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Abstract 

Animation retargeting is a method of producing human-like animations for use in 

research, video games, and movies. The procedure consists of capturing the motion of a 

performer and applying it to a computerized avatar. In practice, the body shape of the avatar can 

be very different from the body shape of the original performer. Such animations are called 

inconsistent because they are generated from mismatching shape and motion components. 

However, actions seen in day-to-day life are typically composed of correlated and consistent 

information. As a result of this exposure it is believed that the visual system builds up 

expectations regarding the way a person should look and move. Here I asked whether the human 

visual system has a special sensitivity to shape-motion inconsistency that would modify the 

perception of realistic animations. I recorded 10 male performers with either light or heavy body 

weight carrying out three actions: pushing, lifting, and throwing objects. I extracted shape and 

motion estimates from each performer, creating consistent and inconsistent animations whose 

shape and motion components were either from the same performer or combined from 

performers in different body weight groups. I conducted three experiments in an immersive 

virtual reality environment. First, when tasked with detecting shape-motion inconsistency, 

participants had a small ability to select the inconsistent stimuli instead of the consistent stimuli 

over chance levels. Next, using judgements of animation characteristics as an alternative measure 

of sensitivity, I assessed the effect of inconsistency on perceived eeriness, humanness, and 

attractiveness of consistent and inconsistent stimuli. None of these measures were affected by 

inconsistency. However, in a final experiment where I asked performers to rate the perceived 

weight and thrown distance of objects, I found an influence of shape-motion inconsistency on the 

perception of action outcomes. This indicates that the visual system relies on its knowledge of 
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shape and motion to perceive realistic human animations. I propose that animated avatars that 

involve object manipulations may present an opportunity for the visual system to reinterpret 

inconsistency as a change in the dynamics of an object, rather than as an unexpected combination 

of body shape and body motion.   
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Chapter 1 

General Introduction 

1.1 Animation retargeting in entertainment and research 

Animated human-like avatars have been used abundantly in modern entertainment media 

since the development of early 3D full-body motion tracking in the 1980s (Menache, 2011). 

Animating a simulated character using computerized methods grants the content generator a 

powerful tool: it allows depicted avatars to interact with each other and their environment in 

complex ways that would be otherwise impractical to achieve using classic film production or 

keyframe animation techniques (Menache, 2011). The present gold standard for generating these 

realistic, human-like animations involves the use of motion capture, a data collection technology 

that records spatio-temporal motion information during live-action performance and stores it in a 

quantitative format (Menache, 2011). 

Performance can be captured using a variety of motion capture techniques, including 

optical motion tracking. With this technique, an array of infrared-sensitive cameras is used to 

triangulate the position of retro-reflective markers located on the surface of the body of a 

performer. Often, the objective is to derive a quantitative description of the motion of the joints 

of the performer, although the surface markers used for this purpose are spatially separated from 

the joint locations by layers of skin, fat, and muscle. Thus, post-processing algorithms are 

typically applied to these data with the aim of recovering the movement of inner joint 

articulations (Dekeyser, Verfaillie, & Vanrie, 2002). This process involves discarding body 

shape information and so-called soft-tissue artifacts (Leardini, Chiari, Della Croce, & Cappozzo, 
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2005). In a final step, the derived motion of the joints can be applied to a high-fidelity computer-

generated avatar with a humanoid body structure (Menache, 2011).  

The process that allows the transfer of motion recorded from any performer to any 

humanoid avatar is called animation retargeting (Gleicher, 1998). Importantly, animation 

retargeting results in an avatar that retains the coordinated motion of the joint locations of the 

performer as much as possible (Geng & Yu, 2003; Menache, 2011). This approach contrasts with 

other techniques that use signal processing to modify the motion patterns, such as joint-

repositioning, motion smoothing, or motion warping (Bruderlin & Williams, 1995). For example, 

while animation retargeting could be used to apply the motion of a ball throw onto an avatar, 

joint-repositioning could be used to artificially change the angle at which the throw is executed 

(Vicovaro, Hoyet, Burigana, & O'Sullivan, 2014).  

One appeal of animation retargeting is the flexibility of the approach. Motion from a 

single performer can be combined with avatars in a number of ways, according to the needs of 

the designer. Most commonly, motion is recorded and used to animate a single avatar with a 

similar body shape to the performer (Hodgins, Jörg, O'Sullivan, Park, & Mahler, 2010; 

McDonnell, Jörg, McHugh, Newell, & O'Sullivan, 2009). A single motion pattern can also be 

combined with multiple avatars in the same scene, creating artificial crowds (Li, Christie, Siret, 

Kulpa, & Pettre, 2012; McDonnell, Larkin, Dobbyn, Collins, & O'Sullivan, 2008; McDonnell, 

Larkin, Hernández, Rudomin, & O'Sullivan, 2009). The motion of a performer can also be 

retargeted onto an avatar of a different apparent sex (Johnson, Iida, & Tassinary, 2012; 

McDonnell, Jörg, Hodgins, Newell, & O'Sullivan, 2007). Given this flexibility, the motion of a 

performer can be combined with an avatar whose shape is highly dissimilar to the shape of the 

performer.  
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With the increasing accessibility of animation retargeting, understanding the perceptual 

consequences of the process is gaining new relevance. Traditionally, large video game producers 

such as EA Games comprised 70% of the total motion capture user base. These large companies 

often employ teams dedicated to recruiting performers and creating avatars that perfectly fit their 

creative vision (Menache, 2011). However, recent availability of low-cost motion capture 

systems (e.g., Noitom, 2017) and the existence of free video-game engines that implement 

animation retargeting modules (Unity Technologies, 2017) not only reduces the barrier to entry 

for human performance capture and creation of new content, but also increases the number of 

freely-available animations for use in retargeting. However, it is possible that the flexibility of 

animation retargeting comes at a cost. As described in the following sections, there is 

considerable evidence that the visual system demonstrates an expectation of the natural 

correlation between body shape and body motion. It is possible that the process of animation 

retargeting creates unwanted perceptual effects, especially if the motion produced by a performer 

is retargeted onto an avatar whose body shape is vastly different to that of the original performer. 

1.2 Role of knowledge in perceiving human action 

Observers possess an implicit perceptual knowledge of the relationship that exists 

between the appearance of human bodies and the expectation of the way that they should move. 

According to the Kinematic Specification of Dynamics principle, observers learn to relate the 

visually available kinematic patterns of action with the hidden forces that would have been 

exerted to produce the observed motion pattern (Runeson, 1994; Runeson & Frykholm, 1983). 

This principle emphasizes that the dynamic properties intrinsic to objects are visually available 

through the kinematics of natural motion (Runeson, 1994). For example, even in displays of 

inanimate objects in motion, observers are able to judge the relative masses of objects—a 
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dynamic property—after viewing their collision velocities—a kinematic property (Runeson & 

Vedeler, 1993). Findings suggest that observers also apply an internal understanding of the 

physics of the human body when perceiving humans in action. For example, the distance of 

thrown objects that are occluded from sight is easily inferred from observation of minimalistic 

representations of the body movement of the performer (Munzert, Hohmann, & Hossner, 2010).  

Point-light displays have been used to represent human figures in a variety of studies that 

shed light on the internal models of human action perception. These impoverished stimuli 

typically consist of a set of white dots against a black background, and were originally 

constructed by affixing pieces of reflective material to the joints and limb extremities of a human 

performer dressed in dark clothing (Johansson, 1973). The performance was filmed at high 

luminosity contrast, resulting in a set of white spots moving in front of a black background, with 

no visible body. Nowadays, stimuli are most often created using passive-marker infrared motion 

capture and are closer to skeleton representations than surface representations (Dekeyser, 

Verfaillie, & Vanrie, 2002). Given the relative ease with which the body structure and 

kinematics can be quantitatively dissociated in point-light displays (Troje, 2002b, 2008), they are 

particularly useful for the purpose of distinguishing between the contributions of structural and 

motion information to the perception of human action. 

Research on biological motion perception using point-light displays has revealed the 

importance of top-down knowledge for the interpretation of point-light displays. Observers can 

recognize actions from impoverished displays consisting of a few point-lights positioned at the 

major joints of the body (Alaerts, Nackaerts, Meyns, Swinnen, & Wenderoth, 2011; Dittrich, 

1993; Johansson, 1973). Observers are also capable of more subtle pattern recognition as 

evidenced by the ability to recognize the identity of a performer (Cutting & Kozlowski, 1977; 
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Hill & Pollick, 2000; Hohmann, Troje, Olmos, & Munzert, 2011; Westhoff & Troje, 2007), to 

classify the sex of a point-light display (Barclay, Cutting, & Kozlowski, 1978; Kozlowski & 

Cutting, 1977; Mather & Murdoch, 1994; Troje, 2002b, 2008), to recognize emotions (Alaerts et 

al., 2011; Dittrich, Troscianko, Lea, & Morgan, 1996; Pollick, Kay, Heim, & Stringer, 2005), 

and to perceive action outcomes (Bingham, 1987, 1993; Munzert et al., 2010; Runeson & 

Frykholm, 1981, 1983; Shim & Carlton, 1997; Shim, Carlton, & Kim, 2004). More recent work 

has also suggested that innate predispositions to biological motion and the existence of basic 

visual filters tuned to animate motion may also play a role in the perception of human movement 

(Troje & Westhoff, 2006).  

1.3 Processing of human shape and motion information by the visual system 

Studies of human action perception have highlighted the relevance of biological motion 

to the visual system, and brain imaging studies have found that observation of biological motion 

results in activation of cerebral areas hMT/V5 and the posterior part of the superior temporal 

sulcus (Bonda, Petrides, Ostry, & Evans, 1996; Grossman, Batelli, & Pascual-Leone, 2005; 

Grossman & Blake, 2002), as well as the lingual gyrus (Servos, Osu, Santi, & Kawato, 2002). 

However, brain imaging and computational research on perception of animate motion has 

provided additional insight regarding the separation of biological motion into contributions from 

shape and motion information. Reflecting the well-studied distinction between ventral and dorsal 

visual pathways (e.g., Milner & Goodale, 1993), shape and motion are initially processed along 

parallel pathways. The ventral stream appears specialized for shape information, given that key 

areas of this pathway respond to static frames of point-light displays (Todd, 1983) and to 

displays where motion information has been degraded (Beintema & Lappe, 2002). The dorsal 

pathway is thought to be specialized for processing motion information, considering that it is 
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activated when shape, rather than motion, is degraded (Vaina, Solomon, Chowdhury, Sinha, & 

Belliveau, 2001). Computational models suggest that high-level integration of shape and motion 

information takes place after initial processing along the ventral and dorsal visual streams (Giese 

& Poggio, 2003), probably in the superior temporal sulcus (Vaina et al., 2001). Shape and 

motion processing is fast: information of point-light walkers may be integrated as early as in the 

first 200 to 330 ms after initial presentation of a biological motion display, at least for the 

extraction of configural form-from-motion (Baccus, Mozgova, & Thompson, 2009).  

1.4 Perception of shape-motion inconsistency 

Given the importance of shape and motion integration for the perception of biological 

motion, it is possible that inconsistency between these two components affects the integration 

process. Such inconsistency can arise when, for example, the motion of a performer is retargeted 

to an avatar with a different body shape. In this case, the shape of the avatar implies a set of 

dynamic properties that differs from those of the performer who originally produced the motion 

(Troje, 2013). Some research on human action perception has provided evidence that the visual 

system is sensitive to inconsistency between shape and motion information. Particularly, 

research conducted with point-light displays has shown that observers are sensitive to 

inconsistency between the style of an action and the shape of a body.  

One demonstration of this sensitivity emerged in a study of observers' knowledge about 

the relationship between body size and walking speed in animals (Jokisch & Troje, 2003). The 

authors asked observers to adjust the size of animal point-light walkers and found that observers 

tended to minimise inconsistency between shape and motion in their adjustments. In another 

study, human point-light walkers were presented at a veridical, sped-up, or slowed-down 

playback speed and naturalness ratings were obtained (Troje & Lau, 2012). Observers 
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consistently rated the veridical playback speed of animations as most natural. These results 

indicate that observers are able to use their knowledge of the expected relationship between 

shape and motion to reduce the inconsistency of a walking animation, and that inconsistency 

would otherwise be perceived as unnatural.  

Recent research has also taken advantage of a procedure similar to animation retargeting 

to examine the influence of inconsistency on judgements of point-light walkers. By exchanging 

the shape and motion information between pairs of performers, Klüver, Hecht, and Troje (2015) 

produced stimuli that displayed internal inconsistency. The inconsistent stimuli created by this 

procedure were perceived as less attractive than consistent stimuli. The decrement observed in 

attractiveness for these inconsistent stimuli might well reflect a perturbation of the implicit 

models that support human action perception (Runeson & Frykholm, 1981, 1983). Given that 

these models are likely to be acquired through experiential learning (Gibson, 1979), it is 

conceivable that a violation of the normal relationship between body shapes and their associated 

actions produces an unnatural final percept.  

There have been few examinations of the effects of shape-motion inconsistency in studies 

using realistic animations that provide a rich visualization of individual body shape. Such work 

requires accurate measurements of body kinematics and full 3D body shape from individual 

actors. However, it is not clear that results obtained from studies using point-light walkers can be 

directly applied to the perception of animated avatars. There are key differences in the way 

point-light displays and animated avatars are visually processed.  

Although they have been used frequently in studies of people perception, it is clear that 

point-light displays convey only a small proportion of information about an action performance. 

It should be noted, for example, that observers only correctly recognize the gender of a point-
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light walker approximately 70% of the time (Pollick, Kay, Heim, & Stringer, 2005). A possible 

explanation is that the post-processing of motion capture data degrades the information that 

would typically be important for perception. For example, observers who attempt to identify the 

sex of an avatar can rely on a shape cue: the waist-to-hip ratio (Johnson & Tassinary, 2005). 

However, although hip width can be inferred in commonly used 15-marker point-light displays, 

waist width cannot.  

For point-light displays, motion information, rather than shape, seems to play a 

predominant role in people perception tasks. For example, motion cues appear to dominate over 

form cues for gender perception (Mather & Murdoch, 1994; Troje, 2002a). The saliency of 

motion information might explain why, when point-light displays are viewed, observers seem to 

allocate their attention towards motion-rich areas of the display. Saunders, Williamson, and 

Troje (2010) found that observers viewing point-light walkers mostly fixate on the lower body, 

towards the motion-rich hips and feet. The eye gaze fixation pattern is different for walking 

animated avatars, for which observers mostly fixate the upper body and the face (Ennis, Hoyet, 

& O'Sullivan, 2015). The reason for different eye gaze fixation patterns between the classes of 

stimuli might relate to the existence of an explicit surface for the avatars. Surface information 

appears to draw the attention of observers away from relevant motion: in a matrix search task, 

observers experience greater difficulty in detecting avatars with identical motion when there is 

more variability in the surface information of the avatars (McDonnell et al., 2008). 

Although the visual representation differs between point-light displays and avatars, the 

evidence indicating that the visual system is sensitive to shape-motion inconsistency in point-

light stimuli might also apply to animated avatars. In the computer animation and engineering 

literature, unexpected combinations of avatar shape and behaviour have also been suggested to 
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influence the perception of artificial humans. For example, Hoyet and colleagues (2013) 

recorded the motion of multiple performers and retargeted them to a single avatar that was 

carefully matched to the performers with respect to age and body shape. The authors considered 

their control of inconsistency to be adequate, because the magnitudes of the difference between 

the real shapes of performers and the shape of the avatar were uncorrelated to the perceived 

attractiveness of the artificial stimuli. Hoyet and colleagues acknowledged the possibility that 

larger differences in body shapes could have resulted in lower attractiveness of stimuli. Although 

they did not test this assumption, related evidence suggests that mismatches in body shape and 

motion can influence the perception of an animated avatar. 

Related evidence in this context has emerged from studies of the 'uncanny valley'. One 

commonly-presented version of the uncanny valley hypothesis states that evaluation of the 

characteristics of artificial humans is impacted by inconsistency between shape and motion 

information. For example, when robotic motion is used to animate a human body shape, the 

resulting animation is perceived more negatively—less attractive and more eerie—than when the 

same motion is used to animate a robotic body shape (Mori, 2012). The visual system appears to 

respond negatively to perceptual mismatch produced by cases where components from two 

stimulus classes (e.g., robots and humans) have been combined to generate hybrid avatars 

(Kätsyri, Förger, Mäkäräinen, & Takala, 2015; Raïevsky & Michaud, 2009). Accordingly, 

inconsistency between the realism of shape and motion in human bodies is accompanied by a 

mid-insular fMRI response usually typical of personal discomfort (Cheetham, Suter, & Jäncke, 

2011). Interestingly, uncanny valley effects are generalized to many stimulus class conflicts and 

are not restricted to human bodies. Related findings have been also been reported in perception 



 10 

of human faces (Mitchell et al., 2011; Seyama & Nagayama, 2007), and perception of androids 

(MacDorman & Ishiguro, 2006).  

Studies of the uncanny valley have only focused on a coarse definition of inconsistency 

centered on the notion of conflicting stimulus classes. Shape-motion inconsistencies produced by 

retargeting are much finer, as stimuli from within the same class tend to be similar in many 

respects. Until recently, there were no appropriate techniques to study shape-motion consistency 

in realistic animations. However, an algorithm known as MoSh (Motion and Shape from sparse 

markers algorithm: Loper, Mahmood, & Black, 2014) has recently emerged as a technique that 

permits the recovery of both shape and motion estimates from motion capture data. These 

estimates can subsequently be used to generate realistic animated avatars (Figure 1.1).  

 

 

Figure 1.1. Creation of animated avatars using shape and motion estimates from surface motion 

capture data. The MoSh algorithm is used to retrieve estimated shape and motion from recorded 

motion capture data. Animated avatars are obtained by recombining shape and motion estimates, 

applying data-driven deformations to the shape (Loper, Mahmood, & Black, 2014).  
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MoSh is a technique that fits a parametric model of body shape and pose directly to 3D 

motion capture markers, recovering individual 3D body shape and its dependencies on pose with 

a high degree of accuracy (Loper et al., 2014). With this technique in hand, it is possible to study 

the effect of shape-motion inconsistency on the perception of human animations within a 

stimulus class. MoSh is a recently developed technique, and as such, there have been no 

investigations on the perception of animated avatars created from motion capture data.  

Instead, a few researchers have exploited parts of the MoSh model to investigate the 

perception of static body shapes. For example, Fleming, Mohler, Romero, Black, and Breidt 

(2016) studied the effect of stylization on perceived attractiveness of female static avatars, and 

found that slight exaggerations of the avatars' body proportions were more attractive than 

realistic body shapes. In addition, Wellerdiek and colleagues (2015) used a similar technique to 

study the perceived strength and power of body shapes and static poses. The authors found that 

perception of strength relies mostly on tall and muscular body shapes, while perception of power 

is modulated by poses: weak men in a strong pose appear as powerful as strong men in neutral 

poses. In another example, Piryankova and colleagues (2014) studied observers' ability to 

recognize their own body shape on a virtual avatar and found that observers were willing to take 

ownership of body shapes with a body mass index that differed from their own by 0.83% 

to -6.05%. 

1.5 Thesis outline 

The balance of evidence suggests that animation retargeting may result in a disruption of 

the normal shape-motion integration process if the body shapes of the performer and of the 

avatar are dissimilar. What are the perceptual consequences of retargeting animations? To 

answer this question, I examined three aspects of visual perception that could reveal sensitivity 
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to inconsistency in human-like animations. In order to generate a stimulus set, I recruited male 

performers with large differences in body mass, and recorded their motion capture data while 

they performed three actions: pushing, lifting, and throwing objects (Chapter 2). The choice of 

these actions has practical relevance: these are recurring gameplay mechanics in video games 

where the creators strive for photo-realist gaming experience and employ motion capture in their 

animations. In the first experiment, I studied the ability of observers to distinguish between 

consistent and inconsistent animations (Chapter 3). In the second experiment, I examined the 

effect of inconsistency on judgements of characteristics of human animations (Chapter 4). 

Finally, in the third experiment I assessed the effect of inconsistency on perceived action 

outcomes (Chapter 5). Here I provide an overview of the approach and findings of each 

experiment. 

1.5.1 Detection of inconsistent human animations  

In Chapter 3, I examine whether observers have an explicit awareness for shape and 

motion inconsistency. This question was influenced by Runeson and Frykholm (1983), who 

demonstrated that observers were able to select trials where a performer attempted to move in a 

way that is inconsistent with their own body shape; that is, by pretending to move like the 

opposite sex. To test if observers were sensitive to shape-motion inconsistency in animations, I 

presented pairs of consistent and inconsistent stimuli that pushed, lifted, and threw objects. After 

watching both animations, observers selected which of the two they believed to consist of 

mismatching shape and motion information. The low correct response rates indicated that 

observers had difficulty discriminating between the consistent and inconsistent stimuli, 

irrespective of the action. The visual system appeared to have little explicit awareness of shape-
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motion inconsistency for the stimuli used in this experiment. In Chapter 4, I examined whether 

implicit measures might be more sensitive to inconsistency effects.  

1.5.2 Effect of inconsistency on judgements of animation characteristics 

In Chapter 4, I evaluate whether shape and motion inconsistency influences observers' 

judgements of animation characteristics. It has been proposed that the appearance of an avatar's 

body generates expectations about the way it should move, and that mismatches between real 

and predicted motion can lead to negative evaluation of the animation (Kätsyri et al., 2015). 

Here, I presented the same stimuli as in Chapter 3, but instead asked observers to judge the 

characteristics of the animations by rating their perceived attractiveness, eeriness, and human-

likeness (MacDorman, 2006; MacDorman & Ho, 2010). The manipulation of inconsistency did 

not influence the ratings of the animations. The results do not support the idea that inconsistency 

resulting from differences in body weight between the performer and the avatar results in 

negative evaluation of animations. The stimuli presented here differed from past research 

primarily in the type of actions performed: actions involved object manipulations, rather than 

walking. It is possible that shape-motion inconsistency in animations of object manipulations 

might influence the perceived dynamics of the objects, rather than the perception of the animated 

avatar. This hypothesis is investigated in Chapter 5.  

1.5.3 Effect of inconsistency on perception of action outcomes  

In Chapter 5, I assess the systematic effect of shape-motion inconsistency on the 

perception of action outcomes. This approach was informed by research showing that observers 

who look at impoverished visual displays of actions can perceive the weight of lifted boxes 

(Runeson & Frykholm, 1981) and ball throw distances with relative accuracy (Knoblich & Flach, 
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2001; Munzert et al., 2010; Runeson & Frykholm, 1983). Runeson and Frykholm (1983) 

proposed that observers use their knowledge of dynamics of human bodies in action to indirectly 

infer outcomes of object manipulations. Research supports the idea that observers use kinematic 

features of motion to infer outcomes (Hamilton, Joyce, Flanagan, Frith, & Wolpert, 2007; Shim 

& Carlton, 1997; Shim, Carlton, & Kim, 2004) and that these motion cues are interpreted with 

respect to body shape and posture (Bingham, 1993; Runeson & Frykholm, 1981). I asked what 

role shape and motion information play in the perception of action outcomes, and whether 

inconsistency changes the way this information is used. I asked observers to infer the perceived 

weight and throw distance of invisible objects. The results suggested that shape-motion 

inconsistency can strongly and systematically affect the perception of action outcomes, and that 

the relative importance of shape and motion information depends largely on the role of body 

weight in the production of a specific action (Runeson & Frykholm, 1983). 

The experiments of this thesis are the first empirical examination of sensitivity to fine 

shape-motion inconsistency in realistic animated avatars with retargeted motion. The results of 

Chapters 3 and 4 indicate that when inconsistency arises from retargeting the motion of a 

performer to an avatar with a vastly different, yet realistic, body shape, observers have 

significant difficulty detecting the resulting inconsistency, and that shape-motion inconsistency 

does not affect the judgements of animation characteristics. On the other hand, the systematic 

effects of shape-motion inconsistency on action outcomes observed in Chapter 5 present the 

possibility that the visual system attempts to arrive at a valid perception of animations, 

attributing inconsistency to the dynamic properties of manipulated objects rather than to the 

avatar. This research shows that, under the right conditions, the practice of animation retargeting 

can be well tolerated by the visual system.
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Chapter 2 

General Methods 

In this chapter, I present details of the general method used to create the stimuli employed 

in the experiments of Chapters 3, 4, and 5. In Section 2.1, I detail the characteristics of the 

performers. In Section 2.2, I outline the action-specific recording spaces and instructions. In 

Section 2.3, I describe the marker set and the algorithm used to obtain shape and motion 

estimates from the recorded performance. In Section 2.4, I describe how I achieved shape and 

motion inconsistency. Finally, in Section 2.5, I explain how I displayed the stimuli. 

2.1 Performers 

Performers were ten male volunteers from Queen's University, Canada. Performers were 

classified in two body weight categories: five light performers weighed on average 69.9 kg 

(SD = 6.55 kg), and five heavy performers weighed on average 108 kg (SD = 12.83 kg). The ten 

performers were split into five pairs (see Figure 2.1) consisting of one light and one heavy 

performer (a paired sample t-test indicated that the weights differed significantly, t(4) = -5.92, 

p = .004) while I controlled for height, (M = 1.84 m, SD = 0.050 m, a paired-sample t-test 

showed the pairs did not differ in height, t(4) = -0.722, p = .510). Pairs of performers were also 

matched for age (M = 23.1 years old, SD = 3.21, paired-sample t-test, t(4) = 1.73, p = .159).  
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Figure 2.1. Example of a height-matched pair of light and heavy performers. 

 

The 38 kg weight difference between the light and heavy performers is accompanied by 

large differences in body mass distribution. According to the guidelines of the Canadian Medical 

Association, the Body Mass Index and waist circumference measurements of the light and heavy 

performers indicate large differences in body fat distributions for the two groups (Douketis, 

Paradis, Keller, & Martineau, 2005). The light performers had a Body Mass Index classified as 

normal, and a narrow waist circumference, while the heavy performers had a Body Mass Index 

classified as obese class I, and a wide waist circumference (Table 2.1). 

 

Table 2.1 

Body shape differences between the light and heavy performers (N = 10). 

Action Light Performers Heavy Performers 

M (SD) M (SD) 

Body Weight Classification Normal Obese Class I 

Body Mass Index (kg/m
2
) 20.8 (1.69) 32.0 (5.54) 

Waist circumference (cm) 77.2 (2.86) 102 (10.1) 
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2.2 Details of recording procedure  

I recorded performers in a large capture space (4.6 x 3.6 m) surrounded by an 18-camera 

Vicon IQ system. Performers interacted with three types of objects in a fixed order: overhand 

beanbag throws, box lifts, and sled pushes. Performers repeated each of the actions several times, 

at increasing levels of target distances or object weights. Performers were free to perform the 

actions in the way that felt most natural to them, except for a minimal set of instructions that I 

described and demonstrated once, at the lowest level of target distance or object weight. After 

these steps I recorded the action, with no more demonstrations.  

2.2.1 Throwing 

Performers threw small beanbags (11 x 8 x 5 cm, 200 g) towards five round targets 

situated on the floor, increasingly far away (2 – 6 m, in 1 m increments). The target diameter 

increased with distance from the performers' position, such that the target remained at 4 degrees 

of visual angle. Performers kept their head level during each throw by looking at a piece of grey 

tape on the far wall behind the targets. This constraint was intended to minimize head-tilt of the 

performer as a cue to target distance in upcoming experiments. All targets were always visible 

(Figure 2.2). 
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Figure 2.2. Capture space for the beanbag throws. Performers threw beanbags from a 

rectangular standing area towards targets situated 2 to 6 m away. 

 

During recording, for each target distance, performers walked to a pile of 10 beanbags to 

their right, picked up a single beanbag, walked back, and repositioned themselves inside a taped 

rectangular area. Performers threw the beanbag at the target on the floor using overhand throws, 

meaning that the throwing hand was above shoulder level during the throws. The performers 

threw until they achieved a successful throw to the target. Only this last attempt was recorded 

and retained. 

2.2.2 Lifting 

Performers lifted a sturdy aluminum box (31.5 x 21 x 12 cm, 1 kg when empty) at 11 

different box weights (1–11 kg, by 2 kg increments). Performers lifted the full and empty box 

once before practice and recording, to familiarize them with its maximum and minimum weight. 

For each box lift, performers began by standing inside the same taped rectangular area that was 

used for the throws. Next, they approached the box (2 m away), lifted it off the floor using its 
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handles, deposited it on a round table (46 cm above the floor), and walked back to the starting 

area. I recorded each lift once (Figure 2.3). 

 

 

Figure 2.3. Capture space for the box lifts. Performers lifted boxes (in red) weighing 1 to 11 kg 

in 2 kg increments onto a table (in blue). 

 

2.2.3 Pushing 

Performers pushed a training sled (handles 97 cm tall, 61.5 cm apart) at six different 

loading levels (22.7–122.7 kg, in 20 kg increments). During recording, for each weight, 

performers pushed the sled from a 'start' line on the floor to a 'stop' line (2 m ahead). The action 

was completed once participants came to a full stop. I recorded each push action once 

(Figure 2.4).  
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Figure 2.4. Capture space for the sled pushes. Performers pushed a training sled (in red) 

weighing between 23 and 123 kg, in 20 kg increments, across two meters.  

 

2.3 Motion and shape estimation 

In order to compute motion and shape estimates for the performers using the MoSh 

algorithm, I outfitted performers with 67 optical markers attached to the skin or to skin-tight 

clothing (for marker placement, see Loper, Mahmood, and Black, 2014). Compared to traditional 

marker sets that aim to recover joint articulations and discard surface information (Dekeyser, 

Verfaillie, & Vanrie, 2002), this marker placement optimized volumetric estimation of the body 

shape. MoSh is a technique that fits a parametric model of body shape and pose directly to 3D 

motion capture data (Loper et al., 2014).  

MoSh produces a 3D surface composed of a triangulated mesh with 10,777 vertices, 

using a data-driven model that includes both a model of variations based on body shape, as well 

as a model of body shape deformations based on poses of an articulated skeleton. In this regard, 
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MoSh uses the SCAPE body model (Anguelov et al., 2005), but with distinctions as to which 

data are used to obtain the estimated body shape.  

The SCAPE body shape deformation model used in MoSh was trained from a set of 3803 

3D body scans of different people in standing poses (1700 males) taken from the CAESAR 

database (Robinette et al., 2002). Principal components analysis is applied to these body scans, 

and the shape variations across people are characterized using 100 principal components. While 

the original SCAPE model requires both a full-body scan and a marker-based motion capture 

sequence in order to produce an animation, MoSh instead retrieves a pose-independent body 

shape from the motion capture data and estimates the body shape from only the sparse motion 

capture data without knowing the precise location of markers on the body. The outcome of the 

body shape model is a description of the surface of the body, S, resulting from the deformation of 

a base template mesh. The surface varies as a function of three parameters, S(β, θ, γ): a vector of 

shape parameters β characterizing the deformation from the average body shape; a vector of pose 

parameters θ for the rotation of each of 19 joint angles; and a global translation centre γ. 

After obtaining the body shape estimation, body motion is estimated using a pose-

dependent model that is trained using 1832 scans of 78 people (37 males). First, the most likely 

pose given the motion capture data is estimated for each recorded frame. A short optimization 

procedure is used to recover the estimated position θt and translation γt of the body shape. At this 

stage, the body shape β is estimated to be constant and is not allowed to vary. Finally, additional 

pose-dependent soft-tissue deformations B are estimated by allowing the body shape parameters 

β to vary, estimating soft-tissue deformations that depend on the current pose θt.   

 



 22 

MoSh achieves reconstruction errors that are smaller than 1 cm (mean distance between 

true and estimated body shape). While this is not sufficient to reconstruct idiosyncratic details of 

hands and face, the system recovers individual 3D body shape and its dependencies on pose with 

a high degree of accuracy (Loper et al., 2014). 

2.4 Creation of consistent and inconsistent animations 

Having obtained separate estimates of body shape and motion for all performers, I was 

able to generate avatars that were either consistent or inconsistent with respect to shape and 

motion (Figure 2.5). Consistent stimuli comprised the heavy shape and heavy motion from the 

same performer, or the light shape and light motion from the same performer. Inconsistent 

stimuli comprised the shape from one performer and the motion from a height-matched 

performer with a different body mass. As such, the inconsistent stimuli were animated avatars 

with the shape of a heavy performer and the motion of a light performer, or the shape of a light 

performer combined with the motion of a heavy performer.  

 

 

Figure 2.5. Consistent and inconsistent stimuli were created by manipulating the source of the 

shape and motion estimates.  
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2.5 Presentation of stimuli with a head-mounted display 

Participants in experiments from Chapters 3, 4, and 5 viewed the stimuli through an 

Oculus Rift DK2 head-mounted display (runtime version 0.8.0.0, experiment designed in 

Unity3D, version 5.1.4 with the Unity Oculus Plugin). The headset simulated a 3D stereoscopic 

virtual reality testing room. The use of a virtual reality head mounted display was motivated by 

the hardware's ability to present stimuli such that the perceptual experience more directly 

resembles the characteristics of real-life human observations than would be afforded by flat 

screens. Virtual reality may generally be the best technology with which to assess perception of 

animations—indeed, participants exhibit more emotional responses when they view a scene 

within a head-mounted display than when the same stimulus is presented on a computer monitor 

(Gorini et al., 2011), as well as when stereoscopic rather than monocular viewing conditions are 

used (Ijsselsteijn et al., 2001).  

Therefore, to increase immersion, real-time head tracking was used to update rendering 

such that it realistically reflected observer movements and allowed the participant to actively 

explore the scene by moving and turning their head. Some participants moved their head during 

presentation of the stimulus, but this was not required to maintain the stimuli within view. Head-

mounted displays also include the stereoscopic information that may be useful for appraisal of 

three-dimensional surfaces. 
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Chapter 3 

Detection of Inconsistent Human Animations 

3.1 Introduction 

The human visual system is highly specialized for inferring information through the 

observation of conspecifics. Studies have demonstrated that observers are able to pick up a 

wealth of information about an action performance from highly impoverished point-light 

displays, such as the weight of a manipulated object (Bingham, 1993; Hamilton, Joyce, 

Flanagan, Frith, & Wolpert, 2007; Shim & Carlton, 1997; Shim, Carlton & Kim, 2004), the 

gender of the performer (Mather & Murdoch, 1994; Troje, 2002b, 2008), and even the identity of 

a performer (Beardsworth & Buckner, 1981; Troje, Westhoff, & Lavrov, 2005; Westhoff & 

Troje, 2007). Perception of biological motion is thought to rely on knowledge of the relationship 

that exists between the shape of the body and the way it moves (Runeson & Frykholm, 1981, 

1983). This top-down knowledge is formed through experiential learning that takes place 

throughout the lifespan of the observer (Gibson, 1979). Often, procedures employed to generate 

human-like animations in consumer entertainment result in stimuli that exhibit shape and motion 

combinations that do not reflect the natural correlations between these sources of information. 

Specifically, in animation retargeting, the acquired motion data of a performer is applied to a 

computerized avatar (Gleicher, 1998). The body shape of the avatar might strongly differ from 

the body shape of the original performer, depending on the creative vision of the designer. The 

internal inconsistency introduced by this process is thought to create a challenge for the process 

of integrating motion and shape information because the expected shape-motion correlation has 

been corrupted (Troje, 2013).  
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Perception researchers using computer animations have shown concern for the potential 

influence of this inconsistency, with the underlying assumption that observers would otherwise 

be able to detect inconsistency. Indeed, researchers routinely acknowledge that inconsistency 

might affect perception of animations, and anticipate the issue by using exclusively consistent 

stimuli. In one example, McDonnell, Larkin, Dobbyn, Collins, and O'Sullivan (2008) studied the 

perception of animated crowds of walking humans, and noted that they took care to select 

performers whose body shapes, ages, and sexes were roughly similar to each of their twenty 

unique avatars. In a related example, Hoyet and colleagues (2013) studied the perception of 

motion of multiple performers retargeted onto a single avatar and carefully matched the body 

shapes of the performers to the single avatar to avoid confounds due to inconsistency. However, 

the extent to which the human visual system is sensitive to these discrepancies is unknown, since 

the effect of inconsistency is rarely studied with realistic human avatars.  

Some insight into the perceptual consequences of shape-motion inconsistency has 

emerged from studies using point-light displays to probe biological motion perception. These 

stimuli are related to computerized avatars in that they also contain motion and shape 

information derived from motion capture, but their visual representation is stylized—they depict 

the structure and movement of the inner joints of the body. The perceived shape of the body for 

point-light displays is therefore a construction of the visual system arising from both top-down 

and bottom-up processes (Johansson, 1973; Troje, 2013). Clear effects of inconsistency have 

been observed in studies of point-light displays, with shape-motion inconsistencies leading to 

reduced attractiveness and naturalness (Klüver, Hecht, & Troje, 2015; Troje & Lau, 2012).  

One seminal study using point-light displays that provided clues about the ability of the 

visual system to detect shape-motion inconsistency was conducted by Runeson and Frykholm 
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(1983). The authors demonstrated that observers could identify a performer's attempts to move in 

a way that is inconsistent with their own body shape—that is, by pretending to move like a 

performer of the opposite gender. Studies have shown that the way men and women move is 

partially determined by the dynamics of their body shape (Troje, 2002b, 2008). As a result, 

mimicking the opposite gender produces disruptions in the expected relationship between body 

shape and motion. Under normal circumstances, gender discrimination is possible largely due to 

the existing morphological differences between males and females. The male and female genders 

are generally dimorphic with respect to body and limb size, shape, and mass distributions. These 

varying dynamic properties have a predictable effect on the kinematics of the movements. 

Among the measurement differences, two are often cited. First, females have wider hips than 

males when normalized for height (Cho, Park, & Kwon, 2004), and males have larger shoulder-

to-hips ratios (Cutting, Proffit, & Kozlowski, 1978). These differences, along with differences in 

limb length, mass distribution, and joint elasticity, can lead to recognizable kinematic patterns 

during action execution and support gender recognition (Runeson & Frykholm, 1983). On the 

other hand, when actions are deceptive with respect to gender, the decorrelation of shape and 

motion components appears to be detectable for participants. 

While Runeson and Frykholm's study (1983) offers evidence that the visual system is 

sensitive to shape-motion inconsistency, there are important qualifiers to this conclusion. The 

approach of Runeson and Frykholm confounds sensitivity to shape-motion inconsistency effects 

with other important factors. Observers might have detected the deceptive performances on the 

basis of detecting caricatured performances, rather than through a direct perceptual sensitivity to 

shape-motion inconsistency. This possibility is particularly plausible, given that Runeson and 

Frykholm's performers (1983) were not trained performance actors with a high control over their 
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action execution, and as a result their performance was likely to have retained motion signatures 

that were typical of their real body shapes. To date, there have been no extensions of this 

research that determine if inconsistency is detectable when shape and motion information are 

decorrelated through quantitative methods. 

Could there be a special role for detecting inconsistency in action performance? The 

ability to detect novelty in an environment has been related to hippocampal function, which 

signals unexpected events based on comparison of current sensory input to past experience 

(Kumaran & Maguire, 2006). Detection of unexpected events serves an important, behaviourally 

adaptive function, as an observer may be required to adjust their behaviour in response to the 

unexpected event (Raïevsky & Michaud, 2009). Unexpected stimuli configurations of shape and 

motion are often treated like a warning signal, because they could be an indication of biological 

or psychological disorders in the performer (Tinwell, Nabi, & Charlton, 2013). Even seemingly 

harmless inconsistencies in shape and motion, such as when a performer pretends that the weight 

of a lifted object is heavier than it actually is, seems to produce such a warning signal: detection 

of deception in action performance results in greater amygdala and rostral anterior cingulate 

activation (Grèzes, Frith, & Passingham, 2004). 

Although it has become clear that knowledge of the relationship between body shape and 

movement is vital for action perception, it is not yet clear if the visual system is sensitive to 

shape-motion inconsistency in computer-generated animations. This is an important stimulus 

class given the frequency of its use in video games and animated movies, and as a result it is 

important to understand whether the literature on point-light stimuli also applies to animated 

avatars. Representational differences between the two types of stimuli are important 

considerations. For instance, the explicit surface of the avatar, which is not depicted in point-
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light displays, might influence action perception. It has been shown that when observers must 

identify pairs of avatars animated with identical motion amongst distractor avatars, the task 

difficulty increases when the task-irrelevant appearance of distractors is made more variable 

(McDonnell et al., 2008). Visual variety might therefore reduce the visual processing of 

kinematics, reducing the saliency of shape-motion inconsistency. This result suggests that 

performers might be particularly sensitive to detecting inconsistency of animations when the 

appearance of an avatar does not vary within a task, and when the motion of two stimuli can be 

directly compared.  

Studies of human action performance often assume that shape-motion inconsistency 

influences perception, but there is currently little knowledge of the extent to which the visual 

system detects inconsistency. In particular, the detectability of inconsistency in realistic animated 

avatars is unexplored. Therefore, in the present experiment I examine if inconsistencies in shape 

and motion are detectable in realistic avatars. I used a virtual reality display to present pairs of 

consistent and inconsistent action performances, and asked observers to select the inconsistent 

stimulus. I predicted that when forced to make a direct comparison between the two stimuli, 

participants would be able to select which of the two stimuli exhibited conflicting dynamics. 

This result would be indicative that the visual system is sensitive to shape-motion inconsistency 

in realistic animated avatars. In addition, in line with work that shows that visual variety reduces 

the salience of motion information (McDonnell et al., 2008), I expected that observers would 

perform better at the detection task when shape remained the same across a pair of animations, 

but the motion differed.  
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3.2 Methods 

3.2.1 Participants  

Participants were 24 students from Queen's University, Kingston, Canada. Participants 

were recruited through the participant pool of an Introduction to Psychology class and online 

advertisements on a social media platform. Participants were 15 females and 9 males, aged 

between 18 and 24 years old (M = 19.4, SD = 1.58). Participants were tested individually in the 

Biomotion Laboratory at Queen's University and were compensated for their time with either one 

course-credit for the psychology undergraduate course, or $10 per hour. Participants reported 

normal or corrected-to-normal vision, and none had taken part in the motion capture sessions 

from which the stimuli were created.  

3.2.2 Stimuli 

The animated avatars were created using the motion capture data of ten male performers 

who had been recorded while they pushed, threw, and lifted objects (see Chapter 2 for additional 

details). For each performer, a single object weight or throwing distance was selected for each 

action: pushing a training sled weighing 123 kg; throwing beanbags towards targets located 6 m 

away; and lifting boxes weighing 11 kg. Each motion capture recording was processed with 

MoSh (Loper, Mahmood, & Black, 2014). Using this algorithm, I obtained shape and motion 

estimates unique to each of the performers, and used them to create consistent and inconsistent 

3D animated avatars. Consistent stimuli were comprised of the shape and movement from the 

same performer, and the inconsistent stimuli were comprised of the shape from one performer 

and the motion from a height-matched performer. The stimuli were presented facing the 



 30 

participant and rotated 20 degrees counter clockwise with respect to the perspective of the 

participants. Manipulated objects were always invisible to the participants (Figure 3.1).  

 

 

 

Figure 3.1. Still frames from realistic human animations of performers recorded while pushing, 

throwing, and lifting objects. Objects were always invisible to the participants. 

3.2.3 Procedure 

Participants were greeted in the Biomotion Laboratory, signed an informed consent form 

and completed a demographic questionnaire. Participants then sat in front in front of a keyboard 

and wore an Oculus Rift DK2 head-mounted display. Using ten performers and three action clips 

for each, I created a total of 30 pairs of consistent and inconsistent animations, and presented 

these in a counterbalanced order. The procedure was repeated twice, in two blocks, for a total of 

120 trials per participant. Block order was counterbalanced across participants.  

Pairs of consistent and inconsistent animations were presented to participants, separated 

by a 500 ms interstimulus interval. The participants' task was to select the inconsistent 

animation, i.e., which of the two animations was created using the appearance of one performer, 
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but the movement of another performer. In one block, the same shape was used for both 

animations of a pair, and the motion differed. In the other block, the same motion was used for 

both animations of a pair, and the shape differed. After presentation of each pair, in a two-

alternative forced-choice, participants pressed a key to select the whether the first or second 

animation was mismatching (Figure 3.3).  

 

 

 

 

Figure 3.2. Experimental design of the two-alternative forced-choice detection task. Following 

the presentation of each consistent-inconsistent pair, participants indicated which of the two 

stimuli they believed was the retargeted animation. Participants indicated their response in a 

two-alternative forced-choice by key press. Actions were randomly presented within a block. 

   

3.3 Results 

The results of the inconsistency detection task are presented in Figure 2.4. When asked to 

select which of two stimuli was inconsistent, participants' detection performance was marginally 

significantly better than chance for some of the actions. One-tailed one-sample t-tests comparing 

the correct response rates to chance level were not statistically significant for object throws, but 
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were marginally significant for box lifts and sled pushes (Table 3.1). The effect sizes were 

Cohen’s d = -.004, .358, and .367. 

 

 

  

Figure 3.3. Correct response rates across participants for the detection task. Pairs of 

corresponding inconsistent and consistent stimuli were presented sequentially, and participants 

pressed a key to indicate whether the first or second stimulus was mismatching. Error bars 

represent ± 1 SEM. N = 24. 

 

 

 

Table 3.1 

One-sample t-tests comparing correct response rates to chance performance (N = 24). 

Action Correct Response Rate SEM t p 

Box Lifts .527 .016 1.72 .050 

Sled Pushes .540 .023 1.76 .046 

Object Throw  .497 .015 -0.215 .584 

Note. Correct response rates are compared to .50 chance performance. One-tailed one-sample  

t-tests are reported. 

  

A two-way repeated-measures ANOVA with actions and blocks as factors was conducted 

on the correct response rates. There was no main effect of action: participants selected the 

inconsistent stimuli over the consistent stimuli at an equally low rate across all actions, 

F(2, 46) = 1.76, p = .184, 𝜂𝑝
2= .071. There was also no main effect of blocks: participant 
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performance was the same when either the shape or the motion information had been 

manipulated within a pair of stimuli, F(1, 23) = 0.141, p = .711, 𝜂𝑝 
2 = .006. There was also no 

interaction between the two factors, F(2, 46) = 0.892, p = .417, 𝜂𝑝 
2 = .037. 

3.4 Discussion 

One of the basic functions of the visual system is to detect unexpected events and 

stimulus configurations (Kumaran & Maguire, 2006). Consequently, I expected observers to be 

sensitive to the experimental manipulation of shape-motion inconsistency in realistic animated 

avatars. To test this hypothesis, I conducted a two-alternative forced-choice detection task 

between consistent and inconsistent stimuli. I computed the proportion of correct responses as a 

measure of the ability of the visual system to detect that the dynamics specified by inconsistent 

shape and motion information were not valid.  

The results showed that participants did not detect inconsistency in animations 

systematically across all actions. Participants could not detect inconsistency in object throws, and 

could marginally detect it in sled pushes and box lifts. However, for practical purposes, the small 

to moderate effect sizes obtained for these last two actions only indicate a detection rate of 3% to 

4% above chance levels. This low ability to detect inconsistency is small in relation to the fact 

that shape-motion inconsistency was created on the basis of large body mass differences between 

performers whose shape and motion were exchanged. This finding contrasts with Runeson and 

Frykholm (1983), who found that observers could detect instances of deceptive performances in 

cases where performers attempted to move in ways that were typical of the opposite gender. 

Rather than being explicitly aware of shape-motion inconsistency, the results of this experiment 

suggest that Runeson and Frykholm's participants may have used other cues present in the point-
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light displays in order to infer deception: observers may have tuned into caricatured aspects of 

the motion performance.  

I had expected that performance would be better when the shape of the performer 

remained constant across a stimulus pair. Indeed, past research had shown that increasing the 

variability of visual appearances, even by simply altering the colour of a virtual avatar, is enough 

to mask the saliency of motion (McDonnell et al., 2008). Instead, in line with the overall low 

rates of correct responses, correct response rates were not lower for stimuli pairs where the shape 

varied, compared to stimuli pairs where the motion varied.  

Overall, the results of this experiment suggest that the visual system has no explicit 

awareness of shape-motion inconsistency for the stimuli presented here. Following direct 

comparison of consistent and inconsistent animations, observers had relatively little ability to 

detect when there were large body mass differences between the performer who produced the 

movement and the avatar. It appears that achieving an accurate match between the body shapes 

of a performer and of the retargeted avatar is not always critical (Hoyet et al., 2013; McDonnell 

et al., 2008), particularly when the shape-motion inconsistency is generated from a single 

stimulus class. In practice, these results suggest that the approach of researchers who attempted 

to create a precise match between the body shape of a performer and of an artificially created 

avatar may have been overly cautious, as the evidence presented here demonstrates a relatively 

low sensitivity even for significant shape-motion inconsistency.  

 While there was no strong measured effect of inconsistency on accuracy, other 

perceptual measures may still be influenced by a disruption of the shape-motion integration 

process. Studies have shown that inconsistency can affect the perceived attractiveness and 

naturalness of point-light displays and animated avatars. Although some have proposed that 
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negative perception of an animation can be a consequence of detecting an unexpected stimulus 

configuration (Raïevsky & Michaud, 2009), indicating a cause-effect relationship between 

detection and negative affect, others have suggested that implicit measures of perception can be 

influenced by undetected signals. Direct perception of important visual information does not 

necessarily rely on an observer's ability to verbalise their knowledge (Runeson, 1977). Given the 

importance of affective responses to entertainment media, assessing the effect of inconsistency 

produced by animation retargeting is a highly relevant question. Therefore, in Chapter 4, I 

examine whether the effects of inconsistency on judgements of animation characteristics that 

were observed in past point-light display experiments can be replicated with realistic animated 

avatars.  
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Chapter 4 

Effect of Inconsistency on Judgements of Animation Characteristics  

4.1 Introduction 

Animation retargeting is a procedure that applies the recorded motion of a performer onto 

a virtual avatar (Gleicher, 1998). It is commonly used in entertainment media and research 

(Hoyet et al., 2013; McDonnell, Jörg, Hodgins, Newell, & O'Sullivan, 2007; Menache, 2011), 

and has also been used in real-time to animate androids (Matsui, Minato, MacDorman, & 

Ishiguro, 2005). However, when the dynamic properties of the performer's body shape differ 

from the implied dynamics of the target avatar, the final animation contains shape-motion 

inconsistency, to which an observer is likely to be sensitive (Troje, 2013). Strong expectations 

about the correlation between the shape and the motion of a body are thought to develop through 

the lifespan of the observer by a process of experiential learning (Gibson, 1979; Runeson & 

Frykholm, 1981, 1983), and the violation of these expectations could have serious consequences 

for the perception of an animation. 

A study presented in this thesis has identified that observers had marginally significant, 

albeit weak, ability to explicitly detect shape-motion inconsistency in animated avatars (Chapter 

3). This finding has encouraging implications for the current practice of using animation 

retargeting in studies of human perception, in computer animated movies, and in video games, 

indicating that observers will rarely be able to detect inconsistency. However, detection of 

unexpected stimulus configurations can be a precursor to negative perception of an animation 

(Raïevsky & Michaud, 2009), and it is possible that implicit measures might also be sensitive to 

inconsistency. Explicit and implicit measures can yield different results because they rely on 

different modes of information retrieval (Hofmann et al., 2005). While explicit measures rely on 
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the observer's awareness of a construct, implicit measures do not (Greenwald & Banaji, 1995). It 

is especially informative that the visual system shows the ability to use information that is 

available in the visual display without observers being able to verbalize how they possess this 

knowledge (Runeson, 1977). 

Implicit measures, including the perception of the attractiveness and naturalness of an 

avatar, are highly relevant to the pursuit of creating appealing avatars (e.g., Fleming, Mohler, 

Romero, Black, & Breidt, 2016). Historically, there have been several attempts to explain the 

lack of attractiveness, or indeed the 'eeriness' of animated avatars, that make reference to a 

general 'uncanny valley' for such stimuli. One general account of the uncanny valley cautions 

that mismatch between the behaviour and the appearance of an avatar can reduce its appeal. For 

example, when a robotic motion is used to animate a human-looking shape, the resulting 

animation is thought to be perceived more negatively—less attractive and more eerie—than 

when the same motion is used to animate a robotic shape (Mori, 2012). Such inconsistency 

between shape and motion components is accompanied by an fMRI signature located in the mid-

insular area, usually related to pain perception and feelings of personal discomfort (Cheetham, 

Suter, & Jäncke, 2011). Uncanny valley effects related to other dimensions of realism have also 

been generalized to other stimulus classes, such as in perception of human faces (Mitchell et al., 

2011; Seyama & Nagayama, 2007), of androids (MacDorman & Ishiguro, 2006), and of 

prosthetics (Poliakoff, Beach, Best, Howard, & Gowen, 2013).  

Multiple causes for the uncanny valley have been hypothesized, to the extent that some 

believe that it is a collection of phenomena rather than a unitary concept (Kätsyri, Förger, 

Mäkäräinen, & Takala, 2015; Moore, 2012). One related account, the perceptual mismatch 

hypothesis, proposes a mechanism that relates directly to shape-motion inconsistency 
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(Kätsyri et al., 2015). According to this theory, a negative response is caused by an unexpected 

combination of shape and motion information in animations. When a robotic motion is used to 

animate a human body shape, the resulting animation is perceived more negatively—lower 

perceived attractiveness and higher eeriness—than when the same robotic motion is used to 

animate a robotic body shape (Brenton, Gillies, Ballin, & Chatting, 2005; Chattopadhyay & 

MacDorman, 2016; Kätsyri et al., 2015). Similarly, in animation retargeting, a negative response 

might arise from an unexpected mismatch between the dynamics of the performer that produced 

the motion, and the dynamics inferred from an avatar (Saygin, Chaminade, Ishiguro, Driver, & 

Frith, 2012). Furthermore, shape-motion inconsistency might trigger a warning mechanism that 

implies that an individual may suffer from biological insults (Hodgins, Jörg, O'Sullivan, Park, & 

Mahler, 2010), may be psychologically unstable (Tinwell, 2013), or has an atypical sexual 

orientation (Hodgins et al., 2010; Hoyet et al., 2013; Johnson, Gill, Reichman, & Tassinary, 

2007; Johnson & Tassinary, 2007). The perceptual mismatch hypothesis is regularly invoked to 

explain why otherwise impressive entertainment media fails to successfully appeal to their 

audiences (Brenton et al., 2005; Tinwell, 2014) or even used as a rationale by animators and 

engineers for purposefully reducing the human likeness of an android in order to increase its 

acceptability (MacDorman & Ishiguro, 2006; Matsui et al., 2005; Minato, Shimada, Ishiguro, & 

Itakura, 2004; Wages, Grünvogel, & Grützmacher, 2004).  

Although the perceptual mismatch account of the uncanny valley suggests that animation 

retargeting might have significant effects on judgements of animation characteristics, this 

prediction has not yet been tested in the perception of realistic human-like avatars such as those 

described in Chapter 2. Indeed, research on the uncanny valley usually focuses on creating an 

obvious conflict between the shape and motion information. When researchers empirically 
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examine the effect of mismatch on animation judgements, they tend to present obviously 

incompatible shape and motion, achieved in some cases by using severely degraded motion 

information or obviously unrealistic human avatars (Piwek, McKay, & Pollick, 2014; Thompson, 

Trafton, & McKnight, 2011). Although the visual system might be sensitive to gross mismatch 

between a realistic human body shape and a robotic motion, it is not known whether mismatch 

within a stimulus class will produce similar effects. There exists some related evidence pointing 

towards this possibility: studies using point-light displays suggest that shape-motion 

inconsistency reduces the perceived naturalness (Jokisch & Troje, 2003; Troje & Lau, 2012) and 

attractiveness of biological motion walkers (Klüver et al., 2015).  

In this chapter, I test a hypothesis derived from the premise of the perceptual mismatch 

hypothesis. I propose that inconsistent animations, created from the shape and motion 

information taken from performers with significantly different body weights, could also result in 

negative perception when compared to consistent animations. Negative perception should result 

from a mismatch between the dynamics that produced the motion, and the implied dynamics of 

the avatar, given that this mismatch would disrupt the visual system's implicit model of action 

perception. To study this question, I collected reports of attractiveness, eeriness, and naturalness 

for consistent and inconsistent animations whose shape and components were both the result of 

direct performance recording (Loper, Mahmood, & Black, 2014; Runeson, 1994). If an increase 

in eeriness or a decrease in attractiveness were found for internally inconsistent stimuli, this 

would support the idea that shape-motion inconsistency is a form of mismatch to which the 

visual system is sensitive, and that uncanny valley-like effects do not rely on explicit awareness 

of inconsistency to arise (see Chapter 3 and Runeson, 1977).  
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4.2 Methods 

4.2.1 Participants 

Twenty-four volunteers (13 females and 11 males) from Queen's University, Kingston, 

Canada, were recruited through the participant pool of a first-year Introduction to Psychology 

class and through online advertisements on a social media platform. Participants were aged 

between 18 and 26 years old (M = 20.4, SD = 2.48), and reported normal or corrected-to-normal 

vision. None had taken part in the motion capture sessions from which the stimuli were created 

(Chapter 2), or in the detection experiment (Chapter 3). The testing was conducted in a single 

session lasting one hour, for which participants received either one course credit or $10 as 

compensation for their time.  

4.2.2 Stimuli 

The 60 unique stimuli from Chapter 3 were used in this experiment (for more details, see 

the general methods described in Chapter 2). The stimuli consisted of ten male performers lifting 

a box weighing 11 kg, pushing a sled weighing 123 kg, and throwing a beanbag to a distance of 

6 m. I used the same consistent and inconsistent 3D animated avatars of Chapter 3. Consistent 

stimuli were created using the body shape and motion of the same performer, and inconsistent 

stimuli were created using the body shape and motion of performers with large differences in 

body weight.  



 41 

4.2.3 Procedure 

Participants were greeted in the Biomotion Laboratory, signed an informed consent form 

and completed a demographic questionnaire. Participants then sat in front in front of a keyboard 

and wore an Oculus Rift DK2 head-mounted display. Participants were told that they would be 

seeing performers lifting invisible boxes, pushing invisible sleds, and throwing invisible 

beanbags. The stimuli were presented facing the participant, and rotated 20 degrees counter 

clockwise. 

Participants were randomly presented with 60 unique stimuli. After each stimulus, 

participants were prompted to rate their perception of the stimulus on one of three characteristics 

of the animations. Participants reported their perception of the animations on three measures: 

attractiveness (unattractive to attractive), eeriness (reassuring to eerie), and humanness (artificial 

to natural) of each stimulus on a semantic differential question anchored between -3 and +3 

(Figure 4.1). These questions constituted a simplified version of MacDorman and Ho's (2010) 

questionnaire. Participants indicated their response on a continuous rating scale. I presented the 

three different questions to the participants in a blocked design, for a total of 180 trials, and 

counterbalanced the order of the three questions across participants. A mandatory 10 seconds 

break was preprogramed to occur about every 5 minutes, during which participants were 

encouraged to take a longer break to rest their eyes and clean the lenses of the head-mounted 

display as needed.  
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Figure 4.1. Experimental design of the rating task. Following the presentation of each stimulus, 

participants rated the attractiveness, eeriness and perceived humanness using a continuous 

response scale anchored between -3 and +3. All three actions were presented randomly. 

Animation rating questions were varied between blocks.  

 

I explored whether instructions that required the observer to either focus on the motion of 

an avatar, or to integrate shape and motion in their judgement, would influence the effect of 

inconsistency. Half of the participants were instructed to rate the way the avatar moved, i.e., the 

way that they act; and the other participants, to rate the whole animation, i.e., both the way they 

look and act. Subsequent analysis showed no main effect or interaction effects of the instruction 

used, and results for both sets of instructions are collapsed in the results section. 

4.3 Results 

The results of the animation rating task are presented in Figure 4.2. There was no effect 

of consistency on any of the rated animation characteristics: consistent and inconsistent versions 

of the animations were rated as similar in terms of their attractiveness, eerieness, and human-
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likeness. However, there was a strong effect of the action on all three rating questions: box lifts 

and sled pushes were perceived as more attractive, less eerie, and more human than the object 

throws.  

 

 

Figure 4.2. Mean attractiveness, eerieness and humanness for the animation characteristics rating 

task. Participants rated either consistent or inconsistent stimuli, who lifted a box, pushed a sled, 

or threw a beanbag. The error bars represent ± 1 SEM. Follow-up two-tailed paired-sample t-tests 

were performed. N = 24. 

 

These observations were confirmed by two-way repeated-measures ANOVAs which 

were conducted separately for the ratings of the three animation characteristics (Table 4.1). 

Note: Displayed p values are 

the result of t-tests of paired 

differences. If interpreted 

conservatively with the 

Bonferronni correction ( alpha/

3 = .017), one of the results 

becomes non significant: The 

eeriness of the throws and 

pushes would no longer be 

deemed statistically 

significant.  

 

Error bars are standards 

errors of the mean.  
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There was no main effect of consistency of animation, suggesting that inconsistency did not 

reduce perceived attractiveness, increase eeriness, nor change the perceived humaness of the 

animations. However, there was a main effect of action across all three rated characteristics.  

 

Note: 
* 
p < .05, 

** 
p < .01, 

*** 
p < .001. 

Table 4.1 

2 x 3 repeated-measures ANOVAs conducted separately for the ratings obtained for the 

judgements of attractiveness, eeriness, and perceived humanness (N = 24). 

Source of Variance SS df MS F p 𝜂𝑝
2 Obs. power 

Attractiveness        

Consistency 0.078 1 0.078 0.643 .431 .027 .120 

     Error 2.77 23 0.121     

Action  8.67 2 4.34 7.36 .002
**

 .242 .924 

     Error 27.1 46 0.589     

Consistency x Action  0.202 2 0.101 1.12 .335 .046 .235 

     Error 4.15 46 0.090     

Eeriness        

Consistency 0.114 1 0.114 1.41 .248 .058 .206 

     Error 1.86 23 0.081     

Action  9.86 2 4.93 8.00 .001
***

 .258 .944 

     Error 28.3 46 0.616     

Consistency x Action  0.187 2 0.093 1.48 .237 .061 .300 

     Error 2.89 46 0.063     

Perceived Humanness        

Consistency 0.062 1 0.062 .454 .507 .019 .099 

     Error 3.15 23 0.137     

Action  29.6 2 14.8 23.9 .000
***

 .510 1.00 

     Error 28.5 46 0.620     

Consistency x Action  0.195 2 0.098 1.10 .343 .046 .231 

     Error 4.10 46 0.089     
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Follow-up comparisons of ratings between pairs of actions (reported in Table 4.2) 

indicated that ratings of box lifts and sled pushes were similar to each other on all three rating 

questions, while box lifts and sled pushes were perceived as more attractive, less eerie, and more 

human than box throws. There was no interaction between consistency of animations and actions 

for any of the ratings on the three judgements. 

 

I examined the relationship between the ratings obtained across animations (N = 60) for 

attractiveness (M = -.0125, SD = .559), eeriness (M = -.260, SD = .600), and perceived 

humanness (M = .282, SD = .818). Perceived humanness was positively correlated with 

Table 4.2 

Post-hoc comparisons of ratings obtained following judgement of lifting, pushing, and throwing 

action (N = 24). 

    95% CI of the difference 

 Mean Diff. SEM p Lower bound Upper bound 

Attractiveness      

     Lift-Push -0.182 0.145 .221 -0.482 0.118 

     Lift-Throw 0.405 0.153 .015
*
 0.088 0.722 

     Push-Throw 0.587 0.171 .002
*
 0.234 0.940 

Eeriness      

     Lift-Push -0.171 0.105 .111 -0.385 0.043 

     Lift-Throw -0.620 0.151 .000
*
 -0.933 -0.308 

     Push-Throw -0.449 0.208 .042
*
 -0.880 -0.018 

Perceived Humanness      

     Lift-Push 0.056 0.138 .690 -0.230 0.334 

     Lift-Throw  0.989 0.166 .000
*
 0.646 1.33 

     Push-Throw 0.933 0.176 .000
*
 0.569 1.30 

Note: 
* 
p < .05. Post-hoc comparisons were paired-samples t-tests assessed with two-tailed 

significance levels. 
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attractiveness and negatively correlated with eeriness, and attractiveness was negatively 

correlated with eeriness (Table 4.3). 

 

Table 4.3 

Pearson correlations of the relationship between animation ratings (N = 60). 

Variables Attractiveness Eeriness Humanness 

Attractiveness –   

Eeriness -.651
***

 –  

Humanness .867
***

 -.676
***

 – 

Note. 
*** 

p < .001.  

 

Table 4.4 presents a hierarchical regression that compares two models predicting 

perceived eeriness of animations (N = 60). Perceived humanness was a significant predictor of 

eeriness (Model 1), but entering attractiveness in a second step (Model 2) did not significantly 

improve the prediction.  

 

Table 4.4 

Hierarchical regression analysis for variables predicting eeriness of animations (N = 60). 

  Model 1   Model 2  

Variable B SE(B) β B SE(B) β 

Humanness -.636
***

 .048 -.867
***

 -.576
***

 .065 -.786
***

 

Attractiveness    -.128 .095 -.120 

R  .867   .871  

R
2
  .752   759  

R
2
 Change  .752   .008  

F for change in R
2
 F(1, 58) = 176

***
 F(1, 57) = 1.84 

Note. 
*** 

p < .001       
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4.4 Discussion 

I aimed to test a generalisation of the perceptual mismatch hypothesis for animated, 

realistic avatars. Shape-motion inconsistency constitutes a form of mismatch between the 

dynamics of the performer that actually produced the action, and the implied dynamics of the 

avatar's appearance (Troje, 2013). I had anticipated that inconsistent animations, created from 

shape and motion information obtained from performers with very different body masses, would 

be perceived more negatively than consistent animations. Such inconsistency might trigger a 

perceptual warning system implying biological or psychological traits that differ from the norm 

(Hodgins et al., 2010; Hoyet et al., 2013; Johnson et al., 2007; Johnson & Tassinary, 2007; 

Tinwell, 2014).  

Manipulating the consistency of the shape and motion information did not result in 

significant changes in the judgements of animation characteristics of lifting, throwing, and 

pushing actions. Introducing an inconsistency between the shape and motion information of the 

stimuli neither reduced the attractiveness nor increased the eeriness ratings of the stimuli. 

Similarly, inconsistent stimuli were not rated as less human than consistent stimuli. Therefore, 

the perceptual mismatch hypothesis (Kätsyri et al., 2015) could not be generalized to realistic 

human animations whose shape and motion inconsistency arose from differences in body weight 

of performers. This was the case for all three of the actions presented in this experiment. Given 

that in Chapter 3, the box lift and sled push actions had revealed that participants were 

sometimes able to detect inconsistency, it could have been possible that inconsistency effects 

would have been stronger for these two actions compared to the beanbag throws. However, there 

were no two-way interactions between consistency of the stimuli and the rated actions, for any of 

the judgements.  
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Interestingly, judgements of animation characteristics depended on the viewed action. 

There are at least two possible explanations for the pattern. First, it is informative to note that a 

hierarchical model used to predict eeriness of animations revealed significant redundancy 

between the attractiveness and humanness ratings. I discovered that box lifts and sled pushes 

were perceived as more attractive than object throws. As all of the original performers were 

males, it could be speculated that it is because the first two actions require strength, which is a 

desirable quality in men (Weege, Pham, Shackelford, & Fink, 2015). However, I propose that a 

second interpretation of the same results is more convincing: the object throws were simply 

perceived as more eerie and more artificial than the other two actions. This might be due to 

observers paying more attention to the hands of the performers, which were relatively static and 

open due to the limitations of the animation technique used here. Alternatively, the greater 

number of performance constraints for throws that were given to the performers (see Chapter 2) 

might have reduced the naturalness of the action performance. Both of these possibilities agree 

with researchers who have proposed that animation flaws and deviations from expected 

behaviour result in negative perception of animations (Hodgins, Jörg, O'Sullivan, Park, & 

Mahler, 2010; Thompson et al., 2011).  

It is interesting to note that a post-hoc hierarchical model used to predict eeriness of 

animations, irrespective of the performed action, revealed significant redundancy between the 

attractiveness and humanness ratings. Despite the fact that participants were given clear 

instructions regarding the meaning of the rating scales, their negative perceptions of certain 

animations were likely to have relied on a single construct. This contrasts with the results 

obtained by MacDorman and Ho (2010), who found that, when assessed across multiple stimulus 

classes such as robots, animations, and avatars, the ratings obtained on all three judgements of 
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animation characteristics—eeriness, humanness, and attractiveness—were uncorrelated. These 

results suggest that the factors driving the negative appeal of animations within a single stimulus 

class should be the subject of further studies.  

Overall, the results do not support the idea that shape-motion inconsistency resulting 

from differences in body weight results in negative evaluation of animations. This finding has 

important implications for future production of computerized avatars in entertainment. The 

pattern of data I report here highlights the possibility that the perceptual effects of animation 

retargeting are small, and instead, animators would be better served by focusing on monitoring 

other aspects of animations, such as the number of constraints imposed upon actions by directors. 

It remains, however, that a careful consideration should be taken of the consequences of 

animation retargeting—while this study shows the influence of inconsistency on judgements of 

animation characteristics, can be minimal, this may only be the case for fine degrees of 

inconsistency produced by combining the shape and motion information of height-matched 

performers.  
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Chapter 5 

Effect of Shape and Motion on Perception of Action Outcomes 

5.1 Introduction 

Implicit knowledge of the relationship between shape and motion information appears to 

play a fundamental role in human action perception. There is a relationship between the specific 

appearance of a human body and the way that it should move: size, weight, relative limb length, 

and body mass distribution all influence the way a body moves. Observers use shape and motion 

information in a variety of people person tasks, such as gender discrimination (Barclay, Cutting, 

& Kozlowski, 1978; Kozlowski & Cutting, 1977; Mather & Murdoch, 1994; Troje, 2002b, 

2008), person identification (Troje, Westhoff, & Lavrov, 2005; Westhoff & Troje, 2007), and 

perception of action outcomes (Bingham, 1987, 1993; Munzert, Hohmann, & Hossner, 2010; 

Runeson & Frykholm, 1981, 1983; Shim & Carlton, 1997; Shim, Carlton, & Kim, 2004).  

According to the Kinematic Specification of Dynamics principle (Runeson & Frykholm, 

1981, 1983), observers learn to relate the visually available kinematic patterns of action with the 

latent forces that would have been exerted to produce the action. Learning occurs through an 

observer's life-long personal experience with manipulating their natural environment and 

observing other people in similar situations (Gibson, 1979). Violations of these learned 

expectations can occur in certain cases, such as when the motion of a performer is retargeted 

onto an avatar with a different body shape. This process, known as animation retargeting, is 

common in computer graphics (Gleicher, 1998). Animation retargeting is likely to impact 

perception because the shape of the avatar implies dynamic properties that generally differ from 

those of the performer, and thus the internal model of action dynamics is disrupted (Troje, 2013). 
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The work discussed in Chapters 3 and 4 was motivated by the idea that the perception of 

the dynamic system of an avatar is disrupted by animation retargetting. To test this hypothesis, I 

created animated avatar stimuli and asked observers to evaluate the animated avatars either 

directly (Chapter 3) or indirectly (Chapter 4). The results of Chapters 3 and 4 show that 

observers could not detect shape-motion inconsistency in stimuli, nor were their judgements of 

animation characteristics affected by inconsistency. However, all of the actions that were 

presented involved the manipulation of an invisible object, meaning that the animated avatar was 

not the only dynamic system which could be perturbed by the animation retargetting. Indeed, an 

action performance changes considerably depending on the dynamic properties of the object: for 

example, lighter boxes are lifted with higher peak velocity than heavier boxes (Hamilton, Joyce, 

Flanagan, Frith, & Wolpert, 2007).  

Past research into human action perception has often been conducted using not retargeted 

animations, but point-light displays (Johansson, 1973) which restrict the observers to deriving 

coarse estimates of shape and motion from dots positioned at the majors joints of the body. 

Researchers have proposed that shape and motion information in these displays can influence the 

perception of manipulated objects. However the relative importance of shape and motion 

information is not constant across all actions: observers have been shown to demonstrate action-

specific expectations about the relations between shape and motion when viewing the action 

performance. Kinematic information plays a critical role in inferring action outcomes, but 

depending on the action, the body shape dynamics influence how this information should be 

interpreted by the visual system.  

Information from movement kinematics alone is often sufficient to support the perception 

of action outcomes to some degree. For example, throwing distance of invisible objects can be 
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inferred from the arm kinematics of point-light displays (Munzert et al., 2010; Runeson & 

Frykholm, 1983). In other actions, body shape is more likely to influence how kinematic 

information is interpreted by the visual system. For instance, although kinematics support the 

perception of a lifted weight (Bingham, 1987; Hamilton et al., 2007; Shim & Carlton, 1997), the 

weight of the performer may modulate how kinematics are used or interpreted. According to 

Runeson and Frykholm (1981), light performers who lift increasingly heavy boxes adjust their 

posture to stabilize themselves as a counterweight to the box, while heavier performers with a 

more stable base of support do not require postural adjustments. In addition, while there are no 

studies that have examined the perception of the weight of a pushed sled, recent evidence 

suggests that there might also be a strong interaction between shape and motion information for 

this type of action. Indeed, heavy performers can push a training sled at greater peak velocities 

than light performers, and this is likely to result from an ability to produce greater forces, and to 

do so more quickly than lighter performers. Together, this evidence highlights an action-

specificity in the way shape and motion are integrated in perception of action outcomes.  

The existing evidence implies that the correlation between shape and motion information 

plays a fundamental role in the perception of action outcomes, but does not inform us how the 

visual system is affected by decorrelation of the natural relationships between these two cues. 

Performers are able to act in ways that produce an inconsistency between their produced motion 

and the implied dynamics of the manipulated object, but these cases have been the focus of very 

few studies. For example, performers can be instructed to modify their motion performance as to 

portray that the weight of a box is different to its veridical weight, and these attempts are easily 

detected by observers (Runeson & Frykholm, 1983). Results from studies of deception, however, 

may be biased by the possibility that performers do not have the expert acting ability required to 
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produce the actions at a high degree of realism required by the task demands. In this context, the 

MoSh algorithm (Loper, Mahmood, & Black, 2014), with its realistic and correlated shape and 

motion estimates, constitutes a powerful tool with which to investigate whether perturbations in 

the shape-motion consistency of the animated avatar alter the perception of action outcomes.  

Given the likelihood that shape and motion information are rendered internally 

inconsistent through the process of animation retargeting, it is important to understand how the 

visual system uses shape and motion when the body shape of an avatar is animated with the 

motion of a performer with different body dynamics. How does the visual system combine shape 

and motion information when it is tasked with estimating the properties of the object? Are the 

disruptions introduced by shape-motion inconsistency generally in line with its knowledge of the 

role of shape and motion information in consistent animations? This question is relevant to the 

game animation and human action research community, who commonly use animation 

retargeting to portray circumstances where objects are manipulated by the depicted avatars 

(Menache, 2011).  

In this study, I aimed to characterize the role of shape and motion consistency in the 

perception of action outcomes. To this end, I recorded performers carrying out three actions: 

lifting boxes, pushing training sleds, and throwing objects (for more details, see the general 

methods described in Chapter 2). I considered it important to record actions in which shape and 

motion information might contribute differently to the action outcome. Especially, I chose to 

study perception of sled pushes, given that the kinematics of the actions are not only influenced 

by the dynamic properties of the sled, but also those of the performer. Specifically, compared to 

lighter sleds, heavier sleds reach smaller peak velocities, and require more force to be moved. 

Compared to lighter performers, heavy performers produce greater forces and are able to push 
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heavier loads at higher peak velocities (Hoffmann, 2014). The choice of these actions has 

practical relevance: actions of pushing, lifting, and throwing objects feature prominently in video 

games and computer generated movies. To measure the effect of shape and motion information 

on perceived action outcomes, I created consistent and inconsistent animated avatars for all three 

actions and for multiple object weights and throwing distances. I asked observers to view the 

animations and rate their perception of object weight and distance thrown. My main prediction 

was that if the visual system uses shape and motion information in a way that agrees with typical 

uses of the information, then inconsistency will result in systematic changes in perceived action 

outcomes. Motion information will contribute the most to perception of object throws, while 

shape and motion information will be most important in sled pushes and box lifts. In order to 

characterize this effect, I compared the contributions of shape and motion to perceived action 

outcomes across consistent and inconsistent actions.  

5.2 Methods 

5.2.1 Participants 

 Sixty-three volunteers from Queen's University, 42 women and 21 men, responded to an 

online or on-campus advertising campaign. Twenty-one participants were assigned to each action 

viewing condition: throwing, pushing, or lifting. The 2:1 gender ratio was maintained in all three 

conditions. Participants were aged between 17 and 34 years old (M = 21.4, SD = 3.97). 

Participants reported normal or corrected-to-normal vision, and none had taken part in the 

motion capture sessions described in Chapter 2, nor in the experiments reported in Chapters 3 

and 4. Participants took part in this experiment in exchange for monetary compensation or for 

course credit towards an Introduction to Psychology class, at the rate of $10/hr or 1 credit/hr. The 

testing sessions lasted slightly over an hour. All testing sessions were conducted individually. 
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Before beginning the experiment, participants provided written informed consent and completed 

a demographic questionnaire.  

5.2.2 Stimuli  

The stimuli were created according to the general method described in Chapter 2. Stimuli 

were five light and five heavy male performers who had been recorded while pushing, lifting, or 

throwing objects. Contrary to the experiments reported in Chapters 3 and 4, where only one 

object was manipulated for each action, each performer was shown with multiple objects weights 

and throwing distances (Figure 5.1) Performers pushed five weighted sleds (23–123 kg), threw 

beanbags towards five targets (2–6 m), and lifted six box weights (1–11 kg). As in Chapters 3 

and 4, I used the MoSh algorithm (Loper et al., 2014) to obtain correlated estimates for body 

shape and body motion for each performer, each action, but also created a stimulus for each 

object weight and throwing distance. Body shape and body motion were used to create consistent 

and inconsistent animated avatars.  
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Figure 5.1. Stimuli were animated avatars who threw objects at various distances, and lifted and 

pushed objects of various weights. The motion capture data was later processed to obtain 

animated avatars where the manipulated object was invisible. The right-hand side of the figure 

represents three frames of an animated avatar performing each of the actions. 

 

5.2.3 Procedure 

5.2.3.1 Action familiarization  

 In order to familiarize participants with the scenarios used in the experiment, they were 

shown typical examples of the items that were used during the motion capture session: the box 

that was lifted (13 lbs), the sled that was pushed (160 lbs), and the beanbag that was thrown 

(4 m). However, performers did not know the exact weights and distances that had been 

recorded.  
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5.2.3.2 Testing  

Participants were seated and outfitted with an Oculus Rift DK2 head-mounted display. 

Participants could communicate verbally with the experimenter at all times, but were encouraged 

to ask for clarifications during the practice trials.  

Participants viewed either the pushing, throwing, or lifting stimulus sets. Stimuli were 

presented one at a time in a randomized order. All stimuli were rotated 20 degrees counter 

clockwise from facing the participant. The pushing and lifting actions first appeared at a distance 

of 6 m ahead of the observers, and the throwing action at 4 m, such that all three actions 

concluded at a distance of 4 m ahead of the observer. After presentation of each stimulus, 

participants were prompted to input the perceived action outcomes on a continuous rating scale. 

No performance feedback was provided (Figure 5.2). 

 

 

Figure 5.2. Experimental design of the action outcome perception task. Following the 

presentation of each stimulus, participants indicated the perceived action outcomes using a 

continuous response scale. Consistent and inconsistent stimuli were randomly presented. Actions 

were varied as between-subjects factors.  
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The scales ranged from 0 lbs to 24 lbs for the lifted weight, from 0 lbs to 320 lbs for the 

weight of the pushed sled, and from 1 m to 7 m for the distance of the thrown beanbag. Note that 

perceived weights were reported in pounds (1 lb = 0.454 kg) because participants in pilot studies 

indicated a greater familiarity with the imperial units. The procedure was repeated twice with a 

new random presentation order for the second testing block. There was a short break introduced 

between blocks. The whole testing session lasted about 80 minutes, or about 60 minutes for the 

participants in the throwing group. I pre-programmed a 10 seconds break to occur about every 10 

minutes and encouraged participants to remove the headset for a longer break after the first 

testing block.  

5.3 Results  

The contributions of shape, motion, and their interaction varied between the three tested 

actions. I performed independent 2 (shape) x 2 (motion) repeated-measures ANOVAs on 

perceived object weights for each of the different actions. The levels of the factors indicated 

whether the stimulus was based on data from a heavy or from a light person. The effects of shape 

and motion were action-specific, and are reported in the subsections below. I converted the 

reported weights back to kilograms for analysis and display purposes. 

5.3.1 Pushing 

There was a significant effect of shape, F(1, 20) = 43.4, p < .001, 𝜂𝑝
2 = .684. Avatars with 

the shape of a heavy performer were perceived as pushing heavier sleds (M = 76.2 kg, 

SEM = 2.83 kg) than avatars with light performer shapes (M = 66.2 kg, SEM = 2.40 kg). There 

was also a significant effect of motion, F(1, 20) = 103, p < .001, 𝜂𝑝
2 = .838. The sleds pushed by 

avatars animated with the motion of a heavy performer were perceived as lighter (M = 64.4 kg, 



 59 

SEM = 2.52 kg) than sleds pushed by avatars animated with light performer motions 

(M = 78.0 kg, SEM = 2.68 kg). Finally, there was also a significant interaction between shape 

and motion, F(1, 20) = 18.0, p < .001, 𝜂𝑝
2 = .486. When observers judged the action outcomes of 

avatars whose shape and motion were consistent, observers perceived similar sled weights, 

irrespective of whether the shape and motion came from a light or a heavy performer, paired  

t-test, t(20) = −1.99, p = .061. However, sled weights were perceived as lighter if the avatars 

were created from a combination of light performer shapes and heavy performer motions 

(M = 60.3 kg, SEM = 2.46 kg), and sled weights were perceived as heavier if the avatars were 

created from heavy performer shapes and light performer motions (M = 83.9 kg, SEM = 3.10 kg). 

Note that ratings for the consistent performers are very similar, no matter whether they were light 

or heavy. Observers apparently take body shape of performers into account when interpreting 

their poses and kinematics (Figure 5.3). 

 

 

 

Figure 5.3. Perception of pushed weights. Regression lines representing the relationship between 

perceived and real pushed weights. The shaded areas represent ± 1 SEM. n = 21. 

 

The slopes of the regression lines (Figure 5.3) were influenced by both shape and motion. 

A 2 (shape) x 2 (motion) repeated-measures ANOVA on the slope values revealed a significant 

effect of shape, F(1, 20) = 10.1, p = .005, 𝜂𝑝
2 = .335, with heavy body shapes resulting in steeper 
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perceived slopes (M = 0.374, SEM = 0.030) than those for light body shapes (M = 0.324, 

SEM = 0.324). There was also a significant effect of motion, F(1, 20) = 10.2, p = .005, 𝜂𝑝
2 = .338, 

with the light body motion resulting in steeper perceived slopes (M = 0.384, SEM = 0.035) than 

those for heavy body motion (M = 0.314, SEM = 0.029). There was no interaction between shape 

and motion, F(1, 20) = 0.335, p = .569, 𝜂𝑝
2 = .016.  

5.3.2 Throwing 

The pattern of results observed is different in the object throwing condition (Figure 5.4). 

Here, the differences in perceived thrown distances mostly depend on the source of the motion 

information, and to a much lesser extent, on the source of the shape information. There was a 

strong effect of motion, F(1, 20) = 2.20, p < .001, 𝜂𝑝
2 = .811. Avatars that were animated with the 

motion of a heavy performer were perceived as throwing farther (M = 4.35 m, SEM = 0.115 m) 

than avatars animated with motion from light performers (M = 3.59 m, SEM = 0.140 m). There 

was also a small, yet significant effect of shape, F(1, 20) = 9.97, p = .005, 𝜂𝑝
2 = .333. Avatars 

with the shape of a heavy performer were perceived as throwing slightly farther (M = 4.03 m, 

SEM = 0.127 m) than avatars based on light performer shapes (M = 3.91 m, SEM = 0.112 m). 

There was no interaction between shape and motion, F(1, 20) = 0.847, p = .368, 𝜂𝑝
2 = .041.  
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Figure 5.4. Perception of thrown distances. Regression lines representing the relationship 

between perceived and real throwing distances. The shaded areas represent ±1 SEM. n = 21. 

 

The slopes of the regression lines (Figure 5.4) were not influenced by shape or motion. A 

2 (shape) x 2 (motion) repeated-measures ANOVA on the slope values revealed that there was 

no significant effect of shape, F(1, 20) = 2.59, p = .123, 𝜂𝑝 
2 = .115, with heavy body shapes 

resulting in similar perceived slopes (M = 0.437, SEM = 0.029) to those for light body shapes 

(M = 0.407, SEM = 0.030). There was also no significant effect of motion, F(1, 20) = 0.116, 

p = .775, 𝜂𝑝
2 = .006, with the heavy body motion resulting in similar perceived slopes 

(M = 0.426, SEM = 0.031) to those for light body motion (M = 0.418, SEM = 0.030). The 

interaction between shape and motion was not significant, F(1, 20) = 3.39, p = .080, 𝜂𝑝
2 = .145.  

5.3.3 Lifting 

The box lift pattern is more complex (Figure 5.5). There was a significant effect of shape, 

F(1, 20) = 27.9, p < .001, 𝜂𝑝
2 = .582. Avatars with heavy performer shapes were perceived to lift 

heavier boxes (M = 5.90 kg, SEM = 0.780 kg) than avatars with light performer shapes 

(M = 5.44 kg, SEM = 0.168 kg). There was no significant effect of motion, F(1, 20) = 0.290, 

p = .596, 𝜂𝑝
2 = .014. There was also no interaction between shape and motion, F(1, 20) = 0.570, 
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p = .459, 𝜂𝑝
2 = .028. All effects on perceived box weight seemed to be carried by the shape of the 

performer. 

 

 

Figure 5.5. Perception of lifted weights. Regression lines with their corresponding standard error 

represent the correspondence between real and perceived box weights. The shaded areas 

represent ±1 SEM. n = 21. 

 

However, further examination of the results provided evidence that observers recovered 

box weights only very poorly, as evidenced by the shallow slopes of the regression lines 

(Figure 5.5). There is weak evidence that motion from light performers helps observers perform 

the task. A 2 (shape) x 2 (motion) repeated-measures ANOVA on the slope values revealed that 

there was no significant effect of shape, F(1, 20) = 0.181, p = .675, 𝜂𝑝
2 = .009. However, there 

was a significant effect of motion, F(1, 20) = 8.46, p = .009, 𝜂𝑝
2 = .297. Stimuli created with light 

performer motions resulted in slightly steeper slopes (M = 0.073, SEM = 0.018) than stimuli 

created with heavy performer motions (M = −0.006, SEM = 0.015). The interaction between 

shape and motion was not significant, F(1, 20) = 3.31, p = .084, 𝜂𝑝
2 = .142. 

5.4 Discussion 

This experiment provides the first attempt to study the effect of shape and motion 

inconsistency of animated avatars on perceived action outcomes. I presented consistent and 

inconsistent stimuli representing performers who pushed, lifted, and threw objects, and asked 
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observers to report perceived weights and throwing distances. The results suggest that the visual 

system uses its action-specific knowledge of shape and motion information to infer object 

dynamics, in turn changing the perception of action outcomes. These results are particularly 

interesting, given that questions asked about the animated avatars, rather than the objects they 

manipulated, had not revealed a strong sensitivity to inconsistency of shape and motion 

information (Chapters 3 and 4).  

The results of Chapter 5 offer evidence that is broadly consistent with the Kinematic 

Specification of Dynamics principle, in that observers use their knowledge of the relationship 

between shape and motion to perceive action outcomes. I observed different patterns of shape 

and motion contributions to the perceived object properties, according to the role of shape and 

motion in determining the kinematic patterns of each of the three actions tested.  

When observers reported their perception of the weight of pushed training sleds, the 

results depended strongly on the internal consistency of the stimuli. As such, when observers 

judged stimuli whose shape and motion were consistent, similar perceived sled weights were 

reported for both the heavy shape and heavy motion stimuli, and the light shape and light motion 

stimuli. One explanation is that when the shape and motion information are consistent, the 

contribution from both factors cancels each other out: by adjusting their posture, a performer can 

transfer part of their body weight into a horizontal force used to reduce the amount of effort 

required to push a sled across the floor. This means that the heaviness of the performers shape 

has a direct impact on reducing the remaining force required to translate the object. A heavier 

performer will require a reduced amount of effort to perform the sled translation compared with 

a light performer. The greater ability for heavy performers to exert large forces means that the 

kinematics of the heavier performers will appear less effortful than the kinematics of the light 
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performers: the light-consistent performers do not have as much weight to transfer into the 

execution of the action, and their action is more effortful. In addition, inconsistency of shape and 

motion information drastically altered the perceived sled weights, reflected in a greater 

variability in ratings for inconsistent stimuli. The increase in variance for the inconsistent stimuli 

was largely systematic: the weights pushed by light-inconsistent stimuli looked much lighter than 

the weights pushed by light-consistent stimuli, while the weights pushed by the heavy-

inconsistent stimuli looked much heavier than the weights pushed by the heavy-consistent 

stimuli. These results are largely consistent with work that suggest that the body weight of an 

individual strongly modulates the kinematics of the pushing motion (Hoffmann, 2014), as well as 

with the Kinematic Specification of Dynamics principle that suggests that the motion of light 

individuals is more strongly impacted by changes in object weight than the motion of heavy 

individuals (Runeson & Frykholm, 1981, 1983). 

In contrast, the results of the object throw condition clearly show that body shape is not 

crucial to the estimation of throwing distance, and ratings were driven mostly by motion 

information. Although the avatars composed of heavy shapes were perceived to throw the 

invisible beanbags a little farther than the light shape stimuli, most of the effect was carried by 

the heaviness of the performer who contributed the motion, and to a much smaller extent, by the 

heaviness of the performer who contributed the shape. There was no interaction between the two 

factors. This result is consistent with previous literature on point-light displays, where it has been 

shown that distance estimation from arm kinematics can be achieved in the absence of an explicit 

representation of the rest of the body (Munzert et al., 2010).  

The results of the box lift condition are more complex, because participants appeared 

unable to respond accurately on the perception task. The ratings indicated a lack of ability to 
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distinguish between the different box weights presented. The slight effect of body shape on 

slopes is consistent with the idea that it is easier to perceive differences in box weights with light 

body shapes than with heavy body shapes. Observers could not discriminate the weights of the 

boxes when the motion was taken from a heavy performer, regardless of the consistency of the 

animation, as evidenced by a regression coefficient that did not differ from zero. This is 

consistent with Runeson and Frykholm's (1981) hypothesis that heavy individuals do not need to 

significantly adjust their posture when lifting weights because of the high stability of their center 

of moment during the box lift, whereas light performers must adjust their posture more for larger 

weights to account for the destabilization incurred by the box lift. Such a hypothesis predicts a 

better ability to perceive the box weights for light performers. However, the slope values for 

these performers were small and close to zero, and as a result, this interpretation should be 

validated in further experiments with heavier box weights that contribute more strongly to 

postural readjustments. 

Note that the action outcome perception task was relatively difficult, as evidenced by the 

relatively shallow slopes illustrated in Figures 5.3, 5.4, and 5.5. Other researches using point-

light displays or video recordings often find more accurate ratings (e.g., Runeson & Frykholm, 

1981; Munzert et al., 2010). The task of the current study, although ecologically valid, may be 

more difficult than other methods used to study similar topics. For instance, past research with 

point-light displays has shown that fixation patterns are oriented towards task-relevant, motion 

rich areas of visual displays (Saunders, Williamson, & Troje, 2010). However, even in simple 

tasks such as gender identification from walking stimuli, eye gaze fixation patterns can differ 

significantly depending on the rendering of the stimulus: fixations on point-light displays are 

mostly towards the hips and feet (Saunders, Williamson, & Troje, 2010), while fixations on 
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animated avatars are mostly on the upper body and faces (Ennis, Hoyet, & O'Sullivan, 2015). 

The explicit surface of the avatars might influence which regions of the body the observer 

attends to, incidentally reducing the ability to extract information from other regions of the visual 

display that may contain the most relevant information. Another potential source of difficulty is 

that the range of object weights I used for action recordings could have been larger. Heavier 

weights would increase the availability of kinematic cues on which the observers could have 

relied to perform the action outcome perception task.  

Overall, body shape and body motion inconsistency appeared to play an action-specific 

role in perception of action outcomes. Rather than interpret the animated avatar as having 

inconsistent shape and motion information, the visual system appeared to interpret those cues as 

indicating changes in the implied dynamics of the object: the inconsistency was reinterpreted as a 

change in the object weight, and throwing force. The results obtained in this study have practical 

applications for computer animators and human motion researchers. They suggest that failure to 

achieve a match between the avatar and the performer might have minimal consequences for 

actions where the shape characteristics do not play a large role in the outcome of the action. For 

example, one might predict that movements involving minimal adjustments in body postures, 

such as kicking a ball from a stationary position, shaking hands, or greeting with a hand wave, 

will not result in a large degree of perceptual disruption. However, more vigorous actions where 

the whole body contributes to the action outcome should be carefully considered, and the 

inconsistency effect could be used to interesting effects. For instance, if an animator wished to 

portray an impression of a heavy object, they would do well to record a light performer, and use 

their motion to animate an avatar with a very heavy shape. 
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In conclusion, these observations seem to support the idea that observers use their 

knowledge of the relationship between shape and motion to perceive action outcomes. They 

indicate that observers were able to infer the properties of objects from shape and motion 

information on two actions, but that their use of shape and motion information is action-specific. 

Observers integrated shape information differently depending on the role body weight plays in 

the outcome of the object manipulation. In addition, shape and motion inconsistency may play a 

greater role in perception of sled pushes than in box lifts or object throws. However, this change 

in sled weight perception might simply mean that observers used their knowledge of shape and 

motion information as if the stimuli had been consistent, and instead reinterpret the dynamic 

properties of the object. This claim is discussed further in Chapter 6.  
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Chapter 6 

General Discussion 

6.1 Shape-motion inconsistency modifies perceived action outcomes 

Retargeting animations of a captured motion performance to an avatar whose body shape 

differs from that of the performer is a commonly used procedure in animation perception 

research and the entertainment industry (Gleicher, 1998). Because previous research employing 

point-light displays showed that the visual system demonstrates an implicit knowledge of the 

relationship between shape and motion for multiple aspects of people perception, I expected that 

the visual system would be sensitive to cases where the body dynamics of the performer who 

produced the motion were in conflict with the implied dynamics of the avatar's shape (Troje, 

2013). I aimed to characterize how shape-motion inconsistency could change the perception of 

retargeted animated avatars performing a variety of actions.  

I recorded light and heavy performers using optical motion capture, and used this data to 

obtain not only their motion, but also realistic details of a person's individual body shape 

(Chapter 2). I demonstrated that while observers were sometimes able to detect shape-motion 

inconsistency (Chapter 3), judgements of animations characteristics were not affected by 

inconsistency (Chapter 4). However, inconsistency in shape and motion had a systematic, action-

specific effect on the perception of action outcomes (Chapter 5). The results suggest that when 

the performers used for animation retargeting are matched for height, but have very different 

weights and body mass distributions, the resulting internal inconsistency affects the perceived 

dynamics of a manipulated object, despite the fact that participants are mostly unaffected by 

inconsistency on other aspects of perception. Although these results appear to conflict with those 

of past point-light display experiments that showed that inconsistency reduced attractiveness of 
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walkers (Klüver, Hecht, & Troje, 2015; Troje & Lau, 2012), they are not necessarily in 

contradiction. Indeed, all the stimuli used in this experiment involved performance with 

manipulated objects. Extensions of this proposition are presented in Sections 6.2 and 6.3. 

6.2 Role of objects on the sensitivity to inconsistency effects 

In Chapters 3 and 4, inconsistency was rarely detectable and did not change the 

judgements of perceived animation characteristics. As I proposed in Chapter 5, one possible 

explanation of these findings is that when actions involve object manipulations, shape-motion 

inconsistency will be re-interpreted by the visual system as a valid change in the properties of the 

manipulated object. The fact that walking does not involve object manipulations means that there 

is no object involved that could absorb the perceived changes in order to generate a new, valid 

interpretation of the internal inconsistency. I have suggested that this explanation accounts for 

the differences observed between the present research and previous studies on point-light 

walkers, where inconsistency affected the naturalness and attractiveness of stimuli (Klüver et al., 

2015; Troje & Lau, 2012). What evidence exists to support this possibility, and how can it be 

tested further?  

The visual processes involved in perception of sled pushes, beanbag throws, and box lifts 

may well differ from those of walking. The former are instrumental actions, most often 

associated with non-periodic actions produced in order to attain a specific goal, and the latter is a 

locomotor action, a self-propelled periodic action with the purpose of moving the body from one 

location to another. Beyond these differences, a case can be made for the idea that different 

action categories are processed in different ways by the visual system. Grossman and Blake 

(2002), upon noticing that the processing of biological motion was distributed across multiple 

brain regions, speculated that the neural pathways dedicated to extracting information relating to 
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a point-light walker might differ depending on the task. Some of this intuition was verified when 

Gallagher and Frith (2004) found that superior temporal sulcus and amygdala activation was 

stronger for expressive gestures than for instrumental gestures. Processing of observed hand 

motion is also differentiated: purposeful actions tend to be processed in the inferior frontal gyrus 

and fusiform gyrus, while meaningless hand actions without purpose tend to be processed in the 

dorsal stream and the cerebellum (Grèzes, Costes, & Decety, 1998). Although there have been no 

imaging studies that compare the observation of locomotor and object-manipulation actions, it is 

plausible to expect differences in cortical processing for such distinct action classes.  

More specifically, Dittrich (1993) studied action recognition in point-light displays, and 

identified that the processing of instrumental actions is more effortful than locomotor actions: 

recognition takes 2 seconds longer, and misidentification are more common by more than 10% to 

40%. These results suggest that short-term information of instrumental actions may remain un-

interpreted by the visual system until the occurrence of critical movement features that can be 

compared to long-term memory representations. While in this state, it is possible that the visual 

system refrains from making seemingly invalid conclusions regarding the inconsistency of the 

action until the action is complete.  

Recording a new action database that includes actions from both instrumental and 

locomotor action categories could assess the potential mediating role of object manipulation in 

the relationship between inconsistency and perception of animations. Within each category, the 

concept of action manipulation could be further refined with respect to object use: for example, 

gesturing to indicate heading direction is an instrumental action conducted without object 

manipulation, while rowing is a locomotor action conducted with an object. In this thesis, I have 

concluded that the visual system, when possible, avoids interpreting the current stimulus as 
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inconsistent or unnatural whenever there is a possibility to attribute the effects of inconsistency 

to the dynamics of an object. If this is truly the case, locomotor actions that do not use objects 

(e.g., walking) should result in a perceptual effect of inconsistency for realistic human 

animations. On the other hand, locomotor actions that involve manipulations of objects for self-

propulsion (e.g., rowing) should not be susceptible to effects of perceptual inconsistency. In the 

former case, there is no opportunity for attributing shape-motion inconsistency to a change in 

object dynamics, whereas for the latter case, the rowing could be interpreted as a change in water 

resistance.  

6.3 Role of surface visualizations on inconsistency effects 

Overall, this study marks a first foray into studying the perception of shape-motion 

inconsistency in animated avatars that are created from realistic estimates of shape and motion. 

While previous studies have used the same body model to probe visual perception, those initial 

studies have focused on the perception of static body shapes rather than the dynamic stimuli I 

presented here (Fleming, Mohler, Romero, Black, & Breidt, 2016; Piryankova et al., 2014; 

Wellerdiek et al., 2015). I have argued in this thesis that it is important to consider the possibility 

that the visual processes involved in integrating shape and motion information might differ 

depending on the visualisation adopted (Chapter 1). Results from research looking at the 

perceptual effects of shape-motion inconsistency in point-light displays may not directly 

generalize to realistic human animations. Given that I did not present point-light displays here, 

the data contained in this thesis does not provide direct evidence supporting this idea. 

Particularly, the results obtained in Chapters 3 and 4 did not strongly replicate the finding that 

observers are sensitive to inconsistency in point-light displays, with respect to both detection of 

inconsistent stimuli and judgements of stimuli characteristics (Klüver et al., 2015; Runeson & 
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Frykholm, 1983; Troje & Lau, 2012). A few hypotheses related to the role of an explicit surface 

for visual processing could explain why the findings differ across the two types of visualisations.   

Although the field of people perception has witnessed significant advances through 

studies using point-light displays, it should be noted that certain tasks that pose little challenge in 

the real world, such as gender perception, are much less easily performed in point-light displays 

(Pollick et al., 2005). As techniques such as MoSh (Loper, Mahmood, & Black, 2014) continue 

to provide rich visualizations of body shapes and high-fidelity motion estimates, results from 

perceptual experiments that employ these techniques for stimulus generation may increasingly 

reflect the visual processes employed in real-life people perception. Given that work is underway 

to improve the accuracy of the body models of the MoSh technique, I envisage that it will 

become possible to conduct studies of the effects of avatar realism on action perception (e.g., 

Loper, Mahmood, Romero, Pons-Moll, & Black, 2015).  

It is also possible that the need to perceptually reconstruct the body shape of point-light 

displays from low-level motion information (e.g., Johansson, 1973) renders this stylistic 

representation more sensitive to effects of inconsistency, compared to avatars that impose an 

explicit shape representation. One might expect that the perceptual process of reconstructing 

body shape from point-light motion contains steps related to error-checking. Once body shape is 

inferred, the visual system may evaluate the likelihood that the inferred body shape is accurate, 

meaning that errors in the inferred shape are identified and impact perception. For animated 

avatars, where the shape is specified, an error-checking stage of processing may not be required.  

6.4 Applications of the findings 

In what way is the visual system sensitive to inconsistency in human-like animations? As 

found in Chapters 3 and 4, when the performer and avatar are matched for height, but have very 
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different body weight and body weight distributions, this inconsistency is not likely to introduce 

changes in animation judgements or to be detectable. The careful matching of performer and 

avatar body shapes performed by researchers may have been overly cautious (Hodgins, Jörg, 

O'Sullivan, Park, & Mahler, 2010; Hoyet et al., 2013; McDonnell, Larkin, Hernández, Rudomin, 

& O'Sullivan, 2009). However, as observed in Chapter 5, if conveying the properties of 

manipulated objects to an observer is critical, the role of body shape should be carefully 

considered. This is particularly important if the weight of the performer is likely to influence the 

outcome of an action. 

The results of this thesis are highly applicable to designers who employ retargeting in 

computer animation. It seems that the human visual system, while knowledgeable about the 

natural relations between kinematics and body shape in human motion, is willing to accept 

reinterpretations of retargeted animations, but that the animator should be acutely aware of 

potential changes in the perception of manipulated objects. In the experiments of this thesis, the 

manipulated objects were always invisible, which provided freedom for the imagination of the 

observer to adjust their properties to fit the scene. In applied computer animation, this may not 

always be possible or acceptable. Also, in the absence of objects that can absorb the 

inconsistencies introduced by retargeting, the resulting animations may very well be perceived as 

inconstant and unreal. 
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Conclusion 

Overall, experimental results continue to support that observers use their knowledge of 

shape and motion information in some aspects of human action perception, such as inferring 

action outcomes and evaluating attractiveness and eeriness of animations. However, the results 

did not support the specific hypothesis that observers have a general sensitivity to the disruption 

of internal consistency: sensitivity to inconsistency should be qualified with respect to the aspect 

of perception which is assessed, as well as with respect to the action which is viewed. Further 

research will elucidate whether the type of visualisation used also influences sensitivity to 

inconsistency. When the shape and motion inconsistencies result from differences in body mass 

and are presented on human-like animated avatars, the most convincing influence of 

inconsistency is on perception of action outcomes, because of a reinterpretation of the object 

dynamics. I conclude that human action perception research using animation retargeting as a 

stimulus creation technique is likely to be affected by inconsistency, and that the specific action 

viewed might mediate the extent of the effect. Animators, engineers, and researchers interested 

in depicting human actions should not worry excessively about achieving a perfect match 

between the shape of the performer and the avatar: when the performer and avatar are matched 

for height, but have very different body mass and body mass distributions, this inconsistency is 

not likely to be detected by the visual system. However, if conveying the properties of 

manipulated objects to an observer is critical, the role of body shape should be carefully 

considered. 
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