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Research on perception of facia expressions has neglected an important characteristic of
facia expresson, its dynamic property. In this dissertation, two experiments were
conducted to assess the effect of motion on perception of facia expressions and to test
three (3) possible mechanisms by which mation facilitates perception of facia
expressons. (1) mation provides more gatic information than is available in asingle
image. This hypothesis was tested by comparing performancesin sngleimage
presentations (Single- Static) with those in multiple image presentations (Multi- Static). (2)
motion provides tempord information about expressions which aids perception. Thiswas
tested by comparing performances in multiple image presentations with those in moving
sequence presentations (Dynamic). (3) motion improves perception of facid expressons
by facilitating configural processng. This was tested by comparing the effect of motion

in upright and inverted presentations of the stimuli. In Experiment 1, participants were
shown posed faces with subtle facia expressonsin one of three modes (Single- Static,
Multi-Static, or Dynamic). Experiment 1 revealed arobust effect of motion relative to
both Multi- Static and Single- Static condition. This finding, in addition to the absence of
an interaction effect between motion and inverson suggest that the effect of motion was

not due to additiona static information and was not mediated by configura processng.



Experiment 2 replicated the basic procedure of Experiment 1 and in addition included a
face recognition task and amemory measure of facid expresson. The advantage for
dynamic presentation was replicated. Converging evidence from Experiment 1 and 2
supported the second mechanism and suggests that the effect of motion on judgment of
facid expressonsisinherent in the dynamic property of the sequence. The nature of this
dynamic property was discussed with regards to the possibility that motion might

enhance the perception of change (change sensitivity hypothesis).
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INTRODUCTION

A critical aspect of face perception isits dynamic nature. With very few
exceptions, in everyday living we rarely perceive aface in agatic mode. Thefaceis
dynamic with every change in pose and expressions. Thus, studies on face perception
atempting to mimic the natural processing of face perception should include this
important characteristic. However, this very important property of aface has been largdly
ignored. Computer vision scientists have taken advantage of the dynamic nature of face
perception in their attempt to automaticaly detect facid expresson (Bartlett, Hager,
Ekman, & Sginowski, 1999; Cohn, Zlochower, Lien, & Kanade, 1999; Tian, Kanade, &
Cohn, 2000, 2001). Human judgment studies, however, have not been nearly as

extensve,

The lack of attention on this dynamic property is clearly evidenced from the
extensive use of gatic displaysin previous studies of face perception. What could be the
role of motion in human face perception? This question will be addressed in the
following sections.

A face contains awedth of socia information. From aface, people can extract
information about identity, gender, age, speech action and also emotion. Research on face
processing has concentrated on the perception of identity and affect. The discussion
bel ow focuses on these two important domains of face processing, with respect to

potentid role of emotion.



The Role of Motion on Perception of Facial Expression

As mentioned previoudy, research on faciad expressions has dmost exclusvely
sudied facid expresson with gatic displays. Thisis perhaps in part due to the belief that
dtatic representations are segments taken from an ongoing expression and therefore the
expresson itsAf is entirely represented within the chosen segments. However, thereisa
concern that the utilization of Static facid expressonsrelies on ingtances that are highly
prototypical and exaggerated forms of expression (see Wallbott & Scherer, 1986). Redl
life gtuations involve much more subtle interpretations of the visud sgnd than whet is
usudly employed in the static domain (Carroll & Russell, 1997; Tian et ., 2001).

Impoverished Stimuli. There have been only a handful of studiesto characterize
the role of motion on perception of facid expressons. Thefirst forma study on dynamic
facia expressons was one by Bassili in 1978. Using the point-light technique, he showed
that observers were able to identify the emotion accurately in the moving condition as
compared to the static ones. Bruce and Vaentine (1988) replicated Bassli’sresultsin a
amilar setting. They investigated whether observers could make various judgments about
the posers through point-light displays. The results indicated that for dl types of
judgment (gender, identity, type of motion, and judgment of emation) moving displays of
the point-light figures were aways more accurate than gill ones.

Although useful for demondtrating the role of motion in emotion detection, the
point light procedure reduces the information available to the motion components
exclusvdy. The problem with it isthet point-light digplays are highly impoverished
gimuli in that they include much fewer moving ements than those observed with red

face stimuli. Nevertheless, these studies demondtrate that with the absence of any



information ather than movement people can il judge facid expresson with acertain
level of accuracy. This suggeststhat facid information may contain reliable information
in the tempora domain to produce accurate recognition.

Actual Face. In gudies using actud, full diplay of face stimuli, the role of
tempord information of facid expresson on finer distinctions within the same category
of emotion has been demongtrated. Specificdly, dynamic characterigtics of facid
expression have been demondtrated to influence the perceived authenticity (posed or
spontaneous) of the expressions (Ekman & Friesen, 1982; Hess & Kleck, 1990; Hess &
Kleck, 1994). For example, it was found that some markers differentiate enjoyment smile
from other types of smiles. These markers include the presence of obicularis oculii action
in conjunction with the zygomatic major (ZM), symmetrica action of the ZM on both
sdes of the face, ZM actions that are smooth and not irregular, duration of ZM action that
is congsgtent from 1 enjoyment amile to the next, and synchronous action of the ZM and
the obicularis oculii such that they reach maximal contraction at about the same time
(Frank, & Ekman, 1993).

The above studies, athough important, do not answer the question of whether
motion affects categorica judgment of expressed emotions. This is because these studies
focused on the dynamic properties that distinguish posed from spontaneous expressions,
rather than comparing individuas' ability to classfy the emotions from dynamic versus
datic digplays of emotion.

It isonly recently that attempts to assess the effect of motion on the perception of
facia expression have been conducted using full actual faces. However, aswill be

described, these studies have important limitations. Harwood, Hall, and Shinkfield (1999)



presented moving and dtetic videotaped and photographic displays of posed emotiond
expressions to 12 19-54-yr-olds with mentd retardation and 12 without menta
retardation. Participants chose the corresponding emotion portrayed by the displays from
among 6 written and pictorid |abels of the emotions. Their results indicated that
individuas with mental retardation who were sgnificantly poorer than norma subjects a
identifying Anger, Fear, Disgust, and Surprise, performed significantly better on the
moving as opposed to the static videotaped displays of Sad and Angry. A smilar result
for motion was aso observed in the norma control participants matched for age and
gender.

Harwood et d. (1999) appears to be the only published study to report a
sgnificant effect of motion on the judgment of emotion. However, their result was
limited to the perception of Sad and Anger. The authors never offered any explanations
for the limited effect of motion on the perception of Sad and Anger. Their data indicated
that the lack of effect for Happy expresson might have been due to a celling effect.
However, this celling effect could not account for the lack of facilitative effect of motion
on other expressions (Fear, Disgust and Surprise). It is possible that the effect of motion
on these expressons was masked by the low performances of participants with menta
retardation for these expressons. Given the fact that the participants with menta
retardation were sgnificantly less accurate than the norma control subjects for these
expressions, the authors should have analyzed the effect of motion on perception of Fear,
Surprise, and Disgust separately for the two groups of subjects. Alternatively, the lack of
effect on somefacia expressons may have been masked by a higher learning effect for

those expressions. Harwood et al. (1999) presented the participants with both the static



and dynamic presentations of the same items. Another attempt to test the effect of motion
on perception of facid expression was conducted by Gepner, Deruele, and Grynfdtt
(2001). They presented children with autism (ages 52 - 84 months old) and normal (ages
21 - 61 months old) control children with “ill”, “dynamic”’ and “ stroboscopic” displays
of the facid expressions of Joy, Surprise, Sad and Disgust. Their datafailed to
demondrate the effect of motion on judgment of facid expresson by children with

autism and their normal matched controls. The authors attributed their resultsto a
possible ceailing effect in the “till” conditions. Looking at their deta, however, the celling
effect interpretation seemed to be less likely given the fact that their participants were
only 65% accurate in the “still” condition. It seems that other factors semming from the
design of the study are more likely to contribute to their results. Firg of dl, ther gimuli
were devel oped from a single poser (afemale actress). Even though Gepner et d. (1999)
had sdected the segments that they judged to be the most expressive and redlidtic, it is
likely that their results were limited to the particuar stimulus person that they used.
Secondly, their “4till” condition was developed by asking the actress to maintain the
faciad expressons as gatic as she could during 2 seconds of recording. Thusit may not
have been purely “gatic’. Gepner et.d. (1999) acknowledged the possibility that the il
condition contained micro movements that hel ped expresson discrimination. Lastly, and
more importantly, is the choices of facid expresson included in their sudy may have
minimized the possibility for confusons among facid expresson and thus limited the
effect of motion in disambiguating them. Studies in perception of facia expressonstend
to demongtrate common confusions among some specific expressons (McKevie, 1995).

For example, Surprise is commonly confused with Fear, Anger with Disgust and Saed



with Neutra. Gepner et.d.'s (1999) stimuli depicted only Joy, Surprise, Sad and Disgust.
With those sdlections the expressions commonly confused with each other were not
present both in the stimuli and in the response choices presented to the participants. If
moation facilitates the recognition of facia expresson by disambiguating the expressons,
then the manifestation of this effect may have been grestly reduced in Gepner et.d.’s
(1999) study.

Interestingly, Gepner et.al (1999) introduced a condition called “stroboscopic” to
mimic the perception of motion reported by autistic adults (Gepner et a., 2001). The
stroboscopic conditions consisted of 2 to 4 frames per second selected at regular intervals
from the dynamic condition sequences. In principle, the stroboscopic conditions were
aso dynamic in nature with dow speed and abrupt changes of the expression displayed.
Their data indicated a Sgnificant increase in performance by control subjectsin
stroboscopic conditions than in till presentations. For that reason, Gepner et.al. (1999)
should have reported a beneficia effect of motion, that is, a specific effect of dow and
abrupt changes presentation, on perception of facia expressions.

Another attempt to test the effect of motion on full-actud facid displays of
emotion with norma adults dso falled to find asignificant effect. In an unpublished
dissertation, Dube (1997) found a non-significant tendency toward better judgment of
facid expresson in the dynamic presentation than in static presentation. In his study,
Dube (1997) asked 4 posers (2 males and 2 females) to express two sequences of facia
expressions. Each sequence included the changing expression from Sad to Happy or from
Happy to Sad. Each sequence was presented multiple times and participants had to label

the expression and provide ratings on severd dimensions (including intensity and



confidence). The main rdevant finding from these sudies is that the dynamic

presentation led to a generd increase in the identification rates and sdiency judgments as
compared to static presentation. However, this overal observation across dl subjects did
not reach asignificant level. One reason proposed by the experimenter is the celling
effect for the static presentation.

Another problem with Dube's (1997) study isthe use of very limited posers (4 or
in some studies 3 posars). The limited number of posers alowed more room for posers
expressveness and idiosyncrasy to have an effect. This agpect might have contributed to
the poser effect in the studies, and limited the generdization and interpretation of the
findings. More importantly, it might have contributed to the failure to demondrate a
facilitation effect of dynamic sequences on the perception of emotiond fecid
expressions. In the future, sudies should attempt to use more stimuli from varying posers

to overcome this problem.

Another factor that gppears to be common in the studies discussed above isthe
use of strong (intense) facid expressons as simuli. In relation to that, those studies also
raised a possibility of aceiling effect. To thisend, the intengity of the facid expressons
may be important in maximizing the effect of motion. Perhgps mation would be more
beneficid in more difficult tasks, asin the case of judging subtle facid expressons. The
use of gtrong facia expressons as simuli gppears to be standard in most studies of facia
expressons. In addition to the problem of ecologicd vdidity with using thisform of
gimuli (Carroll & Russell, 1997; Tian et a., 2001), it aso may have contributed to the
failure to demondrate a robust effect of motion on facia affect judgment in the above

sudies.



In summary, previous studies indicate a suggestive but equivoca effect of motion
on perception of facia expressions. One of the main problems agppearsto resde in the use
of intense facid expressons. Specificdly, the use of more subtle facid expressons may

reveal amore robust effect of motion.

The Possible M echanisms. As mentioned briefly above, studies by Ekman and
Friesen (1982) and Hess and Kleck (1990, 1994) suggested one possible role of motion
in fadilitating judgment of facid expression, that is dynamic display of facia expressons
provides unique information about the expressons that is not avalable in the datic
display, namey the tempord information of the expressonsitself. Another possible role
of motion on perception of facid expresson is Smply that moving sequences provide
more information to disambiguate the expression. Indeed, one of the mgor problemsin
comparing satic and dynamic digplay of facid expressonisthat only oneimageis
sufficient to diplay an expresson in astatic mode. But it takes many more to create a
sequence of facia expression in progress. Thus, by definition, moving sequence usudly
contain many more static pictures, and hence more information on the expressonsin
progress, than gatic display. This fact aone suggests the possibility thet it isthe
additiond information that helps in disambiguating the emotion sgna. Toward this end,
the dynamic property of the sequence itsedf may not be important. This possibility,
athough has been implicitly recognized (Ekman & Friesen, 1978; Ekman & Friesen,

1984; Hess & Kleck, 1990) has not been tested empirically.

Previous studies comparing static and dynamic presentation (e.g. Dube, 1997)
could not test this hypothes's, because the dynamic condition was only compared to a

angle gatic condition, and hence confounding the amount of information with the



dynamic property of the stimuli. Thus, the possibility that dynamic sequence smply
provides more gatic information remains a hypothesis, which will be tested in the current
gudy. This hypothesis can be tested by separating the effects of the two factors that are
inherently combined in a dynamic sequence, the amount of information and the dynamic
property of the sequence. The effects of those two factors can be tested separately by
adding one more gtatic condition. This condition should have an equa amount of
information with that presented in the dynamic condition, but without the perception of
moation. This condition will be called Multi- Static condition. (See Figure 3. Descriptions

of Motion Conditions).

Another way in which motion can affect perception of facid expression isthrough
its effect on the mode of processing employed by the observer. In face perception, a
digtinction is often made between configura-based processing and featural- based
processing. These two digtinctions of mode of processing originaly came from studies of
face recognition. Configura information is defined as interactions among individua
features of the face, whereas afediure isavisud characteristic of asingle facid
component (eyes, brows, mouth, and nose). Caroll and Russdll (1997) made asimilar
distinction between pattern and action unit (AU). Whiledl of the configurd information
in the current definition fallsinto Caroll and Russdl’s (1997) category of pattern, the
current definition of afeature is different from their description of an action unit. An
angled brow in a sad expression will be one piece of featurd information even though it
can be scored as AU 1+4, which would be categorized as a pattern in Caroll & Russdl’s
(1997) study. Another similar distinction is that between holistic and componential

processing in face recognition (Carey & Diamond, 1994). Holidtic, just like pattern,



involves the processing of multiple components of the face. In the face recognition

literature, holigtic and configuration have been used to refer to dightly different kinds of
information. Configurd information usudly refersto spatid relationships among

features, for example, the distance between the eyes, the distance between the tip of the
nose and the upper lip, etc. Holistic usudly refersto the perception of thewholeface asa
non-decomposable unit. In the current sudy, the term configuration or configural
information is conceptudized as interactive influence of facial features. No assumption
will be made about the nature of information contained in the configuration, whether it is
the spatid relationship or other kind of relationship among features or even the holistic
impression of the face,

The possible role of motion in mode of processing mentioned above specificaly
hypothesized that motion might improve perception of facia expresson by facilitating
configurd processing of the face stimuli. It could be that seeing the movements of the
facid features (elements) in accordance sheds light on the organization of those facid
elements and how they relate to one another, and hence promotes the perception of
coherence, and thereby shapes the interpretation of expression through the pattern of
movements of the whole e ements synchronoudly.

The idea that motion can promote the perception of coherence among the facid
featuresis not implausible. The human visud system is known to have aremarkable
ability to recover spatid structure and the nature of action of an object from the motion of
its dements (Braungtein, 1962; Cutting, Moore, & Morrison, 1988). Cutting, Moore, &
Morrison (1988) used the point-light technique and put some points on the mgor joints of

aposer. The poser was then instructed to perform severd actions, such aswaking,

10



running, jumping, and dancing, while being videotaped. Before showing the imagesto
observers, Cutting, Moore, and Morrison (1988) added extra, random, dots to the display
of the posar’ sfigure. These extra random dots masked the dots that were carefully
positioned on the mgor joints. Thus, on a dill image, the walker’ s dots became totally
invisble, blended seamlesdy into the background dots. If, however, motion is added to
the display by playing the film, then the form of the point-light figure and the nature of
the action it was performing became quickly and easly apparent. Cutting, Moore, and
Morrison's (Cutting et d., 1988) study demonstrated that motion could provide
information about structure. Perhaps the pattern of motion promotes the perception of
coherence and wholeness among the body parts of the point-light figure thet dlows
observer to interpret the dots as belonging to the point-light figure and separate it from
the background dots, which did not move the same way. Based on the above
demondration, it is plausible that a moving sequence of facid expresson could have a
amilar role in promoting the perception of configuration, and hence facilitating
configura processing in the perception of facia expressons. Indirect evidence of this
role comes from studies of face recognition. A more detailed description of this study and
an interpretation of the findings to support the above ideawill be discussed in the next
section on The Role of Motion on Face Recognition.

The new ideaiintroduced above, that motion improves judgment of facia
expression by facilitating configural processing, entails avery important aspect. Thet is,
it srongly relies on the premise that judgment of facid expresson itsdf is largdy
configura-based. Supports for the premise should come from studies of mode processing

in the perception of facia expressons. What has been known about the dominant mode

1



of processing employed in the perception of facid expresson? Unfortunately, the answer
to this question has not been conclusve. As mentioned before, the traditiona work on
facid expresson focused on the socid aspects of judgment of facid expressons, and
largely ignored the basic perceptua processes underlying the experience. However, one
of the mogt reliable findings in the face recognition literature is the observation that
people are sengtive to configurd informeation in aface. Perception of facid identity is
largely dependent on configura processing.

Waysto Test Mode of Processing on Face Per ception. The inverson effect, the
composite effect, and the filteration effect are three of the common findingsin face
recognition literature which provide evidence for the reliance on configura information.
Theinverson effect shows that recognition of faces is much more difficult when the
faces are inverted than when they are in the (norma) upright orientation (Bartlett &
Searcy, 1993; Freire, Lee, & Symons, 2000; Hancock, Bruce, & Burton, 2000; Leder &
Bruce, 2000; Leder, Candrian, Huber, & Bruce, 2001). A number of strands of evidence
indicate that it is the ability to perceive the configuration of the face that is disrupted by
inverson (Bartlett & Searcy, 1993; Freire et d., 2000; Hancock et a., 2000; Leder &
Bruce, 2000; Leder et a., 2001). For example, Freire, Lee, and Symons (2000)
demondrated inverson effect on same-different judgments between two faces but only
on those faces which were dtered configurdly. No inversion effect was found on

judgments of festurdly atered faces.

Works on the composite effect combine the top half of one face with the bottom
haf of another. When the two halves are correctly aigned (to form a composite face), it

is hard to recognize the individud identity of each hdf. If misaigned (to form anon



composite face), identification is much easier. Thus, identification of the composite face
as“dl of apiece’ interferes with identification of its parts (Carey & Diamond, 1994,
White, 2000).

Filteration is a technique to manipulate the accessihility of feasturd and configura
information during face recognition. Theideais based on Sergent’s (1984) dam that
featura informationis preserved in the high spatia frequency, whereas only the
configurd information is contained in the low spatid frequency. A few studies have
confirmed that face recognition can ill be achieved in faces containing just the low
facid frequencies (e.g. Nagayama, 1999), suggesting that recognition is still good even
when only the configura informetion is available.

The same three techniques above have been used in afew attempts to study the
mode of processing in judgment of facia expresson (Bartlett & Searcy, 1993; Endo,
Kirita, & Abe, 1995; Kirita& Endo, 1995; McKelvie, 1995; Muskat & Soberg, 1997,
Searcy & Bartlett, 1996; White, 1999, 2000). These studies have demonstrated somewhat
incong stent results. However, direct comparison is difficult due to various
methodologica differences among them. The differences include the type of simuli (line
drawings, pictures of red faces); type of experimenta manipulation (inversion,
compogte, filter); type of tasks (identification, same-different judgments, pre-semantic
level search task, grotesqueness ratings), and theleve of andyss (overdl facid
expressons, or type of emotion). The possibility remains that these various
methodologicd differences can account for the differencesin the results.

Although it has been somewhat inconsistent, the generd picture seemsto show

that the dominant mode of processng employed in judging facid expressons partly

13



depends on the type of emation. Anger and Disgust are most consistently found to show
the inverson effect, which means that judgment of Angry and Disgust faces tends to be
based on configurd processing. On the other hand, judgment of Happy and Surprise faces
tend to be based on featural processing. For Sadness, there was a stronger tendency for
judgment to depend on configura processing as opposed to featura- processing. Whereas
for Fear and Neutral faces, the tendency is for judgments to be based on configura

processing, athough much more support is needed for thisclam. (See Table 1)

Another aspect worth noting about the studies mentioned above isthat some of
the stimuli and the types of task utilized in those experiments lack ecologicd vaidity. For
example, line drawing isavery smplified (impoverished) kind of facid stimulus. Sudies
using line drawings tend to reved a different result from studies using real faces
(McKedvie, 1995, Experiment 1 and Experiment 2). Redl faces are more ecologicaly
vaid than line drawings. However, the type of red face simuli isaso important. The
above sudies which used red face astheir stimuli typicaly used selected pictures from a
standard set of faces (Ekman & Friesen, 1976), which have been acknowledged to show
exaggerated facia expressions (Walbott & Scherer, 1986). As mentioned before, the
above findings were based on ahandful of studies with various methodol ogical
differences. Thus, more study is needed before the above interpretation can be proposed
with more confidence, and future studies should atempt to use more ecologicaly vaid

gimuli and judgment tasks.
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Furthermore, besides the various differences among the studies discussed above,
the main smilarity between them istheir use of satic displays of facid expresson. This
exclusve preference to atic display is not surprisng given the fact that traditional works
on facid expresson have used dtatic presentations. Thus, the possible influence of motion
on mode of processing is till unknown. The idea that motion can facilitate configurd
processing, however gainsindirect support from studies on face recognition. A more
detailed description of thisissue will be discussed in the following discussion of face
recognition.

Summary. In summary, the previous works on the perception of facia
expression, with their exclusive preference for Setic presentation, have generdly faled to
condder one crucid factor, the role of motion (dynamicity) in judgment of facid
expression. Of the few atempts to characterize the effect of motion, the problems come
from the use of ether impoverished stimuli (point-light display, line drawings), or a
limited st of gimuli (Dube, 1997) and there was no clear explanation for the mechanism
by which motion affects perception of facid expressons. The current study will build
upon those previous studies and test three possible roles of motion. The first possible role
isthat motion Smply provides additiona information on the expresson to help
disambiguate the emotion signd. The second possibility is that motion improves
perception of facid expression by providing tempora information, which was not
available from a gatic display. Ladtly, the role of motion may be mediated by its unique

effect in facilitating configural processing.
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The Possible Role of Motion in Face Recognition

In the above section, it was suggested that one the reasons why motion might
influence the judgment of facid expresson isthat it may enhance configura processng.
This idea suggests that motion would aso facilitate other perceptua processes that rely
on configura processing. As briefly discussed above, the perception of facid identity is
reliably found to depend on configural-based processing. Thus, face recognition provides
agreat opportunity to explore the effect of motion on mode of processing. In other words,
if motion facilitates configura processing, then maotion should have abeneficid effect on
processes that are configural-based, such as face recognition.

There have been severd studies which documented the role of motion on face
recognition (Bruce & Vaentine, 1988; Chrigtie & Bruce, 1998; Knight & Johnston, 1997;
Lander, Christie, & Bruce, 1999; Lander & Bruce, 2000; Pike, Kemp, Towell, & Phillips,
1997). However, these studies mostly involve recognition of famous faces ( Lander et d.,
1999; Lander & Bruce, 2000) in which recognition of faces in ddic (Sngle and multiple)
and dynamic displays are compared. These studies have reliably documented the
beneficid effect of motion in the recognition of famous faces.

The Possible M echanisms. One important aspect of the studies discussed above,
which isinherent in the type of face they used (famous faces), is that they have to avoid a
ceiling effect by degrading the stimuli. Three techniques have been used to make the
faces more difficult to recognize, inverson (Lander et d., 1999), negation (Knight &
Johnston, 1997), and filteration (Lander & Bruce, 2000). The beneficid effect of motion

for recognition of famous faces has been found across these different techniques of
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degradation. Two possible mechanisms have been proposed to explain the beneficia
effect of motion:

1. Motion restores 3-D dtructure of the face through shape-from-motion effect.

2. Motion revedsidiosyncratic facid behaviors, which serve as another cue to identity.

One problem with the first interpretation is related to the type of motion that the
gimuli in these studies were comprised of. It was described clearly that the face stimuli
used in the studies primarily contain non-rigid transformation such asfacid expresson
and taking, with very little rigid motion such as nodding and head turning (Lander &
Bruce, 2000; Lander et a., 1999). Conddering the type of mation in the stimuli, it isless
likely that judges will be able to restore the 3-D structure of the face, smply because the
3-D information is not made explicit by nortrigid motion (Lander & Bruce, 2000).

It was discussed in the previous section that inverson and filteration affect the
mode of processing that the judges could make use of in thelr judgments. Inversion
disrupts configura processing of the face. Filteration (or blurring), however, limits the
avalability of the type of information by filtering out festurd information and leaves
only the configura information intact. The last notion suggests that recognition of blurred
faces should be based on the processing of configura information adone. The fact that
inversgon and filteration influence mode of processing, and that motion facilitates identity
judgment of inverted and blurred faces, suggest thet the role of motion in facilitating
these faces might well be mediated to mode of processing. The previoudy proposed
mechanism has neglected the important aspect of the nature of the simuli and the
possible effect of motion on mode of processing. Taking into account that inversion

disrupts configura processing, and that blurring forces the use of configurd processing,
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the more specific explanation of the role of motion on the recognition of inverted and
blurred faces would be that motion restores or facilitates configura processing. This
possible mechanism has not been gppreciated in the literature. A study designed to
directly test this hypothesis is necessary to support this new idea.

To directly test the role of motion in restoring configura processing, a study
should be designed in such away to minimize the other two possible roles of maotion:
those are, restoring the 3-D structure of the face, and providing idiosyncrasy to ad
recognition of identity. The first cavest isrelatively easy to contral, that isby limiting the
type of motion contained in the simuli. Specificdly, by grictly usng non-rigid motion
(such asfacid expressons) we can minimize the possibility that movement restores the
3-D dructure of the face. However, sdecting the non-rigid motion (such asfacid
expressions and talking) does not minimize the second possibility, the idiosyncrasy
factor. In fact, individud’ s unique facid behavior is usudly unvelled by the way they talk
or the way they expresstheir emaotions. For example, some people smile with wrinklesin
their nose. One way to overcome this problem is by testing the effect of motion on the
recognition of unfamiliar faces. With unfamiliar faces, we can rule out the idiosyncrasy
effect, Imply because the unique facid behavior of an unfamiliar person is, by definition,
unknown. The recognition of unfamiliar faces, therefore, is an excdlent research areato
further explore the effect of motion on mode of processing. Furthermore, with unfamiliar
faces, researchers have more contral in the availability and the development of the
gimuli. If studies using famous faces relied heavily on dips taken from TV and films as

the source of stimuli, studies on unfamiliar faces dlow researches to exercise rdaively
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any control in the development of stimuli as deemed necessary (e.g., minimize head
movements).

Recognition of Unfamiliar Faces. There have been only a couple of studies on
the effect of motion on the recognition of unfamiliar facesin the literature. These sudies
mostly tested the effect of rigid mation (head turn or nod) and found that motion aids
recognition (Pike et d., 1997). Studies by Schiff, Banka, and deBordes Galdi (1986) and
Chrigtie and Bruce (1998) are exceptions in that they manipulate non-rigid motion (facid
expression and/or taking) in the sudy phase. However, the two studies differ in the type
of motion they used at the testing phase. Schiff, Banka and deBordes Galdi (1986) used
rigid motion (180° sweep of the camera around the face), whereas Christie and Bruce
(1998) used different non-rigid mation than the one used in the study phase. Both studies
reveded adightly different result but the same tendency toward the beneficid effect of
motion on the test phase. No specific mechanism was proposed for this tendency. Thus
further study is needed to corroborate the beneficid effect of motion on the recognition of
previoudy unfamiliar faces. Preferably, studies should attempt to generate and test
hypotheses regarding the mechanism by which the effect is unveled.

Summary. In summary, studies on face recognition have reliably found that
judgment of a person’sidentity from the faceis largdly dependent on configurd
processing. Thisfinding has been drawvn mogtly from studies showing the inverson
effect, thet is, recognition of aface is more difficult when the face isinverted than when
itisinits norma upright orientation. Recognizing an upside-down face is difficult
because inverson disrupts configura processing. Inverson has also been used asa

technique to avoid a celling effect in studies of the recognition of famous faces. These
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studies have demondtrated the facilitating effect of motion in recognizing inverted
famous faces. Those findings suggest a possible role of motion in restoring configurd
processing which has been disrupted by inverson. This interpretation has not been
appreciated in the past. The current study will build upon the results of the previous
Sudies and directly test the possible role of moation in facilitating configural processesin
face recognition. Unfamiliar face recognition will be examined because it provides a
good opportunity to test the above hypothesis directly while controlling for the competing
interpretation. The use of unfamiliar faces, reduces if not diminates the idiosyncretic
effects of individual faces and affords greater control in developing the simuli (eg.,
alowing the redtriction of the type of mation to non-rigid motion -facia expressons-
contained in the face gimuli.) Minimizing the amount of rigid motion (such as heaed
movement) is important to control for the effect of motion in restoring the 3-D structure
of the face. Furthermore, studying the effect of motion on unfamiliar faces dlows the
advancing of our knowledge in the currently underdeveloped fied.
Comparing the Role of Mation in
Per ception of Facial Expression and Face Recognition

The above discussions provided background and underlying motivations to study
the effect of motion on judgment of facid expresson and identity. Very few studies have
been conducted to study both domains a the same time. Thisis consistent with the basic
clam in face recognition literature, that is, the processing of facid identity and facid
expressions are functiondly independent. Supports for this claim maostly come from the
double dissociation between ability to recognize aface and facid expressonfrom

prosopagnosic patients. Severd cases have been reported about brain injured patients
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showing marked impairment in recognizing facid expresson while having a preserved
ability to recognize familiar faces, whereas patients with intact perception of facid
expression and impaired face recognition have aso been reported (Y oung, Newcombe,
de Haan, Smdl, & Hay, 1998). However, this idea has been challenged by recent sudies
that demondrate at least an asymmetrica relationship between face recognition and
perception of facia expression (Baudouin, Gilbert, Sansone, & Tiberghien, 2000;
Baudouin, Sansone, & Tiberghien, 2000; Endo, Endo, Kirita, & Maruyama, 1992,
Nagayama, 1999; Nagayama, Y oshida, Miyatani, & Toshima, 1999; Schweinberger,
Burton, & Kelly, 1999). For example, Schweinberger et.d. (1999) found that familiarity
affected judgment of facid expression but facid expresson did not affect familiarity
judgment.

The idea of independency or even asymmetric dependency between face
recognition and perception of facid expression suggest some differences between the two
processes. Unfortunately, exactly how the two processes differ has not been documented
in the scientific literature. One reason for thislack of comparison is probably due to the
concern that comparing face recognition with perception of facid expresson islike
comparing apples and oranges. Indeed, the two domains are usudly studied &t different
cognitive levels. Perception of facid expressions usualy involves a perceptud paradigm
whereas judgment of facid identity typicaly involves amemory paradigm. However, a
comparison study can be done by carefully designing the procedures in such away to
minimize possible confounding factors and maximize compatibility between

performancesin the two tasks.
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Another reason for the lack of documentation on the differences between
judgment of facid identity and facid expression, and perhaps the most logica one, isthat
the nature of perceptua processes of facid expresson islargdy unknown. Although it
seems surprising, given the fact that there has been awedth of studies on facia
expressons, it isnot as surprisng as it seems when we take alook at the traditions where
these studies came from. Studies on face recognition and facid expressons generdly
come from different traditions. Studies on face recognition mostly came from the
Cognitive Psychology tradition, and they have a strong emphasis on the perceptud
mechanism involved and the menta representations of faces. On the other hand, Sudies
on facid expression were strongly influenced by the Socid Psychology framework.
These studies put emphasis on the communicative vaue of sgnds of facid expresson.
For example, these studies concern how facid expression can reved deception; influence
judgment of responsibility; indicate socia dominance; and guide mother-child
interaction. As aresult of this different emphasis thereis ill little knowledge about the
perceptual processes of facid expressions. To this end, researchers of facia expressons
have an advantage of being able to borrow some of the reliable and tested methods and
paradigm from the face recognition literature. Additiondly, the vadt literature on face
recognition provides a good source of references that can serve as guidelines on an
attempt to compare perception of facia expresson and facid identity.

There are good reasons to compare judgment of facid identity and facid
expression. Both processes require information about the internal parts of aface, which
suggest that there might be some similarities between the two processes. One of the

gmilarities can be seen, for example, in the sudies of latera hemisphere, in which right



hemisphere dominance has been documented for both face recognition and perception of
facid expresson (eg. Ambadar, 1994). Another smilarity isin the importance of context
in judging identity and affect (Russdll, 1991; Russell & Fehr, 1988; Walbott & Ricci-
Bitti, 1993). On the other hand, the two processes require different level of detailsin the
information. Perception of facia expresson can il be achieved from eyebrows and
mouth linesin drawings, which lack identity information (White, 2000). Moreover,
identity judgment requires recognition of specific identity from avast number of
identifiable faces, whereas the number of possble facid expresson is rddively limited,
only half adozen or so primary expressons (Ekman, 1992).

Comparing face recognition and perception of facia expresson isnot only
feadble but aso important in advancing our knowledge in both domains. Especialy
when comparison be made on critica aspects shared by the two domains such as motion
and mode of processing.

Overview of the Current Experiments

Faces, perhaps, are the most salient objects encountered everyday and arerich
with information. Two of the most important types of information, which people can
extract from aface, isidentity and emotion. These two aspects of face processng have
enjoyed an abundance of atention in the scientific community. However, one thing that
seems to be common for the bulk of research in the two domainsis the exclusive
preference for the use of static display. The dynamic property of aface has been
neglected in the literature of facia expressions and face recognition. It is the main focus
of the present study to directly test the role that motion might play in the perception of

facia expresson and identity. Motion isacritical aspect shared by the two domains. By
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looking &t the effect of motion on both perception of facia expressions and face
recognition, the study did not only advance our knowledge on both domains separately. It
aso dlowed usto test whether motion affects the perception of facid expressonina
amilar way that it affects face recognition. Furthermore, the present study was designed
to shed light on the mechanism by which motion affected those judgments. Three
possible mechanisms were proposed and were tested in the study.

1. Motion provides more information than static display. In the case of judgment of
affect, this additiond information might help in disambiguating the emotion
sgnd. Whereas in the case of face recognition, these additiona information may
promote richer representation by providing multiple instances of the face which
will then facilitate search when making identity judgments.

2. Motion provides temporal information of the expression, which is not availablein
the static display. This second possible mechaniam is specific to the judgment of
facid expresson.

3. Motion facilitates configural processing. Seeing the facid features move together
could clarify the interaction among those eements, promote the perception of
coherence and thereby facilitate configura processing of the face.

The firg two (2) mechanisms described above were tested by comparing human
judgment performances, on both perception of facid expressons and face recognition, on
three (3) different conditions which differ only in the typefformat of the stimuli.

1. Sngle-SKatic condition, in which only a single satic picture was presented for

each trid.
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2. Multi-Satic condition, in which a series of gatic pictures was presented for each
trid.

3. Dynamic condition, in which a moving sequence was presented for eech trid. The
difference between Multi- Static and Dynamic condition is the absence (in the

Multi- Static condition) or presence (in the Dynamic condition) of the perception

of motion.

If motion facilitates performance by providing more atic information than a
gngle gatic digolay (mechaniam 1), performance in the Multi- Static and Dynamic
conditions will be sgnificantly higher than performance in the Single- Static condition.
However, there will be no sgnificant difference between the Multi- Static condition and
the Dynamic condition. If, however, motion provides tempora information that is not
available in the gatic display (mechanism 2), there will be a sgnificant difference
between performances on the Multi- Static and Dynamic condition.

The last mechanism, that is motion facilitates configurd processing, was tested by
meanipulating the orientation of the facia simuli in the presentation. The faces were
presented in two (2) different orientations: upright and inverted. This manipulation isthe
samefor al three conditions described above. If the role of maotion on facia judgmentsis
mediated by itsrolein facilitating corfigurd information, then we should expect a
sgnificant interaction effect between motion and orientation.

The role of mation in judgment of facid expressons and identity was investigated
in two experiments with different paradigms. Both experiments implemented the same
basic manipulations, which include inverson manipulation and the presence or absence

of mation in the display of the stimuli. The stimuli for both experiments were drawn from
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the same database and were pre-processed in a certain way to avoid some confounding
factors, which will be described later. There are two main differences between
Experiment 1 and Experiment 2. Experiment 1 focused on judgment of facia expresson,
whereas Experiment 2 involved both judgments of facid expresson and identity. More
importantly, Experiment 1 implemented a perceptud paradigm, whereas Experiment 2
used amemory paradigm. In the perceptud paradigm (Experiment 1), participants made
immediate judgments following each presentation of the stimuli. In the memory paradigm
(Experiment 2), participants followed through two phases, the Study Phase and the Test
Phase. The procedure for the Study Phaseisidenticd to that in Experiment 1, whereas
the memory for facid expresson and identity judgments were made in the Test Phase
that followed the Study Phase immediatdly.

The implementation of two different paradigms as briefly described above was
meant to serve severd specific purposes. The perceptua paradigm represents the natura
way people judge emoation in the face better than the memory paradigm. It is much more
likely thet people make online judgments about the emotion underlying others facid
expressons, rather then recdling them in future time. On the other hand, identity
judgments dways involve a memory component. Judging whether or not we recognize
someone basically indicates whether or not we have seen the person previoudy. This
basic difference in the nature of the two domainsis critical and should be taken serioudy
in an attempt to compare performances. It isfor this reason that the second experiment
was designed with amemory paradigm, that is, to ensure that the two tasks (judgment of
facia expresson and identity) are at acomparable cognitive level. Furthermore, having

different paradigms in Experiment 1 and Experiment 2 dlows for the assessment of the
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limitation or the extension of the role of motion on judgment of facia expresson. That is,
whether the role of motion will endure the passage of time or will it just affect the
immediate judgments without affecting the recollections of the previoudy seen facid
expression.
Specificaly, Experiment 1 was designed to address the questions below.
1. Doesmotion facilitate judgments of facid expressons?
2. Do judgments of facid expressions depend on configura processng?
3. Does mation influence the mode of processing involved in making judgments about
faciad expressons?
Similarly, Experiment 2 was designed to address the issues below.
4. Does mation facilitate face recognition of unfamiliar faces?
5. Does mation influence the mode of processing in making judgments about facid
identity?
6. Doesmoation facilitate memory for facid expressons?
7. Does mation influence judgment of facid expresson the sameway asit affects
judgment of facid identity?
Summary
Motion and change are inescapabl e features of the world around us. Our
perceptua systems must have come well equipped to dedl with thisfact. Faces, as one of
the most numerous and sdient objects we see in everyday life, change and move with
every passing smile, nod or spoken words. It isthe main god in the proposed study to
understand more about the role that motion might play in two important domains of face

processing, perception of facid expresson and face recognition.
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Previous work on perception of facia expression and identity has exclusively used Satic
displays of face simuli. There have only been a handful of studies that attempted to
asess the role of motion on perception of facid expressons and identity. Studies on
perception of facid expressons held serious limitations which come from the use of
either impoverished stimuli (point-light display, line drawings), limited set of simuli, and
there was no clear explanation for the mechanism by which motion affects perception of
facid expressons. Moreover, afew studies that demonstrated suggestive but equivoca
effects of motion have used intense facid expressions which may have contributed to
their unconvincing results. The subtlety of the facid expressions may beimportant in
meximizing the effect of motion and demongrating a more robust effect. Smilarly,
studies on face recognition, even though generaly were more carefully designed,
restricted in their focused of a specid type of faces, famous faces. Thus, the role of
moation on the recognition of previoudy unfamiliar faces remains an underdevel oped

area.

The current study was build upon those previous studies which attempted to
characterize the role of motion on face identification and judgment of facid expression.
More importantly, the current study was designed to directly test three possible roles of
motion. Frgt, motion Smply provides additiona information of the expression to help
disambiguate the emotion sgnd, or in the case of face recognition, the additiona
information provides multiple instances in the representation of the face which facilitate
search in identification task. The second possible role is that motion might improve
perception of facid expresson by providing tempora information of the expression,

which was not available on gatic display. Lastly, the role of motion may be mediated by
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its unique effect in fadilitating configura processing. The second and third mechaniams

might be shared by judgment of facid expresson and identity.

The current study contributes to the scientific literature by advancing knowledge
in the domain of perception of facid expresson and identity, specificaly with regardsto
the role of mation. It does so by carefully designing the experiments and sdecting simuli
that are more ecologicaly valid than those which have been heavily used in the
traditiona works. One main characteridtic of the stimuli used in the current study isthe
subtlety of the facid expressons. The use of more subtle facid expressonsis important
not only for their ecologicaly vdidity, but more importantly for their potentiasin
maximizing the effect of motion. By comparing the role of motion in face recognition
and judgment of facid expression, the study aso sheds light on the Smilarities or
differences between the two processes. Smilarities and differences between the processes
of face recognition and judgment of facid expresson are direct deduction from the clam
that the two processes are functionally independent. This notion however has suffered
from alack of documentation in the past. Furthermore, the design of the sudy alows
more direct assessments of the possible mechaniams that might mediate the role of
motion. Finaly, it isthefirg attempt to promote and test the idea that motion might play
arolein restoring or facilitating configura processes on judgment of faciad expressons

and face recognition.

Hancock, Bruce, and Burton (2000) noted that based on areview of alarge
number of studies, humans are usually very poor a recognizing previoudy unfamiliar
faces. However, motion as an important characteristic of aface has been neglected in

most of those studies. Hancock, Bruce and Burton (2000) acknowledged that the
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importance of motion in face identification remains an outstanding question. Based on
only ahandful of studies, there was a tendency that seeing a face moving improves
recognition of the same face a later time. Until we have more knowledge about the role
of motion on the recognition of faces, especidly, previoudy unfamiliar faces, we should
be careful in atributing difficulty of recognizing unfamiliar faces to human poor &bility

in this area. The above judgment might have to be rephrased in away that recognize the
limits of human ahility in identifying static display of not just unfamiliar faces but, under
certain conditions, famous faces too. A claim that would be less discouraging given the
fact that the very nature of human environment, including socid environment (faces), is

dynamic.



PILOT STUDY

The main purpose of the Pilot study was to sdlect items for Experiment 1 and
Experiment 2. Previous studies on perception of facia expressions had exclusively used
datic prototypic facia expressons, which tend to be very intense. The Pilot study wasto
select itemsthat are subtle but Htill recognizable by the mgority of participants.
Participants

Participants were 79 (49 femaes and 30 males) undergraduate students at the
University of Pittsburgh, who were taking an Introduction to Psychology class.
Participants received class credit for their participation. The age range was 18 to 25 years
old with amean of 18.9 years old. The mgority of the participants were Caucasian
(72.2%), and 21.5% were African American. Most of them (87.2%) were right-handed,
and 9% were left handed, and 2.6% were ambidextrous.

Stimuli

Thefacid simuli were derived from the Cohn-Kanade Facid Expression
Database (Kanade, Cohn, & Tian, 2000). In this database, 198 posers were instructed to
display facid expressons of 6 basic emotions (Anger, Disgust, Fear, Happy, Sad &
Surprise). Thus, al of the expressions are posed instead of spontaneous. All posers were
undergraduate students of the University of Fittsburgh. The facia images underwent a
series of selection processes before being included in the Pilot study. The sdection
processes were described in detail below.

Stimuli Race. Because there were unequa proportionsin the ethnic background

of the posers, and because race could affect face recognition, only images from
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Caucasian posers were used. Based on this criterion, stimuli were selected from 82
Caucasian posers, most of whom displayed 3 or more basic emotion expressions.

| dentifying I nformation and Occlusions. From the above process, the next
sdection involved excluding images with identifying information or occlusions (e.g. het)
on the face (for example hair on the forehead, or cheek). This criterion was used to
maximize the likelihood that no other information except the facia features and facid
expressons will be used in face recognition judgment in the second experiment. Twelve
posers (6 maes and 6 femdes) were further removed from the list based on this exclusion
criterion. The resulting number of posers was 70, with 42 femaes and 28 mades, and the
total number of sequences of 404.

Sequence Quality. The 404 sequences that met the first and second inclusion
criteriawere shown to 1 certified FACS coder to further select the sequences based on
the fallowing criteria. Firdt, the expression should not be ambiguous. Twenty-six (26)
sequences were excluded based on this criterion. Second, each sequence had to start with
aneutral expression, thus 10 sequences that do not have a neutral start were excluded.
Third, no blinks should occur in the sequence. Six (6) sequences were excluded because
the poser blinked during the sequence. Thelast criterion, which resulted in the excluson
of another 5 sequences, had to do with image quadity. The tota number of sequences that
met these selection criteria was 357 sequences from 69 posers. Most of the posers
contributed to 3 or more expressons.

Pre-Pilot Naive Judgment. All 357 sequences from 69 posers were then shown
to 3 naive judges who made independent judgment about the facid expressions.

Sequences were selected if dl three judges agree on the expressions displayed. Based on
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judgment agreements from the three judges, 180 sequences by 42 posers were sdlected.
These sequences made up the stimuli for the Filot study.

Stimuli Preprocessing. The sequences that passed the selection processes
described above were then preprocessed in 5 steps for the Pilot Study. First, subtle target
frame were sdlected by 1 certified FACS (Facia Action Coding System) coder. At this
gep, the firgt ingance for which the target Action Units (AU) met the“b” leve according
to FACSwas sdlected. Level “b” was chosen as the target intengity leve at this step
because it isthe lowest leve for which acknowledged rdiability among experienced
FACS coders can be achieved. This selected target was defined as the subtlest observable
point of the facia expression.

The second step was to create 3 levels of intengity for each of the stimuli based on
the subtlest point selected in the first step. Leve 1, is the subtlest expression sequence
which include the neutrd face up to levd “b” of intengity. Leve 2 was created by adding
1 frameto level 1sequence, that is, adding the very next frame after the level 1 intengty.
Levd 3, which was the least subtle expression, was created by adding 1 frameto Level 2
sequence. Leve 2 and 3 did not necessarily reach the “c” leve in FACS, but visbly more
intense than Level 1. From this process, al 180 sequences have 3 levels of intendty each,
resulting in atotal of 540 sequences. The third step was conducted to iminate
background information from the stimuli. This step isimportant because externd
information (such as hairstyle, earrings, etc.) can serve as a cue for face recognition
especidly for unfamiliar faces. In the current experiments maximum effort was done to
minimize background or externd information, and maximize the likelihood thet

participants made judgments based on the internd information of the face. For this



reason, Photoshop 5.0 software was used to place each face in ablack ovd frame, which
amos entirely diminated hair and other background information. A specific ovd frame
was created for each individual face (poser), and showed only the part of the face from
forehead to chin. The Sze of the resulting images varies dightly between posers
depending on the size of the poser’ sface in the recorded image. The range of sizeisfrom
3x4inchto 4.3 x 5.4 inch (See Figure 1 for example of the simuli).

Stimuli Grouping. All the resulting 540 sequences were then divided into 3
groups that made up 3 sets of stimuli (A, B, C). Each set consisted of 1/3"% of each leve
of intengity for atota of 180 sequences. Thus, each set included al intendty levels a the
same proportion. Assgnment of itemsinto stimuli set was counter balanced so that each
sequence was only represented in one intengity level in agiven set. For example, in st A,
item lisat leve 1, in set B the sameitemisat leve 2, andin st C theitemisat leve 3,
etc. Thus, no same sequences in different leve of intengty were included in the same s&t.

In any given s&t, order of presentation was randomized within each leve of
intengity. However, items with lower intendty levels preceded items with higher intengty
levels. Thus, in each set, dl items of level 1 werein the first /3" portion followed by
itemsinlevd 2 intensty which was then followed by items with level 3 intensty. Al
items were presented in moving sequence (Dynamic Mode).

Procedures

The Study was described as a study about perception of facial expression.
Participants were given explanations and ingructions either individudly or in groups.
After filling in abrief questionnaire about background information and listening to the

indructions dl participants worked on individua computers. The ingtructions included



how to use “ Sequence Player” to open and play each item. Sequence Player isasmple
interface written by Tsuyoshi Moriyama (Moriyama, 2000) to play sequences only (See
Figure 1). Participants were instructed to drag the item to the Sequence Player window,
and play the sequence at least once. They were instructed to watch the sequence and wait
until it stops playing to make judgments. This was to ensure thet dl participants made
judgments about the same target, which was the last image in the sequence. Participants
were alowed to play the sequence as many times as they need to.

For each of the 180 items participants were asked to make judgments about the
facid expressons by sdecting among Anger, Disgust, Fear, Happy, Sad, Surprise or

Neutral. Each participant worked on the judgment task for about one (1) hour.

Results

Data from the Rilot studies showed the percentage of subjects who judged the
items correctly. From thisligt, items were selected to be included in Experiment 1 by
applying four selection criteria. First, items are selected if at least 60% and no more than
75% of the participants judged the expression accurately. From here on, this percentage is
referred to asthe “score” of each item, and was defined as the percentage of participants
who correctly judged the item. Second, if the same sequence with a different intengity
level met the firgt criterion, then only the lower intensity level was included. Third, the
movement in the face should involve more than one faciad feature. Thiswasto dlow

configura processing of the face. Lastly, the same number of sequenceswasto be



selected for each facia expression, thus, if extra sequences met the above criteriafor any
given emation, then sequences were saected a random to maintain the same average of

score among emotion. Table 2 and Figure 2. present Percent Correct of Items Selected

for Experiment 1 by emotion category.

There was no sgnificant difference of average score among emations[F

(5,25)<1).



EXPERIMENT 1:

THE EFFECT OF MOTION ON PERCEPTION

OF FACIAL EXPRESSIONS

Experiment 1 was desgned to test the role of motion on perception of facia
expresson. Three possble mechanisms by which motion might play a role in perception
of emotion and face recognition were tested. These possble mechanismsinclude:

1. Moation provides more information than static display. In the case of judgment of
affect, this additiona information might help in disambiguating the emotion sgndl.

2. Motion provides tempord information of the expresson, which isnot available in the
datic display.

3. Moation facilitates configurd processing. Seeing the facia features move together
could clarify the interaction among those eements, promote the perception of
coherence and thereby facilitate configural processing of the face.

The firg two (2) mechanisms described above were tested by comparing human
perception of facid expressons on three (3) different conditions that differ only in the
type/format of the presentation.

1. Singe-Satic condition, in which only asingle picture will be presented in adtatic
mode for each item.
2. Multi-Static condition, in which a series of gatic pictureswill be presented for each

item.
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3. Dynamic Condition, in which amoving sequence will be presented for each item.

The difference between Multi- Static and Dynamic condition is the absence (in the
Multi- Static condition) or presence (in the Dynamic condition) of the perception of
motion.

If motion facilitates performance by providing more static information than a
sngle gatic digplay (mechanism 1), then performance in the Multi- Static and Dynamic
conditions should be sgnificantly higher than performance in the Single- Static condition.
However, there will be no sgnificant difference between the Multi- Static condition and
the Dynamic condition. If, however, mation provides tempord information which is not
availablein the gatic display (mechanism 2), then we should expect a Sgnificant
difference between performances on the Multi- Static and Dynamic conditions.

The last mechanism, that is motion facilitated configural processing, was tested
by manipulating the orientation of the facia stimuli in the presentation. The faceswere
presented in two (2) different orientations. Upright and Inverted. This manipulaion isthe
same for dl three Motion Conditions described above. If the role of motion on facia
judgments is mediated by its role in facilitating configurd processing, then we should
observe a ggnificant interaction effect between motion and orientation. More specific

hypotheses are described in the previous general method section.

Participants

Participants were 68 undergraduate students at the University of Pittsburgh who
received class credit for participating. Thirty-eight (38) of the participants were females,
and 30 were maes. Their age ranged from 18-38 years old with an average of 19.66 years

old. The mgority of the participants were Caucasans (79%), with 8.8% African

38



American, and 11.8% other ethnic. Almost dl participants (85.3%) reported being right

handed, and only 14.7% reported being left handed.

Design

Experiment 1 used a 3 x 2 x 6 Mixed-Desgn. The Within-Subjects factors were
Motion (3 levels) and Emotion (6 levels). The Between Subjects factor was Orientation
of the presented stimuli, which included Upright and Inverted orientation. The 3 levels of
Motion conditions were Single- Static, Multi- Static and Dynamic. The maotion condition
concerned the mode/format of presentation in which the stimuli was displayed. In the
Single- Static condition, participants were presented with one face-image only in adatic-
mode. Thistarget image wasidentical to the last image of the sequencein the other two
conditions. In the Multi- Static condition, stimuli were presented in a static mode, but
each item conssted of more than one image (on average 3 to 4 images per item). In the
Dynamic condition, the stimuli were presented as moving sequences, just like movie
clips The smilarity between the Multi- Static and the Dynamic condition was thet each
item included more than one image. However, in the Dynamic condition the items were
presented as a moving sequence, whereas in the Multi- Static condition, there was no

perception of mation.

To prevent perception of motion in the Multi-Static condition, masks were

presented in between face images.



The factor of Emotion had 6 levels, Anger, Disgust, Fear, Happy, Sad, and
Surprise.

Stimuli

Sequences were selected based on the result of Pilot Study. Below was alist of
selection criteria by which the stimuli were selected.

1. Sequences were selected if they were correctly judged by 60% to 75% of the
participants in the Pilot Study.

2. Inthe case that the same item (same person and same emotion) with different
intengty levels met the firgt criterion, only the subtlest level of the sequence was
selected. For example, if Poser 1 with Anger expression in Level 1 was recognized by
65% of the participants, and the same poser displaying the same emotion in leve 2
was recognized by 70% of the participants, only the Level 1 sequence was selected.

3. Sequenceswere selected if the faciad movement involved more than 1 facia feature.
This criterion was to make possible configura processing of the face.

Based on the above criteria, 36 sequences were selected from 29 posers. The 36
itemsinclude 6 basic emations, which were represented equally in the set (6 sequences
per emotion). Masks were created for each of the 36 sequences using Photoshop 5.0.
Each mask was created by filling in the face areawithin an ova frame with black and
white gaussian noise. The main purpose of usng masksisto prevent perception of

moation in the Multi- Static condition. The same masks were adso used in the beginning of



al sequences (see Figure 4. Diagram of Stimuli Presentation in Three Maotion
Conditions). All 36 sequences were then duplicated in 3 different conditions: Single-
Static, Multi- Static and Dynamic based on the specification described above. Each
sequence starts with an oval- noise mask that was presented for 200 milliseconds. In the
Sngle-Static condition, the mask was followed by the last image. In the Multi- Static and
Dynamic condition, the first image of the sequence was presented for 500 milliseconds
following the mask. In the Multi- Static condition, the first image was followed by the
mask for 200 milliseconds before the second image was presented. This pattern continued
in the Multi- Static condition until the last image. In the Dynamic condition, the first

image (presented for 500 milliseconds) was followed by the rest of the images presented
at 30 fps (frames per second), that is the rate of which they were originaly recorded. All
sequencesin dl conditions end at an identica picture, which was the last image of the
sequence. During this time participants made their judgments. Therefore, participants
meade their judgments on the same target image on al conditions (see Figure 4).
Examples of the Sngle- Static, Multi- Static and Dynamic presentation for the Upright and
Inverted orientations can be seen in the moviefiles linked below:

1. Example 1. Sngle-Static, Multi-Satic, and Dynamic

2. Example 2. Sngle- Static, Multi- Satic, and Dynamic

3. Example 3. Inverted simuli, Sngle- Static, Multi- Static and Dynamic

Thetotal of 108 (36 sequences x 3 motion conditions) sequences was then divided
into 3 setsof stimuli (Set A, B, and C), counter balanced between conditions. Thus, on
each st of simuli, there were equa numbers of Single-Static, Multi- Static and Dynamic

sequences. Stimuli that were presented in a Single- Static mode in set A were presented in
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Multi-Static mode in Set B, and in Dynamic modein Set C, etc. With this counter

bal ancing, each sequence was only presented once for each participant. Each emotion
was aso represented equdly in each set. There were 6 sample of each emotion in each
condition. The order of items within a set was randomized with one redtriction; no same
face was shown consecutively.

One caveat, which should be mentioned regarding the stimuli, was that eech
emotion was not represented equally in each condition within each set. For example,
Anger was represented by 3 itemsin Single- Static mode and 3 items in Multi- Static mode
inset A. Therewas no Anger item in Dynamic modein set A. (See Table 3. Simuli by
Condition, Set & Emotion). Consequently, there were empty cells for some emotions, and
this affected the analysis on Emotion category effects, which will be discussed in the

result section.

All 108 gtimuli were then duplicated and inverted to make the Inverted Stimuli-
Set. Thus, there were 3 sets of inverted simuli; A, B, and C. These inverted stimuli were

identica to the Upright stimuli in al respects except the Orientation.

Procedures

Upon arriving, participants were given a booklet containing a consent form, a
brief background questionnaire, PANASX (Positive and Negative Affect Scaes), and

response sheets. The PANASX includesitemswith high loadings of Negative and
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Pogtive affect factors (20 items). After completing the questionnaire and PANAS, all
participants (in agroup) listened to the experimenter’ s ingruction. The experimenter
explained the types of judgments participants should make, and demonstrated the way to
download and play the sequences. The sequences were played in Sequence Player.
Participants were alowed to re-play the sequence as many times as needed, but they had
to play it at least once. They were ingructed to make their judgment only after the

sequence reached the end (the last image).

For each item, participants made 5 different judgments. Firgt, “What emotion best
describesthe facid expresson?” For this judgment, participants chose among 7 options,
Anger, Disgust, Fear, Happy, Sad, Surprise, and Neutral. Second, “How strong was the
emotion?’, and third, “How confident are you with your judgments?’ The intensity and
confidence judgments were made on 5 points scales (from 1 to 5) where 1 = very weak
(or not confident at dl) and 5 = very strong (or very confident). Fourth, “Did you see
change in the face?’, and fifth, “Did you see motion in the face?’ Descriptions of what
was meant by “change’ and “motion” were given and printed at the bottom of each
response sheet for reference. “ Change” was defined as “when you naotice a difference
between images in an item”, and “motion” was defined as “when you actudly seethe
face move asinamovieclip’. Perception of “change’ and “motion” were aforced

choice judgment, and participants selected “yes’ or “no”.

Participants were shown one example of the items. They were dso told that some
of them would see the face upside down. Afterwards, any questions were answered and
instructions were repeated when necessary. Each participant then worked on an

individua computer. To minimize the posshility of cheeting (looking a another



participants answers) one computer and an empty chair was placed in between each pair
of participants.
Participants were randomly assigned to Upright or Inverted condition, and to one

of three stimuli set (A, B, C). Upon completion of the tasks, participants were debriefed

and thanked for their participation.
Results

Anayss of Variance on Generd Linear Modd for Repested Measure Data was
used in the andyss of dl factors. All analyses were done with SPSS 11.0.1. Statistica
andysis of Emotion effects and its interaction with Mation and Inverson were carried
out on Macro Subjects. For satistical andyss of Emotion effect, stability of
measurement was a problem due to the small number of observations per condition. For
each condition on each emation, there were only a maximum of 4 observations. For some
emotions there was no sample information in a particular motion condition (empty cells).
By combining data across groups of 3 subjects, the empty cdlls were diminated and the
emotion effect could be based on alarger number of observations (Loftus, Donders,

Hoffman, & Schooler, 1989).

Percent Correct. A highly sgnificant effect of motion was found on perception
of facid expression. Participants were far more accurate in judging facid expresson
when the items are presented in Dynamic mode [F (2,132) = 32.996, p = .000]. The
difference between the Single- Static and the Multi- Static presentations was not
sgnificant [F (1,66) = 2.584, p=.133]. Therewasdso ahighly sgnificant effect of
Orientation, which shows that inversion impairs perception of facia expressons [F (1,66)

=78.822, p = .000]. See Figure 5. for the main effects of motion and orientation
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There was a'so amain effect of gender, which showed that women judged facid
expressions more accurately than did men [F (1,64) = 5.580, p =. 021]. There were no
sgnificant interaction effects between Motion and Gender [F (2,128) <1], Orientation
and Gender (1,64) <1), or three way interaction among Moation, Orientation, and Gender

[F (2,128) <1].

The Emotion effect was carried out on 22 macro subjects (11 in upright and 11.in
inverted condition). Macro subjects were created by combining data from subjects who
were tested at the same time and were assigned to different stimuli set (A, B, and C). A
macro subject andysis was used to increase stability of measurement and to overcome
the empty cedll problems for some emotions. The result reveded a highly sgnificant effect
of Emotion [F (5,100) = 22.885, p = .000]. As Figure 6. showed, Happy expressions
were more likely to be judged correctly than other emotions, and Anger expression was

the least likely to be judged correctly.

There was no interaction between Motion and Orientation [F (2,132) = 1.108, p
>.05]. Two-way interactions between Emotion and Motion, and between Emotion and

Orientation were highly significant [F (5,100) = 9.62, p = .000; F (10,200) = 4.674, p=.
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000]. However, the 3 way interaction between Emotion, Motion, and Orientation was not
significant. [F (10,200) = 1.225, p>.05]. Figure 7. shows that the effect of motion and
orientation was Smilar on al emotions except for Happy and Sad. For Sad expressions,
there was no effect of motion [F (2,40) = <1], whereas for Happy, the benefit of dynamic
presentation was driven by the motion effect in the inverted orientation [F (2,40) = 7.709,
p = .001]. For Upright orientation, the effect of motion was due to the difference between
Dynamic, and Multi- Static condition, and between Single-Static and Multi- Static
conditions. For Happy expressions, the difference between Single- Static and Dynamic
conditions was not significant [F (1,20) = 2.099, p>.05]. In dl emotions, except for
Happy, the difference between Single- Static and Multi- Static conditions was not
sgnificant.

Intensity Ratings. Andyss of intengty ratings was carried out on mean intensity
ratings for correctly judged items. The effect of Motion was found to be highly
sgnificant [F (2,130) = 6,456, p=.002]. There was dso asgnificant main effect of
Orientation [F (1,65)=4.940, p= .03]. Figure 8 shows that the intengity ratings were
higher in the Dynamic condition than in the Multi- Static condition. The difference
between the Single- Static and the Multi- Static mode was not significant [F (1,66)=2.287,
p=.1]. For Inverted orientation, items presented in Dynamic mode were a so rated more
intense than items presented in Single- Static mode, however, this difference disappeared

on the Upright orientation. These results suggest that there might be an interaction effect
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between Motion and Orientation. However, the interaction effect between Motion and
Orientation on intengity rating did not reach sgnificance [F (2,130) = 1.554, p=.215].
Combining the Single- Static and the Multi- Static condition for agenerd Static condition
revedled asmilar result. The result for main effect of motion was [F (1,65) = 10.010, p =
. 002] and for interaction between Motion and Orientation was [F (1,65) = 2.445, p =
.123] not sgnificant.

Confidence Ratings. Smilar to the results for intengty ratings, there was a
sgnificant main effect of Motion on mean confidence ratings for correctly judged items
[F (2,132) = 3.873, p = .023]. The main effect of Orientation was aso significant [F
(1,66) = 8.889, p = .004]. The main effect of Motion on confidence ratings seemed to be
driven by the difference between the Dynamic and the Multi- Static condition [F (1,66) =
6.965, p = .01], and particularly in the inverted orientation. Participants felt more
confident with their judgments after Dynamic presentation than after Multi- Static
presentation, especidly when the faces were upside down. A smilar effect was dso
found between Dynamic and Single- Static presentations in the Inverted Orientation but
not in the Upright orientation. The interaction between Motion and Orientation, however,
was not significant [F (2,132) = 1.277, p = .282]. (See Figure 9.)
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The difference between the Single- Static and the Multi- Static condition was not
sgnificant [F (1,66) = 2.579, p = .113]. Combining data from the Single- Static and Multi-
Static condition revealed similar results [F (1,66) = 5.571, p = .02] for the effect of
motion.

Per ception of Motion and Per ception of Change. The main purpose of the
motion question was for manipulation check, that is, participants should see motion in the
dynamic presentation but not in the two Static presentations. Statistical analyss was done
on percentage of items in which movement was reported in three presentations (Single-
Static, Multi- Static, and Dynamic). In addition to perception of motion, participants were
a0 asked to indicate whether or not they see*change’ in the face, that is, whether or not
they notice a difference in the face between images in an item. Analysis of perception of
change was conducted as an indirect test for the change blindness interpretation of the
Motion effect. Statistical analysi's was done on percentage of items in which participants
saw as showing changes in the face.

The data showed that 87% of items presented in the Dynamic condition were seen
as showing movements, whereas in the Single- Static and Multi- Static conditions the
perception of motion were negligible (3% or 1 item in the Single- Static and 13% or 4
items in the Multi- Static conditions). The effect of Motion was highly significant [F
(1,66) = 363.537, p = .000] and was true for both the upright and inverted orientation [F
(1,66)<1]. (See Figure 10)

Andysis on perception of “change’ reveded adightly different result. The main
effect of motion was highly significant [F (2,132) = 45.447, p =. 000]. And both the main

effect of Orientation and interaction between Motion and Orientation were not sgnificant



[F (1,66)<1,; for main effect of Orientation and F (2,132)<1 for the interaction effect).
Figure 10. shows that participants perceived changesin the face for 50% of the items
presented in Multi- Static condition, and 36 % of the items presented in Dynamic
condition, whereas only 6% of the itemsin Single- Static condition were seen as showing
changes in the face. The difference between the Dynamic and the Multi- Static condition
was ggnificant [F (1,66) = 7.059, p = .01]. (SeeFigure 11).

PANAS. Corrdationa analyses were conducted independently between PA score
and accuracy in the three Motion conditions, and between NA score and accuracy in the
three Motion conditions. These analyses were conducted to test the relationships
between participants affective condition at the time and the presentation format. The
results showed no correlations between PA and NA score with accuracy on any of the
motion condition. See Table 4. Correlation Between PA, NA Score and Accuracy in

Sngle- Static, Multi- Static and Dynamic Condition.

Insert Table 4. about here.
Discussion
Experiment 1 was designed to test the hypothesis that motion can improve
perception of facid expressons. The results confirmed the above hypothess. Participants

were much more accurate in judging the facia expression when they viewed amoving
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face rdative to when the face was gatic. Another main purpose of Experimentl wasto
test the possible mechanism by which motion exertsits effect. The three possible
mechanisms tested were:
1. Moation provides more information than static display.
2. Moation provides tempora information of the expression, which isnot available in the

datic display.
3. Moation facilitates configura processng.

The results indicated that there was no sgnificant difference between the Single-

Static and the Multi- Static condition. This result suggests that additiond informeation
aoneis not enough to improve perception of facia expresson sgnificantly, therefore,
the beneficid effect of motion observed in this study could not be due to the fact that
motion provides extra static information. The third possible mechanism was tested by
andyzing the interaction effect between Motion and Orientation. Inverted orientation
meakes configura processng more difficult than Upright orientation. Therefore, if the
effect of Motion is modified by inverson, this would suggest an effect of configura
processing. The result of Experiment 1 indicated no significant interaction between
Motion and Orientation on perception of Facia Expression. Thisresult argues againgt the
idea that motion improves perception of facid expresson by restoring/facilitating
configurd processing. Thus, Experiment 1 suggests that the beneficid effect of motion is
due to something inherent in the dynamic property itsalf. One possibility is that specific
tempora informeation of the expression made available and observable in the dynamic
condition assgts participants in identifying the emotion portrayed in the face. Another

possible interpretation of the result is that motion enhanced the perception of change. In



other words, the movement of facid features alows perceivers to observe what was
changed in the facid expression, wheress, in Satic pictures perceivers had to envisage the
course of the facial expression and hence could be less accurate. Theideathat it is
difficult to observe change in gatic pictures has been sudied quite extensively in the
literature of change blindness. The result in experiment 1 could suggest that motion might
counter-act the change blindness tendency in perceiving changesin datic pictures and
enhance sengtivity to change.

Anindirect tes of the “change sengitivity” interpretation comes from examining
participants responses to the “ perception of change” question. For eachitemin
Experiment 1, participants were asked to report whether or not they see “change’ inthe
face. “Change’ was defined as noticeable difference(s) in the face between imagesin an
item. If motion improves the perception of facid expression by facilitating the perception
of change in the face, then there should be a sgnificant effect of Motion on perception of
change. The results in Experiment 1 suggest that this might be the case. Therewas a
sgnificant effect of Motion on perception of change. Participants reported perception of
change on Dynamic items more than they do on Single-Static items. However, there was
anon-sgnificant trend that the perception of change was higher in the Multi- Static
condition than in the Dynamic condition.

Analyses on Intensity ratings aso suggest that Motion increased the perception of
intengty of facia expresson. Thus, the beneficid effect of motion was dso mediated by
the increased perception of intengity of the facia expression. The data on Confidence
Ratings showed that participants were o more confident in their judgment when they

saw the face move than when they saw datic pictures.
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The results aso showed a significant effect of Orientation on the perception of
facia expressons. This suggests that perception of facia expresson depends on
configurd processing. The data aso showed that some facia expressions depend more on
configural processing than do others. Specifically, Surprise tended to be less dependent
on configura processing than other expressions, as the accuracy in judging Surprise
expression issSmilar in both the Upright and Inverted conditions. It was aso observed
that some expressions were more accurately perceived than others. Participants were
more accurae in judging Happy expression than other expressions. Thisis congstent
with the “Happy advantage’” which was commonly observed in most sudies of
perception of facia expresson (Ambadar, 1994; Feyereisen, Malet, & Martin, 1986;
Kirita& Endo, 1995). The Gender effect which was observed in Experiment 1 isaso
congstent with other studies that find superiority for women as compared to menin
judging facia expression (see McClure, 2000; Kirouac & Dore, 1983) for ameta-

andytic review).
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EXPERIMENT 2

THE EFFECTSOF MOTION ON PERCEPTION OF FACIAL

EXPRESSIONS AND FACE RECOGNITION

Experiment 2 served four (4) purposes. Firgt it was an effort to replicate the
resultsin the first experiment. Second, it sought to further test the idea that motion might
facilitate configural processing by testing the effect of motion on atask which was found
reliably to depend on configural processing, that is face recognition. More specificdly, if
moation facilitates configural processing, then we should observe the same beneficid
effect of motion on face recognition as was found on perception of facia expresson.
Third, the second experiment aso tested the effect of motion on memory for facid
expression, afield that had been largely underdeveloped. Testing the effect of motion on
memory for facid expressons dlowed Experiment 2 to addressitsfourth purpose,
which was a direct comparison between perceptions of facia expression and face
recognition. The tasks of recognizing a face and remembering afacid expresson were
made more comparable, because in this experiment perception of facid expressons and
face recognition were tested in the same memory paradigm at the sametime. In this
experiment remembering facid expresson might be dightly more difficult than
recognizing aface, because it required specific recollection of the previoudy displayed
expression by a specific person (face), whereas with face recognition accurate judgment
could be based on familiarity done. However, recognizing aface in this experiment

should be more difficult than the standard face recognition task. This was because
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recognizing previoudy unfamiliar people tends to be based on externd information such
as hardyle (Bruce & Young, 1999; Hancock et al., 2000), and thiskind of externd
information was not available in this study.

Experiment 2 was conducted in two sessions, the first session was a Study-Phase,
and the second one was the Test-Phase. The study session was conducted in exactly the
same way as the perception of facid expression study in Experiment 1. The procedures
grictly followed those of Experiment 1. The only difference was that there was fewer

items in Experiment 2 than in Experiment 1.

Participants

Participants were 80 undergraduate students at the University of Fittsburgh who
received class credit for participating. Forty-three (43) of the participants were females,
and 37 were maes. Their age ranged from 18-48 years old with an average of 19.51 years
old. The mgority of the participants were Caucasians (77.8%), with 13.9% African
American, and 8.3% other ethnic origin. Almost al participants (90.3%) reported being
right handed, and only 6.9 % reported being left handed. Approximately haf of the
participants (39) were randomly assigned to be in the Upright condition, and 41

participants to the Inverted condition.

Design

Experiment 2 had a 3 x 2 x 6 Mixed-Design. The Within-Subjects factors were
Motion (3 levels) and Emoation (6 levels). The Between Subjects factor was Orientation
of the presented stimuli (Upright, Inverted). The 3 levels of motion condition were

Sngle-Static, Multi- Static, and Dynamic. The motion condition concerned the
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mode/formeat of presentation of the simuli. In the Single- Static condition, participants
were presented with one face-image only in a daic-mode. This target image was
identicd to the image at the end of the sequence in Dynamic and Multi- Static conditions.
In the Multi- Static condition, stimuli were presented in a static mode, but each item
conssted of more than one image (on average 3 to 4 images per item). In the Dynamic
condition, the stimuli were presented as moving sequences, just like movie clips. The
gmilarity between the Multi- Static and the Dynamic condition was that each item
included more than one image. However, in the Dynamic condition the items were
presented as a moving sequence, whereas in the Multi- Static condition, there was no

perception of motion (See Figure 3, and Figure 4).

The factor of Emotion had 6 levels (Anger, Disgust, Fear, Happy, Sad, and
Surprise).

Stimuli

Study Phase. Sequences for the study phase were sdected from the first
experiment. Only one expression per poser was included in the simuli resulting in 24
posersfor 24 items. The 24 itemsincluded 6 emations, which were represented equaly in
the set (4 sequences per emotion).

Thetota of 72 (24 sequences x 3 motion conditions) sequences was then divided
into 3 setsof stimuli (Set A, B, and C) counter balanced between conditions. Thus, on
each st of stimuli, there were equa numbers of Single-Static, Multi- Static and Dynamic
sequences. Simuli that were presented in a Single- Static mode in set A were presented in
Multi- Static mode in Set B, and in Dynamic modein Set C. With this counter balance

technique, each sequence was only presented once for each participant. Each emotion



was a0 represented equaly in each set. There were 4 samples of each emotion in each
condition. The order of itemsin a set was randomized with one redtriction, no 3 same
expression were shown consecutively.

The same cavest in experiment one was aso present in the second experiment,
which was, each emotion was not represented equally in each condition in each set. For
example, Anger was represented by 2 itemsin Single- Static mode and 2 itemsin
Dynamic modein st A, but there was no Anger item in Single-Static mode in set A. (See
Table 5. Table of Stimuli by Condition, Set, and Emotion). Consequently, there were
empty cdlsfor some emotions, and this affects the analys's on differences between

emotions, which will be discussed in the results section.

All participants regardless of the assigned orientation group saw the stimuli in
upright condition in the study phase. The manipulation of Orientation (Upright vs.
Inverted) was presented in the Test Phase only.

Test phase. Stimuli in the test phase included dl posersin the study phase plusa
new set of 24 posers aslures. Half of the old posers displayed the same facid expression
asin the study phase (therefore, identica sequence), and the other haf displayed a
different expresson from the one shown in the sudy phase. Thus, the stimuli in the Test
Phase made up of two different sets, the Same-1D set and the Different-1D set. HAlf of the
gimuli conssted of the Same-I1D Set and the other half consisted of the Different-ID Set.

The Same-1D set condsted of 24 sequences of the same person as the ones presented in



the study phase. The Different-1D set consisted of 24 new persons. The Same-ID and
Different-1D set contained the same number of items for each emotion (4 itemsfor each
emotion). In the Same-ID set, haf of the faces (12) digplayed the same expressons as
shown in the sudy phase. This haf made up the same-id-same-affect items. The other
haf (12) of the Same-1D set displayed a different expression from the ones shown in the
sudy phase. This haf made up the same-id-different-affect items (See Figure 12.
Categorization of the Stimuli in Experiment 2- Test Phase).

In the Test- Phase, each of the 24 face stimuli was duplicated, and the duplicate
copy wasinverted. Just asin Experiment 1, the stimuli were divided into three sets, Set
A, and Set B, and Set C. Each set consisted of 48 sequences (24 old posers or Same-1D,
and 24 new posers or Different-1D).

For old items (Same- D items), the format of presentation in the Test Phase isthe
same as in the Study Phase. For example, items presented in Single-Static format in
Study Phase were dso presented in Single- Static format in the Test Phase. With this
arrangement, format of presentation between Study and Test Phase was held congtant.
For new items, the format of presentation was represented equally within a set. Thus,
each motion condition was represented by 1/3 of the new items. Overdl, the 3 motion
conditions (Single- Static, Multi- Static, and Dynamic) were equaly represented in the

Tedt items (16 items each).
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The order of presentation of the stimuli was randomized within each set.
Participantsin al three sets saw the same order of presentation of items. The assignment
of each set was counter-balanced so that each set was presented to gpproximately 1/3 of

the participants.

Procedures

Study phase. Procedures for the study phase strictly followed the procedure in
Experiment 1. Please see procedures in Experiment 1 for more detailed description.
Participants, in groups, were given ingtructions and an explanation about the task and
how to respond. Then each participant worked on an individual computer. The sudy was
described as*a study of perception of facid expresson” which isthe same asthe
description given in Experiment 1. Participants were not made aware about the upcoming

recognition test in the Test- Phase.

Participants were randomly assigned into Upright and Inverted orientation and
into group A, B or C indicating the simuli set that they worked on. All itemsin the Study
Phase were presented right Sde up. The orientation manipulation was given in the Test

Phase only.

Test Phase. The test phase followed the Study Phase immediately. Participants
were ingructed to let the experimenter know when they were finished with phase 1. Then
the experimenter explained the recognition task to participants individudly. At this point,
participantsin the Inverted group were dso told that they would see the face upside down
and were ingructed to do the recognition task the same way asiif the faceswerein the

Upright postion.



Results

Anayss of Variance on Generd Linear Modd for Repested Measure Data was
used in the andysis of al factors. All anayses were conducted with SPSS 11.0. To
overcome the empty cdll problemsin some emations, Satistical anayss of Emotion
effect, and itsinteraction with Motion and Orientation were carried out on Macro
Subjects. Macro subjects were created by combining data from subjects who were tested
at the same time and were assigned to different stimuli set (A, B, and C). A macro subject
andysiswas used to increase stability of measurement and to overcome the empty cdll

problems for some emotions.

Just as explained in Experiment 1, for datistical andyss of the emotion effect,
dability of measurement was a problem due to the small number of observations per
condition. For each condition on each emation, there were only a maximum of 2
observations. For some emotions, there was no sample information for a particular
moation condition (empty cells). By combining data across groups of 3 subjects, the empty
cdls were diminated and the emotion effect could be based on alarger number of

observations (L oftus, Donders, Hoffman and Schooler, 1989).
Study Phase.

Percent Correct. A highly sgnificant effect of motion was found on perception
of facia expresson. Participants were far more accurate in judging facia expression
when the items were presented in Dynamic mode [F (2,152) = 32.052, p = .000] than
when presented in either the Single- Static or Multi- Static conditions. There was a
sgnificant improvement of the facid expresson judgment in the Multi- Static condition

as compared to the Single- Static condition [F(1,78) = 5.220, p = .03]. No other effect
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was ggnificant, induding main effect of Gender [F (1,76) <1), and interaction between

Motion and Gender [F(2,152) <1) (see Figure 13).

Andysis of differences between the identification of the six emations which was
carried out on 24 macro subjects reveded a highly significant effect of Emotion [F
(5,110)=8.357, p=.000]. Figure 14. showsthat Happy expressons were more likely to
be judged correctly than other emotions and that Surprise expressions were the least

likely to be judged correctly.

A two-way interaction between Emotion and Motion was dso highly significant
[F (5,220) = 7.227, p = .000]. Figure 15. shows that the effect of motion was smilar for
al emotions except for Fear. Participants were much more accurate in recognizing Ange,
Disgust, Happy, Sad and Surprise in the Dynamic condition than in the other two Satic
conditions. For recognizing the expression of Fear, however, participants were more
accurate in the Multi- Static condition. There was no significant difference between
Sngle-Static and Multi-Static condition for &l emotions except for Fear, where the

difference was margindly significant [F(1,22) = 3.868, p=. 062].



Intensity Ratings. Anayss of intengty ratings was carried out on mean intensity
ratings for correctly judged items. The effect of Motion was found to be margindly
significant [F(2,156) = 2.526, p=.08]. Figure 16 showed that participants gave higher
intengty ratings for items presented in maotion than items presented in static mode (Single
or Multi). There was no sgnificant difference between the Single- Static and the Mullti-
Static conditions[F(1,78) < 1]. But there was a significant difference between the Multi-
Static and the Dynamic conditions [F(1,78) = 4.485, p =. 037]. Combining data from the

two datic presentations reveded a significant effect of motion [F(1,78)=5.751, p=. 015].

Confidence Ratings. The results on confidence ratings show that participants
were more confident when making correct judgment for items presented in the Dynamic
mode as compared to itemsin Static modes (Single or Multi) [F (2,156) = 4.087, p = .02].
The difference between the Single- Static and the Multi- Static formats was not sgnificant
[F (1,78) <1). Combining data from the Single-Static and Multi- Static condition reveded
asmilar but more significant result [F (1,78) = 11.593, p = 001]. (see Figure 17.)
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Per ception of Motion and Per ception of Change. Statigtical analyses were
conducted on the percentage of items in which movement was reported. The main effect
of Mation was highly sgnificant, suggesting that itemsin the Dynamic condition were
reported as displaying facid movement, but itemsin the Single- Static or Multi-Static
conditions were not [F (2,156) = 532.501, p = .000]. The data showed that 92.4% of the
tota items presented in dynamic condition were reported as showing movements,
whereas in the Single- Static and M ulti- Static conditions the perception of motion were
negligible (3.66 % or 1 item in the Sngle-Static and 13 % or 3 itemsin the Multi-Static
conditions). (See Figure 18)

Andysis on perception of “change’ reveded adightly different result. The main
effect of Motion on perception of change was highly significant [F (2,156) = 86.520, p=
.000]. However, this effect reflected the fact that participants reported change perception
for items in the Multi- Static condition more often than in the other formats of
presentations. Figure 19. shows that participants perceived changesin the face for 61% of
the items presented in Multi- Static condition, and 42 % of the items presented in
Dynamic condition, whereas only 1% of theitemsin Single-Static condition were seen as
showing changes in the face. The difference between the Dynamic and the Multi- Stetic

conditions was significant [F (1,78) = 10.191, p = .02]. (See Figure 19).
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PANAS. Correlationa analyses were conducted independently between PA score
and accuracy (percent correct) in the three Motion conditions, and between NA score and
accuracy in three Motion conditions. These analyses were conducted to test the
rel ationships between participants affective condition a the time and their performance
on different presentation formats. The results showed no correl ations between PA and

NA score with judgment accuracy on any of the motion condition. See Table 6.

Test Phase

During the Test Phase, participants made two (2) kinds of judgments. For each
item they indicated whether they had seen the face in the previous part of the Experiment
(Study Phase). Then, if they believed they recognized the face, participants had to judge
whether the poser displayed the same expression asin the previous phase. For both of
these questions participants answered “Yes’ or “No”. No more questions were asked for
the unrecognized or new items. Participants answers to the first questions defined the
Face Recognition Data. The answers for the second questions, which were conditiona
upon the correct answer to the first question, made up the Memory for Faciad Expresson

data. Orientation manipulation was aso administered in this phase. Half of the



participants were tested with items in the norma Upright orientation, and the other half
were tested with Inverted faces.

Statidticd analyss of the effect of Motion, Orientation, and their interaction
effects on Face Recognition and Memory for facid expression were conducted
independently on sengitivity (d-prime) and bias (B). In addition, andyses were dso
conducted for memory for facia expression conditioned upon accuracy of the expression
judgment in the first phase. In other words, in the third analysis, memory for facid
expression as a function of whether or not the expression was correctly identified in the
Study Phase.

Face Recognition-Analysis of D-Prime. Participants performance on face
recognition was not affected by mode of presentation [F (2,148)<1]. In ng the
absence of an effect of motion, it isimportant to note thet there may be a celling effect in
the Upright condition, where the D-prime for dl conditions were close to or even higher
than .90. See Figure 20. However, no ceiling effect was observed in the Inverted

condition.

The main effect of Orientation, on the other hand, was highly sgnificant [F (1,74)
= 253978, p = .000]. The interaction effect between Motion and Orientation was not

sgnificant [F (2,148) <1].

Face Recognition-Analysis of Bias. Smilar to the andysis on D-Prime, the

result for analyss of Bias showed no effect of Motion [F (2,148) <1], and interaction



between Motion and Orientation [F (2,148) <1]. However, the main effect of Orientation
was highly significant [F (1,74) = 16.250, p=. 000]. See Figure 21. Effect of Motion and
Orientation on Face Recognition- Andysis of Bias. The effect of Orientation on

judgment bias suggested that participants exhibited amore religble criterion shift in
recognizing inverted faces than upright faces.

Memory for Facial Expression-Analysis of D-Prime. Participants memory for
facid expression was not affected by Motion condition [F (2,148) <1]. However, the
effect of Orientation was highly significant [F (1,74) = 73.318, p = .000] suggedting that
participants in the Upright condition were much more accurate and sengtive in their
Memory for Facid Expressions than participantsin the Inverted condition. See Figure 22.

Effect of Motion and Orientation on Face Recognition-Anayss of D-Prime.

There was no ggnificant effect of interaction between Motion and Orientation [F
(2,148)<1].

Memory for Facial Expressons-Analysis of Bias. A amilar result was found
for the Bias andyd's of Memory for Faciad Expressons. The main effects of Mation on
Memory for facial expressionswas not significant [F (2,156) = 1.036, p> .05]. However,

there was a dgnificant effect of Orientation [F (1,78) = 21.092, p = .000), suggesting that



participants exhibited a more liberd criterion for the Inverted condition than for the
Upright condition. There was no interaction effect between Motion and Orientation on

judgment bias for Memory for Facid Expressons. (See Figure 23)

Participants performance on memory for facial expressions was comparable to
their performance on face recognition. Comparing accuracy of the memory for facid
expressions and face recognition reveded no significant main effect of tasks, or motion
[F (1,78) 1.620, p > .05 for the effect of task, and F (2,156) < 1 for the effect of motion].

The interaction effects between task and motion, task and orientation, motion and
orientation and a three way interaction between task and motion and orientation were aso
not significant [F (2,156) <1; F (1,78) < 1; f (2,156) < 1; F (2,156) < 1 respectively]. The
only sgnificant difference was due to the Orientation effect, which suggests that for face
recognition and memory for facial expresson, performances were impaired by inversion.

(See Figure 24).

Face Recognition Conditional upon Performance at Study Phase. The above
andyses of face recognition and memory for facia expresson were conducted without

congdering participant’s performance in the Study Phase. A different way to andyze the



effect of Motion and Orientation was by looking at participants performance in the Test
phase as afunction of their performance in the Study Phase. The questions to answer here
were, “How did participants performance in the test phase relae to their performancein
the Study Phase?’; “WIill participants remember the expression better if they correctly
judged it before?” Similarly, “Will participants recognize the face better if they judged
the expressions correctly in the previous phase of the experiment?” And “How do the
Moation and Orientation manipulations affect these performances?’

The data showed some intriguing results. The main effect of Accuracy a Study
was not significant [F (1,156) <1]. Smilarly, the main effect of Motion and the main
effect of Orientation was not significant [F (2,156) = 2.116, p > .05, for Motion effect,
and F (1,156) <1 for Orientation effect]. However, there was a significant interaction
effect between Accuracy at Study and Moation [F (2, 156) = 33.948, p = .000]. AsFigure
25. ato ¢ show, the effect of Accuracy a Study on Face Recognition is smilar for the
Sngle-Static and Multi- Static conditions suggesting that when participants correctly
judged the expressions at Study, they were less likely to recognize the face. The opposite
effect, however, was observed for the Dynamic condition. Specificaly, when participants
judged the expression correctly (at Study), they were more likely to recognize the face a
Test (See Figure 25 ato ¢). One possible explanation for these results would relate to the
resources that participants alocated in encoding the face. It is possible that for difficult
items (Single-Static and Multi- Static) participants dedicated alot of resources to
encoding the expression at Study and hence less resource were dedicated to encoding the

face which could result in poorer face recognition at test. On the other hand, for relatively
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easy items in the Dynamic conditions, this competing resource problem may not have

occurred.

Memory for Facial Expressions Conditional upon Performance at Study
Phase. The same questions as above could be asked for Memory for Facid Expression
data. How does accuracy at judging afacid expresson at Study affect the memory for it
a Test? The pattern of results on the Memory for Facid Expression datawas very smilar
to that for Face Recognition above. The main effect of Accuracy & Study was sgnificant
[F (1,152) = 11.622, p = .001], and there was also a significant interaction effect between
Accuracy at Study and Motion conditions[F (2, 152) = 21.232, p = .000]. Figure 26 ato ¢
showed that the effect of Accuracy a Study on Memory for facid Expressonswas
gmilar for Sngle-Static and Multi- Static conditions. And that effect showed that when
participants judged the expressions correctly at Study, they were less likely to recognize
them at Test. The opposite pattern was observed for items in Dynamic conditions. For
Dynamic items, items judged correctly at Study were more likely to be recognized at
Tedt. This pattern of results seemed counter-intuitive, because if participants devoted
more resources for the expressions a encoding, they should have been able to better
remember them &t later test, and vice versa. However, considering the way that Memory
for Facia Expression was tested in the current experiment, each correct answer

congdtitutes two elements, the memory for the face, and the memory for the expression of



the face. Thusit is possble that the results mirrored those of face recognition, sinceitisa

big part of the memory task.

Discussion

Asin Experiment 1, in Experiment 2 participants were much more accurate in
judging the facid expresson in the Dynamic presentation relative to either of the Static
presentation conditions (Single or Multi). They were aso much more accurate in the
Upright orientation than in the Inverted orientation. The difference between the Multi-
Static and the Single- Setic condition suggested that having additiond information may
help disambiguate the facia expression and thereby improve accuracy in judging facia
expression. However, this effect was not enough to account for the full beneficid effect
of Motion. These data, together with the lack of interaction effect between Motion and
Orientation suggest that the beneficid role of motion in improving perception of facia
expression goes beyond smply providing additiona views of the face, but is not
mediated by configural processing of theface. Thusin sum, with respect to the Study
Phase, Experiment 2 replicated the beneficia effect of Motion, the detrimentd effect of
Inversion, and the lack of interaction between Motion and Orientation on perception of
facia expresson. The one difference between the two experimentsis that a difference
between Single- Static and Multi- Static condition which was not significant in Experiment

1, but was sgnificant in Experiment 2.



The results of Experiment 2 again suggest thet there is something inherent in the
dynamic property of emationd displays thet facilitates the perception of facia
expresson. One possbility isthat motion facilitates the perception of “change’ inthe
face. However the results on “ perception of change’ data do not entirely support this
idea. Conggtent with the sengtivity to change hypothesis, there was a Sgnificant effect of
Moation on the perception of change, which reflected in part a significant difference
between the Single- Static and the Dynamic condition. However, counter to the sengtivity
to change hypothesis the condition in which perception of change was most frequently
reported was actualy Multi-Static condition.

Participants dso rated the facid expresson as more intense in the Dynamic than
in the Static condition (Single or Multi). This trend however did not reach a sSgnificant
leve. Participants were a'so more confident with their judgment for Dynamically
presented items that the Static items.

Phase-2 in Experiment 2 tested the effect of Motion on Face Recognition and
Memory for Facid Expresson. Analysis on D-Prime suggested that Motion did not affect
Face Recognition. It is possible that the ceiling effect observed for Face Recognition in
the upright condition could have contributed to the absence of an effect of motion.
However, importantly motion did not affect recognition in the inverted condition, for
which there was no celling effect, even though it did influence emation identification.
Thus these findings suggest that the processes involved in emotion identification, at least
with respect to the manner in which they interact with motion, are quditatively different

than those involved in face identification.
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The effect of Orientation on Face Recognition was highly sgnificant, whichis
congstent with the many studies that have shown that Face Recognition depends on
configurd processing (e.g. Bruce & Young, 1998; Hancock et a., 2000). A smilar effect
of Orientation was aso observed in Memory for Facia Expressions, which suggest that
this task is also more configurally based.

There was ds0 a strong effect of Inversion (Orientation) on participants tendency
to make positive judgment for face recognition and memory for facid expressons. The
data showed that participants tend to be more liberal and more likdly to give postive
identification in the Inverted than in the Upright Orientation.

When we took into consideration participants  performance in the Study-phase, a
sgnificant interaction effect between Accuracy at Study and Motion was observed on
Face Recognition and Memory for Facial Expressons. The pattern of results for Face
Recognition was Smilar to that for Memory for Facia Expressions. This result suggested
that for difficult items (Single- Static and Multi- Static), when participants judged the
expressons correctly in the Study-Phase, they were less likely to recognize the face and
the facia expression at test. On the other hand, for relatively easy items (Dynamic
conditions) correct judgment of the expressions at Study |ed to better face recognition
and better memory for the expressions. The results on face recognition seemed to suggest
that alocations of resources may have played arole. Specificaly, for difficult items,
participants may have alocated more resources on encoding the facial expressons at the
expense of encoding the face, and this results in poorer face recognition performance.

The same pattern observed in Memory for Facia Expression data seemed to suggest that

71



face recognition may have been abig part of the memory for facid expressons

performance at the current study.
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GENERAL DISCUSSION

Per ception of Facial Expression

The Effect of M otion-Main Findings. The results of the two experiments
provide compelling evidence for the important, but previoudy under gppreciated, role of
motion in the detection of emotionsin theface. In Experiment 1, participants were more
accurate in judging the facid expression in the Dynamic than the Sngle- Static and Mullti-
Static conditions. Thisresult was replicated in Experiment 2. Participants also rated the
expressons as more intense in the Dynamic conditions than in the two Static conditions
and were more confident in their judgments after seeing the moving sequences than the
dtatic ones.

Comparisonswith Previous Studies. As noted in the Introduction, the few
previous studies that have examined the effect of motion on perception of facia
expressons have generdly failed to find a significant effect (Dube, 1997; Gepner, 2001),
and when effects have been observed they have been modest and limited to only afew
emotions. Thus, a first glance, the subgtantia effect of motion observed in the current
studies seems to be in contrast with previous results discussed before. However,
differencesin several methodologica factors between the current and the previous
studies may account for the difference in effect size. Firgt and foremogt, the current study
was pecificaly desgned to include only subtle facia expressons. Previous studies

discussed above used fully displayed prototypic facid expressions, which tend to be more
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intense (Carroll & Russdl, 1997). Harwood et a. (1999) sdlected sequences with average
intengity as rated by an undisclosed number of judges. Gepner et d. (1999) sdected the
most expressive sequences, whereas Dube’ (1997) included strong facia expressions of
Happy and Sad. It is possible that the use of the subtle expressions in the current sudy
may have been a key innovation that enabled motion to exert itsfull effect. If thisisthe
case, we should expect the effect of motion to be diminished or even disappear for
sronger facia expressons. A replication of the current sudy using more intense facia
expression would be interesting and necessary to test the subtlety hypothesis. Such a
replication would aso be important for comparisons with the mgority of sudiesin
perception of facid expressons. Thisis because the mgority of research on perception of
facid expressons uses a sandard set of facid expression which tends to be highly
prototypica and of strong intengity. Testing the effect of motion on perception of
prototypica expressions would render the current studies more comparable to previous
sudies. Importantly however, the present findings suggest that subtlety of facial
expressons, like their dynamic display, may represent a critical feature of red lifefacia
expression digplays that has been largely overlooked in most investigetions of facia
expressons. Another factor that might account for the present studies' unique successin
demondrating the role of motion in facid expresson identification involves the number

of posersthat were used and the variety of the facia expressions that were tested. All of
the previous studies used a very limited number of posers and emations. The number of
posers ranged from 1 (Gepner et a., 2001) to 5 (Harwood et a., 1999). The limited
number of posers alowed more room for posers expressiveness and idiosyncrasy to have

an effect. This aspect might have contributed to the poser effect in Dube s (1999) studies,
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and limited the generdization and interpretation of the findings. More importantly, it
might have contributed to the failure to demondirate a facilitation effect of dynamic
sequences on the perception of emotiond facid expressons. Smilarly, the limited
number of emotionsin the stimuli and answer choices reduces the possible confusions
between expressions that shared some common eements (for example eye widening in
Fear and Surprise), and thereby reduces the potentials for motion to facilitate affect
judgments.

The Mechanisms. In addition to be the first study to provide compelling
evidence of the subgtantiad beneficid effect of motion on the perception of dl 6 basic
emotionsin norma adult population, the present study also was unique in exploring the
potentia mechanisms by which motion might facilitate perception of facid expressons.
Three possble mechanisms were tested in both experiments.

1. Mation provides more static information than a single static display, which helps
in disambiguating the emotion sgnd.

2. Moation provides tempord information of the expresson, which isnot availablein
the static display.

3. Moation facilitates configura processng.

Experiment 1 reveds no sgnificant difference between the Single- Static and the
Multi- Static condition. In Experiment 2, however, the difference between these two static
conditions reached sgnificance. This later results support the idea that having additiona
information about the expresson may facilitate expresson judgments to some degree.

Y e, the difference between the Dynamic condition and the two Static conditions was far

greater than the difference between Multi- Static and Single- Static conditions.
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Furthermore, no interaction between Orientation and Motion was observed in ether
experiment, ruling out configural processing as critical mediator of the impact of motion.
These converging results thus support the second mechanism for the beneficia effect of
moation. That is, motion facilitates judgment of facia expresson by providing dynamic
information. The questions remain as to what is the specific dynamic property that
accounts for the effect. Two possible explanations are discussed below.

One possible source of benefit of adynamic display isthat it may provide
idiosyncratic tempord information thet is specific to individud facia expressons. A few
studies have observed that a particular expression (felt happy) is associated with specific
dynamic markers. For example Frank and Ekman (1993) found that spontaneous
enjoyment smiles are characterized by smooth and symmetrica action of the zygomatic
major muscle aong with synchronous action of the orbicularis oculii. They found this
effect by comparing the dynamic characterigtics of enjoyment smile and non-enjoyment
amile. More recently, Schmidt and Cohn (2002) found areigble differencein the
tempord information of spontaneous smiles as compared to posed smiles. For example,
the spontaneous smiles reach pesk at dower speed than the posed amiles. These studies
demondtrate that reliable dynamic characteristics associated with a specific kind of facia
expression are available and that people can use such tempord information to make
judgments about the expressions (Ekman & Friesen, 1982; Hess & Kleck, 1990; Hess &
Kleck, 1994). Thus, in view of the previous results, the current data might suggest that
some didtinctive dynamic information may aso exist that differentiates each basic facid

expression, and that people may use such important information in determining the facid
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expression. This possbility opens up anew and important avenue for future research to
investigate the dynamic property of the facia expresson of each basic emation.

Change Sensitivity Hypothesis. Another possible explanation of the beneficia
effect of motion is that amoving sequence facilitates facia expresson judgments by
better enabling participants to perceive “changes’ in the face. Accordingly, the subtle
difference between the last image (the target) and the first image (the neutra face) asthe
expression progresses may have become more visible through motion. The idea that
motion facilitates the perception of change is consgtent with findingsin the literature of
change blindness. Change blindnessis the inability to detect large changes to scenes from
one view to the next. Studiesin thisfield indicate that a very brief disruption in the visud
presentation of two images can obscure peopl€e s ability to perceive large change between
the pictures. The disruption can take severd forms, for example through mud-splash
(O'Regan, Rensink, & Clark, 1999), aflicker sequence (Rensink, 2000; Scholl, 2000), or
ablank image (Rensink, 2000) presented in between the two pictures. Peopl€ s ability to
perceive the change, however, is preserved with consecutive displays of the pictures
(Rensink, O'Regan, & Clark, 2000). (See change blindnessdemoin

http://niveapsycho.univ-parisb.fr/Mudspladh/Nature Supp Inf/MoviesMovie List.html

The consequence of the successve presentation of different picturesis the emergent
perception of motion. To that effect, the vanishing of the change- blindness tendency (or
the enhancement of change sengtivity) following consecutive presentation of the
stimulus could be considered as the effect of perception of motion. The consecutive
presentation of the two pictures in a standard change- blindness paradigm is identical to

the dynamic presentations employed in the current sudies. Moreover, the disrupted


http://nivea.psycho.univ-paris5.fr/Mudsplash/Nature_Supp_Inf/Movies/Movie_List.html

presentation in a standard change- blindness paradigm is comparable to the Multi- Static
condition in the present studies. Thus, the current results may have shown that people
demondrate the change-blindness phenomenon in the perception of facid expressons
following adisrupted display of the pictures (i.e. in the Multi- Static condition).
According to the change sengitivity hypothesis, therefore, the better performance
in the Dynamic condition as compared to the Multi- Static condition may have been
related to the perception of change enabled in the Dynamic condition and not in the

Multi- Static conditions.

Anindirect test of the change sengitivity interpretation of the effect of motion was
included in the current experiments. Specifically participants were asked to indicate
whether or not they perceive change in the face for each item they saw. And “change’
was defined as noticesble differencesin the face between images in a given item.
According to change sengitivity hypothes's, participants should have no problemin
perceiving changes in the Dynamic conditions, whereas they should demondirate a
difficulty or falure to notice those changes in the Multi- Static and Single- Stetic items.
The results however, were not quite straight-forward. Experiment 1 partialy supported
the change sengitivity interpretation, since the perception of change was much higher for
Dynamic itemsthan for Sngle-Static ones.  However, contrary to the change sengtivity
interpretation, participants reported the perception of change in the Multi- Static condition
to agreater degree than in the Dynamic condition. Similar results were observed in
Experiment 2.

The fact that perception of change was highest in the Multi- Static condition

demands that interpretation of this result be made with caution. An explanation to this
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result could be offered by looking at the differences between report of “change’ and
report of “motion” in the Multi- Static and in the Dynamic conditions. In the Multi- Static
condition, perception of change was reported much more frequently than the perception
of motion. This difference is completely consstent with the expected data for the Multi-
Static condition. Thus, participants might have noticed changes in some of theimagesin
the Multi- Static items without perceiving mation. In the Dynamic condition, however, the
data were not as expected. Strictly speaking, anytime an individua sees mation within a
face they should report aso having seen a change since movement requires some, at least
brief, change in the configuration of the face. In other words al items reported to have
shown motion should have been reported to have shown change, but not vice versa
Consequently, in the Dynamic condition, more items should have been reported as
showing change than showing motion. However, this was not the case with the detaiin
both Experiment 1 and Experiment 2. Participants reported more items showing motion
than showing change. This means that for some items perception of motion were reported
without the perception of change.

An argument could be made that participants might have had a different criterion
for reporting motion and change, that is, they might have had a higher threshold (stricter
criterion) for perception of change questions than for perception of maotion. In other
words participants might have been more reluctant to report achange if they could not
figure out specificadly “what” was changed during the brief sequence presented. Given
the subtlety of facid expressonsin the two experiments the specific facid change may

not quite be apparent.
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Another possible explanation is that some participants may not have understood
that a moving sequence congsts of a series of static images, and hence did not report the
perception of change for moving sequences. This was possible because the definition that
was given for the perception of change included notions about different imagesin the
item. Those who were not aware that a moving sequence was Smply a series of
individua images presented consecutively might have thought of the Dynamic itemsasa
whole single presentation and hence would not report the perception of change even
though they do percaive the change in the face. One indication of this possibility is shown
in the data of some participants who more than others consstently perceived motion
without the perception of change.

In summary, there was partia support for the change sengitivity interpretation of
the current results. However, it remains a hypothesis that needs to be tested more directly
in future sudies. Some dternative way to test the change sengtivity hypothesis will be
discussed in alater section.

Effect of Orientation. Another main finding in the current experiment was avery
gtrong effect of Orientation on the perception of facia expression. Thisresult was
congstent with asmall number of previous studies of the way people perceive facid
expresson (Kirita& Endo, 1995; McKelvie, 1995; Muskat & Sjoberg, 1997; White,
1999). As noted before, there was no interaction effect between Orientation and Motion
in the current experiments. However, an interaction effect of Orientation and Emotion
was observed in Experiment 1, which suggests that perceptions of some expressions are
more configurally based than others. Perception of Anger, Disgust, Fear and Happy are

more configuraly based, whereas perception of Surprise tends to be featurally based.



The interaction effects between Orientation and Emotion were also consstent with most
of the studies mentioned above. Table 7. summarizes the effect of Inverson for each
emotion observed in the current and previous studies. It should be noted, however, that
Experiment 2 did not include the manipulation of Orientation in the Study-Phase.
Therefore, the above interpretation of the interaction effect between Orientation and
Emotion was based solely on 1 experiment with limited sample for each emotion. Hence,
areplication of the effect is necessary before any strong conclusion can be drawn about
thisissue.

Happy Advantage and Gender Effect. Other results observed in the current
experiments were aso congstent with previous results on perception of facia
expressions. The superiority of perception of Happy faces was congstent with the “ happy
advantage’ commonly demongtrated in most studies of perception of facid expresson.
Happy faces are recognized faster and with higher accuracy than other facid expressons
(Ambadar, 1994; Feyereisen et a., 1986; Harwood et d., 1999; Kirita & Endo, 1995;
Kirouac & Dorée, 1983). Also, a hgppy face can be judged with high accuracy even from
more than 45 meters away (Hager & Ekman, 1979).

The present studies aso found that women were more accurate than menin
judging facid expressons. This gender effect is dso commonly observed in the literature
(McClure, 2000).

Memory for Facial Expressons.

The results on memory for facia expressionsindicated that Motion did not seem

to influence memory for facid expression. Participants were just as accurate in

recognizing the expressons of a given face regardiess of how it was origindly presented.
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It was quite tricky to compare the current observations with those in previous studies of
memory for facid expressons. Thisis partly because there have been very few studieson
this subject. There appear to be only six (6) published investigations on memory for
faciad expressons, and most of those sudies involved participants with disorder, such as
patients with anxiety disorders, generalized socid phobia (Foa, Gilboa- Schechtman,
Amir, & Freshman, 2000; Perez-Lopez & Woody, 2001), or brain injuries (Prigatano &
Pribram, 1982; Weddell, 1989). The argument behind those studies was that the ability to
remember facid expressons might have been enhanced (in the case of anxiety and
phobia) or impaired (in the case of brain injuries) by these pathologica conditions. Two
studies were more relevant to the current experiment on memory for facid expressons
and will be discussed below.

The first one was by Gaper and Hochberg (1971) who used a standard face
recognition desgn smilar to the one used in the current experiment. Thelr tests for
recognition assessed both facia and expressiona recognition over a series of trids.
However, they did not assess the process by which people remember facid expressions.
Their main purpose was to compare performance on face recognition and memory for
facia expressons. This agpect of their result will be discussed aong with the discussion
about comparison between face recognition and memory for facid expresson in alater
section below. The only aspect of their findings which could be compared with the
current result was the mean accuracy of the memory for facia expresson. Gaper and
Hochberg (1971) found that participants were able to accurately remember the facia

expression of previoudy seen faces 76% of the time.
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Another relevant study with respect to memory for facia expresson was one
conducted by Cohen-Pager and Brosgole (Cohen-Pager & Brosgole, 1992). Thedesgnin
this study was quite unique because it only involved 1 face to recognize followed by a
recognition test 5 days later. Smilar to Galper and Hochberg's (1971) study, Cohen+
Pager and Brosgole (1992) aso compared their participants performance on face
recognition and memory for facia expressons. This aspect of their results will dso be
discussed in the appropriate section below. Cohen-Pager and Brosgole (1992) found that
85% of the participants could remember the facid expression accurately. Obvioudy, the
latter study should have been easier than the current experiment because it involved only
1 face simulus, and the recognition task involved choosing between a pair of target and
lure face of the same person with different facid expressons. Thus comparison on
participants performances on the Cohen-Pager and Brosgol€' s sudy and the current
study is not quite fitting. Participants performances in Experiment 2 of the current study,
however were comparable to those on Galper and Hochberg's (1971).

Experiment 2 was the first sudy designed to shed light on the processing aspect
of memory for facid expresson. The results of in Experiment 2 showed no significant
main effect of Motion on Memory for Facid Expresson. However, astrong effect of
orientation was observed, suggesting that inverson impars memory for facid
expressons.

Face Recognition

The lack of effect of motion in the second experiment suggests that dynamic

information in the form of facid expressons neither help nor hurt the recognition of

previoudy unfamiliar faces. Experiment 2 was one of the few studies that tested people's



ability to recognize aface based on the interna characteristic of the face. Previous
research had shown that people tend to depend on external information such as hair style
and context for recognizing previoudy unfamiliar faces (Hancock et a., 2000).
Experiment 2 showed that in about 20 minutes, people can learn the identity of 24
unfamiliar faces very well, when tested immediatdly. And given that the task did not
dlow them to perceive externa information, Experiment 2 showed that participants could
make use of the internad information of each new face quite efficiently to alow them to
recognize the faces very well ashort time later.

The effect of Orientation on Face Recognition was quite subgtantia, which is
congstent with previous research on face recognition. Inverting the face during test
sgnificantly reduces recognition accuracy (Bartlett & Searcy, 1993; Carey & Diamord,
1994; Collishaw & Hole, 2000; Freire et al., 2000; Hancock et a., 2000; Leder & Bruce,
2000; Leder et al., 2001).

In addition to its effect on accuracy of face recognition, orientation also affected
judgment bias. Participants tended to be more libera in making postive recognition
judgments in the inverted condition than in the upright orientation. This result was
consistent with previous research which observed the effect of task difficulty on
judgment bias (shift in criterion). These studies found that in amore difficult task, people
tend to shift to amore liberd criterion and hold lower threshold in their judgment. For
example, Pollack and Decker (cited in Hicks & Marsh, 1998) manipulated the sgnd-to-
noise retio for trials containing a st of items, one of which had been presented earlier. As
the sgnd-to-noise ratio decreased (i.e., the task became more difficult), people exhibited

amore liberd criterion shift. A smilar result was obtained by Decker and Pollack (cited



in Hicks & Marsh, 1998) with visud conditions made easier or more difficult by
meanipulating low-pass frequency cutoffs. The same was true in astudy by Clarke (cited
in Hicks & Marsh, 1998) and in another by Hedly and Jones (cited in Hicks & Marsh,
1998). Thus, more difficult discrimination conditions induced a more liberd biasin
responding. The important point of this earlier work isthat if participants can identify
different classes of test items either conscioudy or unconscioudy, and those differences
relate to difficult discriminations, then more difficult versons of the test produced more
liberd shiftsin criterion (Hicks & Marsh, 1998). The data on D-prime andysis proved
that faces presented upside-down were more difficult to recognize. Thus it seemed likely
that the effect of inverson on judgment bias observed in Experiment 2 was mediated by
task difficuity.
Similarity and Differ ences between
Per ception of Facial Expressions and Face Recognition

The current experiments demongrated a very strong effect of Motion on
perception of facia expressons. This effect however was not observed on Face
Recognition. On the other hand, a strong effect of Orientation was observed on both
perceptions of facid expressions and face recognition, which suggests that both tasks
were based on configural processing. Since the effect of motion did not seem to be
mediated by itsrole on configural processing there was no reason to believe that the same
beneficid effect of motion should have been observed in Face Recognition. The fact that
motion subgtantidly affected facid expresson identification but not face recognition

demonstrates that, athough both tasks share some processes (e.g. areliance on configura



processing) they nevertheless dso involve digtinct processes that are differentialy
sendtive to dynamic properties.

Perhgps the kind of movement involved in the sudy may be important in thet
rigid movements (head movements) may be more beneficid than non-rigid movement
(such asfacid expressons) in the recognition of unfamiliar faces. Previous studies that
demonstrated a trend towards a benefit of motion in recognition of unfamiliar faces
involved morerigid motion (Pike et a., 1997; Schiff, Banka, & Galdi, 1986). In
comparison, Chrigtie and Bruce (1998) who manipulated nor+rigid motion did not find a
sgnificant effect of motion on the recognition of unfamiliar faces. On the other hand, a
smal number of studies that demongtrated the benefit of moving sequenceswhich
include some facid expressions used highly familiar or famous faces (for example
Lander, Christie and Bruce, 1999; Lander and Bruce, 2000). If non-rigid mation such as
facid expressons provides idiosyncratic information that ads in identifying aface then it
makes sense if the effect is not observed on unfamiliar faces in the current study because
by definition theidiosyncratic facia movement of unfamiliar faces is unknown.

It must be noted that the lack of motion effect on face recognition in the upright
condition could be due to a celling effect. However, thisview presupposes that motion
interacts with inverson in the case of face recognition, which as noted previoudy thereis
presently no direct evidence. Nevertheless, in view of the possble celling effect in the
upright condition of the current study, the direct effect of motion on face recognition such
as the ones observed for perception of facia expression till need to be tested. One way
to do thiswould be to replicate the current study with an adjusted paradigm so asto avoid

acelling effect by making the face recognition task more difficult in the upright



condition. That is, either by adding the number of faces to be recognized or by using
delayed recognition task in the Test Phase.

A more comparable task to face recognition was tested in the second experiment,
that is, memory for facia expressons. The results for this memory loaded judgment of
affect mirrored the results on Face Recognition. Specificaly, performance on Memory
for Facid Expressonswas impaired by inverson but largely unaffected by motion. Thus,
this task seems to depend on configural processing as well.

The same pattern of results between face recognition and memory for facia
expression was aso observed in the relation between performance a Study and Test. In
both of these tasks, accuracy in judging facid expresson at Study for more difficult tasks
(Sngle-Static and Multi- Static) leads to poorer recognition of the face and the expression
at Test. On the other hand, correct judgment of facial expressionsfor relatively eeser
tasks (Dynamic) leads to better face recognition and memory for the expressons. One
possible explanation is that in more difficult conditions, encoding the facia expressons
may have demanded resources which compete against the alocation of resources for
encoding the face. As a consequence, in more difficult conditions, less resources were
available to encoding the face, which in turn leads to poorer recognition of the face. The
dataon memory for facid expressions mirrored the results on face recognition. Thisis
probably due to the fact that a big part of memory for facia expressons, at least in the
way thet it was tested in the current study, involves recognizing the face. An dternative
way to assess memory for facia expressions would be to reduce the element of face
recognition by presenting participants with pairs of the same person showing different

expressions and asking them to salect the expressons they have seen before.
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Future Directions

The studies described in this dissertation condtitute only the beginning of an
investigation examining the processing of ecologicdly rdevant disolay of facid
expressons. Many questions remain unanswered. Is the effect of motion on perception of
facia expresson limited to subtle facid expressons? As previoudy discussed, the
subgtantid effect of motion on perception of facia expression observed in the current
study may have been mediated by the use of subtle facia expressons. Subtle facid
EXpressions are more common in every day stuations. However, there are occasons
which dlicit very strong facid expressions, such as Surprise when one just learned that
ghe won abig prize in alottery, or Sad for learning that one's beloved person just passed
away, etc. It would be interesting to find how moation affects judgments of such strong
facia expresson. Given that the mgority of previous sudies on perception of facia
expression relied on prototypic and intense facid expression, areplication of the current
study usng amore intense facid expresson isimportant to assess the necessity of
reviewing the previous researches in the light of the beneficia effect of Motion.

Another question that remains to be tested is with respect to the specific
interpretation of the mechanism by which motion facilitates perception of facid
expression. Specificaly how does motion facilitate perception of facia expresson? The
current study provides evidence that an important factor respongble for the beneficid
effect of motion isinherent in the dynamic property itself. However, what specificaly
thisinformation is could not be determined from the current sudy. One possibility which
gained partid support from the current experiment was that Motion might increase

peopl€e’ s sengtivity to change. However, more direct test of this hypothesis remains to be



done. One way to directly test the change sengtivity hypothesis might be to follow the
gtandard paradigm in change blindness sudies for facid expresson simuli. Thet is, to
show participants with two pictures (images) only, the first (neutrd) image and the last
(target-expressiond) image. The manipulation involves the presentations of a mud-
gplash, aflicker, or abrief presentation of ablank image. The standard effect of change
blindness would be observed if participants were less accurate in judging the expressions
in the mud- splash (flicker, or blank insertion) condition than in the condition withouit it.

Another dternative and perhaps a better way to test the change- blindness
hypothesis would be to conduct an experiment where one of the main dependent
measures is change. Thus, in some conditions participants would see the same face (i.e. it
would actualy not change betweenimages), and in another condition they would see a
changed face. The key questions would be whether or not people could discriminate the
changed faces from the unchanged face trids, and whether this ability varies with respect
to mation condition. In other words, would participants discriminate the changed and
unchanged faces better in the Dynamic condition as compared to the Multi- Static
condition? Then the same exact paradigm can be employed for the perception of facid
expresson judgments. If the beneficid effect of motion on affect judgment is mediated
by its effect in enhancing sengitivity to change perception, then the prediction that
follows would be that the advantage for the dynamic condition with facid expressons
would be amilarly mirrored with the change judgments.

Another aspect of the current sudy which isworth noting is that in Experiment 2,
the mode of presentation of items was held constant between Study and Test Phase. Thus,

identical itemswere used in Study and Test. The lack of effect of Maotion on Memory for



Facid expression in Experiment 2 suggests that memory of identica images of fecid
expression were not affected by mode of presentation. However, it would be interesting
to seeif the same was true for a Stuation in which mode of presentation was varied
between Study and Test. That is, whether items origindly presented in Dynamic mode
will be stored better in memory than items presented in Static modes such that it will
facilitate recognition across different mode of presentation at test.

Furthermore, areplication of the present sudies with a different set of stimuli
would strengthen the externa validity of the results. The current experiments utilized
posed facia expresson. It would be interesting to see whether smilar result will be found
with judgments of spontaneous facia expressons. An attempt to replicate the current
experiments should take into consderation some of the unexpected problems with the
current experiments. Accordingly, modification of the design should include amore
independent measure of memory for facid expressons.

The current experiments demongtrated a substantid effect of motion on
perception of facia expressons. This result bears a grest importance in revisting
previous findings on thisfield in the light of the current findings. Keeping in mind the
differences between the current studies and the standard perception of facia expressons
research, which include the role of motion and the subtlety of the expressions, much of
our knowledge about perception of facia expression such as the universdity hypothesis

might need to be reconsidered.



Table 1. The Effect of Inverson on Perception of Facia Expressons from Previous

Studies.
INVERSION EFFECT
YES NO
Anger (McKelvie, 1995) Exp 1& 2
(Muskat & Soberg, 1997)
(White, 1999)
Disgust (McKelvie, 1995) Exp 1&2
(Muskat & Soberg, 1997)
Fear (McKelvie, 1995) Exp 1& 2 (Muskat & Sjoberg, 1997)
(Bartlett & Searcy, 1993)
Happiness |((White, 1999) (McKelvie, 1995), Expl & 2
(Kirita& Endo, 1995) (expl & 2,3) |[(Muskat & Soberg, 1997))
(Bartlett & Searcy, 1993)
(Endo et d., 1995)
(Searcy & Bartlett, 1996)Exp 1
Sadness (McKevie, 1995) (Kirita& Endo, 1995) (exp 1&2)
(Muskat & Sjoberg, 1997)
(White, 1999)
(Kirita& Endo, 1995) (exp3)
Surprise  [[((McKevie, 1995) (Exp 1) (McKevie, 1995) (Exp 2)
(Muskat & Sjoberg, 1997)
(Bartlett & Searcy, 1993)
Neutral (White, 1999) McKevie (1995, exp 2)

McKevie (1995; exp 1)
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Table 2. Filot: Items Met Sdection Criteriafor Experiment |

No ANGER DISGUS FEAR No
T
Poser| Level Level Poser Level Score
1{010-1 |Level-1 Level-3 Level-3 69.2 1
2|014-1 |Level-1 Level-3 Level-2 7041 2
3/032-1 |Level-3 Level-3 Level-3 69.2] 3
4(089-1 |Level-1 Level-1 Level-2 731 4
5|094-1 |Level-1 Level-1 Level-2 731 §
6/129-1 [Level-3 Level-2 Level-2 654 6
Mean 70.07
HAPPY SAD SURPRISE
Poser| Level Level Poser Level Score
1{068-4 |Level-3 Level-3 Level-1 69.2] 1
2|071-4 (Level-1 Level-1 Level-1 692l 2
31081-4 |Level-2 Level-3 Level-2 704, 3
4(082-4 |Level-1 Level-1 Level-3 69.2] 4
511094 |Level-1 Level-2 Level-1 69.2] 5§
6/115-4 |Level-3 Level-2 Level-2 692l 6
Mean 69.4]
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Table 3. Experiment 1- Table of Stimuli by Condition, Set and Emotion

Note: SS= Single-Static, MS= Multi-Static, DY = Dynamic



Table 4. Experiment 1. Correation Between PA, NA Score and Accurecy in Single-
Static, Multi-Static and Dynamic Condition.

PA Score NA Score
Single-Static -0.098 -0.144
Upright |Multi-Static 0.137 -0.132
Dynamic 0.125 -0.025
Single-Static -0.018 0.111
Inverted |Multi-Static 0.058 -0.096
Dynamic -0.084 -0.17

Note: PA= Pogtive Affect, NA = Negative Affect



Table 5. Experiment 2- Table of Stimuli by Condition, Set and Emotion

SET | COND | ANGER | DISGUST | FEAR | HAPPY | SAD SURPRISE | Total
Ss 0 2 2 1 3 0 8
A | wMs 2 1 1 1 1 2 g
DY 2 1 1 2 0 2 8
Total 4 4 4 4 4 4 24
Ss 2 1 1 2 0 2 8
B | MS 0 2 2 1 3 0 8
DY 2 1 1 1 1 2 g
Total 4 4 4 4 4 4 24
Ss 2 1 1 1 1 2 8
c |[wms 2 1 1 2 0 2 8
DY 0 2 2 1 3 0 8
Total 4 4 4 4 4 4 24

Note: SS= Single-Static, MS= Multi-Satic, DY = Dynamic




Table 6. Experiment 2 - Correlation Between PA, NA Score and Accuracy in Single-
Static, Multi- Satic, and Dynamic Condition

Motion PA NA
Condition Score Score
Single-Static -.194 .099
Upright | Multi-Static -.084 -.056
Dynamic -.147 -.253
Single-Static .188 -.275
Inverted | Multi-Static .108 .005
Dynamic -.013 -.074

Note: PA= Pogtive Affect, NA = Negative Affect



Table 7. The Effects of Inverson on Perception of Facid Expressons from Previous
Studies and the Current Findings

INVERSION EFFECT
YES NO
(McKelvie, 1995) Exp 1& 2
(Muskat & Soberg, 1997)
ANGer -t 1999)
(Ambadar, 2002)
(McKelvie, 1995) Exp 1&2
: (Muskat & Soberg, 1997)
Disgust  —r  hadar, 2002)
(McKelvie, 1995) Exp 1& 2 (Muskat & Sjoberg, 1997)
Fear (Ambadar, 2002) (Bartlett & Searcy, 1993)
(White, 1999) (McKelvie, 1995), Expl & 2
(Kirita& Endo, 1995) (expl & 2, 3) (Muskat & Soberg, 1997))
HapDiness (Ambadar, 2002) (Bartlett & Searcy, 1993)
bp! (Endo e a., 1995)
(Searcy & Bartlett, 1996)Exp 1
(McKevie, 1995) (Kirita & Endo, 1995) (exp 1&2)
(Muskat & Soberg, 1997)
Sad (White, 1999)
(Kirita& Endo, 1995) (exp3)
(Ambadar, 2002)
(McKelvie, 1995) (Exp 1) (McKevie, 1995) (Exp 2)
. (Muskat & Sjoberg, 1997)
g (Bartlai & Searcy, 1999)
(Ambadar, 2002)
(White, 1999) McKelvie (1995, exp 2)
Nt McKelvie (1995; exp 1)

Note: Highlighted are findings from the present udies
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Figure 1. Example of the Sequence Player and the Stimuli.
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Figure 2. Rilot Study — Mean Percent Correct of items sdlected for Experiment 1



DISPLAY FORMATS DESCRIPTIONS

SINGLE-STATIC A single picture presented in a static mode (without the
perception of motion)
A series of picture presented in a static mode (without
MULTI- STATIC the perception of motion)
DYNAMIC A series of pictures with the perception of motion

Figure 3. Descriptions of Motion Condition (Display Formats).
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Figure 4. Diagram of Stimuli Presentations in Three Motion Conditions.
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Figure 12. Experiment 2 — Categorization of the Stimuli - Test Phase
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Figure 18. Experiment 2 - Perception of Motion
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Figure 19. Experiment 2 - Perception of Change
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Figure 25. Experiment 2- The Effect of Accuracy at Study on Face Recognition a Test
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