judgments of a 3D human’s cephalic expression are more eerie 

using movement cues (Section 4.8.2) and it may be that the lack of combination cues altered the 

perception of the 3D human’s cephalic expression, increasing the Eeriness. A further study could 

investigate features of cephalic expression, comparing the effect of other movements involved for 

consideration, for example, gaze behaviour on specific visual targets would be required to establish if 

this is the cause of the Eeriness (Section 8.4). If so, it may have implications for 3D human character 

design for Eeriness applications.    

The Eeriness results also show that there was an interaction effect between the Communication 

Conditions and Facial Movement Type (Section 6.2.1). Within the verbal condition, the participants 

found the 3D human character more eerie with facial movement condition and speech than with no 

facial movement condition. Somewhat surprisingly it could be that the lip-sync of the facial movement 

was appropriate for the content, but the content itself is eerie to the audience. In addition, considering 

the speech content used for the animation was originally from a film (Section 5.2.6), there was a 

conversation between the main character and another, this suggests that perhaps it was the other 

person’s speech that caused the Eeriness for the whole animation. Thus, future work is required to 

establish is this is the case (i.e. the effect between the monolog and the dialog) (Section 8.3).  

Further exploring the results, there was a significant interaction effect for Eeriness between the 

Communication Conditions and Facial Movement Type, within the nonverbal condition. No facial 

movement and no speech was perceived as more eerie than with facial movement. Thus when the 3D 

human did not speak, it appeared eerie, as if it was wearing a mask. This is consistent with some genre 

of horror films, when a human character wears a mask but does not speak, such as Jason Voorhees (in 

the Friday the 13th series) who wears a hockey goalie mask and does not speak (Cunningham, 1980). 

However, that would have to be influenced by prior experience, where cognitive appraisal influences 

perception (Section 3.1), because they are already familiar with this character. However, the Uncanny 

Valley was originally concerned with how realistic the human-like character is, thus the comparison is 

not between the components of the animation, but how close it has coherence with real life. However, 

in contrast to the original model of the Uncanny Valley, there was no correlation between prior 

experiences and perceived Eeriness (Section 6.3), i.e. perceived Eeriness it not related to a the media 

context but it could still relate to judgments of coherence with real life (further discussed in Section 

7.6).  
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7.3 The Effect of Cephalic Expression Factors and Communication Conditions on 
Believability 
 

The Believability results (Section 6.2.2) suggested that, a number of components had significant 

effects for the 3D human character’s cephalic animation. 

As the experimental hypotheses (H1.iv, H1.v and H1.vi) for Believability predicted there were main 

effects for the Facial Movement Type (facial movement / no facial movement), Head Movement Type 

(head movement / no head movement) and Eye Movement Type (eye movement / no eye movement) 

in both Communication Conditions combined. Participants found the 3D human’s cephalic animation 

more believable with facial movement rather than no facial movement, when cephalic animation had 

head movement it was found more believable than no head movement, and with eye movement 

displayed it was found more believable compared to no eye movement (Section 6.2.2). However, there 

are many component combinations, which may have contributed to this finding (Table 7.1).  

However, there was only an interaction effect between the Facial Movement Type and Head 

Movement Type for Believability (Section 6.2.2). This means that an emotional 3D human character 

display condition with neck auxiliary involved (i.e. neck auxiliary and a full dynamic cephalic animation) 

(Table 7.1) was perceived as more believable than the display condition no neck auxiliary (e.g. eye 

movement only and still image) (Table 7.1). This supports the observations of Lee and Terzopoulos 

(2006), who noted that facial and head movement (e.g. neck auxiliary for 3D human animation) is 

perceived as more believable than just facial movement (e.g. facial expression). This is an important 

finding, as neck auxiliary is the main control for animation, it becomes a significant effect in 3D human 

character movements. This could suggest that it is not necessarily achieved solely by studying facial 

expression, and neck auxiliary should be take into account as a factor for measuring Believability. 

Considering the Eeriness results (Section 7.2), the same pattern suggests that empirical work to help 

the animator understand how the audience’s emotional response (in terms of Eeriness and 

Believability) to the 3D human character could move the focus from facial expression to neck auxiliary. 
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Further exploring the same pattern between the Eeriness and Believability results, this could also 

suggest that animation with neck auxiliary involved might cause the audiences’ emotional response to 

simultaneously differ in two ways, Eeriness and Believability. However, this could indicate that the 

cause of Eeriness and Believability for a 3D human character might depend on the context. For 

example, Dr. Hannibal Lecter (in the Silence of the Lambs) as forensic psychiatrist and cannibalistic 

serial killer is believably eerie. This could suggest that real human character or a 3D human character 

animation could be both eerie and believable. However, this is inconsistent with the Uncanny Valley, 

which described a drop in Believability as animated 3D human characters become more realistic, 

associated with an increased feeling of Eeriness (Section 3.2). Therefore, the differences in Eeriness 

and Believability could suggest that the 3D human cephalic animation used in this experiment might 

not find a position on the current model of the Uncanny Valley. However, Mori’s Uncanny Valley graph 

(Figure 7.2) was unclear on the difference between Communication Conditions. Therefore, the 

position of this 3D human cephalic animation might depend on the result of Communication Condition 

for Eeriness and Believability, when combined with the result of the difference in Accurate Realism 

within the nonverbal condition (Section 7.4) or the difference in Appropriate Realism within the verbal 

condition (Section 7.5). Perhaps the differences in Accurate Realism or in Appropriate Realism might 

suggest that the 3D human used in this study might have passed beyond the Uncanny Valley or 

alliteratively has not reached the valley yet (for further discussion in Section 7.4). 

However, it should be noted there was a main effect between the Communication Condition (groups) 

for Believability (Section 6.2.2). As the experimental hypotheses’ predicted (H2.ii), participants 

perceived a difference in Believability between the nonverbal condition and the verbal condition. 

 

Figure 7.2 Mori’s (1970) Uncanny Valley graph. 
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However, this does not inform where the differences are in Believability between groups. For this, 

considering each group, there was no interaction between Facial Movement Type and Head 

Movement Type in the verbal condition. However, the results in the nonverbal condition shows that 

there was a highly significant interaction between Facial Movement Type and Head Movement Type 

for Believability (Section 6.2.2.1). Specifically, when a 3D human is presented without speech, the 

conditions with neck auxiliary involved were found more believable than no neck auxiliary (e.g. eye 

movement only or still image). It could be concluded that speech did not influence neck auxiliary 

involved 3D human cephalic animation for Believability. However, this is inconsistent with the previous 

study (Chapter 4) results where participants found a dynamic 3D human more believable with speech 

than without speech. This could also suggest that the content of the speech itself did not influence the 

3D human’s cephalic animation Believability. However, there are many possible explanations for this, 

including that the 3D human cephalic animation with neck auxiliary involved (Chapter 5) does not have 

eye movement, while the previous study (Chapter 4) had full movements for the dynamic modality. 

This could suggest that eye movement might contribute to Believability for the Communication 

Conditions, this has also been evident in results for Eye Movement Type, which had a marginal 

difference for Believability in the verbal condition (Section 6.2.2.2). Therefore, a further study 

comparing the effect of specific eye movement (i.e. eye movement speed) with speech would be 

required to establish if this is the cause of the Believability result in this study. If so, it may have 

significant implications for designing 3D human character for the audience’s emotional response on 

Believability (Section 8.4).    

 

7.4 The Effect of Cephalic Expression Factors on Accurate Realism in the Nonverbal 
Condition 
 

As predicted (H3.i.), Facial Movement Type made a significant difference to Accurate Realism (Section 

6.2.3). When displayed without speech (i.e. nonverbal condition), the conditions with facial movement 

was found to be more realistic (Accurate Realism) than conditions with no facial movement. Moreover, 

as predicted (H3.ii.), Head Movement Type also had an effect on Accurate Realism. The cephalic 

emotional expressions were found to be more realistic (Accurate Realism) when displayed with head 

movement compared to no head movement (Section 6.2.3). This is due to a change in the quality of 

physical realism (3D human character’s Accurate Realism) as animated by using the Face Action Coding 

System (FACS) technique for facial movement (i.e. facial morphing for the skin deformation) (Section 

2.2.2), or by being rigged for animation via head rotation and translation (Section 2.3.1).  
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There was an interaction found between Facial Movement Types and Head Movement Type. For 

example, the combination of facial and head movement (i.e. animation with neck auxiliary involved) 

was found to be more realistic (perceived Accurate Realism) than the combination of facial and no 

head movement (i.e. eye region or facial movement only), which in order was found to be more 

realistic than the combination of no facial and head movement (i.e. gaze behaviour or head movement 

only), than the combination of no facial and no head movement (i.e. eye movement only or still image) 

(Table 7.1).  

This supports the observation that emotions will be perceived more accurately when facial movement 

is displayed with the head movement (i.e. neck auxiliary) (Lee & Terzopoulos, 2006). However, 

considering it with the Believability result (Section 7.3), this could also suggest that the difference 

between Facial Movement Type and Head Movement Type for Believability, in a nonverbal condition, 

is also associated with Accurate Realism. This closely supports the Uncanny Valley prediction (Section 

3.2) that the audience’s subjective feeling of Believability can be stronger when a human-like 

character’s movements become more realistic. This conclusion applies to the nonverbal condition only. 

This could be because, for Accurate Realism and Believability, the audience was in part considering 

the media type (the perception of nonverbal behaviour). This could also explain why traditional 

animation, even without the sound (i.e. Felix the Cat in the silent film (1959)), is still found to be 

believable (Ratelle, 2006). 

Without the difference between the Communication Conditions for Eeriness, it can only be concluded 

that the position of this 3D human cephalic animation could be either before the valley or it has 

already passed beyond the valley. Therefore, it is impossible to establish with certainty the position 

for 3D human cephalic animation used in this experiment, on the current model of the Uncanny Valley. 

There is also another issue when it comes to applying this theory to a 3D human character. Mori’s 

Uncanny Valley was originally concerning a problem that occurs as humanoid robots become more 

realistic. It is not evident that researchers studying in the robotics field and the 3D human character 

field are actually studying the same issue. The Uncanny Valley is typically described in robotics as an 

unfamiliar feeling. However, in 3D human characters, it is described as a drop in believability. It is 

possible that the subjective feeling of ‘unfamiliarity’ is different to the ‘drop in Believability’, although 

this could be due to issues with translation (Section 3.2). However, there is currently no evidence that 

this issues causes the current model of the Uncanny Valley. 

Exploring the cause of the current model of the Uncanny Valley is an important issue. Further 

investigation will benefit from the results of this thesis as the results show that the Uncanny Valley 

model needs to be updated when relating to CGI. Moreover, this thesis found no evidence that the 
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participants’ individual prior experience affected their subjective judgment. However, there were 

indicators which could suggest that the Media context might be related to the individual judgment of 

a 3D human character (Section 4.8.3 and Section 7.6). It would be interesting to investigate if personal 

differences are related, as this could lead to a different consideration of the cause of the Uncanny 

Valley. In order to further investigate the model, it would be necessary to explore the effect of a 

number of components of movement and Communication Condition as well as individual subjective 

differences and how they interact with the perception of realistic 3D human characters (Section 8.4).    

 

7.5 The Effect of Cephalic Expression Factors on Appropriate Realism in the Verbal Condition 
 

For the verbal condition alone, the results showed that overall, Facial Movement Type had an effect 

on Appropriate Realism. As predicted (H4.i.), the 3D human character’s cephalic emotional expression 

was perceived as more realistic (perceived Appropriate Realism) when displayed with facial movement 

than no facial movement (Section 6.2.4). As predicted (H4.ii.) Head Movement Type made a significant 

difference to Appropriate Realism (Section 6.2.4). The participants found that the 3D human 

character’s cephalic emotional expression with speech (i.e. verbal condition) was more realistic 

(perceived Appropriate Realism) with head movement than no head movement. Moreover, as 

predicted (H4.iii.) there was a significant difference in Eye Movement Type for Appropriate Realism 

(Section 6.2.4). The cephalic emotional expression was perceived as more realistic (perceived 

Appropriate Realism) when displayed conditions had eye movement than no eye movement. This 

supports the previous studies (Section 2.3) which suggested that a 3D human’s cephalic emotional 

expression with speech and facial movement, head movement or eye movement involved can be 

perceived as appropriately realistic (Section 2.3).  

However, an interaction was also found between the Facial Movement Type and Eye Movement Type 

for Appropriate Realism (Section 6.2.4). In the verbal condition (e.g. with speech), the combination of 

facial and eye movement (e.g. animation with eye region involved) was found to be more realistic 

(perceived Appropriate Realism) than any other movements (Table 6.7). Previous studies have 

demonstrated that specific features of facial and eye movement areas (i.e. eye region) can 

independently affect the audience’s social judgments of the perception of 3D human character’s 

movements (Lansing & McConkie, 1999; Buchan et al., 2004; Buchan et al., 2005), and it is possible 

that the perception of the appropriateness of a 3D human character’s movement can also be affected 

during active speech. This could suggest that consistency between with eye region involved 

movements displaying and speech presented is an essential component for Appropriate Realism. Thus 
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it offers another factor, in that movements around the eye region (i.e. eye wrinkles) might influence 

the level of Appropriate Realism of a 3D human character’s cephalic expression (Section 8.4).  

Somewhat surprisingly there was no significant effect between Facial Movement Type and Head 

Movement Type on Appropriate Realism. This suggests that the audiences did not judge how 

appropriate that 3D human is based on display conditions with neck auxiliary involved and with speech. 

This could also indicate that the audience might only perceive how accurately realistic a 3D human’s 

movements are, then subsequently report their emotional response (in terms of Eeriness and 

Believability). This is reasonable evidence to argue that the Uncanny Valley (Section 3.2) described 

emotional response could be based on accurate movement only. The perception of Appropriate 

Realism might not interact with the audience’s emotional response, in terms of Eeriness and 

Believability. Therefore, the early model (Figure 7.1) should be updated for the new feedback loop 

between 3D human character display and audiences, in order to help the 3D animators understand 

how and why the audience respond to their 3D human character. 

 

 

Previous studies (Section 3.2) that described the Uncanny Valley were based on a humanoid robot 

‘Repliee Q2’ (Figure 7.3), and video evidence showed that there was not much neck auxiliary 

movement during the presentation of ‘Repliee Q2’ (2006). Therefore, future research could 

investigate whether it is possible for such neck auxiliary involved movements to trigger the Uncanny 

Valley with respect to robots (Section 8.4). Moreover, it is noticeable that ‘Repliee Q2’ was a female 

robot, and a number of female 3D human characters have also contributed significantly to enhance 

CGI in film and game, such as Aki Ross from the “Final Fantasy: The Spirits Within” (Sakaguchi & 

 

Figure 7.3 A female look humanoid robot ‘Repliee Q2’ by Mori. 
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Sakakibara, 2001), or Lara Croft from the computer game ‘’Tomb Raider’’ (Gard, 1996). Considering 

this study used a male 3D human to develop the conceptual model (Figure 7.1), further work could be 

done in applying the finding of this thesis into investigate female 3D human characters (Section 8.4).    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

7.6 Audience Individual Prior Experiences are influence to the Emotional Responses and the 
Perceptions  
 

The study also investigated whether participants’ previous experience with 3D software, frequency of 

playing 3D human character video games or familiarity with watching 3D human character films might 

have influenced the emotional responses (i.e. Eeriness or Believability) (Section 6.3). However, for 

both Communication Conditions combined, there was no correlation between the Experience of 3D 

software and participant’s emotional response in terms of Eeriness or Believability. Similarly the 

Frequency of playing video games has no correlation with participant’s emotional response in terms 

of Eeriness or Believability. Moreover, there was no correlation between Familiarity with watching 

CGI films and participant’s emotional response in terms of Eeriness or Believability. This is consistent 

with the previous study (Chapter 4), which indicated that the participants’ individual subjective 

judgment is not influenced by their prior experience. However, it lacks consistency with other studies 

(Chapter 1, Chapter 2 and Chapter 3), which suggested that the participants’ subjective feeling is 

influenced by their prior experience. However, participants’ were randomly selected students and 

staff from the University of Portsmouth, and thus it could be argued they have a high level of education 

(43 participants recognised the technique behind the CG animations) and were aware that it was an 

animation designed to assess emotional expression (26 participants were familiar with this model). 

This could indicate that prior experience might affect participants’ ability to relate their internal 

experience and emotional response. However, the questionnaire about prior experiences might not 

have captured prior experience, due to the wording of the questionnaire. Therefore, it may warrant 

further investigation to identify further prior experience factors that could influence the audiences’ 

responses, although it is outside the scope of this thesis.   

Moreover, there were no correlations between the participants’ prior experience and their perception 

of Accurate Realism or the perception of Appropriate Realism (Section 6.3). This is inconsistent with 

Tinwell et al. (2011) who suggested that speech could be applied for the audience to match their prior 

experience and response in a negative way (i.e. Eeriness). It can be argued that there were 12 

participants who had already watched the original film before watching the material and this 

awareness could have biased their answers. However, this difference was not large enough to be 
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certain that prior experience would influence the participants’ subjective feeling, which forms the 

emotional response (Eeriness or Believability), thus allowing the participants’ to ignore imperfections.    

 

7.7 Conclusion 
 

The previous discussion has demonstrated that a realistic 3D human character’s cephalic animation 

can significantly influence participant’s emotional responses (Eeriness or Believability) all be it through 

different movements. Although these differences were not unexpected, some of the other movement 

results were not predicted, it can be argued that the animated 3D human characters used for this 

study, given current technology, are as realistic in their movements as the one that would be used in 

a Media context (Figure 7.1 Top), such as a main character for CGI film. These characters have to be 

animated with realistic skin texture and thus would also be susceptible to the emotional response. 

However, in order to start exploring the influence of Eeriness and Believability on the Uncanny Valley, 

it will be necessary to use more than one 3D human cephalic characters’ movement. The model 

predicts differences between 3D human cephalic movements on both sides of the valley (Figure 7.2).  

It was not possible to clearly establish if the difference between the nonverbal condition and the 

verbal condition for Eeriness was due just to the presence of speech or if it was also effect by the 

content of speech. This is an important issue that will have to be further investigated (Chapter 8). 

Indeed, the differences in Believability that were found with neck auxiliary without speech are 

consistent with perceived Accurate Realism not perceived Appropriate Realism. Therefore, the 

audiences’ subjective feeling of Believability of a 3D human animation may be stronger when the 

accuracy of neck auxiliary involved movements becomes more realistic. Moreover, the difference with 

eye region involved 3D human cephalic expression with speech was found more appropriately realistic 

than other movements. It is possible that the perception of a 3D human character’s movements can 

also be affected by speech.  

It will be important for 3D animators to take this into account when designing 3D human characters 

which include speech. For example, 3D animators may try to design a realistic 3D human character 

which will match the audience’s expectation. The audience’s expectation is also influenced by their 

individual prior experiences, because the audience could use the Media context to match the real life 

situation. Considering that there were no correlations between the prior experience and Believability, 

this suggests that the real life context does not necessary improve Believability of 3D human media 

context. This influence of speech on Believability may not apply in the same way to 3D human 

characters as it does in a real life context. 



Chapter 7 

116 
 

The participants’ individual prior experiences do not seem to influence perception of a realistic 3D 

human character. Therefore, the prior experience could be removed from the early model (Figure 7.1). 

However, previous studies (Section 3.1) support the suggestion that prior experience influences 

cognitive appraisal with perception for the audience (Lazarus, 2000; Salvador, 2005). It was reasonable 

to argue that prior experience could have a substantial influence on the audiences’ subjective 

judgment. Refining the early model (Figure 7.1) to clarify how prior experience influences audience’s 

subjective judgments warrants further investigation (Section 8.4). A small number of participants were 

familiar with the original film and it is conceivable that this may have the potentially influenced 

perception and the emotional response, and also warrants further investigation (Section 8.4). 
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Chapter 8 – Conclusion  
 

8.1 Summary of Research Programme 

 

Realistic 3D human characters are a common element of Computer Generated Image (CGI) in films. 

However, in spite of significant improvements over recent years, in the visual realism of 3D human 

characters, it has been reported that the audience’s perception, or response, has not been completely 

positive (MacGillivray, 2007).  

It is well established that the 3D human character’s Appearance and Movement properties could 

influence the audience’s perception of visual realism, and that these properties are most effective if 

the Media context matches the audience’s expectation (Section 1.2). Therefore, a model for the 

relationship between the Media context and the Audiences was established (Section 1.3), and used to 

specify the high level question addressed in this thesis:  

‘For emotional expressions displayed by an animated 3D human character, does the Accuracy 

(Movement properties) and Appropriateness (Contextual properties) influence the audiences’ 

subjective judgment, in terms of perception of Actual Visual Realism and how does this interact with 

their perception of Believability?’  

As an exploratory question, a number of components were identified which might have the potential 

to contribute to a 3D human character’s cephalic animation in terms of Actual Visual Realism (Chapter 

2). Therefore, the communicative behaviour between nonverbal behaviour and verbal behaviour was 

established, defined by both the perception of Accurate Realism and the perception of Appropriate 

Realism. This was defined through an exploration of the ways in which displayed components 

influence the audience’s emotional responses (Section 3.1). However, the Uncanny Valley issue has 

suggested that when a 3D human character becomes more realistic, the audience might have a 

negative emotional response, such as a drop in Believability (Section 3.2).  

The aim was to investigate how factors within the Communication Conditions influence audience 

perception and emotional responses to a 3D human cephalic animation. In doing so several 

contributions to knowledge were established.  
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8.2 Contribution to Knowledge  

 

This research programme assessed the effect of Accurate Realism and Appropriate Realism on the 

perception of cephalic emotional expressions displayed by a 3D human character (Section 1.5) and the 

subsequent emotional response, in terms of Eeriness and Believability. This has led to contributions 

to knowledge in several areas. 

 

8.2.1 Contribution of the Theoretical Research  
 

 

In defining the problem this thesis proposed a new model for the relationship between the Media 

context and the Audience (Figure 8.1). A number of components and subcomponents of realistic 3D 

human characters were evaluated, and the relationship between them was established, illustrating a 

new model of the interplay between a realistic 3D human character and the audience’s individual 

subjective judgment (Figure 8.1). This new model also demonstrated how the components or 

subcomponents interact.  

 

Figure 8.1 The new model establishes that the interplay between 3D human character and the audience’s 
individual subjective judgment. 

 

                  
  

 

 

                  
  

 

 

                  
  

 



Chapter 8 

119 
 

This contributes to theory by providing a new way to analyse situations, when a realistic 3D human 

character does not live up to the expectation of its audiences.  

3D animators could use the model to inform the selection of the components for 3D human character 

animation, in order to generate the desired audience emotional response (e.g. use the model to 

intentionally create an eerie character by neck auxiliary or gaze behaviour). This contributes to theory 

by providing considerations to reduce the risk of eliciting an undesired audience emotional response.  

This model indicated that a realistic 3D human character display is generally comprised of Appearance 

properties, Movement properties and Contextual properties, and these are made up of 

subcomponents. Any of these parts may potentially influence a 3D human character’s Actual Visual 

Realism and hence the perception of Actual Visual Realism (Figure 8.1).  

In defining the components, this thesis (Chapter 2) found cephalic expressions as the ‘features’ of 

expression defined as ‘anything above the neck’. As such neck auxiliary significantly affected the 

audiences’ emotional responses, in terms of Eeriness and Believability (Section 7.2 and Section 7.3). 

This contributes to theory by removing the focus on facial expression/animation only.  

A part of the model (Figure 8.1) has identified a number of subcomponents of cephalic emotional 

expressions comprised of previous identified facial movement, head movement, eye movement, neck 

auxiliary, gaze behaviour and eye region (Cassell et al., 2004). This is the first time that these 

components have been considered together in a consistent study. However, the model also prompted 

a structural classification of what could be the cephalic emotional expression components, giving rise 

to ‘features’ of cephalic emotional expression, which are applicable to all display matter. A review of 

existing components of cephalic emotional expressions could open another area of cephalic 

expressions for consideration. For example, eye brow movement, ear movement, wrinkle etc. 

Empirical work needs to be conducted to determine the validity of those assumptions as they were 

beyond the scope of this thesis (Section 8.4).  

Before the empirical work was conducted, a review of previous work considered all aspects of 

interaction with the audience’s individual subjective judgment (Chapter 3), which is in terms of 

audience perception and emotional response. This review defined that there are a number of 

components of perception of 3D human characters’ visual realism. This thesis used different 

categories of characters to define the difference between the perception of Actual Visual Realism and 

the perception of Apparent Visual Realism (Section 1.2.2). This contributes to theory by identifying 

the difference between realistic 3D human character and an unrealistic 3D human character in terms 

of visual realism for the audience. In addition, the model (Figure 8.1) also highlighted an important 
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area of influence on audiences’ perception, that of the characters’ precision of appearance or 

movements for the perception of Accurate Realism, and also whether those are consistent with the 

behavioural movements that should be performed in a situation for the perception of Appropriate 

Realism (Section 1.3). This contributes to theory on the differences between the accuracy and 

appropriateness of a realistic 3D human character affecting the audience’s perception. However, the 

model (Figure 8.1) identifies the concept of the perception of unrealistic human characters’ Apparent 

Visual Realism, when the animated characters express emotion with exaggeration or anticipation. 

Further work should explore whether it is possible for such an unrealistic human character to have 

Accurate Realism or Appropriate Realism for the audience (Section 8.4). 

The review of previous work (Chapter 3) also considered all aspects of emotional response, which is 

the Uncanny Valley phenomenon. Mori (1970) suggested that the perception of a realistic 3D human 

character may have a negative effect on the audiences’ emotional response (Section 3.2). However, 

this emotional state is comprised of processes. Cognitive appraisal is a term used to describe the 

thought processes that give positive or negative emotional response to life’s events (Section 3.1), the 

stage of emotional response is modulated by the audiences’ prior experience, which is the audiences’ 

internal experience of that subjective feeling forming into an emotional response. This contributes to 

theory by considering prior experience to analyse the Uncanny Valley phenomenon. However, this 

phenomenon was originally described for humanoid robots, which affect the audience’s experience 

of ‘presence’ in the real world interaction. Thus, for exploring the Uncanny Valley theory, future work 

still remains to be completed (Section 8.4). 

 

8.2.2 Contribution of the Empirical Research  
 

In addition to the identification of factors which require further investigation, a two stage empirical 

research programme was also conducted. This was based on a number of factors identified for which 

there is already sufficient evidence that they may significantly affect a 3D human’s Actual Visual 

Realism and the perception of a 3D human’s Actual Visual Realism; human vs 3D human display 

(Section 1.3), static vs dynamic display (Section 2.2.2) and verbal behaviour vs nonverbal behaviour 

display (Section 2.1). These factors, within a realistic human character can significantly affect the 3D 

human’s Actual Visual Realism and the perception of a 3D human’s Actual Visual Realism for the 

audience.  
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A number of factors might also affect the audience’s subjective judgment, which includes the audience 

emotional responses (perceived Eeriness and perceived Believability) for the emotion displayed, 

which were assessed alongside the audience’s perception of Actual Visual Realism (Figure 8.1). 

 

8.2.2.1 The Display Modality and the Communication Condition’s Effect on the Audience’s 
Subjective Judgment 
 

The influence of a realistic 3D human’s cephalic emotional expressions on the audience’s perception 

of Actual Visual Realism (Section 1.2.2) and their emotional response (Section 3.2) suggested that 

manipulation of this factor may have the potential to contribute to the audience’s subjective judgment 

(Figure 8.1). However, before this could be established, it was necessary to determine whether the 

Display Modality effects of a 3D human’s cephalic emotional expressions, seen in previous studies 

(Section 1.2) could be measurable and perceived by the audience, and hence be useful in the study of 

an audience’s subjective judgment (Section 1.3). Therefore an experiment was conducted to address 

this issue (Chapter 4). The results confirmed that the Communication Condition can have a significant 

influence on perception of a 3D human character’s Movement properties, and this should not be 

ignored when designing a realistic 3D human character with respect to an audience’s subjective 

judgment. 

However, Tinwell et al. (2010) identified potential issues with a mismatch on the perception of 3D 

human dynamic movement and speech, which may affect the audience’s uncanny response (i.e. 

perceived Eeriness) to cephalic expressions (Section 3.2). However, their study did not consider 

Believability, and they did not investigate the consistency between dynamic movement and speech, 

for the audiences perceived Actual Visual Realism. 

As the dynamic modality displayed, perceived visual movement through cephalic animation can be 

noticeably incongruent with speech, with regard to behavioural appropriateness. The results (Section 

4.7.2.2) demonstrated that there were effects of the verbal condition, with 3D human cephalic 

expression, which can be perceived as more eerie but also more realistic (Actual Visual Realism) in the 

static modality. This is the first study to evaluate the effect of the verbal condition of 3D human 

cephalic animation to highlight the potential conflict between Display Modality for improved Eeriness, 

Believability and Actual Visual Realism. This study suggests that consistency between the static visual 

display and verbal presentation of a realistic 3D human character is an essential component for both 

Eeriness and Believability. This is an important finding as it suggests that the use of verbal cues may 

lead to the audiences’ subjective judgment, which is in terms of sense of Eeriness and Believability 
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associated with perception of Actual Visual Realism in the same context. These are thus important 

considerations when designing a realistic 3D human character for the audiences’ subjective judgment 

(Figure 8.1). 

 

8.2.2.2 The Effect with Neck Auxiliary involved 3D Human Cephalic Animation on the Audiences’ 
Subjective Judgment 
 

The decision as to whether to use a realistic dynamic 3D human cephalic expression for an audience’s 

subjective judgment (Chapter 4) is likely to depend on a number of factors and there are unique 

components that may further affect perceptual differences. 

Previous studies (Section 2.3) identified 3D human’s cephalic movements (facial movement, head 

movement and eye movement) and the combined movements (neck auxiliary, gaze behaviour and eye 

region) as the factors with the potential to influence the audience’s emotional response on Eeriness 

or Believability. Therefore an experiment was conducted to investigate these potential effects 

(Chapter 5, Chapter 6 and Chapter 7).  

The pattern between the Eeriness and Believability could indicate that neck auxiliary involvement in a 

3D human character animation might affect the audiences’ emotional responses, in terms of both 

perceived Eeriness and perceived Believability. This is an important finding, that audiences’ could 

sense both Eeriness and Believability at the same time based on the same context (i.e. 3D human 

cephalic animation). However, this pattern is inconsistent with the current model of the Uncanny 

Valley (Figure 7.2), which suggested that a realistic 3D human character might result in a drop in 

Believability and increasing Eeriness as the audience’s emotional response. Therefore, a 3D human’ 

cephalic expression animation with neck auxiliary involved for this experiment doesn’t fit the current 

model of the Uncanny Valley (Figure 7.2), this suggests that it is necessary to refine the current model, 

or make the Uncanny Valley to a new phenomenon. 

The Believability results also demonstrated that, animation with neck auxiliary involved significant 

affected Believability in a nonverbal condition (Section 6.2.2.1). This result suggested that consistency 

between the nonverbal presentations with neck auxiliary involved, is an essential component for 

Believability. This is an important finding as no speech could raise Believability. This is consistent with 

Thomas et al. (1995) who suggested that displaying emotion through character’s nonverbal behaviour 

has been found to be believable and successful for an audience, such as a silent film or traditional 

hand-draw animation. However, this is considering unrealistic characters; future research should 
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investigate whether it is possible for unrealistic characters, with neck auxiliary involved, to trigger the 

dynamic visual display, for example, how a cat animation can achieve Believability (Section 8.4).  

It has been demonstrated that with neck auxiliary involved 3D human character animation can have a 

significant effect on Accurate Realism (Section 7.4) and Believability (Section 7.3) in a nonverbal 

condition. This is the first study which demonstrated that, with neck auxiliary involved, animation 

without speech will make the audience perceive more Accurate Realism and perceive more 

Believability. The Believability and the Accurate Realism results suggested that the Uncanny Valley 

results from a mismatch between the ways a 3D human looks (i.e. Accurate Realism) and the cephalic 

emotional expression it displays (i.e. Appropriate Realism) (Section 7.4). This is consistent with the 

theory that an audience’s emotional response for Believability can be stronger when a human-like 

character’s movements become more accurate. It should be noted that the Uncanny Valley makes it 

a challenge to empirically investigate. The main study (Chapter 5, 6 and 7) used a number of 

component movements and two levels of emotional response (perceived Eeriness and perceived 

Believability) in both the Communication Conditions combined. The same pattern between 

Believability and Accurate Realism could occur if the position of the 3D human cephalic animation 

could be either before the valley or if it has already passed beyond the valley.  

 

8.2.2.3 Other Factors Effect on the Audiences’ Subjective Judgment 
 

It has been demonstrated that gaze behaviour involved animation was also found to have a strong 

influence on the audiences’ perceived Eeriness for both the Communication Conditions combined. 

This is the first study to demonstrate that with gaze behaviour involved, realistic 3D human cephalic 

animation can have a significant influence on Eeriness.  The realistic 3D human character with cephalic 

expression was able to affect the audiences’ sense of Eeriness when cephalic animation with gaze 

behaviour is involved. Although, this is consistent with Garau et al. (2001) gaze behaviour is a richly 

informative behaviour in face to face interaction. However, there was no significant difference in 

Believability, in Accurate Realism and in Appropriate Realism reported with gaze behaviour involved 

animation displays. This is an important finding as this highlights the fact that gaze behaviour should 

be considered during 3D human animation design as a factor, which can potentially raise the audience 

sense of Eeriness. Thus it offers another factor for consideration in future studies on a 3D human 

character for the audiences’ subject judgment (Section 8.4). 

It has been demonstrated that with eye region involved 3D human cephalic animation can have a 

significant effect on Appropriate Realism (Section 7.5). This suggests that manipulation of 3D human 
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cephalic expression and the verbal condition has been shown to improve appropriateness of 3D 

human cephalic animation, i.e. animation with eye region involved and speech can increase 

Appropriate Realism. This is an important finding as it suggests that consistency between with eye 

region involved movements displaying and speech presentation is an essential component for 

Appropriate Realism. Thus it offers another factor, movements around the eye region (i.e. eye 

wrinkles), for consideration by animators of a realistic 3D human character animation design for 

audiences’ subjective judgment (Section 8.4).  

 

8.3 Implication for the Design of Realistic 3D Human Character’s Cephalic Animation, for 
an Audience’s Subjective Judgement  
 

It is important that researchers and animators become more aware of how the factors within their 3D 

human character’s cephalic emotional expression may influence the audience’s emotional response 

and perception of Actual Visual Realism (Figure 8.1). It is clear from the findings of both theoretical 

research and empirical research that there are many factors, intrinsic to the design of realistic 3D 

human character cephalic animation, for the audience’s individual subjective judgment, which may 

influence Actual Visual Realism and the perception of Actual Visual Realism. Identification of these 

factors allows a range of design decisions to be made depending on the specific requirements.  

 

 

Figure 8.2 The new model that describes the interplay between 3D human character and the audience’s 
individual subjective judgment. 
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Although differences were found in the audiences’ perception and the audiences’ emotional response, 

the finding that Actual Visual Realism of visual properties (Figure 8.2) does not affect the emotion 

recognition accuracy initially supports the suitability of the realistic 3D human character for the study 

(Section 4.8.1). For example, the results suggest that a realistic 3D human character displaying cephalic 

emotional expressions can be interpreted similar to a human would be in a real life situation. 

The findings also suggest that consistency between the static and dynamic visual properties of a 3D 

human character is an essential component for Accurate Realism. Moreover, the new model (Figure 

8.2) showed that Contextual properties are a key component of Appropriate Realism. For a media 

context, the 3D human character should behave realistically in order to show accuracy and 

appropriateness. Therefore, the physical appearance and movement should match the emotional 

expressions necessary for such a context. In other words, for a media context, realistic 3D human 

cephalic animation should be used in order to maintain coherence between Accurate Realism and 

Appropriate Realism for the context.  

The Uncanny Valley model described a drop in Believability as animated 3D human characters become 

more realistic. This gives rise to a technical issue in computer animation, which is that a highly detailed 

3D human model will have to have a highly dynamic cephalic emotional expression in order to 

maintain Believability. However, even a realistic 3D human character, moving consistently with the 

way it looks, may be subject to changes in Eeriness, Believability and Actual Visual Realism between 

nonverbal and verbal communication (Section 4.8.2).  

It was not possible to draw any conclusion regarding whether the difference in prior experience would 

influence the audience’s subjective judgment (Section 7.6). If this is the case, the results suggest that 

the problem could be solved by separating the group between ‘familiar’ with the context of the verbal 

being presented and ‘unfamiliar’ with the verbal being presented. In other words, to identify those 

perceptual differences, it could be possible to use a realistic 3D human character and a range of speech 

content. However, a verbal condition animation might need a realistic 3D human character (in a media 

context) to support the learning of skills that may be appropriate to a real life situations. Thus, lip-

syncing is necessary to display appropriateness of movement. 

However, since Appropriate Realism (i.e. not just movement) is necessary for the audience’s 

subjective judgment of the Media context (e.g. a contextual CGI film), the speech content will also 

have to be appropriate as it was found that they should be consistent with the context (Section 7.7). 

Therefore, future research should investigate whether it is possible for such a realistic 3D human’s 

speech content (i.e. volume, tempo) to trigger the audience’s perceived Appropriate Realism (Section 

8.4). 
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In summary, 3D animators will try to design a realistic 3D human character, matched to a real life 

situation, so that it will match the audience’s expectation. This is somewhat similar to the Uncanny 

Valley description. However, the findings of this thesis indicate that prior experience/expectation from 

the real-world context may not necessarily relate to individual subjective judgment of the character 

context. Therefore, 3D animators should not just rely on the context of real world observation, but 

take into account factors unique to 3D human characters. That is to say, it may be counter-productive 

to strive to make everything as realistic as possible, as there are factors unique to 3D character 

animation that will affect audience perception. 

 

8.4 Future Work 

 

Throughout this thesis, the results of the research questions have suggested a wide range of areas 

that warrant future work. 
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Cephalic emotional expression  Empirical research to investigate the effect of head position, based on 
neck auxiliary, in both the Communication Conditions for the 
audience’s reported Eeriness. Specifically an audience could judge how 
eerie a  3D human is based on neck auxiliary in ei ther nonverbal or 
verbal conditions (Section 7.2). 
 
Empirical research to investigate the effect of specific visual targets in 
both the Communication Conditions for the audience’s reported 
Eeriness. Specifically an audience could judge how eerie a  3D human is 
based on gaze behaviour in ei ther nonverbal or verbal  conditions 
(Section 7.2). 
 
Empirical research to investigate comparing the effect of eye movement 
speed and speech for the audience’s reported Believability. Specifically 
an audience might judge how believable a 3D human is based on eye 
movement in a  verbal condition (Section 7.3). 
 
Empirical research to investigate the effect of eye wrinkle wi th speech 
for the audience’s perceived Appropriate Realism. Speci fically an 
audience could judge how appropriate 3D human cephalic expressions 
are based on eye region in a  verbal condition (Section 7.5). 
 

Speech Content   Empirical and theoretical research to investigate the effect of speech 
tempo or the effect of speech volume for the 3D character’s appropriate 
movement. Specifically speech content might influence the audience’s 
perceived Appropriate Realism (Section 8.3). 
 
Empirical and theoretical research to investigate differences between 
monolog and dialog on audience perception or audience emotional 
response, with specific reference to speech recognition (Section 7.2). 
 

Micro-expressions Empirical and theoretical research to investigate the use of the Facial 
Action Coding System (FACS) method to assess micro-expression 
(Section 2.2.2). An audience can often detect ‘micro-expressions’. 
Speci fically these are very difficult to animate and ‘micro-expressions’ 
are not currently presentable via  a  3D human character. The FACS 
provides researchers with a very precise description of facial expression 
(muscle movements) in emotion. 
 

Other aspect of realism  Empirical research to investigate the effect of a  female 3D human 
character’s cephalic animation in both Communication Conditions, on 
an audience’s subjective judgment. This will be especially important for 
a  contextual animation with a female character to occur (Section 7.5). 
  
Empirical research to investigate the effect of an unrealistic 3D human 
character’s cephalic animation in both the Communication Conditions, 
on the audiences’ subjective judgment. Cons idering unrealistic 3D 
humans might not be confronted with a drop in Believability, as they 
generate empathy and to some extent they present Apparent Visual 
Realism (Section 1.2.2). 
 

Robotics Empirical research to investigate the effect of neck auxiliary for 
humanoid robots with the Uncanny Valley model. Focusing specifically 
on audience response to certain robot’s movements by the lack of neck 
auxi liary between the Communication Conditions (Section 7.5). 

 

Table 8.1 Summary of suggested research areas of 3D human cephalic animation for future investigations. 
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A number of research areas have been suggested, which are concerned with assisting the animator to 

understand how the audience perceives a 3D human character (Table 8.1). This is useful for 

determining the basic properties of a 3D human character model and hence identifying any potential 

issues.  

 

 

This thesis is also concerned with the relationship between audience perception and the audience’s 

emotional responses. A number of components have been suggested (Section 3.1 and Section 3.2) 

and related to individual prior experience for subjective judgment. The research areas described here 

instead result from the findings and literature review, and are identified as areas that should lead to 

future studies (Table 8.2).   

 

 

Audiences’ perception  Empirical research to investigate how the perception of internal 
experience of an emotion i s  a ffected by expressions, such as  body 
language (Figure 8.1). 

Empirical research to investigate how the perception of internal 
experience of an emotion is a ffected by appearance, such as skin texture 
or proportion (Figure 8.1). 
 
Empirical research to investigate how the perception of internal 
experience of an emotion i s a ffected by Apparent Visual Realism, such as 
from an unrealistic 3D human character (Figure 8.1).  
 

Audiences’ Emotional response    Theoretical research to investigate the relationship between perceived 
Eeriness and perceived Believability, within the same context displays. 
Speci fically a  3D human character can be animated to be both believable 
and eerie (Section 7.3).  

Empirical and theoretical research to investigate the effect between 
unfamiliarity and drop in Believability for the Uncanny Valley model, this 
could have different causes and hence shape the model (Section 7.4).    
 

Prior experience Empirical and theoretical research to investigate how prior experience of 
fami liarity to the context influences the audience’s subjective judgment 
(Section 7.6 and Section 7.7). 
 
Empirical and theoretical research to investigate the effects of prior 
experience on the audience’s subjective judgment. The current research 
suggests that prior experience i s used by the audience to compare the 
Media context to real life (Section 7.6 and Section 7.7). 
 

 

Table 8.2 Summary of suggested future research areas for the audience’s individual subjective judgment. 
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8.5 Final Comment   

 

This thesis confirmed that the new model proposed for understanding the relationship between a 3D 

human character and the audience’s response has been validated. Small changes in Cephalic 

Expression Factors and the Communication Condition for 3D human characters may significantly 

affected Actual Visual Realism and the subsequent perception by an audience. Although this thesis 

focussed on emotional expression displayed through cephalic animation, it is likely that there would 

be similar findings related to understanding the gap between what the animator does and what the 

audience perceives. 

This thesis is about the difference between what a 3D animator might do to make a 3D human 

character, which can be matched to the audience’s expectation, and why audiences react 

unexpectedly to certain 3D human characters. In investigating the role of 3D human animation, a 

model was developed to help support understanding of how it works and this led to a new category 

of cephalic expression consideration.  

Moreover, this thesis identified a number of directions for future research (Section 8.4), and also 

contributed significant new knowledge, which may help inform how 3D animators to understand the 

audience respond emotionally to their 3D human characters.   
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Appendix A – Documents for the Commendation 
Conditions and Display Modalities Study 
   

 

Participant Information 
 

Project Title: “Visual Realism and Believability of Computer Generated 
Human” 

Researcher: Mr Si Qiao, Department of Creative Technologies, Eldon Building 
West Wing, Winston Churchill Avenue, Portsmouth, Hampshire, PO1 2DJ 

Tel:  02392 845492 

Email: si.qiao@port.ac.uk 

Research Supervisor: Dr. Roger Eglin, Department of Creative Technologies, 
Eldon Building West Wing, Winston Churchill Avenue, Portsmouth, 
Hampshire, PO1 2DJ 

Tel:  02392 845482 

Email: roger.eglin@port.ac.uk 

 

 

You are invited to take part in a research study. Before you decide whether you 
want to volunteer, it is important that you fully understand the purpose of the 
research and what it will involve for you. Please read the following information 
carefully. If there is any part that you do not understand or would like more 
information, please ask Si Qiao, Roger Eglin (contacts above). 

What is this project? 

This project investigates the effect of visual realism (how realistic are a 
Computer Generated character’s movements) on believability. Two conflicting 
models have been suggested.  The first one is the “Uncanny Valley”, which 
suggests that there is a drop in believability as characters look more realistic.  
The second is the Realism Maximization theory, which suggests that characters 
look more believable as they behave more realistically. Therefore this study will 

mailto:si.qiao@port.ac.uk
mailto:roger.eglin@port.ac.uk
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test both models by investigating the perceived believability of a Computer 
Generated (CG) head presenting different levels of visual realism. 

 

How are participants chosen? 

A general invitation has been extended to staff and students in the University of 
Portsmouth.  Initially eighteen participants are needed.  A reserve list is kept 
until the end of the study in case further participants are needed.   All 
participants will be entered in a raffle organized by the School of Creative 
Technologies. (in which you could win an iPhone, Xbox or Wii etc). 

 

What if I change my mind? 

Taking part in this project is entirely voluntary. You are not obliged to 
participate.  If you decide that you would like to take part, you will be asked to 
keep a copy of this information sheet and sign a consent form. You are 
completely free to withdraw at any stage of the project, without giving a reason.  
In case you do decide to withdraw, you will still be entered for the raffle. 

 

If I take part what will I have to do? 

The experiment will take up to one hour of your time. 

Fill out a consent and information form.  (10 minutes). 

Watch 8 videos in randomized order, each 25 seconds long, and rate the 
computer generated head for realistic and believable content. It should take 20 
minutes. 

Fill a post-study questionnaire (5 minutes). 

Full debriefing and refreshment. 

 

What are the potential risks? 

Participants will have to watch animations on a computer screen and therefore it 
poses a small risk for people who suffer from epilepsy. Although the study is 
not strenuous or dangerous, there are some potential side effects attached to 
being front of the computer.  In rare cases, some people experience mild nausea 
similar to travel sickness, and there may be some slight disorientation following 
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the tests.  The effects are mild and only last a few minutes. In this case however, 
you will be asked not to leave until you have fully recovered. 

Participations will be free to stop the test at any time. There will be a qualified 
first-aider on call throughout the tests.  

 

Will my participation be confidential? 

The data produced by each participant in the study will be anonymous by using 
a code rather than the participation’s real name. Consent forms and 
questionnaires will be securely stored (all the paperwork will be kept in a 
locked drawer of a filing cabinet, and electronic data will be password 
protected) with access limited to Si Qiao only.  It is a requirement that all the 
data recorded in the study is kept for several years after its completion. This 
data will be stored in a form which will not enable identification of individual 
participants.  

 

 

What will the results are used for? 

The results of the study will be published in a journal or presented at 
conferences.  They will be used as part of a post-graduate research thesis.  

 

How can I find out more? 

If you have any question, please contact Si Qiao or Dr. Roger Eglin (contact 
above). 

If you have any concern about the conduct of the study, please contact the Chair 
of the Faculty Ethics Committee, Tony Kalus (tony.kalus@port.ac.uk). 
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Statement of Voluntary Consent 

To participate as a subject in the study described below  

 

Project Title: Visual Realism and Believability of Computer Generated Human  

Researcher: Si Qiao, School of Creative Technologies, Eldon Building West Wing, Winston 
Churchill Avenue, Portsmouth, Hampshire, PO1 2DJ 

Tel:  02392 845492 

Email: si.qiao@port.ac.uk 

Supervisor: Dr. Roger Eglin, School of Creative Technologies, Eldon Building West Wing, 
Winston Churchill Avenue, Portsmouth, Hampshire, PO1 2DJ 

Tel:  02392 845467 

Email: roger.eglin@port.ac.uk 

As a volunteer participant in the above mentioned research, I understand that I will be 
asked to complete a survey that will ask questions related to my work experience.  The 
survey typically takes about 45 minutes to complete although this time can vary depending 
on each subject.  I also understand that I may consider some of the questions personal in 
nature but that the information I provide will be used exclusively for this project and will in 
no way be associated with my name, address, student ID or any other identifiable 
information.  

As a participant in this study I am aware that the questions on the research survey may 
cause anxiety or stress depending on my personal situation but that most find the 
experience harmless and even enjoyable.  As a participant, I am aware that the responses I 
provide may assist future college students at this University and perhaps other colleges 
across the country.   

By signing below, I state that I have read this consent form in its entirety and that all of my 
questions have been answered.  I understand that I may withdrawal from this study at any 
time and that my participation or lack of participation will in no way affect my status as a 
[student, patient, employee, etc.]  

 

Name of Volunteer   ______________ Signature ________________ Date ____________ 

Name of Researcher ______________ Signature ________________ Date ____________  

 

mailto:si.qiao@port.ac.uk
mailto:roger.eglin@port.ac.uk
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Debrief Sheet. 
 

 

. Thank the participant for taking part in the study. 

 

. Make sure the participant is feeling well. In the unlikely event of a participant not feeling 
well, invite him to remain seated and immediately call for the first aider. 

 

. Offer tea and biscuits. 

 

. Full debrief regarding the hypotheses tested including the fact that interpreting Visual 
Realism and Believability of Computer Generated Human is very difficult and that the main 
hypotheses tested are in fact comparing different level of realism. 

 

. Answer participant’s questions. 

 

. Thank the participant again and close the session. 
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Post-Study Questionnaire 
Please note that the actual questionnaire used in the study is embedded within a custom made 
application.  This questionnaire will start at the end of the experiment.  The questions will be 
displayed one by one and participants will have an option to stop at any time.  Moreover, they can 
skip any questions that they don’t want to answer. 

How experienced are you in using 3D computer graphics software (for example, 3Ds max, Maya, 
Softimage, etc) (7 point likert scale ranging from not at all to very skilled)  

 

How experienced are you in playing video games? (7 point likert scale ranging from not at all 
to very experienced) 

 

How familiar are you with watching 3D computer animation? (7 point likert scale ranging from not at 
all to very familiar) 

 

 

Are you… (Male or Female) 

How old are you (option)? _______ 

 

Question 1, 2 and 3 will be used to look for possible correlations between prior experience with 
animated character and the reported perception, emotional response and number of successful 
interpretations of expressions.  

Question 5 and 6 are very important because it is essential to know and describe the sampled 
population.  It would be impossible to draw and justify any generalization of the results without this 
data.   

1 2  3  4  5  6  7  

       

 

1 2  3  4  5  6  7  

       

 

1 2  3  4  5  6  7  
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Appendix B – Documents for the Cephalic Expression 
Factors and Commendation Conditions Study 
 

 
Participant Information 

 
Project Title: “Appropriate Realism and Believability of Animated Heads” 

Researcher: Mr Si Qiao, Department of Creative Technologies, Eldon Building 
West Wing, Winston Churchill Avenue, Portsmouth, Hampshire, PO1 2DJ 

Tel:  02392 845492 

Email: si.qiao@port.ac.uk 

Research Supervisor: Dr. Roger Eglin, Department of Creative Technologies, 
Eldon Building West Wing, Winston Churchill Avenue, Portsmouth, 
Hampshire, PO1 2DJ 

Tel:  02392 845467 

Email: roger.eglin@port.ac.uk 

 

 

You are invited to take part in a research study. Before you decide whether you 
want to volunteer, it is important that you fully understand the purpose of the 
research and what it will involve for you. Please read the following information 
carefully. If there is any part that you do not understand or would like more 
information, please ask Si Qiao, Roger Eglin (contacts above). 

What is this project? 

The study currently under development investigates the Behavioural Realism 
and Believability of an animated head. The study will thus test a new 
independent variable (Speech). Accurate behavioural realism will also still be 
manipulated; via Facial expression, Eye rotation and Head movement. These 
manipulations are based on research results in the previous study (Facial 

mailto:si.qiao@port.ac.uk
mailto:roger.eglin@port.ac.uk
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expression and Head movement has significant effect on Believability).This 
study will test these models by investigating the perceived believability of a 
Computer Generated (CG) head presenting different levels of behavioural 
realism. 

 

How are participants chosen? 

A general invitation has been extended to staff and students in the University of 
Portsmouth.  Initially thirty-four participants are needed.  A reserve list is kept 
until the end of the study in case further participants are needed.   All 
participants will be entered in a raffle organized by the School of Creative 
Technologies (in which you could win an iPhone, Xbox or Wii etc). 

 

What if I change my mind? 

Taking part in this project is entirely voluntary. You are not obliged to 
participate.  If you decide that you would like to take part, you will be asked to 
keep a copy of this information sheet and sign a consent form. You are 
completely free to withdraw at any stage of the project, without giving a reason.  
In case you do decide to withdraw, you will still be entered in the raffle. 

 

If I take part what will I have to do? 

The experiment will take up to one hour of your time. 

Fill out a consent and information form.  (10 minutes). 

Watch 8 videos in randomized order, each 25 seconds long, and rate the 
computer generated head for realistic and believable content. (20 minutes). 

Fill a post-study questionnaire (5 minutes). 

Full debriefing and refreshment. 

 

What are the potential risks? 

Participants will have to watch animations on a computer screen and therefore it 
poses a small risk for people who suffer from epilepsy. Although the study is 
not strenuous or dangerous, there are some potential side effects attached to 
being in front of a computer.  In rare cases, some people experience mild nausea 
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similar to travel sickness, and there may be some slight disorientation following 
the tests.  The effects are mild and only last a few minutes. In this case however, 
you will be asked not to leave until you have fully recovered. 

Participations will be free to stop the test at any time. There will be a qualified 
first-aider on call throughout the tests.  

 

Will my participation be confidential? 

The data produced by each participant in the study will be anonymised by using 
a code rather than the participation’s real name. Consent forms and 
questionnaires will be securely stored (all the paperwork will be kept in a 
locked drawer of a filing cabinet, and electronic data will be password 
protected) with access limited to Si Qiao only.  It is a requirement that all the 
data recorded in the study is kept for several years after its completion. This 
data will be stored in a form which will not enable identification of individual 
participants.  

 

 

What will the results are used for? 

The results of the study will be published in a journal or presented at 
conferences.  They will be used as part of a post-graduate research thesis.  

 

How can I find out more? 

If you have any question, please contact Si Qiao or Dr. Roger Eglin (contact 
above). 

If you have any concern about the conduct of the study, please contact the Chair 
of the Faculty Ethics Committee, Wendy Powell (wendy.powell@port.ac.uk). 
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Statement of Voluntary Consent 

To participate as a subject in the study described below  

 

Project Title: Appropriate Realism and Believability of Animated Head  

Researcher: Si Qiao, School of Creative Technologies, Eldon Building West Wing, Winston 
Churchill Avenue, Portsmouth, Hampshire, PO1 2DJ 

Tel:  02392 845492 

Email: si.qiao@port.ac.uk 

Supervisor: Dr. Roger Eglin, School of Creative Technologies, Eldon Building West Wing, 
Winston Churchill Avenue, Portsmouth, Hampshire, PO1 2DJ 

Tel:  02392 845467 

Email: roger.eglin@port.ac.uk 

 

I confirm that I have read and understand the information sheet for this project, and have 

been given the opportunity to ask questions about it.  

I confirm that I am not suffering from epilepsy, or any other medical condition which 

might be affected by participating in this project. 

I understand that I am participating on a voluntary basis and that I am free to withdraw at 

any time. 

I understand that I am not obliged to give any reason for such withdrawal. 

I agree to participate in the above project. 

I understand that neither I nor my dependants will have any claim in law on the                                                                                                                                                                                                                                                                                        

University of Portsmouth or its employees for any injury or misadventure, except when 

such injury or misadventure is caused by negligence. 

 

Name of Volunteer   ______________ Signature ________________ Date ____________ 

Name of Researcher ______________ Signature ________________ Date ____________  

mailto:si.qiao@port.ac.uk
mailto:roger.eglin@port.ac.uk
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Debrief Sheet. 
 

 

. Thank the participant for taking part in the study. 

 

. Make sure the participant is feeling well. In the unlikely event of a participant not feeling well, 
invite him to remain seated and immediately call for the first aider. 

 

. Offer tea and biscuits. 

 

. Full debrief regarding the hypotheses tested including the fact that interpreting appropriate realism 
and believability of animated heads is very difficult and that the main hypotheses tested are in fact 
comparing different level of realism. 

 

. Answer eventual questions 

 

. Thank the participant again and close the session. 
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Post-Study Questionnaire 
 

Please note that the actual questionnaire used in the study is embedded within a custom 
made application.  This questionnaire will start at the end of the experiment.  The questions 
will be displayed one by one and participants will have an option to stop at any time.  
Moreover, they can skip any questions that they don’t want to answer. 

 

How experienced are you in using 3D computer graphics software (for example, 3Ds max, Maya, 
Softimage, etc) (1=Not at all, 7=Very much) 

 

How experienced are you in playing video games? (1=Not at all, 7=Very much) 

 

How familiar are you with watching 3D computer animation? (1=Not at all, 7=Very much) 

     Are you… (Male or Female) 

     How old are you (option)? _____ 

   

1 2 3 4 5 6 7 

       

 

1 2  3  4  5  6  7  

       

 

1 2  3  4  5  6  7  

       

 

Any comments about this 3D animation: 
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Appendix C – Research Ethics Review and Approval 
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