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DEGREE PROJECT 

The bulk of research in digital 3D animation is focused on problem solving and the development 

of new techniques and innovations for the 3D animation software of the future. However, little 

consideration is given for the underlying reasons why problems arise from a psychological 

perspective, and if 3D animation is to establish itself as a discipline in academia, strides must be 

taken to strengthen its foundations with existing academic disciplines.  

This undergraduate thesis examines the possible causes of joint deformation problems 

inherent to digital human character rigs in Autodesk Maya using cognitive psychology, 

specifically theories of perception, with additional considerations for the roles of the Uncanny 

Valley effect and suspension of disbelief.  An experiment was devised to evaluate the presence 

of joint deformation problems on a basic human character rig and in two approaches of 

solution.  

The results supported the presented hypothesis on what causes the viewer to notice joint 

deformation problems, but further investigation is required for test it definitively. The study 

also implied that whilst joint deformation problems may be noticed by the viewer and cause 

distraction from the content of a digital film, other factors also strongly affect the viewer’s 

experience in a similar manner.  The results of further studies could help digital artists better 

understand how the audience may respond to the presence of joint deformation problems and 

optimise their workflow. 
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EXAMANSARBETE 

Den övergripande forskningen kring digital 3D-animation är främst fokuserad på 

problemlösning samt utvecklingen av ny teknik och innovation för framtida programvaror 

utformade för 3D-animation. Dock har det sällan tagits någon hänsyn till de underliggande 

anledningarna om varför problemen uppstår, och inte heller genom ett psykologiskt perspektiv. 

Om 3D-animation ska bli mer etablerat inom den akademiska disciplinen så behöver framsteg 

göras för att skapa en starkare grund. 

Denna vetenskapliga uppsats undersöker möjliga anledningar till varför joint-

deformationsproblem upplevs med riggen för digitala mänskliga karaktärer i Autodesk Maya. 

Detta utforskas genom att använda kognitiv psykologi, speciellt teorier kring perception, med 

ytterligare överväganden om att ”the Uncanny Valley” och ”Suspension of disbelief” skulle vara 

avgörande faktorer. Ett experiment var utformat för att utvärdera närvarandet av joint-

deformationsproblem gällande en grundläggande mänsklig karaktär samt två möjliga lösningar 

till problemet. 

Den presenterade hypotesen, om vad som påverkar att en betraktare noterar joint-

deformationsproblem, stärktes av undersökningens givna resultat. Dock är fortsatta forskningar 

kring ämnet nödvändiga för att definitivt bekräfta hypotesens reliabilitet och validitet. 

Undersökningen visade att problem med joint-deformationer kan noteras av betraktaren och 

därmed skapa en distraktion för filmens handling, men att andra faktorer kan vara mer 

avgörande för samma innebörd. Framtida forskningar kan resultera i att hjälpa digitala artister 

att underlätta deras förståelse om hur en publik kan tänkas reagera på närvarandet av joint-

deformationsproblem och att effektivisera deras arbetsprocess. 
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The main focus of this study was to build a framework to discuss the perceptive and cognitive 

reasons why the human eye is especially adept at perceiving joint deformation inconsistencies 

in problem areas on animated digital human characters, such as at the shoulder, elbow and 

knee (See Chapter 2.2, p. 14). Research in the field of digital 3D animation has a tendency to 

focus on problem-solving with the development of new techniques without examining the 

underlying psychological reasons why a problem is perceived by the viewer in the first place. 

The problems discussed in this work, and their solutions, may - and often do - seem self-

evident, especially to individuals who work with them on a daily basis. However, whilst it may 

be obvious that a problem exists and that it must be solved, it is equally important to 

understand why such problems are perceived by the viewer, the knowledge of which can aid 

the digital artist in understanding what affect they can have on the audience and where they 

will be most noticeable. 

When working with digital characters in Autodesk Maya, a leading software suite for 3D 

animation, it is typical for a rigged human character to demonstrate undesirable deformations 

in certain problem areas when the joints are moved to create animation. In such instances, 

when the joints corresponding to these areas are rotated, the geometry mesh skinned to the 

character rig deforms to follow, yet does not produce the expected result. This effect is 

especially prevalent in joints when they are rotated by a value greater than 45° or twisted in an 

arc greater than 180°.  

The road to an acceptable result is often tedious, requiring the rigger to spend a great deal of 

time troubleshooting and fine tuning paint weights to solve the problem to a satisfactory 

degree. Fortunately, being such a common problem, a plethora of solutions exist, ranging from 

simple cheats to sophisticated third party solutions. The selection of an approach of solution 

depends greatly upon the degree of believability required for each individual digital character in 

terms of both animation and anatomical correctness, as well as the time and budgetary 

constraints of the project in question. 

However, although there is a high degree of awareness of the problem within the digital 3D 

animation community, as well as awareness of the solutions, the reasons why are almost 

universally overlooked; the problem and solutions are taken for granted as a necessary evil. 

However, perhaps by taking measure of the underlying reasons why these problems occur and 

need to be solved, the digital artist can further hone his craft and produce animations that will 

allow the audience to better partake of the narrative events. 

This study first formulates a hypothesis on why one perceives joint deformation problems as 

such by examining the underlying cognitive psychological causes. Succeeding this one finds a 



brief overview of common approaches that may be employed within the frame of Autodesk 

Maya to solve such issues, followed by the frame of the experiment used to preliminarily test 

the hypothesis and a description of the content of the focus group. Afterwards, the results of 

the experiment and focus group are detailed, which is followed by a discussion on the process, 

the implications of its findings, the author’s conclusions and suggestions for further study.  

This paper is targeted towards those with an interest in digital animation, as well as student 

and professional animators, digital artists, riggers, and researchers familiar with the digital 3D 

animation pipeline. It assumes that the reader is passingly familiar with Autodesk Maya, as well 

as key concepts of character rigging and its associated workflow. 

As some of these terms, however, can be vague or carry varied meanings depending on the 

context through which they are used, several important terms are discussed below: 

This study is specific to, and focuses on, very human-like characters; that is to say, fictional 

entities with human traits used to form continuity in the narrative events of a story, particularly 

ones found in film. Human-like characters in this sense exhibit human traits visually to a degree 

that they are representative enough of real humans that the viewer makes such an association. 

The study does not make dispensation for highly stylised or cartoonish characters, 

anthropomorphs, animal figures, characterised objects, or abstract shapes, which may not, and, 

in all likeliness, do not, influence, trigger an uncanny response, or break the willing suspension 

of disbelief of the viewer in the same way (see Chapter 2, p. 13, 15-18). 

The context of this work refers to the digital human character. Digital characters differ from 

traditionally animated characters in that they are constructed in a three-dimensional computer 

graphic space forming a virtual environment through which the figures may be moved and 

manipulated for animation. Note that in this instance, traditionally animated characters 

rendered using a digital medium, for example, Adobe Flash, are not included. 

This discourse also refers to the digital 3D pipeline, which describes the production processes 

of the creation of digital graphics and animation, in this case particularly digital character 

animation. Loosely this includes the creation of character geometry, painting or texturing of the 

model, rigging the character, which in turn involves giving the geometry a joint structure, 

skinning the character geometry to this structure, and providing controls through which this 

combined digital character may then be animated; following this is the process of animation, 

lighting, determining camera angles, and finally rendering out image sequences for post-

production. An important note to be taken into account though is that the structure of a 3D 

pipeline must not include all of the mentioned components; in some cases rigging and 



animation are excluded. However, for the purposes of this study, these two components are 

essential. 

Finally, it is perhaps necessary to frame what is meant by a ‘joint deformation problem’. A 

joint is a component of a bone which makes up the skeleton of a digital character. Specifically, 

joints are points of articulation (Autodesk 2011, User Guide> Rigging> Character Setup> 

Skeletons> Skeleton Components> Joints and bones). The digital 3D model of the character, 

composed of a geometry of connected vertices form the shape of the character, which is 

attached to the joints via a method known as skinning, which enables the mesh to change as 

the bone structure of joints is manipulated. This, at least in this context, is called deformation. 

Joint deformation problems occur when a joint is rotated in such a way that portions of the 

digital 3D model do not move with the joints in a desirable way, causing them to look incorrect 

to the viewer. These deformation problems are characterised by collapsing joint defects where 

volume is lost in joint hinging and rotation through twisting to degrees greater than 180  (Lewis 

et al 2000, p. 167). See figure 1.1 for an example of the effects of this kind of problem. 

Along with other fields under the umbrella of digital 3D animation, the subfield of Rigging has 

exploded over the last fifteen years, as the technology driving computer generated imagery has 

rapidly advanced. The vast majority of studies that have been conducted tend to focus on 

pushing the boundaries of the science and technology behind digital 3D animation. Yet while 

said research is the driving force behind the development of the 3D animation applications of 

the future, little consideration has been given for the analysis and identification of the 

shortcomings of existing processes within the digital 3D application framework.  

It would seem that consideration for the design and interaction are secondary to the 

advancement of the future capability of 3D authoring tools and software applications. This is 

certainly true in the subfield of character rigging. This process of defining and implementing the 

possible motions of a virtual character and providing controls to drive them (Bibliowicz 2005, p. 

2) is renowned for its complexity, particularness and relative fragility. In layman's terms, it is 

what permits the digital artist to give life to the digital character, like attaching the strings to a 

marionette. 

However, due to inherent drawbacks of the underlying approach used in the digital character 

rigging process (see Chapter 3 under 3.1.1 Skeleton Subspace Deformation, p. 20), a series of 

undesirable deformations almost universally occur when a given digital character rig is moved 

in certain ways (Lewis et al 2006, p. 167). This is a known problem, with a wide variety of 

established solutions, many of which are described in detail in the work of Lewis et al (2006, p. 

1-8) and others. Yet, whilst care has been taken to identify and raise awareness of the technical 



cause of the problem, and to research and develop solutions, exploring the underlying cognitive 

reasons why the viewer perceives there to be an undesirable deformation might offer the 

digital artists of the future a greater understanding of the consequences, should such issues be 

present in a production. 

Considering the benefits of this course of action, it was decided to narrow the subject of 

research to studying the effects that undesirable deformations on digital characters may cause 

when they demonstrate a human or very near-human appearance. Since human beings have a 

very strongly formed concept of what a human being looks like (see Chapter 2.2, p. 14), it was 

reasonable to assume that viewer problems with such phenomena would be most apparent on 

digital character rigs with a high degree of human appearance. Stylistically and visually, the 

subject matter needed to approximate human to the point that the viewer would draw parallels 

from their internal concept of what a human being looks like, whilst not being too complicated 

or believable to the point where a practical experiment could not be arranged within the 

timeframe of the study. 

 
Figure 1.1 – Typical Joint Deformation Problem at the Elbow 

One of the most common issues with digital human characters is solving how major joint 

deformations resolve themselves. Most joints have a limited range of motion, meaning when 

the mesh attached to them deforms, said deformations are subtle enough that the eye is less 

likely to perceive incorrectness, even if it is present. 



However, joints that must rotate with an arc of 45 degrees or more pose a greater risk of 

causing a problem, as do rotations in excess of 180 degrees. Such joints, particularly in very 

visible areas, such as on the arms or legs, must rotate and deform to such a degree that unless 

the rigger spends a great deal of time correcting them somehow, the viewer will perceive the 

defect, possibly experiencing the sensation that something about the character now looks off-

putting or wrong. 

As is demonstrated in the next chapter, this is not necessarily a sensation that the viewer is 

consciously aware of, but nonetheless, the thought that something is amiss occurs, distracting 

from the intended purpose of the animation. 

Camera angles, digital clothing, armour or other accoutrements may be used to disguise the 

problem to a certain degree - should the design of the character allow for it. However, any time 

the character’s anatomy is required to be shown, a solution for this issue is also necessitated.  

This work focuses on analysing the reason why certain joint deformation problems cause the 

viewer to register a perception error when viewing digital human characters. Since this 

phenomenon is most prevalent when one views human or near-human characters, the scope of 

the study has been deliberately narrowed to centre on digital characters which have a high 

degree of human-like qualities. It does not cover the degree to which joint deformation 

problems are noticed on non-bipedal digital characters or digital characters that are otherwise 

inhuman. 

A hypothesis was established (see Chapter 2, p. 13) which describes the likely reasons these 

errors are perceived, and to test it, an experiment was devised to capture quantitative data, to 

be further supported by qualitative data via a focus group with the participants of the 

experiment. Despite the fact that even the untrained eye is likely to experience perception 

errors of this kind, the subjects acquired for the experiment were chosen deliberately from a 

pool of students, academics and professionals with an understanding of the digital character 

creation process and an awareness of joint deformation problems. 



Most research in Computer Generated Imagery (CGI) and digital 3D animation is geared 

towards investigating new approaches to solve various technical challenges faced by digital 

artists today. This trend tends to favour a focus on technical problem solution without defining 

the underlying reasons why the problem exists and needs to be addressed in the first place. 

One of the primary purposes of this study was to not only consider solutions to the problems 

identified, but rather to formulate a hypothesis on why such problems are caused. 

The way that one perceives images or objects in the real world is not just through the faculty of 

sight in the moment. Perception also entails the way humans seek, observe and process 

information. What one sees through the eye is a representation of the visual images that occur 

while the mind analyses the information perceived. The visual image itself is based on the 

human experience, and if the individual in question has experience of having had seen a 

familiar object on a number of occasions before, those images will be compared together as 

one internal concept with the one perceived externally in the moment (Arnheim 1974, p. 45-48, 

96). If the two images match and conform to each other in likeness, the external image or 

representation will be accepted as believable. If the comparisons clash or contradict each other, 

there is a greater likeliness that the momentarily perceived image will be rejected as 

unbelievable (see Chapter 2.2 below, p. 14).  

Once such a rejection has occurred, the viewer experiences more than just a sensation that 

something is out of place; because a digital human character replicates the human visage, 

the result lands the animation in Masahiro Mori’s Uncanny Valley, creating a feeling of unease 

which may be conscious or subconscious; the rest of the character may appear human, but the 

incongruences in the malformed joints tell one something is wrong (see Chapter 2.3 below, p. 

15). 

This in turn has the effect of breaking or otherwise preventing one’s suspension of disbelief, 

and the animation cannot be appreciated because the viewer is aware that there is something 

is out of place; something that should be there isn’t, or something that shouldn’t, is (see 

Chapter 2.4 below, p. 18). 

Since this type of defect causes an error of perception, which leads to a feeling of the 

uncanny and in turn then breaks the viewer’s willing suspension of disbelief, it then follows that 

if this effect can be minimised or eliminated, the viewer’s discomfort levels will fall to a point 

where suspension of disbelief can still occur. 



It is also hypothesised that the more believable, photorealistic and human-like the digital 

character, the more noticeable joint deformation problems should become, as such 

inconsistencies clash with the viewer’s inner concept of how the human form - something they 

are intimately familiar with - ought to look, whilst conversely the more stylised and inhuman 

the digital character is, the less noticeable joint deformation problems should become since the 

viewer’s perception will instead conjure inner concepts that relate to stylised experiences of 

characters instead of real people. 

To understand why the eye notices the incongruences between how a problematic joint 

deformation looks and how it ought to look, one must consider the underlying cognitive 

processes taking place in the viewer’s mind. With the aid of perceptual psychology, one can 

examine how the individual’s perception works to demonstrate why this problem is especially 

noticeable in digital human characters due to the way in which the human brain is programmed 

to recognise itself. Goldstein (2011, p.  270) identifies this as visual imagery, the ability to see in 

the absence of visual stimulus. 

The work of Arnheim (1974, p. 45-48, 96, 167) and Burnett (2004, p. 9, 49, 51-52, 54) implies 

that at an early stage of life, children gather experiences of the world by observing objects and 

interacting with them. The sense of touch by grabbing a hold of something, or when a limb is 

bumping into another limb, offers the experience and knowledge of how the human body feels 

and functions. By observing themselves in the mirror and through making observations of 

others, a child is able to learn to recognise the shape and appearance of the human body. 

This process occurs not only with recognition of the human body, but for all objects and 

things that the child sees. This is something that occurs continually throughout the child’s 

development, and the memories he or she acquires from earlier experiences amalgamate to 

form an internal concept image of how different objects are expected to look. The more 

familiar one is with a particular object or thing, the stronger the internal concept will be. 

Arnheim (1974, p. 48), one of the foremost authorities on perceptual psychology, states in his 

book Art and Visual Perception that by having the experience of seeing many squares before, it 

is likely one would recognise a shape representing a square half hidden behind a wall as a 

square. 

The internal concept, or inner ‘visual image’, is invoked when one perceives an external 

object or image. With the help of perception the human mind searches the external image for 

familiar shapes, colours, etc. and what the eye perceives is then compared with the inner visual 

image (Burnett 2004 p. 54). If the internal and external images are matched in likeness, the 

human mind will accept and recognise the external image or object. An object with a cylindrical 



shape and a loop at the side will soon be recognised as a cup as the comparison with the inner 

visual images will match with the memories of having perceived the shapes of different cups 

before. 

This effect works also in the reverse. If one thinks of a particular thought that has an 

associated inner visual image, externally, the eye will subconsciously search out for visual clues, 

such as look, shape or colour, of this thing or object in mind (Arnheim 1974, p. 51). For 

example, if one is thinking of getting a pet, for instance a dog, one might be bewildered by the 

fact that one suddenly notices dogs everywhere. 

To apply this theory into practice within the context of this work, one could say that when an 

audience observes a digital 3D character in animation, the external image of the digital human 

character is compared with an inner concept of how the human body looks (as well as the 

expectations of how animation of that particular stylisation looks). 

When the external image of a digital human character matches the internal concept of how 

the human body is expected to look, the audience will believe in the visual aesthetics of the 

character and their ability to take part in the story will not be hindered. However, should the 

external image of the digital human character contradict the internal concept of how the 

human body is expected to look, for example, due to the presence of joint deformation 

problems, the audience may reject the visual believability of the character which may cause 

them to have difficulty engaging in the story.  

Furthermore, such a rejection also risks the chance of the digital human character falling into 

“The Uncanny Valley” and not only causing the viewer to register something is wrong with the 

visual believability of the character, but causing the viewer to feel uncomfortable with what 

they see. 

In recent decades especially, digital artists have begun to subscribe to the notion of Mori’s 

Uncanny Valley to describe the way in which the audience is able to emotionally engage with 

digital characters depending on how human-like those characters are. 

Masahiro Mori (1970, p. 33-35), an eminent Japanese scientist in the field of robotics 

presented a hypothesis in 1970 which speculated on how humans would react to humanoid 

robots, but his work was based on a much earlier theory on the Uncanny put forward by 

Jentsch (1906, p. 1-16) and built upon by Freud (1919, p. 1-21). Both Jentsch and Freud focus on 

the phenomenon primarily in literary storytelling.  



Strongly building upon Freud’s work, Mori talks about the discomfort one experiences with a 

realistic human prosthetic hand; at first sight it seems to be just an ordinary hand but when 

shaken, the uncanny feeling occurs when one realizes that something isn’t as what one had 



expected (Mori 1970, p. 33-35). The hand is not warm to the touch, and it does not have the 

expected colour or texture, nor does it move. Mori considers whether or not a less human-like 

prosthetic design might be preferable to one that attempts to imitate a human hand.  

This is in part due to the fact that the premise of a game is different to than that of a film. 

The user is still very much aware that they are playing a game because they are interacting with 

it through the computer. Furthermore, as in the real world, the player likely has some control 

over the way in which they navigate the virtual landscape of the game world and thusly may 

make a more informed decision on the nature of a deformation problem or the unexpected, 

perhaps even being able to view the problem from multiple angles. 

With film, however, the audience is along for the ride; they see only what the director wants 

them to see (Richardson 2006, p. 25). The viewer is not, for example, able to move the camera 

about, switch perspectives or otherwise examine a scene outside of the context that the 

director establishes. Due to being forced to sit back and watch the show, the viewer enters a 

state of mind where they are able to become more deeply involved in the story presented to 

them and suspend their disbelief (see Chapter 2.4 below, p. 18). However, when the viewer is 

presented with something which challenges their suspension of disbelief, like a joint 

deformation problem on a digital character, this relaxed state of viewing could also cause the 

viewer to sense the problem more acutely than if it were viewed in other mediums where the 

expectation of quality was not so high. 

Whilst video games and films share the commonality of moving pictures, video games are 

notoriously full of programming errors known as ‘bugs’, the expectation of which by the user 

can perhaps mask the uncanny valley effect. When a joint deformation problem occurs within 

the context of a game, the viewer may wrongly perceive the cause of the problem to be a bug 

in the game’s programming, and given this propensity for human error in software coding, the 

user accepts the problem since he or she expects that a bug might occur. The result being that 

the impact of the problem is lessened, including the sense of the uncanny that the instance 

might provoke. 

Based on the research available to the authors at the time of writing, researchers in the field 

of computer graphics have applied Mori’s hypothesis to the overall human likeness of a digital 

character, but not taken into account how anatomical anomalies due to joint deformation 

defects can affect the digital character’s position in the uncanny valley. 

Although represented generally on the uncanny valley, for example, digital characters that 

have been animated do not hold the same static positions along the uncanny valley as their still 

image counterparts. A digital 3D character might work well in one scene, placing it safely at the 

top of the valley, whilst in another, the quality of the animation or the rig used might place it 

further down in the gulley. 



Of the parameters that might affect a given digital character’s position in the uncanny valley, 

the quality of the character’s rig is irrefutably a factor; the rig controls how the geometry mesh 

deforms from pose to pose, and accordingly, the degree of familiarity it is possible for the 

character to express to the viewer. It then follows that very obvious joint deformation problems 

can affect the viewer’s response to poses where incorrectness is visible. Like the prosthetic 

hand that might look acceptable from a distance, but feels wrong in the hand, the 

disproportions or awkward angles caused by the problem are unfamiliar to the viewer and 

evoke the sensation of the uncanny. 

Beyond perception and the uncanny valley, one could argue that suspension of disbelief plays a 

certain role too in the viewer perceiving a joint deformation problem as such. Although 

Coleridge (1817, Chapter XIV) coined the term ‘suspension of disbelief' to reference the 

injection of human interest and basic truth into a work of fiction to have the reader overlook 

the use of the fantastic, this concept certainly can and has been applied to animation, where 

the viewer is asked to look at something which is at the very best a facsimile of reality, and to 

put this fact aside in order to engage in the story. 

In essence Coleridge means that by producing a narrative that the reader can relate to, the 

reader is willing to ignore elements which conflict with their understanding of reality. This has 

since been applied not only to literary works, but also to animation, film and computer games. 

Disney strived to have his animators inject feeling and charm into characterizations in order to 

provide an appearance and movement near enough to reality to invite a suspension of disbelief 

(Barrier 2007 p. 97). 

Digital 3D animation is no exception, and Paul Wells (2007, p. 49), one of the world’s 

foremost animation authorities, asserted that animated films are able to get away with 

apparent inconsistencies because the audience is aware that they are watching a fantasy, not a 

documentary but invariably the closer one comes to reality with the digital imagery one 

introduces into an animation, the higher the risk becomes that the audience is not willing to 

accept such inconsistencies. Gaut (2007, p. 71), distancing the modern context of Coleridge’s 

term into what he calls “suspension of judgement”, relates that as digital cinema approaches 

ever closer to simulating realistic-looking images than traditional film, the viewer grows yet 

more suspicious of the dubious nature of the imagery presented to them and what is real and 

unreal, due to the fact that they are increasingly informed about the techniques used to 

achieve such effects. 

Given the association one makes between human anatomy and one’s own body, if one sees 

an image where that anatomy is overtly deformed in an unexpected way, the error poses as a 



hindrance to one’s capacity to suspend one’s disbelief. The presence of the unfamiliar, 

especially in a place where it is unexpected, causes a distraction that pulls the viewer’s 

thoughts away from engaging in the story to focus on the presence of the anomaly. 



Having identified the potential reasons why joint deformation problems are perceived, the next 

step in the study was to identify two different approaches for joint deformation problem 

resolution in order to compare the noticeability of joint deformation problems from an 

unsolved character rig and several solutions.  

The Maya User Guide (2011, User Guide > Rigging > Character Setup > Character Setup 

overview > Setting up the components of your scene for animation) explains the workflow for 

digital character setup as requiring a base mesh, creating a skeleton for the mesh, binding the 

mesh as a skin to the skeleton, and then setting up deformers and constraints which will control 

the way in which the resulting rig may be animated. The joint deformation problem is specific 

to the skinning process, although deformers, constraints and the skeleton all act as factors 

which affect the end result. 

Many different solutions exist for this particular problem within Maya’s framework with 

varying results. As mentioned previously, the solution required for a joint deformation problem 

depends entirely on the requirements of the individual character being troubleshot. A simple 

solution might be acceptable for one project but unacceptable for another, particularly if 

photorealistic rendering is one of the requirements. 

Simple solutions with the addition of influence joints or influence objects to more precisely 

control where the geometry deforms in these problem areas can be effective for projects 

where time constraints are a major factor or where the character is relatively simple in 

complexity or is intended to use exaggerated animation. 

Numerous solutions for joint deformation problems are possible using the existing toolset built 

into Autodesk Maya, and many more with the help of external third party plugins. Investigating 

all the possible solutions would entail a challenging study in itself, and is beyond the scope of 

this work. However, a general overview of some of the more common solutions available is 

detailed below, including the two approaches that were employed in the experiment. 

Abbreviated (and referred to hereafter) as SSD, this term coined by Lewis et al (2000, p. 165) 

describes what is commonly called skinning in Maya. Almost without exception, all rigs in Maya 

utilise this approach in one form or another with digital character creation, which introduces 

the joint deformation problems. A secondary approach might then be used to correct them. 



This approach is responsible technically for joint deformation problems, an inherent 

limitation of this technique. Controlled by the user using influence weighting along the 

geometry to determine which vertices are influenced by which joints and to what degree, 

framing a subspace, joint deformation problems occur due to the fact that the desired 

deformation lies outside of this subspace and the deformation is restricted to inside the 

subspace (Lewis et al 2000, p. 167). 

One of the methods often employed alongside SSD is the use of influence objects; additional 

joints, curves or geometry which do not emulate human bone structure, but instead are 

employed as a method to further shape, control or refine the deformations of smooth skinned 

geometry so that a more desirable deformation occurs (Autodesk, 2011, User Guide > Rigging > 

Character Setup > Skinning > Smooth skinning > Smooth skin influence objects). 

Such objects are often combined with Set Driven Key animations to themselves deform in 

certain positions, for example, an object simulating a bicep muscle might deform between a 

relaxed or tensed state keyed to the rotation of the joint representing the upper arm. 

This approach was used in one of the example solutions for the experiment. 

This approach works in a similar way to influence objects, but supplements the extra controls 

with additional special attributes which allow the physical properties of muscle interacting 

under the skin to be precisely simulated (Autodesk, 2011, p. 1). The tool is built into recent 

editions of Autodesk Maya. 

Whilst this method is sophisticated enough to offer complex solutions that allow for the 

realistic simulation of human anatomy, to get a humanoid character rig to a complete and 

satisfactory state with Maya Muscle requires a lot more time and effort on behalf of the rigger. 

Simulation of Maya Muscle also cannot be conducted in real time, so the simulation must be 

baked, for each animation, making it difficult to anticipate how the rig will move and drawing 

out the animation process. 

Known as Blendshapes within the framework of Maya, this approach is commonly employed for 

facial animation. The process involves the creation of a number of additional duplications of the 

geometry which are then altered for different poses and interpolated between using 

controllers.  

However, as Lewis et al (2000, p. 166) point out, this approach is inappropriate for body 

deformations as these rigid shapes blend inconsistently when joints are rotated. 



Less common than the other approaches, Pose Space Deformation or PSD was conceived by 

Lewis et al (2000, p. 5) as a method of bridging the problems posed by Shape Interpolation and 

SSD. Belonging to a category known as unified approaches, PSD allows the user to use shape 

interpolations on the entire skeleton by determining how a pose deviates from the base 

geometry and applying the changes specific to those deviations rather than blending the new 

shape in its entirety. 

The approach can be used for skeleton-driven deformation, facial animation and secondary 

animations, giving it the versatility of both SSD and Shape Interpolation. 

This approach has been implemented as LipService, a third party plugin for Autodesk Maya 

by Joe Alter, who based his work off of Lewis, Cordner and Fong’s work. At the time of writing, 

a public beta version of this plugin was available for download on Alter’s website. 

 



In order to test the hypothesis that attempting to solve joint deformation problems would 

decrease or eliminate the viewer’s sensation of wrongness or the uncanny, a controlled 

experiment was proposed.  

A group of subjects familiar with the rigging process in Maya were shown still pictures and a 

series of parallel looping video animations in order to attempt to identify joint deformation 

problems and which of the two approaches best solved the problems. This process allowed the 

collection of quantitative data that could be used to identify if any of the two solutions 

succeeded in addressing the joint deformation problems, and which solution was best suited in 

this instance. 

To collect further qualitative information, some of the subjects that participated in the 

experiment were asked to stay and engage in a focus group. The focus group was asked to 

discuss their thoughts about the contents of the experiment and some questions on joint 

deformation problems and the Uncanny Valley. 

To narrow the scope of the experiment to a reasonable set of parameters, it was decided to 

construct the material for it in Autodesk Maya 2012. The content of the experiment was limited 

to focusing on joint deformation problems with a human female digital character. Although 

somewhat stylised, the model used was deliberately left unclothed and possessed a reasonable 

degree of anatomical correctness to help emphasise the deformation problems that might 

otherwise be disguised by the presence of clothing or armour.  

Facial expression and other joint deformation problems were not taken into account due to 

time constraints and the need to narrow the frame of the study. 

A mesh of the upper body of human female with a moderate degree of anatomical realism 

was smooth-skinned to a standard hierarchical joint-structured rig which was then animated 

using only the joints of interest as well as any secondary joint animations of interest to creating 

a believable motion.  

After considering how the viewer might react to missing body parts, the decision was made 

to use a full body mesh instead of just the upper body. The reason for this determination was 

that it was thought that the absence of body parts could influence the model’s position in the 

Uncanny Valley (see Chapter 2.3, p. 15) and the degree to which that the viewer is otherwise 



comfortable with the look of the character. Later the choice was made to crop the images so 

that the problem areas were in focus for each image sequence. 

The joint deformation problem itself was most apparent in several different areas of the 

human body, particularly at the elbows, shoulders, hips and knees. Since they were logically 

related and demonstrated two unique problems, it was decided that the experiment should 

focus on the shoulder and elbow joints. 

A digital human character was modelled and rigged in Maya 2012 and basic smooth-skinning 

applied. The model was then given a simple animation demonstrating several joint movements 

that would emphasise the resulting joint deformation problems. 

By viewing this rig, it was hoped participants would be able to identify the presence of joint 

deformation problems in the character’s shoulders and elbows.  

To provide a contrast to this base human character rig and the problems demonstrated, two 

different approaches to solving joint deformation problems were used in an attempt to resolve 

incorrect artefacts seen in the base rig. Each approach used the base human character rig as a 

template. The experiment was also designed so that it could deliver quantitative data on which 

approach best solved the deformation problems. 

The three Maya scenes were given the same lighting, rendering and camera settings. A 

sequence of 238 images was rendered out for each of the three Maya scenes, with two camera 

angles each, each containing the exact same motion, camera angles and lighting so that the 

joint deformation problems could be evaluated without bias. A proxy smooth mesh was then 

generated to increase the geometry of the low polygon model in each of the three scenes to 

give the geometry a smoother appearance. 

A second sequence was later rendered specifically to show the elbow deformation, again 

with 238 frames each, the same camera angles, lighting and render settings. 

The images were then imported into Adobe After Effects CS5, cut and exported into an 

Adobe Premiere project. There they were arranged side by side, using either a triangle, square 

or circle as indicators for the subjects to differentiate them. Each sequence was deliberately 

moved around from pose to pose so that the graphics used for each did not always represent 

the same image sequence. This was done to minimise the chances that the subjects would base 

their choices off of familiar conventions, such as sequential ordering, reading the options from 

left to right, or preferring a particular symbol over the others. Finally, the poses were exported 

into six different films that were then used in the experiment. 



There were several factors that influenced the selection of which two approaches were used in 

the experiment. Throughout the study time constraints were an inhibiting factor. Consequently, 

instead of one rigger producing both approaches, which might result in the solutions possessing 

more uniform qualities, each rigger took responsibility for one approach. Since not all the 

parameters of the study were certain at that point, and consideration was made to evaluate 

and compare the approaches used with one another, for example, regarding the time they took 

to learn, employ, etc., and that it was thought rigger familiarity with an approach might 

influences the results, a conscious decision was made that each rigger would experiment with 

an approach that had not previously employed before to solve joint deformation problems. 

This eliminated Maya Muscle from the scope of the experiment, as one of the riggers had 

prior experience with this approach. Blendshapes, the most common form of shape 

interpolation in Maya, was also eliminated as an approach not so much for the riggers’ 

familiarity with it, but since it was inappropriate due to the nature of the experiment focusing 

on joint deformation problems with skeletal animation, not facial expression, which 

blendshapes is normally employed for. 

Of the approaches mentioned in Chapter 3, two were chosen: The Pose Space Deformation 

(PSD) approach and the Influence Object approach. It was thought that each approach was 

capable of producing a satisfactory result within the timeframe of five working days. 

The Pose Space Deformer, or PSD approach, was chosen due to its sophistication and its artist-

friendly methodology. As of the time of writing, the technique requires an external plugin for 

Maya. Using true full geometry shape interpolation to control the look of the mesh in specific 

poses, the technique allows a high degree of control over the look of the character rig.  

Whilst a more complicated approach, the technique is based more on modelling than rigging, 

an aspect of 3D production which student animators at Univesity West, Trollhättan, Sweden, 

enjoy the most (Lundgren et al, 2012). 

LipService was created by Joe Alter (2010, p. 35) based on the work of Lewis et al. Due to the 

fact that Alter’s plugin was not able to be used in Maya 2012 without a serial, the base model 

was exported to Maya 2011 so that the PSD approach could be tested. 

In addition to modifying shape interpolation between poses on the rig, secondary animation 

using LipService was added in to control deformations specific to the animation itself rather 

than the non-keyed movements of the rig. 



The Influence Object, or IO approach was chosen because it is a tried and true technique that 

has been available for many years. Although not as powerful as other approaches, its advantage 

over other techniques is its simplicity, accessibility and speed of implementation. 

A secondary purpose for using this approach was, working with the knowledge that since this 

was an SSD method and inherently flawed, to investigate whether or not the result produced 

would be satisfactory enough to remove the awareness of the joint deformation problem from 

the subjects’ minds despite this fact. 

The experiment itself was composed of three parts: analysis of how human-like the subjects 

thought the base geometry was, analysis of shoulder-based joint deformation problems, and 

analysis of elbow-based joint deformation problems. 

The first part consisted of showing the participants the t-pose of the base geometry and 

asking them to grade on a scale of 1 to 10 how realistic of a human representation they thought 

the model showed, with 1 being highly stylised and 10 being photorealistic. They were then 

asked to grade the anatomical correctness of the model in the same way. 

 

Figure 4.1 – Image Used for the First Part 

The second phase involved showing the participants parallel animations of the base mesh, 

along with the Influence Object and PSD solutions. To ensure preference was not given for any 

particular animation due to association with sequential ordering, geometric shapes were used 



instead of alphanumeric characters to indicate each one and the order of the animations shown 

was switched between the different poses shown. The participants were then asked to note 

which examples they noticed a deformation problem in (if any) and which they thought looked 

best. 

 

 

Figure 4.2 - Pose 1 

 

 

Figure 4.3 - Pose 2 

 

Figure 4.4 - Pose 3 

 

 

Figure 4.5 - Pose 4 

 

Figure 4.6 - Pose 5 



The third phase detailed the showing all of the sequences in the second phase combined into 

a single looping animation of the three parallel examples. The subjects were then asked which 

film they thought looked the best, which of the examples they thought solved the problem, 

which looked most realistic, and which examples looked wrong. 

At all stages of the experiment, participants were asked to note down their opinions on a 

sheet of paper with the questions posed in written form. Both the form filled out by the 

participants, and the experiment itself, were conducted in the Swedish language. 

A number of factors influenced the choice of test subjects, including likely availability on the 

date of the experiment and pre-existing knowledge of the digital 3D character animation 

pipeline. 

Although it was thought that even those unfamiliar with the digital 3D character animation 

pipeline could identify the presence of joint deformation problems, since the underlying 

reasons why such incongruences are noticed is based on perception and human psychology, it 

was determined that those who were better trained to identify such problems would be more 

aware of their existence and where to look. 

It was accordingly decided to approach individuals that had practical experience especially 

with the Maya rigging process. Those individuals that were accessible were students and 

lecturers with their studies or disciplines focused on digital 3D animation. 

Despite casual familiarity with the participants, being composed mostly of fellow students 

and lecturers, it was felt that the controls used in the experiment and the content of the 

experiment were sufficient enough as to not constitute an ethical dilemma. 

To glean further insights into the choices made during the experiment, willing participants were 

asked to stay on after to continue a discussion on the contents of the experiment. 

The guideline questions prepared for the focus group were loosely structured to glean insight 

into the participant’s experiences of joint deformation problems and rigging in general. The 

guideline document was composed of four parts: 

The first part concentrated questions on the participant’s own experiences of rigging and 

joint deformation problems. 

The second part entailed the participants describing their awareness of joint deformation 

problems in complete productions, such as films. They were also asked if they thought joint 



deformation problems were especially noticeable in realistic characters compared to stylised 

characters or non-human characters. 

The third part asked the participants to consider the importance of correct deformations and 

what things to keep in mind when working specifically with these problems, especially from the 

perspectives of Perception, the Uncanny Valley and Suspension of Disbelief. 

Finally, the fourth part asked the participants to comment briefly on the experiment itself, 

including whether or not they felt the discussion was related to content of the experiment, or 

whether or not the experiment seemed too restrictive. 



This section of the study details the raw qualitative and quantitative data derived from the 

experiment and focus group. 

The experiment was conducted in a controlled environment on University West’s campus. 

Of the participants, 9 out of the 11 had rigged a digital human character before and 10 out of 

the 11 had animated a digital human character before. 

The geometry used in the experiment was deemed on average to have a 6.64 on a scale of 1 

to 10 between being highly stylised and highly realistic, whilst the anatomy was deemed to be 

on average a 7 on a scale of 1 to 10 where 1 represented highly stylised and 10 represented 

highly anatomically accurate. 

In a series of five animated poses, deformation problems were perceived in 49 out of 55 

instances with the base human character rig, 42 out of 55 instances with the Influence Object 

solution, and 30 out of 55 instances with the Pose Space Deformation solution. 

 

Figure 5.1 – Deformation Problems Perceived by the Subjects 

In the same series of poses, the subjects preferred on average the PSD solution by 69.23% as 

being the best looking, followed by the IO solution at 21.15% and the base human character rig 

at 9.62%. 



When asked to judge all poses in one animation as a whole, 90.9% judged the PSD solution as 

the best, with 9.1% preferring the Influence Object solution and 0% preferring the base human 

character rig. 

Analysing the same sequence, 90.9% of the participants judged the PSD solution as being 

satisfactory and 63.6% deemed the Influence Object solution to be satisfactory. No participants 

judged the base human character rig as satisfactory. 

 

Figure 5.2 – Preferred Image by Pose 

In response to being asked which of the three examples looked wrong, 100% thought that 

the base human character rig looked wrong and 54.5% thought that the influence object 

solution looked wrong. No participants thought that the PSD solution looked wrong. 

The focus group was conducted approximately 10 minutes after the conclusion of the 

experiment on the 10th of May 2012. The recorded conversation lasted 36 minutes, 29 

seconds. 

The focus group initially consisted of eight individuals (six male and two female), but was 

reduced to six individuals after ten minutes (five males and one female). Despite the fact that 

this was a disruption to the discussion, it was decided that the input of those who could not 

participate the whole duration would still be valuable anyway. 

All participants acknowledged that they had previous experience of rigging digital characters 

and animating them, although not all had rigged digital human characters before. 

The pertinent results of the focus group are discussed in the following chapter. 



The subjects had demonstrable familiarity with character rigging and animation, although not 

all of them were familiar with human digital character rigging and animation. 

The participants judged the female human geometry of the character to place on average 

closer to realistic than stylised, and that the geometry favoured anatomical correctness over a 

stylised form.  

With one exception, the PSD approach solution was deemed to both contain the least 

number of deformation problems (with an average of 54.54% seeing inconsistencies) and to be 

the most effective solution to the problem (averaging 65.4% for each pose). The exception was 

in Pose 2 where the PSD approach was deemed as having just as many problems as the base rig, 

although the Influence Object approach was preferred only by one vote more. 

This data is reinforced by the results of questions 5 through 7 where the PSD approach was 

judged to be the best solve of the three overall (90.9%) and no participants thought that the 

solution looked wrong.  

It can therefore be concluded that in this instance, the PSD solution was most effective, 

although the lack of universal approval is an indication that perhaps even a better solution is 

desirable.  

The hypothesis predicts that the subjects ought to have perceived joint deformation problems 

on the base human character rig. The data collected from the subjects’ thoughts on the base 

human character rig supports this prediction, as joint deformation problems were spotted by 

the participants reliably for each pose shown (Pose 1: 100%, Pose 2: 81.8%, Pose 3: 81.8%, Pose 

4: 81.8%, Pose 5: 100%). Additionally, in the final question, all subjects indicated that the base 

human character rig deformed incorrectly. 

According to the same hypothesis, working with joint deformation problems using known 

solutions should reduce the frequency by which the subjects are able to notice the occurrence 

of joint deformation problems. This is also observed in the results of the experiment, with the 

Influence Object solution (Pose 1: 90.8%, Pose 2: 45.4%, Pose 3: 63.6%, Pose 4: 81.8%, Pose 5: 

100%) and the Pose Space Deformation solution (Pose 1: 33.3%, Pose 2: 81.8%, Pose 3: 54.5%, 

Pose 4: 54.5%, Pose 5: 45.4%) showing significant detection of joint deformation problems, 

most notably the PSD solution. 



Furthermore, the experiment also showed that whilst problems were still noticed by the 

subjects in the Influence Object solution, 63.6% of the participants thought that the solution 

was adequate, implying that the problems that were still visible were less noticeable than those 

perceived on the base human character rig. Whilst not asked directly if they found any of the 

examples disturbing or uncanny, the subjects were asked if they thought each example looked 

incorrect or wrong on the whole, which produced a clear distinction between the examples, 

showing a universal sense of incorrectness associated with the base human character rig, and a 

universal acceptance of the PSD solution, with the IO solution falling in between them. 

The experiment was not, however, of a sufficient level of complexity as to demonstrate how 

joint deformation problems can affect the believability of the character and suspension of 

disbelief when employed within the frame and structure of a story. 

This could be explored in further studies through the design of additional experiments where 

the digital character used is animated into a full cinematic scene with a discernible plot and 

story, although the quality of the animation will then also become an additional variable that 

can influence the results of such experiments. 

Furthermore, since the subjects were all familiar with the uncanny valley, it could have been 

interesting to see where they might place the overall animations of the three examples on the 

uncanny valley chart.  

There are a number of aspects to consider that might have influenced the outcome of the 

experiment. 

There were different riggers for each approach used in the experiment; however, the examples 

used might have been more uniform had the same rigger produced both solutions.  

The same rigger that rigged the Pose Space Deformation solution of the base human 

character rig also modelled the base geometry used in the experiment. One could question 

whether or not his familiarity with the geometry affected how well he was able to produce the 

solution, despite possessing no prior knowledge of the PSD approach. This may have, for 

example, saved time in implementing the approach due to his familiarity.  

Conversely, one could also ponder whether or not the other rigger might have produced a 

more robust solution in the same time frame were she as familiar with the geometry as the PSD 

rigger. 



The participants of the experiment were familiar with the digital 3D production pipeline, rigging 

in Maya, and the Uncanny Valley. Although the experiment was designed with this in mind, 

uninformed subjects may well have noticed less joint deformation problems than their 

informed counterparts and had difficulty understanding what they were looking for, as the 

experiment assumed subject familiarity with joint deformation problems. 

Both Mori’s hypothesis, and the perception theory supporting the authors’ own hypothesis, 

assume that the underlying problems that draw the attention of the viewer are intrinsic to the 

human faculties of perception and universal social conventions for which even the two most 

distant of human cultures ought to share – the human response to death (Freud 1919, p. 13), 

from which one can deduce that uninformed subjects ought to experience at least the sense 

that something is amiss or wrong, even if they cannot immediately see the cause of the 

problem like the trained eye could.  

In summary, it would be a worthwhile pursuit to redesign the experiment to encompass a 

broader range of subjects to test this assumption. 

The subjects that participated in the experiment were not told what kind of problem to look 

for, and the term ‘joint deformation problem’ was not defined. As mentioned above, this could 

have been especially problematic if the experiment was given to subjects unfamiliar with the 

subject material. 

The subjects were chosen for their familiarity with the subject matter in the experiment, 

although the vast majority were students with little to no professional experience in digital 

animation. Had the subjects possessed professional experience, more joint deformation 

problems would have perhaps been observed in the solutions than were noticed in the 

experiment by the student subjects. 

As mentioned in Chapter 2, there has been some academic criticism of the uncanny valley in 

the field of robot science, particularly by Hanson (2006, p. 4). Hanson’s work is very much 

limited to human interaction with androids, and critique of the methods used in his approach 

has already been mentioned (see Chapter 2.3, p. 15). It may be that his results were caused in 

part due to the particular models used in his study and increasing familiarity with robots might 

also have played a role, since the underlying response of feeling the uncanny relies on the 

subject matter being unfamiliar. 



It remains to be seen if this critique stands up against the way in which the uncanny valley 

affects the viewer of a digital film, where the viewer is far more critical of what he or she sees 

thanks to her familiarity with the techniques used to create digital illusions of reality 

(Richardson 2006, p. 25). For human-robot interactions, an occurrence is always based in reality 

and in a relatable context; the human interacting with the robot is aware that they are meeting 

a robot and they have done so through a process of arriving at the location of the robot, seeing 

it from a distance, having the ability to view it from multiple angles, etc., and the incongruences 

of film do not prevent them from making a proper analysis of the robot.  

In film, the viewer is constrained to the story and imagery that the director wants to 

communicate. When incorrectness is perceived, the chances that it is both noticed by the 

audience and that it will pull the viewer away from a suspension of disbelief are increased 

because the viewer sees the problem out of context – the triggering error is never intended to 

be a part of the story, and thus is far more likely to be noticed by the viewer. 

Considering this, it is likely that Hanson’s criticism does not affect the uncanny valley as it 

pertains to film. 

When asked about their experiences of joint deformation problems, the focus group 

participants with experience of rigging stated that they had struggled with deformation issues 

in the past. They described how deformation problems tended to occur in areas where the 

limbs of the character’s geometry were required to press against themselves, for example, at 

the elbow when the hand is made to touch the shoulder of the same arm. In particular, the 

subjects described how it was a struggle to maintain the expected volume and shape on the 

character’s geometry while rotating such joints.  

Several participants mentioned that they had attempted to solve these issues by painting 

paint weights – a method used to assign or modify the influence of each joint on a given vertex 

in the geometry – but that they eventually gave up. One participant had attempted to correct 

the deformation by using corrective blendshapes, a unified approach which solves joint 

deformation problems in a manner similar to the PSD approach, but he realised that the 

learning process it would take to master the technique would require time that the deadline of 

his project would not allow for.  

Another approach common to several of the participants was to use influence objects in an 

attempt to maintain volume in problem areas, particularly the stomach region in heavy-set 

digital characters. Others attributed joint deformation woes to a lack of understanding of the 



rigging process, or due to joint orientations being incorrect, the discovery of which could 

potentially unravel hours of work. 

The participants also discussed not only the methods they used to solve joint deformation 

problems, but also techniques they used to try and find them. A method used generally by all 

the participants was to move their digital characters into extreme poses so as to see how the 

geometry deformed and would behave when animated. Despite this effort, the majority 

conveyed the impression that it was common for them to notice additional deformation 

problems later in the animation phase. Only one of the participants mentioned that he 

employed keyframe animation when doing this so that he could scrub through the animation 

and detect deformation problems not just in the extreme poses, but in the frames in between.  

No one in the focus group had expressed ever having been completely happy with the results 

of their attempts to improve their digital character deformations, with the exception of one 

participant who had experienced this at one single occasion. The fact that said participant was 

the only member of the focus group with professional experience of the problem is 

noteworthy. However, despite this, one participant argued that whilst he had never been 

entirely happy with his results, he had at least become more satisfied with them as he had 

progressed through the deformation issues.     

Overall the group claimed that rigging was a complex, unenjoyable and time consuming 

process, but that it was a necessary evil in digital character creation. One subject compared the 

rigging process to software programming, which another then took a step further and stated 

that he thought the rigging process was even more complex than programming, as 

programming follows an established logic of problem solving which allows one to track down an 

error and fix it, whilst locating the cause of an error in a rig can take much longer and follows no 

established logic; it may in fact require restructuring from the ground up to solve, a time 

consuming process with the potential for few optimisations. This led into a further discussion 

regarding the ideal character rig structure. The group agreed that there is perhaps no ‘perfect 

rig’ structure, but rather, the one chosen should be based on the kind of digital character the 

digital artist is trying to create. 

On the subject of working with or analysing deformation issues, the participants described how 

they looked to the corresponding anatomy of their own bodies for reference, observing or 

trying to feel the muscle movements taking place beneath the skin.  

Some of the participants mentioned having a sense that something was wrong when viewing 

the various deformations of the digital human character used in the experiment, but said that 



they could not explain exactly what it was every time they felt as such. It was even stated that 

at one particular point during the experiment, they thought at first that they could distinguish 

one of the three examples to be more believable than the others, but after having stared at the 

animation loops for long enough, they suddenly became doubtful of their initial choice. This 

sensation could perhaps be due to the participant’s exposure to the external imagery to a point 

where its context is lost and it is no longer being compared in the same way to their internal 

thought processes. It also implies that the longer a rigger works on a character rig, the more 

likely they are to not notice particular deformation problems, or that after a time, their ability 

to distinguish such problems will become diminished because they have adapted to it. 

Discussion on the matter with the focus group offered the suggestion that taking a break away 

from the computer, or coming back to the rig with fresh eyes after short break or even a 

weekend, can help the rigger to distance themselves from their work and see problems they 

were previously blind to. 

The discussion’s conclusion delved into the subject of joint deformation problems in the 

medium of film. The participants were asked if they had observed deformation problems in 

films and whether or not they thought the presence of them could place a production further 

into the Uncanny Valley. They responded that they were not aware of such problems in 

Hollywood films, although they might be present in student films and local commercials. Some 

argued that the reason for this discrepancy could be perhaps due to the quality of both the 

story and of the animation being more critical factors influencing a production’s place relative 

to the Uncanny Valley to than visible joint deformation problems, and that these elements 

were generally less developed in student films and low budget commercials. The subjects 

thought that a production risked falling into the “Uncanny Valley” if the animation was not on 

par or better than the quality the digital characters, digital environment, and the style of 

rendering of the film in question, although this conclusion is likely influenced from their 

experiences of complete films where presumably a large amount of time and money has been 

invested in correcting joint deformation defects to prevent the audience from noticing in the 

first place.  

One participant claimed that a distraction whilst watching a film caused by joint deformation 

problems could possibly be an issue more commonly found in those with professional 

experience working with joint deformation problems than those unfamiliar with them. This 

remark is actually supported by Arnheim and Burnett (see Chapter 2.2, p. 14). 

The discussion during the focus group supported what perception theories anticipate in the 

way in which the participants judged whether or not a deformation looked correct by analysing 



their own bodies and muscle movements. Their descriptions of having noticed a deformation 

defect but being unable to argue what it was exactly are indicative of the subconscious nature 

of the underlying cognitive processes which analyse the external imagery for comparison with 

internal visual imagery. In this case, the individual’s concept of how a real human body should 

look like is measured against what they see in the example animations. This same process is 

also the reason why they attempt to compare what they see in a digital character to their own 

physical bodies. 

However, the responses of the discussion have certainly raised a bevy of new questions. The 

fact that all the participants appeared to agree that deformation defects are not as critical a 

problem as a lack of believable animation or quality of rendering aesthetics could imply that 

that deformation defects may not be as large an issue for digital artists to concern themselves 

with as thought, so long as such deformation problems are not too obvious to observe.    

As one participant mentioned, individuals with a trained eye towards deformation problems 

may be more aware of these issues and therefore notice them more frequently compared to 

uninformed individuals without the same experience or knowledge. Perception theory in visual 

imagery supports the notion that a professional who has more experience with these errors, 

and a deeper familiarity with how the human anatomy functions, will have a more developed 

internal concept of the human body which is amalgamated from a wider pool of experience 

than an individual who has not been trained in animation or similar disciplines such as art or 

dance where one’s concept of the human body might be composed of a more robust series of 

experiences to than the uninitiated. Such individuals will accordingly have a higher likeliness of 

noticing incorrectness. Professional animators and digital artists furthermore familiar with the 

digital 3D pipeline may even process in their experiences of creating or animating digital human 

characters, allowing them to not only identify the presence of deformation defects more 

frequently, but also their location and perhaps the underlying reason why. 

However, the audience, assumedly uneducated in animation or digital artistry, will instead 

process a film off of criteria they are familiar with, such as movement, colours and shapes, not 

having a sufficient concept ‘database’ in their internal cognitive processes to notice 

deformation problems. The judgement of these other criteria could also occupy such a large 

amount of the individual’s cognitive processes that they are otherwise too preoccupied 

consciously or subconsciously looking for other problems that they will not notice deformation 

problems, unless perhaps there are no other distractions otherwise. 



The results of the experiment demonstrated an awareness of joint deformation problems in the 

subjects and a preference for the example with the least problems present. Furthermore, the 

results demonstrated that the best approach is not necessarily required, as other approaches 

which solve the problem to a lesser degree can sufficiently improve the appearance of the 

digital human character to a degree where joint deformation problems are ignorable by the 

viewer. 

The viewer's internal concept or visual image that they relate to the subject being viewed 

plays strongly on whether or not the image is accepted as correct or rejected and a problem is 

perceived. When an external image of a digital human character is observed, provided the 

subject matter is near enough to something the viewer has formed an internal concept of, the 

viewer is able to at least subconsciously notice the presence of an incorrect deformation, 

although the chances of noticing the particulars of the error is likely bound to familiarity with 

the problem, although this conjecture requires proper testing. 

The findings also are indicative that whilst deformation problems can contribute as a variable 

which determines where a digital human character falls in the uncanny valley, these are likely 

less critical than other factors, such as the aesthetics of the character and their movement. 

However, the trained eye of the professional is more likely to notice and be disturbed by the 

presence of joint deformation problems due to the fact that their inner concept is more 

developed than that of an untrained audience member with no experience of joint deformation 

problems. Moreover, the same individuals may be unconsciously searching for clues towards 

the presence of such problems due to their mind wandering to the technical aspects of digital 

3D animation production during the course of a viewing. 

Although the results of the experiment and focus group supported the presented hypothesis, 

they do not do so conclusively, as many variables remain to be tested in the future before it can 

be confirmed. 

This work proposes a hypothesis that requires far more study than is framed by the experiment 

and focus group conducted. Further experimentation is necessary to definitively show that joint 

deformation problems cause a human digital character to fall deeper into the Uncanny Valley 

and thus hinder or sever the audience’s willing suspension of disbelief.  



The bulk of the subjects were also student animators, and it could be interesting to see if 

professionals with years of experience would produce a similar result to their future colleagues. 

It would be furthermore interesting to see how age, gender, and unfamiliarity with the digital 

3D pipeline might influence the results, including whether or not the uninformed can point out 

joint deformation problems as readily as those familiar with such issues, and to what degree. 

Given that earlier works of cinema required a greater suspension of disbelief from the audience 

to than modern movies where digital effects can approximate reality, a study might also be 

conducted to test whether or not elderly subjects who perhaps have different expectations 

when it comes to digital effects. Further studies might also consider how the viewer judges joint 

deformation problems in non-human digital characters. 

In addition to testing a broader range of subjects specifically with  the joint deformation 

problem experiment used in the context of this study, the question raised by the results of this 

initial research suggest another avenue of study worthy of pursuit: the focus group revealed 

that the subjects thought joint deformation problems were secondary to other factors which 

can disturb the viewer, which suggests further study should test whether or not an audience 

unfamiliar with joint deformation problems can distinguish their presence in an animated 

sequence where motion, colour, style and story all play a role, as well as in animated sequences 

where one or more errors in motion, colour, style or a discontinuous story are also involved. 

This could lead to the digital artist understanding the impact of joint deformation problems in 

their work in order to prioritise which solution approach is used and how much time is spent 

correcting joint deformation problems compared to other problem areas in digital animation 

that might more adversely affect the audience’s reception of their work and their willingness to 

suspend disbelief and engage in the narrative. 
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For the convenience of the reader, the looping animations used in the experiment are publically 

available below. 

 

Pose 1 

http://youtu.be/SAhdYWhwZA8 

Pose 2 

http://youtu.be/Y5hu85p3UwM 

Pose 3 

http://youtu.be/zu8bDJZUxBs 

Pose 4 

http://youtu.be/IUU9umneC_U 

Pose 5 

http://youtu.be/CsDI0kZYlHM 

 

Complete Animation 

http://youtu.be/UvoL4_O5x80 

 

http://youtu.be/SAhdYWhwZA8
http://youtu.be/Y5hu85p3UwM
http://youtu.be/zu8bDJZUxBs
http://youtu.be/IUU9umneC_U
http://youtu.be/CsDI0kZYlHM
http://youtu.be/UvoL4_O5x80


Below is a copy of the forms the experiment subjects used to notate their thoughts, presented 

in the original Swedish. 
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