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ABSTRACT
The crucial concept of modeling and synthesis/control of human motion (including face and body) for animation has been
widely studied and explored in the literature. In this regard, the audience’s perception of generated or recorded animation
scenes is of critical importance. In this paper, we explore and conceptualize the general notions that need to be taken into
account for human motion to maintain perceptual accuracy. We propose a paradigm called Perceptual Validity composed of
four major components, which are discussed in detail. The model is concerned with different aspects of the scene such as
correct illustration of the stimuli, context, and local/global relations of various visual cues present in human motion.
Satisfying all the proposed principles, based on the literature, seems compulsory and vital for synthesis of perceptually
valid animation scenes of human motion. We investigate the relative signiﬁcance of the different components of the paradigm using feedback from expert animators and conduct a case study on one of the components of the paradigm. For further
evaluation and exploration, Disney’s principles of animation are discussed and compared against our proposed paradigm.
We argue that while there are signiﬁcant parallels and overlaps, our model is only focused on and more inclusive towards
human motion and can therefore provide a valuable set of guidelines for animators in the ﬁeld of character animation.
Copyright © 2015 John Wiley & Sons, Ltd.
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1. INTRODUCTION
Human motion studies are currently drawing much deserved
attention. This is due to the advancements in computing capabilities, which have lead to a signiﬁcant growth in applications such as animated movies, interactive games, interactive
gesture-based everyday applications, and virtual worlds that
use character motion and animation as a key component.
Generally, human motion can be considered as a combination of two sets of themes represented by corresponding
features [1]. While the primary themes (PTs) specify actions
like walking or running, the secondary themes (STs) relate
to affect, style, or individual characteristics in which those
actions are performed. These stylistic variations, or secondary features (SFs), are constantly present in motion data and
have been noticed by researchers as early as Darwin [2]. In
multimedia content, different characters, based on their roles
and attributes, display different types of STs in motion.
In the literature, a variety of methods has been proposed
for processing both primary and STs in motion. These
58

methods range from rule-based [3] to complex machine
learning methods [4]. Nevertheless, a critical question that
needs a careful consideration is the following: what components and factors need to be taken into account when adding
or altering different features (primary or secondary) in motion? In other words, what should be the motivating factors
for processing motion features, and what are their relative
degrees of signiﬁcance?
In this paper, we aim to provide a general set of guidelines
that address the aforementioned questions. Accordingly, we
ﬁrst suggest that as multimedia content (including those containing motion animation) are intended for human audiences,
our perception of the depicted animation scenes is of critical
importance. Furthermore, we review various factors that inﬂuence how audiences receive and approve animation content. We then propose a general paradigm called perceptual
validity (PV). PV is a model based on the parameters that impact our perception of motion and aims at believability, acceptability, and perceptual (not necessarily format related)
attractiveness of the animated characters. Our PV paradigm
Copyright © 2015 John Wiley & Sons, Ltd.

S. A. Etemad et al.

Perceptual validity in animation of human motion

associates various visual cues to viewers’ perception according to the literature and a set of experiments and establishes
principles to help animators create content that is perceived
as intended. The PV principles, which we propose, are particularly important as they can be used as the foundation of intelligent algorithms for procedural generation of believable
character animation. The proposed paradigm consists of four
different components. Each component is described with tangible examples. A case study is carried out on one of the components. We refrained from performing case studies on all of
the components as they are mostly self-evident or backed up
by the literature. Subsequently, a study is performed that describes the relative importance of each of the components and
underlying elements. Finally, we compare and discuss our
paradigm against Disney’s 12 principles of animation [5].

2. WHAT MATTERS IN CHARACTER
ANIMATION?
A variety of different factors impact how audiences feel towards a presented animation clip. These factors include
format-related ones such as frame rate, resolution, and
noise to content-related ones such as camera, light, story,
characters, and music. A variety of different parameters inﬂuence character animation, among which, this paper is
concerned with motion, which in turn can be divided into
two major segments: face motion (FM) and body motion
(BM). This taxonomy is presented in Figure 1.
John Lasseter of Pixar (http://www.pixar.com) has said:
“When character animation is successful and the audience
is thoroughly entertained, it is because the characters and
the story have become more important and apparent than
the technique that went into the animation. Whether drawn
by hand or computer, the success of character animation
lies in the personality of the characters” [6]. Personality
or personal characteristics of digital characters are derived
from a variety of factors that can be categorized together as
part of STs. STs can include emotions, gender, age, energy, and even attributes such as health, genetics, and social aspects, and others. Accordingly, interpretation and
synthesis of the features that display these themes is of

critical importance. For example, in an animated ﬁlm or a
virtual world, a female character should walk differently
compared with a male character. As another example, in
a computer game, based on the energy level and health of
a character, different styles of actions need to be displayed
(tired, energetic, healthy, injured, etc). In all these cases, it
is important that the viewer perceive the action the way it
was intended both in terms of PTs (what is being done)
and the secondary ones (who is doing it, and how). This
means that the motion does not only need to be physically
or functionally correct but also perceptually valid.
Chuck Jones, the famous animator of Warner Brothers
(http://www.warnerbros.com), has said: “Believability.
That is what we were striving for” [7]. Ollie Johnston and
Frank Thomas, from Disney Studio’s so-called “Nine Old
Men” in their book The Illusion of Life, state that: “Disney
animation makes audience really believe in characters.
There is a special ingredient in our type of animation that
produces drawing that appear to think and make decisions
and act on their own volition; it is what creates the illusion
of life” [5]. Believable characters demonstrate believable
behavior, which stems not only from physical realism but
also from the audiences’ perception of displayed content
and form a major component of quality in animated content.
Other traits have been associated with quality and appeal
in motion pictures, especially that of computer-generated
nature. From one standpoint, the notion of high-quality
content can be associated with the concept of esthetics.
The concept of esthetics or beauty itself, however, is philosophically subjective and somewhat vague. As David
Hume puts it in 1742, “beauty in things exists merely in
the mind which contemplates them” [8]. Esthetics experts,
artists, and psychologists have offered many theories of
what makes people consider an object beautiful, from evolutionary explanations to spiritual bases [9]. Some have associated this notion with the existence of expressive details
and edits [10–12]. Furthermore, it has been illustrated that
different factors such as generation of special effect scenes
[13] and cinematic narrative discourse [14] play critical
roles in synthesizing appealing multimedia content. Others
have related beauty in art to the concept of creativity, and as
a result, dynamic content generation [15,16].

Figure 1. Parameters that inﬂuence animation content quality.
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From another point of view, satisfaction and appeal
may arise from being in one’s comfort zone. Thus,
some researchers have associated satisfaction (particularly in computer games) with exposure to speciﬁcally
preferred content [17,18]. Credibility and trust towards
characters is another critical concept, which has been
directly or indirectly linked to believability and realism
[19]. Naturalness of motion is another perspective from
which appeal can be discussed. “Natural” phenomena
are constantly occurring around us, and as a result, we
become accustomed to them. Therefore, our perception
of events and the concept naturalness are highly
correlated [20–22].
Generally, visual and physical components of the scene
often play an inferior role to perceptual factors [23]. It has
been shown that noisy and inaccurate animation may be
preferred over robotic and bland, yet accurate motion
[24]. Researchers have explored visual obscurities in animation (e.g., length of objects), and determined boundaries
within which physical errors can go unnoticed [25], let
alone diminish the perceptual experience of the audience.
In fact, independent of physical validity, stylized editing
such as “squash and stretch,” which we discuss in the Discussion section of this paper in the context of human motion, are shown to increase prediction accuracy, attention,
and appeal towards the content [26], rather than the opposite that can be expected because of supposed physical inaccuracies or exaggerations.
In animation (or any other phenomenon), although it is
incredibly difﬁcult if not impossible, to quantify or conceptualize many of the previous concepts, we believe the human perception of the different aspects of displayed
content can provide a decisive framework for assessment.
Whether we ground these frameworks on esthetics/beauty,
naturalness, or believability, as these notions are all subjective to the perception of the audience, it is ultimately our
perception of details that determines the validity of the
presented content.

3. BODY AND FACE MOTION
While some studies were carried out on human motion between 1953 and 1970 [27–31], it was Johansson who, in
1973, initiated the modern study of human motion perception [32]. By attaching small light sources to different body
joints, and showing that naïve participants could rapidly
recognize the motion of such orientation of lights (ﬁlmed
in a dark room) as a human structure, the method of point
light (PL) motion representation was introduced. The potential for the PL model in psychological and behavioral
studies was quickly realized and its introduction helped
with a variety of more detailed studies on biological motion. The course of human motion studies has since expanded through a wide range of hypotheses and ﬁndings.
Spatiotemporal properties and variations of Johansson’s
model have been widely explored [33–35]. Perception of
gender [33,36–38], identity [39,40], and affect [41–45]
60
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from motion has been demonstrated. The affect of different
geometrical models such as a stick ﬁgure and polygonal
ﬁgure on motion perception has been investigated
[46,47]. Perception of attributes such as affect and energy
from motion of speciﬁc limbs [43,48,49] has also been
shown. For a comprehensive review on the subject, the
reader is referred to [50,51].
Computational processes on human motion that aim at
interpretation [52] or synthesis [4] of features have also
been widely explored. The former category of systems utilize pre-existing recordings such as videos or motion capture data to extract information regarding the classes of
actions and STs, retrieve and segment videos, and more,
while the latter aim at controlling [53], editing [54], or generating actions or motion features (including SFs) [4] for
animation purposes.
The human face is also known to convey a rich amount
of ST-related information [55]. As a result, a considerable
amount of research has been performed on creating
personality-rich facial animation. Facial action coding system was one of the ﬁrst systematic efforts to determine the
smallest possible facial actions, or action units, and associate them to facial expressions [56]. Associating facial actions with personality requires a reasonably adequate
personality model for the agent and a thorough study of
the effect of facial actions on the perception of personality.
The latter, has not been carried out properly yet, but the
former has been the subject of some recent works. A
multi-layer personality model has been proposed [57],
which is, more precisely, a multi-layer behavioral model
that includes layers of personality, mood, and emotions
on top of each other. Every layer controls the one below
it, and the facial actions and expressions are at the bottom.
The model allows element of parameters at each level to
individualize the agent. At the personality level, it utilizes
the Big Five model with ﬁve parameters. Following observations can be made regarding this system:
• The problems associated with using the Big Five such
as difﬁculty in visualization and correlation between
dimensions.
• Hierarchical dependence of personality and emotional
states.
It has, in fact, been suggested that these should be
treated independently [58]. Other proposed models follow
similar notions [59,60]. The latter uses a two-dimensional
(2D) model similar to the one proposed in [61] for personality (called performatives) and also separates them from
emotions as two independent components activating facial
actions through a belief network. This 2D model has been
used to associate facial actions to personality dimensions,
dominance and afﬁliation [62].
The location of common emotional states in a
circumplex in 2D space with arousal and valence (activation and pleasantness) as the dimensions has been deﬁned
[63] and presented in Figure 2. This model has also been
used for affective states through BM. Control was later
Comp. Anim. Virtual Worlds 2016; 27:58–71 © 2015 John Wiley & Sons, Ltd.
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Figure 2. Model of emotions [63].

4.1. Association

While PTs are quite intuitive because of the effect in
which different actions result in, the STs are not that simple to artiﬁcially generate or identify. In fact, there have
been many publications on the visual cues responsible for
perception of different STs for both FM and BM. The visual cues corresponding to Ekman’s basic set of emotions
[69] (as an accepted example for a subset of STs) for both
FM and BM can be utilized. Examples of these visual cues
are available in [70,71].
In addition to correct utilization of visual cues, it is essential that the stimuli be presented such that the intended
themes are not perceived differently. Preservation of the
stimuli must occur both temporally and spatially. It is well
known and demonstrated that spatial and/or temporal alterations in visual cues for both FM and BM will affect the
perceived STs [72].
Another implication of this rule is that extra movements, such as those responsible for creating the famous
foot-skate artifact [73] or tremor in the motion, must not
appear in the motion. This is due to the fact that such
movements in joints and other body parts might alter the
present primary or SFs or make them undetectable to the
untrained eye.

Whether for FM or BM, for both PTs and STs, it is
imperative to display the correct visual cues based on the
intentions of the animators. Therefore, the ﬁrst step towards
synthesizing a perceptually sound sequence of human motion is to recognize the set of visual cues (features), which
will generate each possible PT/ST based on the requirements of the scene. The fashion in which the stimulus is visualized and displayed can signiﬁcantly impact the two
themes as perceived by the audience. We call the correct
presentation and preservation of visual cues, association.
In other words, association dictates that the visual motion
cues displayed by the characters comply with the intentions
of the animators in terms of PTs and STs.

4.1.1. Examples.
It has been shown that face inversion results in difﬁculties in its recognition [74] and distorts the perception of its
features [75]. More particularly for effects of spatiotemporal alterations on face stimuli, it has been displayed that
inversion of face stimuli reduces the accuracy emotion recognitions such as fear, anger, and disgust, and even results
in sadness being identiﬁed as neutral by the audience [76].
Similar trends regarding importance of spatiotemporal
preservations have been observed for BM stimuli in which
PL walkers are often used for perceptual studies. It has
been shown that 1.6–2.7 s of motion are required for correct gender recognition of a walker [33]. Moreover, when

suggested as the third parameter [64] while uncertainty and
agency have been proposed in [65,66]. The signiﬁcant visual cues that can be considered more important perceptual
factors in animation have been studied in [67]. Finally, the
temporal effects and also the issue of conﬂicting signals
have been reviewed in [68].

4. PROPOSED PARADIGM
The proposed paradigm is called PV because we believe
abiding by the elements that it puts forth will ensure the
perceptual quality of human motion animation. The paradigm takes into account PTs and STs in both FM and
BM domains. Furthermore, the context in which the animation is presented is taken into account. The paradigm
proposes four major components: association, contextual
dependency, internal consistency, and external consistency, each of which is composed of several elements.
Following the different components and elements are described accompanied with examples.
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stimuli are inverted, the gender is often recognized as the
opposite, meaning for upside down presentation of the
PL walker videos, a male walker is more likely to be recognized as female and vice versa [33]. In another study, it
was indicated that when hip movement is greater than the
shoulder movement, the sequence appears as feminine to
untrained eyes and vice versa [77,78]. It was later shown
that this “extra movement” is rather velocity than displacement [37]. This shows the necessity for temporal preservation of the stimuli. The aforementioned ﬁndings and many
other similar investigations signify the importance of
proper stimuli presentation.
4.2. Contextual Dependency
Performance and perception of PTs and STs performed by
characters are heavily linked to the theme of the scene or
the context [79–81]. Accordingly, It is safe to claim that
the audience does not expect to see behaviors that contradict or are out of context. While in terms of physics of
human behavior, such inconsistencies are possible; the
typical audience would not expect to experience such
scenes or, at the very least, would consider it to be odd.
Consequently, the second factor that we believe is essential
in PV is contextual dependency. This component of the
paradigm indicates that both primary and STs for both body
and FM depend on and need to be consistent with the
context of the scene. It should be noted that the need for
contextual dependency is present for both themes. Some
PTs are simply not acceptable with certain contexts, and
some may have global or cultural implications making
them unacceptable at given scenarios. Also, for STs, the audience expects contextual reasons for expressive behaviors.
A point to consider in this regard is that contextual dependency is local with respect to the character. This means
that for each character in the scene, the context might differ
based on the story, background, and agenda. Therefore,
context only refers to the perspective of the character of interest. Should several characters be present in the scene,
each will have his/her own local context.
4.2.1. Examples.
An audience expects to see running, walking, jumping,
and dribbling as primary actions of players during a
basketball game. Displaying actions of, for example,
dancing is therefore unexpected and improper, unless the local context validates the actions. An example of this local
context could be a scene of goal celebration. For an example
of contextual dependency for STs, we could mention that it is
unorthodox to see a happy walk at a funeral, and such a scene
will cause perceptual disbelief and distaste. Again, similar to
PTs, local contexts can validate apparent dissociations.
4.3. Internal Consistency
A component of PV, which we call internal consistency, refers to PTs of the character being consistent with one another, while a similar consistency exists for STs. As both
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FM and BM domains need to be taken into account, many
different scenarios can be considered. Namely, consistency
needs to apply to the PTs of BM, the PTs of the FM, the STs
of BM, and the STs of FM. Moreover, cross-internalrelations of FM and BM must be considered. This means
that PTs of BM need to be in line with the PTs of FM,
and the STs of BM need to be consistent with the STs of
FM. Models such as Russel’s circumplex [63], as described
earlier, can provide valuable guidelines for utilization of
consistent STs in characters.
It should be noted that the term “consistency” is somewhat subjective. As a result, enforcing this component of
the paradigm (along with the next one, which also uses
the notion of consistency) can be subjective and difﬁcult
to materialize. Nevertheless, visual perception is by nature
subjective [82,83]. Therefore, as with many other aspects
of animation, the judgment of the animators is imperative.
Furthermore, other proposed guidelines for animation, for
example Disney’s principles of animation [5], also contain
a considerable amount of subjectivity.
4.3.1. Examples.
A viewer would not expect to see a person playing a
guitar and kicking a soccer ball at the same time (internal correspondence for PTs). An example for internal
consistency of STs, this time for FM, is that one would
not expect to see the eyebrows squeezed and pressed
together with anger and frustration while lips and cheeks
display features associated with happiness, for example
being raised.
4.4. External Consistency
In addition to internal consistency, the two themes, PT and
ST, must be consistent with each other. This constitutes the
ﬁnal component for PV, which we call external consistency. Accordingly, PTs and STs in FM as well as PTs
and STs in BM need to be consistent. Another implication
of this component is cross-external-relations for FM and
BM. In other words, in addition to the mentioned rule,
PTs of FM need to be consistent with the STs of the BM
while the STs of FM are consistent with the PTs of BM.
4.4.1. Examples.
One would not expect to see a character jumping up and
down when feeling sad or depressed and showing signs of
such emotions. On the other hand, fast and energetic actions are more expected when dealing with STs such as excitement, happiness, or anxiety. Similar expectations are
present for facial actions and expressions.
4.5. Summary
Table I presents the detailed statements of the paradigm.
We observe that the model contains four major components. Association, contextual dependency, and external
consistency are each composed of four elements, while
internal consistency consists of six elements. Together,
Comp. Anim. Virtual Worlds 2016; 27:58–71 © 2015 John Wiley & Sons, Ltd.
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these 18 elements form our proposed paradigm. Figure 3
illustrates a graphical representation of the proposed
paradigm in which the arrows symbolize the notion of
correspondence/consistency.

5. EXPERIMENTS AND RESULTS
In this section, we report a study aimed at determining the
relative signiﬁcance of the different components and elements presented in Table I. Several participants were asked
for their opinions on the topic. As we believe that it is essential to incorporate the opinions of animation experts,
half of the participants were selected with experience in
motion animation. A case study is performed on contextual
dependency through a set of experiments in both FM and
BM domains. We selected this component of the paradigm
for the case study because it is less self-evident (compared
with internal consistency for example). Furthermore, there
are also less supporting related work for this component.
5.1. Relative Signiﬁcance
We believe it is important to determine the relative
signiﬁcance of each of the components and elements of
the paradigm in both face and body domains. Twentytwo participants were asked to provide ratings regarding
the importance and impact of each element on a 10-point
Likert scale. Detailed description of each of the elements
in Table I in addition to supporting examples were read
for the participants. Initially, deﬁnitions and examples
of the terms: bodily actions (PTBM), bodily expressions
(STBM), facial actions (PTFM), facial expressions (STFM),
and context were provided. Then, the descriptions and

Figure 3. Graphical representation for the concept of perceptual
validity.

examples of the elements of the paradigm as described
in Sections 4.1–4.4 were read to the participants. Eleven
of the participants were experienced with animation of
human motion, which we call expert participants, and
11 were inexperienced towards animation of human
motion. The expert participants had a mean age of
M = 25.8 and standard error (SE) = 4.2. They were either
employees of animation studios or graduate students with
experience in the ﬁeld of animation; nine of whom were
males and two were females. The naïve participants had
a mean age of M = 30.8 and SE = 12.7; seven of whom
were males and four were females. The necessary ethics
approval was secured. No compensation was provided
for the participants’ time.
Figure 4 illustrates the mean and SEs of both expert
and naïve participants for each of the PV elements mentioned in Table I. The two important points that should
be considered in this ﬁgure are expert participants alone
and the expert and naïve participants together. In both

Table I. Components and elements of the proposed paradigm.
Number

Component

Element

1
2
3
4

Association

Proper
Proper
Proper
Proper

5
6
7
8

Contextual dependency

Dependence:
Dependence:
Dependence:
Dependence:

PTBM and context
PTFM and context
STBM and context
STFM and context

9
10
11
12
13
14

Internal consistency

Consistence:
Consistence:
Consistence:
Consistence:
Consistence:
Consistence:

PTBM and PTBM
PTFM and PTFM
STBM and STBM
STFM and STFM
PTBM and PTFM
STBM and STFM

15
16
17
18

External Consistency

Consistence:
Consistence:
Consistence:
Consistence:

PTFM and STFM
PTBM and STBM
PTFM and STBM
PTBM and STFM
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of
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PTFM
STBM
STFM
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Figure 4. Mean and standard errors of the ratings provided by
expert and naïve participants for each element of Table I.

cases, consistence of PTs between body and face has been
perceived as the least importance. Interestingly, the most
important element as perceived by expert participants is
the internal consistency of PTs for FM, while the naïve
participants perceive consistence of PTs in the body as
the most important. Internal consistency of STs in the face
as well as proper display of SFs in the face have also been
perceived as very important by both experts and naïve
participants.
One-way analysis of variances (ANOVA) for the
ratings of the 18 elements of the paradigm shows that for
expert participants, there is signiﬁcant effect at p < 0.005
(F(17,197) = 2.42). Similarly for the naïve participants,
the element poses a signiﬁcant effect at p < 0.0001
(F(17,197) = 3.95). For the two groups of participants together, similar signiﬁcant effect is observed at p < 0.0001
with F(17,395) = 5.17.
To further evaluate the relative signiﬁcance of the four
components, we averaged the elements for each of the
main components of PV. Figure 5 illustrates the average
and SEs of the results for the two participant groups.
One-way ANOVA indicates neither expert nor naïve
participants perceive a components to be signiﬁcantly different (F(3,43) = 1.7, p = 0.183 for expert and F(3,43)
= 2.45, p = 0.077 for naïve). However, one-way ANOVA
on both ratings together indicates that the two groups together do perceive a signiﬁcant difference at the p < 0.05
level with F(3,87) = 3.34. Both experts and all participants
perceive external consistency as the least important, while
internal consistency is perceived as the most signiﬁcant.
5.2. Case Study
The goal of this section is to provide a case study,
validating the concept of contextual dependency for
both FM and BM. The stimuli for the FM experiments
were created using iFACE, a three-dimensional (3D)
facial animation software, developed by Arya and
DiPaola [84]. The BM stimuli were from the Carleton
64
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Figure 5. Mean and standard errors of the ratings of expert and
naïve participants for each component of the paradigm. Components are in the order presented in Table I.

dataset described in Appendix A. Alterations to the
BM data, where needed, were applied in MATLAB
(MathWorks Inc., Natick, MA, USA), and the data were
shown in a combinational PL and stick-ﬁgure form. A
total of 23 naïve participants, 14 males and 9 females,
with a mean age of M = 21.6 and SE = 4.0 took part in
this experiment. The necessary ethics approval was
secured. No compensation was provided for the participants’ time. A set of descriptions regarding the context
of the scene was provided to the participants. The stimuli were then presented on a 14.6 in. liquid-crystal display laptop screen, and participants were asked to rate
the validity of animation to represent the context
provided on a 10-point Likert scale.
Two sets of experiments were carried out, one for FM
and one for BM. Each experiment consisted of three cases:
case 1 dealt with slight primary actions and neutral STs,
case 2 investigated the effect of unexpected primary actions, and case 3 was regarding the effect of unexpected
STs in the animation.
In experiment 1, the scenario illustrated a travel agent
describing different ﬂight schedules for a vacation to a
tropical resort to a costumer. The costumer was happy
with the offers and planning to take the trip. Then, three
sets of stimuli were presented to the participants, all belonging to a white female agent. In the ﬁrst case, the
agent did not show any particular facial actions or expressions (neutral), only mild nodding occurred. The second case showed fast single eyebrow rises and no
particular expressions. Finally, in the third case expressions of sadness were displayed. Figure 6 illustrates
these facial expressions.
In experiment 2, it was described that the same agent
from experiment 1 printed the ticket (after being purchased
by the costumer) and walked to the printer in the other side
of the room to pick it up. Case 1 of this experiment showed
a neutral female walk, while in case 2, a regular female
walk was presented during which the agent threw random
punches in the air, and in case 3, a tired female walk was
Comp. Anim. Virtual Worlds 2016; 27:58–71 © 2015 John Wiley & Sons, Ltd.
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Figure 6. Snapshots from experiment 1 performed to test contextual dependency: (a) presents a neutral face, (b) is captured from
case 1 showing neutral face with slight nodding, (c) is captured from case 2, illustrating fast single rising of a eyebrow, and (d) from
case 3, showing expressions of sadness.

presented. Figure 7 illustrates frames from the walking
stimuli.
The results of the experiments are illustrated in Figure 8
where the mean ratings are displayed, and error bars represent the SEs. One-way ANOVA shows that there was a
signiﬁcant effect for contextual dependency in FM domain
at the p < 0.001 level (F(2,66) = 48.9). A similar effect was
observed in BM domain at p < 0.001 (F(2,66) = 61.28). It
is generally observed that for case 1, where contextual
dependency has been taken into consideration, in both
FM and BM domains, approval rates are quite high. For
case 2 where dependency has been disregarded for the
PT, ratings drop in both domains. For BM, however, the
drop rate is slightly higher than FM. Similarly, in case 3,
where dependency has been disregarded for the ST, the ratings drop in both domains. The drop rate for case 3 in
general is less than that of case 2. Also, a higher drop is
observed for FM.

6. DISCUSSION

Figure 8. Mean ratings and standard errors for contextual dependency experiments in face motion and body motion domain.
Case 1 represents full dependency, while in case 2, the component has not been considered for the primary theme, and in case
3, the component has not been considered for the secondary
theme.

6.1. Relative Signiﬁcance
The study on the relative impacts of the elements of our
proposed paradigm showed that as expected, different elements and components maintain different signiﬁcance
levels, the most important of which (according to expert
participants) is consistency between PFs in FM. Moreover,
consistency of SFs in FM and proper display (association)
of SFs in FM have received higher ratings with respect to
others. This is in accordance to earlier studies emphasizing
the signiﬁcant impact of facial features [85]. Moreover, it
is interestingly observed that the least important element
is internal consistency between PFs of FM and BM, while
the importance of internal consistency between SFs of FM
and BM is quite high. This indicates that the face and body

can perform independently in terms of actions but not emotions and expressions. In addition, proper display of PFs in
BM is not perceived as signiﬁcantly important (compared
with that of SFs), which points to proper display of SFs being generally more important. This could be due to the fact
that SFs, by nature, are spatiotemporally smaller compared
with PFs, and slightest alterations can change the expression, while for primary actions, there is more room for variation (spatiotemporally). In other words, the perceptual
message of PFs can be conveyed even when they are not
visually sound while the same cannot be said about SFs.
Finally, internal consistency is perceived as the most important component while having the least important element, namely, consistence of the PF of BM with PF of

Figure 7. Snapshots from experiment 2 performed to test contextual dependency: (a) presents a neutral stance, (b) is captured from
case 1 showing neutral walk, (c) is captured from case 2, illustrating fast normal walk and sudden punches on the way, and (d) is from
case 3, showing a very tired walk.
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FM. This indicates that aside from consistence of PFs for
FM and BM, other elements of this component are very
vital in character animation.
The 11 experts, when exposed to the paradigm and
asked about its potential applications for animators, provided an average 8.3/10 approval rating with SE = 1.5. This
indicates that the model as a whole is perceived to be useful and helpful by people with experience in animation of
human motion. The animators have generally felt that the
paradigm along with its ranking of elements and components can provide a valuable set of guidelines on when
and how to modify and process motion animation.
6.2. Case Study
In order to perform case studies on all of the elements of
the paradigm, numerous experiments would be required.
In this paper, we performed a case study in support of contextual dependency. Association has been widely studied
in the literature, and the two consistency laws are quite intuitive and self evident. Our experiments in both FM and
BM domains illustrated signiﬁcant effect for contextual dependency. This means in both FM and BM, and for both
PT and ST, disregarding contextual dependency signiﬁcantly reduced the validity of the sequences for the participants. The FM and BM ratings in each case were not
statistically different from one another at the p < 0.05
level. The consistency across FM and BM domains are
an indicator of the validity of our paradigm and case study.
However, there are slight differences in the two domains
that need to be discussed. Our analysis of these differences
is as follows. In case 1, where the original sequences were
displayed, BM shows higher ratings. This can be due to the
fact that the BM stimuli were acquired using a motion capture system, while the FM stimuli were synthesized using
artiﬁcial computer graphic techniques. In case 2, where unexpected primary actions were displayed, ratings for both
FM and BM signiﬁcantly dropped. This is quite expected
based on the model and follows the proposed paradigm.
Unexpected movements with no particular explanation
for the actions reduce the validity signiﬁcantly. Written
feedback by the participants showed that some sort of reason for punching or sudden eyebrow raise must be provided in order for the sequences to be valid. Display of
excess movements for BM, on the other hand, reduced
the validity slightly more than FM. This can be due to
many reasons, but written feedback by the participants provided an interesting insight into this trend. Most participants who, in case 2, provided higher ratings for BM,
associated the sudden eyebrow raising of the FM stimuli
to some sort of nervous tick. This contradicts the ﬁndings
of the comparative impact study (where PTs of FM are perceived as more important), but it should be noted that the
difference between corresponding elements in Figure 4
are not signiﬁcant. In case 3 where unexplained secondary
actions were displayed, the FM ratings almost stayed the
same (compared with case 2). Therefore, a sad face, according to most participants, is not at all valid when
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applied to a travel agent about to sell a ticket. The BM ratings, however, showed an approximate 16% increase in validity. Written feedback from participants related this
increase to the probability of the agent being tired from a
long working day (or being old in some cases). STs of
FM, being more important than STs of BM, is in accordance with the comparative impact study.
An important point to consider is that when creating
synthetic animation content, the animator might intentionally disregard some aspects of PV because of the implementation of a particular style, a speciﬁc agenda, or role
of that animated character. In such cases, one should not
expect to precisely witness the estimated impacts of the
elements of the proposed model.
In this experiment, the choice of examples might have
had an impact on the ratings. Nonetheless, we tried to
choose examples that had no commonality with the paradigm component in question. Accordingly, other examples
with such little commonality are expected to result in similar, but perhaps not identical, outcomes. It should also be
noted that this case study was not performed to rank the
relative importance of the components or the signiﬁcance
of FM versus BM. This experiment was carried out simply
as an example that the paradigm holds in applied settings.
6.3. Disney’s Principles for Animation
In order to further analyze our proposed paradigm, we
compare and map the components of PV with Disney’s
principles of animation [5]. The goal of this analysis is to
examine how the concepts of PV correspond to Disney’s
set of 12 principles and vice versa. It should be noted, however, that Disney’s principles recount for general animation and are not limited to human motion unlike our
model, which only discusses FM and BM. Table II shows
the correlation between the two paradigms in human
motion domain.
Many of the Disney’s principles are concerned with
correct presentation and preservation of animation cues
as well as physical laws. As a result, they can be related
to association. Principle 1, squash and stretch, is concerned with weight and volume, hence, physical characteristics. Thus, it can be related to association where correct
depiction of motion cues is proposed, regardless of
whether the cues belong to PTs or STs. Often regarded
as the most important principle, it resonates with the ﬁrst
component of our paradigm. The fourth principle is solely
concerned with animation techniques and notions such as
volume, size, and proportions. As a result, this principle
is only similar to association. Principle 5, follow through
and overlapping action, suggests that some degrees of
freedom of a moving body keep moving when that body
comes to a stop, referring to physical kinetic laws. As this
principle strictly considers physical rules, we can only relate it to association in the framework of human motion.
Similar to principle 5, the sixth principle called slow in
and slow out, is concerned with acceleration and decelerations of bodies, referring to physical laws yet again.
Comp. Anim. Virtual Worlds 2016; 27:58–71 © 2015 John Wiley & Sons, Ltd.
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Table II. Mapping Disney’s set of principles for animation with components of perceptual validity. A: association; CD: contextual
dependency; EC: external consistency; IC: internal consistency.
Perceptual validity
components

Disney principles
Number

Principle

1
2

Squash and stretch
Anticipation

3
4

Staging
Straight ahead action
and pose to pose
Follow through and
overlapping action

5

6
7
8

Slow in and slow out
Arcs
Secondary action

9

Timing

10
11
12

Exaggeration
Solid drawing
Appeal

Summary/implications
Volume of squashed or stretched object is constant
Speciﬁc movements are anticipated based on physical
properties; focus on an object about to be subjected to force
Presenting an action, mood, personality, or expression clearly
Animation process: “straight ahead action” and “pose to pose”
Parts of bodies (with degrees of freedom) will move after the
body has stopped; different parts of a body can move with
different rates
A body needs time to accelerate and decelerate
Natural actions often follow a path of a trajectory in arch format
While a character performs a main action, it can perform
secondary (smaller) supporting actions
Correct timing (number of frames per action or second) results in
realistic scenes
Realism versus style: Disney preferred realism but in a bit wilder form
Animation in third dimension with weight and volume
Characters being charismatic and interesting, even if not
necessarily sympathetic

Consequently, we map this principle to association. The
seventh principle, arcs, suggests that natural motion is
generally arc-like. While this property is difﬁcult to map
onto our paradigm, we can only distinctly relate it to association where naturally and correct appearing features and
cues are discussed. The ninth principle, timing, suggests
that correct frame rates and timing result in realistic
scenes. As this law is directly in regard to preservation
and correct presentation of animation content, it can be
mapped to association. Principle 11, solid drawing, again
emphasizes robust visualization, taking into account volume, weight, solidity, and other factors in three dimensions. As a result, similar to several other principles, this
is mapped onto association.
Anticipation, which is the second principle, puts focus
on bodies or objects in the scene. Naturally, this principle
is developed through the events that lead to the particular
scene, hence, context. Therefore, we relate this principle
to contextual dependency.
The third principle called staging directly relates to association as it dictates correct and clear depiction of PTs
and STs. Moreover, this principle demands the themes to
be clearly displayed based on the “story,” which in turn
dictates the context. Therefore, the principle also related
to contextual dependency.
Principle 8 is called secondary action. This principle
dictates that a main action is accompanied by a series of
less signiﬁcant yet “supporting” actions. While the terminology for this principle does not clarify whether STs are
considered a form of secondary actions, it is safe to assume
that this in fact is the case. As a result, this principle
Comp. Anim. Virtual Worlds 2016; 27:58–71 © 2015 John Wiley & Sons, Ltd.
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A

CD

IC

EC

✓

✓

✓
✓
✓
✓

✓

✓

✓
✓

✓
✓
✓
✓

✓
✓

captures both consistency principles namely internal consistency and external consistency. In other words, the general idea behind this principle can be regarded as action
cues (regardless whether primary or secondary) being in
support of one another and not contradicting each other.
Exaggeration, the 10th principle, prohibits extreme visual distortion of content. Suggesting that animation
should be depicted realistically; we can conclude that preservation and presentation of cues in natural format is preferred through this principle. Thus, the principle closely
relates to association.
Finally, the 12th principle called appeal suggests that
characters should be charismatic and interesting, even if
they are not necessarily sympathetic. Here, the concept
of appeal can refer to correct and accurate content from
a visual and form-related point of view, hence, association. However, it has been suggested that characters can
signiﬁcantly appeal to the audience based on the story
line, events, decisions, and actions. Therefore, this principle relates to contextual dependency of the PV paradigm
as well.
As shown previously, most of Disney’s animation principles are concerned with appealing and accurate presentation and format of animation content, hence, PV’s
association. The proposed paradigm, however, is more
general and focused on consistency of cues with one another as well as context. While PV is by no means intended
to replace Disney’s set of principles, we believe it can be a
valuable addition to the existing set of guidelines for animators, speciﬁcally for those in the ﬁeld of motion
animation.
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7. CONCLUSION AND FUTURE
WORK
In this paper, we proposed a general paradigm, the goal of
which is to provide a set of guidelines for animators
employing and processing human motion (FM and BM).
We suggest that taking into account the 18 elements of
the paradigm can ensure PV in animated motion scenes.
The model suggests that visual cues that motion features
(both primary and secondary) need to be spatiotemporally
and perceptually accurate. Moreover, PTs and STs need
to be consistent with the context of the animation scene. Finally, the STs and PTs need to be consistent, both internally and towards one another.
Through subjective experiments, we determined the relative impacts of each element in the paradigm. It was
shown that some elements and some components are more
important and signiﬁcant than others. For more accurate results, half of the participants were experienced with animation of human motion. A case study was developed and
carried out which tested contextual dependency for both
primary and STs and in both face and body domain. As expected, the signiﬁcant impact of this component was demonstrated. Finally, the paradigm was compared against
Disney’s principles for animation and interesting parallels
and conclusions were observed.
For future work, case studies on other components of
the paradigm need to be conducted. The results and comparisons to the comparative impacts study provided in this
paper can provide useful and interesting results. Moreover,
metrics for measuring the precision of each of the elements
of the model can be developed. The paradigm as a whole
can then be quantiﬁed through a weighted sum of the components. Finally, studying and possibly quantifying visual
quality of motion (for both themes and in both face and
body) and exploring the relationship of the results with
PV can lead to valuable ﬁndings.
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