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Abstract. The present research focuses on the mechanisms of facial expression recognition. We explored the relationship
between eye movement strategies in face perception processes and the intensity of holistic perception effects — namely,
the inversion effect. It was assumed that if holistic and feature-based mechanisms rely on certain specific image viewing
strategies, the intensity of the inversion effect would be associated with certain eye movement characteristics (the number
of examined facial features and the number of gaze transitions between them). The strength of the inversion effect indicated
the dominance of the mechanisms of holistic perception. This was measured as a decrease in the accuracy of expression
recognition of inverted images. In a facial expression recognition experiment, we analyzed responses and eye tracking
data of 92 participants. Photographs of four characters from the WSEFEP database (Olszanowski et al., 2015) were used as
stimuli. Each model displayed seven basic expressions. Stimuli were presented in three conditions: upright, inverted and
thatcherized. A within-subjects design was used. The results showed a significant correlation between the effects of inversion
and thatcherization, which argues in favor of the universality of the mechanism used by a particular person in face expression
recognition. We found a high correlation between the eye movement characteristics under the three conditions of presentation,
which indicates an individual-specific type of oculomotor activity. However, no correlation was found between the strength of
holistic processing and certain eye movement characteristics. Most likely, oculomotor strategies for collecting information do
not reflect the analytic or holistic mechanisms of its processing in facial expression recognition.
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Introduction

For human beings, faces are among the most significant
objects that are encountered in the environment. A human
face is a special visual stimulus, mainly processed holisti-
cally unlike most other visual perceptual stimuli.

There are several interpretations of the term “holistic”
in the psychology of face perception. Tanaka and Farah
(1993) state that the face is perceived like a gestalt; that s, its
features are not explicitly mentally represented as parts from
which the perceptual image of a face is formed but rather
the holistic image affects how each feature is perceived.
Diamond and Carey (1986) discuss configural processing,
which involves analyses of the spatial relationships between
facial features. In any case, some stimulus transformations
disrupt holistic processing, thereby reducing the success of
recognition of a face, its parts and facial expression. The
same transformations usually do not affect the perception
of non-facial objects.

Some well-known phenomena that are specific for
face perception illustrate those statements. People are more
accurate in the recognition of facial features belonging
to a certain familiar person (e.g., deciding which of two
noses is Larry’s nose), if they are presented with features
in the context of the whole face, but not in isolation. This
phenomenon is known as the “part-whole” effect (Tanaka
& Farah, 1993). The inversion effect demonstrates the
destruction of holistic processing when the image of a face
is rotated 180 angular degrees. In this position, recognition
of a face appears to be much slower and less accurate than in
upright orientation (Yin, 1969). The effect of the composite
face illustrates the mutual influence of the parts of the face
on each other. Using a composite image made up of two
(upper and lower) halves of faces of different famous people
as stimuli, it has been shown that if the upper and lower
halves are clearly aligned participants tend to experience
great difficulties in recognition of the original people.
A slight horizontal shift of the parts (so that they become
misaligned) increases the success rate (Young, Hellawell
& Hay, 1987).

According to numerous studies, the characteristics
of eye movements during face examinations may reflect
the type of perceptual information processing, namely the
primary role of feature-based or holistic mechanisms in
this process. Thus, some authors (Hsiao & Cottrell, 2008;
Caldara, Zhou & Miellet, 2010; Chuk, Chan & Hsiao,
2017; Menshikova & Krivykh, 2017; Hills, 2018) suggest
that eye movement strategies that reflect feature-based
processing are characterized by numerous fixations on
the internal facial features (eyes, nose and mouth), with a
large number of transitions between them. The substantial
number of fixations in the center of a face (usually in the
area of the nose or nose bridge) and rare shifts to other
features signifies holistic eye movement strategies. In
contrast, other authors associate feature-based processing
with long fixations on certain significant features, and
holistic processing with the examining of several facial
areas (Schwarzer, Huber & Diimmler, 2005; Bombari,
Mast & Lobmaier, 2009). Meanwhile, the fact that there
are similar fixation patterns during face examining in
natural conditions and in distorted stimuli (while holistic
mechanisms are blocked) provide grounds for an alternative

hypothesis that there is no obvious correlation between
eye movement strategies and face processing mechanisms.
Such evidence is provided by eye tracking data obtained on
upright and inverted faces (Williams & Henderson, 2007)
as well as aligned and misaligned faces (Heering & Rossion,
2008). A detailed study of the facial expression recognition
of inverted and thatcherized stimuli and eye movement
characteristics during this process was performed by
Barabanshchikov and Zhegallo (2011; 2012). The research
showed that despite significant differences in the efficiency
of expression recognition of the ordinary and thatcherized
faces in upright and inverted presentations, changes in
the eye movement strategies were not pronounced. The
proportion of a limited number of isostatic eye movement
patterns of face viewing in the sample was preserved. This
work also suggests that eye movement strategies are not
associated with analytic or holistic facial processing.

In fact, we have not seen any publications of a direct
comparison of the strength of the effects of holistic perception
and eye movement strategies that observers mainly use.
The proportion of the contribution of feature-based or
holistic mechanisms to the perception of a person depends
on the particular observer’s properties (age, affiliation with
a particular culture, individual characteristics), and thus
seems not to be universal. Eye movement strategies used by
different people during face examinations also differ.

In this work, we compared the strength of the
inversion effect and strength of the thatcherization effect
in facial expression recognition with such characteristics
of the subject’s eye movements as the number of viewed
areas of interests (AOI) and the number of gaze transitions
between them. The number and shapes of AOIs that the
face is usually divided into vary from study to study. The
major inner facial features like the eyes, mouth and nose,
and periphery features like the shape of the face, chin and
hairstyle are basic, the most often analyzed in the discussion
about holistic or feature-based processing. It is known that
most fixations during face perception fall on the inner facial
areas. Thus we found it possible to mark up a face into six
areas of interest: right eye, left eye, nose, mouth, and two
combined areas — “inner zones of the face” (consisting
of forehead, cheeks and chin) and “periphery” (consisting
of hairstyle and clothing items). The number of viewed
AOQIs and the number of gaze transitions between AOIs are
comparable with the stated ideas about holistic and feature-
based strategies for eye movements. Therefore, the presence
of correlations between these parameters and the strength
of the inversion effect could be an argument in favor of
the relationship between the manner of visual information
collecting and facial perception processing.

Method

Participants

One hundred and four participants volunteered for the
experiment. Participants were aware of the purpose of the
study and gave their consent to participate, which was consis-
tent with the principles of the WMA Declaration of Helsinki.
However, because of dropout of several poor-quality records
of eye movements, the final sample consisted of 92 partici-
pants (46 men, 46 women; average age 21 years, SD=2.7).
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Stimuli

Stimuli were photographs of two males and two females
from the WSEFEP database (Olszanowski et al., 2015).
Each model displayed seven basic facial expressions: neu-
tral expression, anger, fear, disgust, joy, surprise and sad-
ness. We morphed photos of two of the characters (one
male and one female) to make their facial expressions less
pronounced. Morphed images were created with Abrosoft
FantaMorph 5, wherein we combined photographs of the
same character’s highly pronounced expression with his/
her neutral expression. Images with a 60 % morph rate of
the intensity of emotional expression were selected as stim-
ulus material.

Each photo was prepared for three presentation
conditions: upright, inverted (180 degrees inverted) and
thatcherized + inverted (see Figure 1). (For brevity further
in the text we will use only the term “thatcherized” instead
of “thatcherized + inverted”.) To achieve the thatcherization
effect, we first rotated eyes and mouth zones 180 degrees
and then inverted the resulting image. Eighty-four stimuli
(4 characters x 7 expressions X 3 presentation conditions)
were used in total. Each stimulus (the head of a character)
subtended a visual angle of 11.5-13 angular degrees
horizontally, and 16 angular degrees vertically at a viewing
distance of 70 cm.

Procedure

The experiment began with a written instruction. Nine-
point calibration preceded the presentation of the stim-
uli. In total, we performed 84 sequentially random-
ized trials each featuring a unique stimulus. Each trial
began with the presentation of a fixation cross on the
left or right (50:50) side of the stimulus. Presentation of
a stimulus within a trial (one per trial) lasted 1300 ms.
This time was enough for the participants to make sev-
eral fixations, and we could assess their strategy of eye
movements. The duration of the trial was not exces-
sive, so the task was quite difficult, which allowed us to
assess individual differences in the effectiveness of facial
expression recognition. At the end of a trial, each partic-
ipant had to answer which expression the character dis-
played by choosing one of the seven proposed options,
using a mouse click. The whole experiment lasted about
20-25 minutes.
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Equipment

Eye movements were recorded binocularly at a 500-Hz
sampling rate using a SMI RED 500 eye-tracker device with
standard software. Participants sat in front of a 22-inch
LED monitor with a resolution of 1680x 1050 pixels at a
distance of about 70 cm. A chin rest was not used.

Results

Eye tracking data analysis was performed with standard
SMI Be-Gaze software. SPSS Statistic was used for statisti-
cal data processing.

For each participant, we calculated the strength of
the inversion and thatcherization effects as a difference
between the frequencies of the correct expression
recognition of control (upright) and test (inverted
or thatcherized) stimulus conditions. To analyze eye
movement strategies, each stimulus face was marked up
into six AOIs: right eye, left eye, nose, mouth, “inner zones
of the face” (forehead, cheeks and chin) and “periphery”
(hairstyle, clothing items). We calculated the average
number of AOIs in which the participant made fixations
(AOI count) and number of gaze transitions between
AOIs (transition count) for each presentation condition
(upright, inverted, thatcherized).

The Kolmogorov-Smirnov test revealed a difference
between the distribution of intensities of the inversion
and thatcherization effects and the normal distribution.
Therefore, in further analysis, we used ANOVA and the
Wilcoxon signed-rank test and two correlation coeffi-
cients — Pearson’s r for parametric data and Spearman’s p
for nonparametric data.

Both the inversion effect and the thatcherization effect
were revealed in most participants, but the intensity of
these effects varied by sample: 14 % to 42% (M=18%) for
the inversion effect; 3% to 54 % (M =23 %) for the thatch-
erization effect. The Wilcoxon signed-rank test revealed
significant differences in the severity of the effects: the facial
expression was more difficult to recognize on a thatch-
erized face than on an inverted one (Z=-4.752, p<.001).
However, data analysis revealed a statistically significant
correlation between individual values of the inversion effect
and the thatcherization effect (p=.595, p <.001).

Figure 2 contains the sample mean
of eye movement parameters in the
stimulus conditions. We were
interested in the effect of presentation
conditions on individual parameters of
eye movements. Due to the significance
of between-subject variance in each
condition, we standardized individual
values by subtracting each participant’s
“mean AOI count” (average values for the
three conditions) from his or her “AOI
count” separately for each condition. The
same was done for the “transition count”
parameter. Repeated measures GLM with

Sidak adjustment for multiple comparisons
revealed significant differences between

Figure 1. Three types of stimulus conditions and the way the original stimuli were
distorted. 1 — Upright condition. 2 — Inverted condition. 3 — Thatcherized (thatcher-
ized +inverted) condition.

different conditions within the transition
count indicator (F(1)=14.167, p<.001,
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Figure 2. Sample mean of eye movement parameters in the three stimulus conditions: A — AOI count; B — transition count. Error bars

refer to the standard error.
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Figure 3. A — average number of AOlIs visited in “Low” and “High” groups in the three stimulus conditions; B — average number of tran-
sitions between AOQlIs in “Low” and “High” groups in the three stimulus conditions. Error bars refer to the standard error.

n,’=.135) and no differences between different
conditions within the AOI count indicator (F(1)=0.470,
p=.495, 1,°=.005). The pairwise multiple comparisons
test showed that the number of transitions between AOIs
significantly declined from the upright to the inverted
and thatcherized stimulus conditions (p <.001, p=.001
respectively).

High correlation between the individual parameters of
eye movements under the different conditions of stimulus
presentation was revealed both for AOI count (r=.920
(thatcherized and inverted); r=.740 (inverted and upright);
r=.759 (upright and thatcherized)) and for transition
count (respectively, r=.901; r=.816; r=.811), p<.001 in
every case. This allowed us to point out individual dynamic
strategies of eye movements during facial expression
recognition. To illustrate this we used data from the upright
stimuli to distinguish upper (“High”) and lower (“Low”)
groups of participants from the whole sample, differing
in both analyzed eye movement parameters. Participants
who entered the lower quartiles (both in the AOI count and
transition count) formed the lower group (n=20; 22% of
the sample), which was characterized by a limited number
of viewed facial areas (M=2.98, SD=0.32) and rare gaze
transitions between them (M=3.47, SD=0.37). Partic-
ipants who entered the upper quartiles of both parameters
formed the upper group (n=17; 18% of the sample),
which was characterized by a high number of viewed facial
areas (M=4.28, SD=0.13) and frequent gaze transitions
(M=5.38, SD=0.27). The described eye movement
strategies tended to persist with changes in the stimulus

presentation conditions, namely with inversion and thatch-
erization of the stimuli (see Figure 3).

The main purpose of the study was to compare eye
movement strategies and the strength of holistic effects
in each participant. Spearman’s p was used because of an
abnormal distribution of intensities of the inversion and
thatcherization effects. No significant correlations were
found between the strength of perceptual effects and eye
movement characteristics (see Table 1).

Discussion

Despite differences in the intensities of inversion and thatch-
erization effects, the results showed a significant correlation
between the strength of these effects in individual partici-
pants. Participants demonstrating a substantial impairment
in facial expression recognition with image inversion were
also less successful under the thatcherized stimulus condi-
tion. Participants who were less susceptible to the inver-
sion effect also showed a less pronounced effect of stimulus
thatcherization. This argues in favor of the universality of
the perceptual mechanism underlying these effects.

We also observed a high correlation between the
parameters of eye movements under various presen-
tation conditions. Participants prone to visiting a limited
number of internal facial features retained this tendency
even when the image was inverted or thatcherized. The
same refers to participants who showed a tendency to
switch often between the eyes, nose and mouth of the
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Table 1. The Value of the Correlation Coefficient p Representing the Relationship Between the Strength of the Inversion
and Thatcherization Effects and Eye Movement Parameters (the Average Visited AOI Count and the Number of Transitions
Between AOIs)
Inversion Effect Thatcherization Effect
Presentation Correlation Significance (2-way) Correlation Significance (2-way)
Condition Coefficient 9 Y Coefficient 9 Y
Thatcherized .088 404 114 .281
AOI Count Inverted .078 459 130 217
Upright 140 183 .133 .205
Thatcherized 104 .324 199 .057
Transition Count Inverted .097 .358 178 .090
Upright 103 .330 .086 413
Note. Values were counted under three conditions: upright, inverted and thatcherized (in each condition, N=92).
person in the photo. However, it should be noted that our
analysis showed a small but significant decrease in the Conclusion

number transitions in inverted stimuli in comparison to
upright ones. The reduced number of saccades between
AOIs may be interpreted as a contradiction to some
other researchers’ data. Xu and Tanaka (2013) described
a total increase in the number of saccades in a discrimi-
nation task with two successively presented inverted faces
compared to the upright condition. Uts and Karbon (2016)
showed that the number and duration of fixations on an
upright face were less than on an inverted one. However,
it should be noted that there is some difficulty of direct
comparison of the data because of the different parameters
used. We did not analyze the total number of saccades and
fixations, their duration and distribution by specific facial
areas. In this study, we were interested in the number of
facial features viewed by the participant (whether making
one or more fixations on each feature) and the number of
gaze transitions between them, rather than within a certain
area. In addition, the data were obtained in different visual
tasks with different experimental procedures and different
durations of stimulus presentation. So, we can point out
that, individually, specific eye movement strategies in the
process of facial expression recognition are generally stable.
This is consistent with the finding that eye movement
patterns are weakly dependent on the upright or inverted
presentation conditions (Williams & Henderson, 2007;
Barabanshchikov & Zhegallo, 2012).

Nonetheless, we found no correlations between
the strength of inversion and thatcherization effects
and eye movement characteristics. This differs from the
expected result and is more consistent with the findings
of Williams and Henderson (2007) and Heering and
Rossion (2008). It seems that the oculomotor strategies
for collecting information do not display the analytic or
holistic mechanisms of its processing in facial expression
recognition. More likely, they are independent parts of the
perceptual process, possibly representing the individual
manner of visual information collection.

The results of the study allow us to draw certain conclu-
sions about the presence of correlation in the strength of
the effects of inversion and thatcherization, as well as the
presence of correlations in such eye movement parameters
as the number of viewed AOIs and the number of glance
transitions between them. This suggests the universality
of some perceptual mechanisms underlying the effects of
inversion and thatcherization, as well as the presence of
individual dynamic strategies of eye movements during
facial expression recognition. At the same time, the results
do not support the hypothesis that eye movement strate-
gies (in particular, the number of facial areas viewed and
the rate of gaze shifts between facial features) are a reflec-
tion of holistic or feature-based face processing.
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Crparernu aBVOKEHNN I71a3
IIPU paCIO3HABAHUU TUIEBOI
9KCIPECCUN He CBA3aHbI

C BBIPAXKEHHOCTBIO 3(p(PeKTOB
MHBEPCUN U TITYEPU3 AN

Ennsasera IennapbeBHa JIyHsakoBa
JTaboparopus «Bocnpustue» dakynprera ncuxonornu MI'Y umenn M. B. Jlomonocosa, Mocksa, Poccust

M>xaxan Cabup rei3pl lann-3ape
@axynpreT ncuxonorun MI'Y nmenu M. B. JlTomonocosa, Mocksa, Poccus

Annoramys. [Januast paboTa OCBsIEHa MCCTIEfOBAHNIO MEXaHU3MOB PAaCIIO3HABAHL INL[EBOI SKCIIpeccuut. B uacTHOCTH, 13y~
YaJICs BOIIPOC O HA/IMYIMY B3aUMOCBSA3Y ME&XTY CTPATeIMAMIY IBVDKEHNA [71a3 IIPU pacCMAaTPUBAHNUM JILA U BBIPAKEHHOCTDIO
XOMUCTNYECKNX 3P PEKTOB BOCIIPUATISA, @ UMeHHO 3¢ dexta nHBepcun. IIpearonaraaocs, 4To eC/t B OCHOBE XOMUCTUYECKIX
M aHATUTUYECKUX TePLENTHBHBIX MEXaHN3MOB JIOKAT OIpefe/ieHHble Cleln(IIecKite CTPaTerny paccMaTpuBaHms usobpa-
JKeHUIL, TO 6yaeT 06Hapy KeHa CB3b MeX/Y BBICOKOI BHIPXXEHHOCTBIO 3¢p(heKTa MHBEPCUM U OIIpefie/IeHHBIMY XapaKTePUCTH-
KaMI JBYDKEHMII I71a3 (KOT4eCTBOM 4epT JIMIA, Ha KOTOPble MIPUXOAVIINCH PUKCALUN, Y YMC/IOM IePeXOfoB B3ITIANA MEX/Y
HIMI). Bpicokas BbIpaKeHHOCTb 3 QeKTa MHBEpCUY, M3MepsIeMOro KaK CHIDKeHUe TOYHOCTV PAcHO3HaBaHMA SKCIIPECCHit
Ha IepeBepHYThIX Ha 180° nMuuax B CpaBHEHNU C IPENBSIBIAEMbIMI B OOBIYHOM BIfie, CBUAETENBCTBYET O JOMUHVPOBAHUY
XOJIVMCTUYECKYX ITPOLIECCOB B BOCIIPYATIM /INMIIA. B aKcIIepuMeHTe 10 pacIio3HaBaHMIO INIIEBOJ SKCIIPeCCUM MBI IIPOaHaIN3NU-
pOBa/IM OTBETHI ¥ TAHHBIE PETUCTPALNY IBVDKEHNIA I71a3 92 YYaCTHMKOB. B KauecTBe CTMMYIIOB MCIO/Ib30Ba/VCh GoTorpadym
JeThIpex repcoHaxelt n3 6assl ganubix WSEFEP (Olszanowski et al., 2015), KaXK/iblit 13 KOTOPBIX M300pakal 10 ceMb 6a30BbIX
amoryit. CTUMYIBL IPENbsIBIANUCH UCIIBITYEMBIM B TPeX YCIOBUSX: OOBIYHOM, IIepeBepHYTOM Ha 180° 1 TITIepr30BaHHOM.
B 1CI10/1b30BaH BHYTPUCYO'beKTHBII! Ay3ariH. [TonmydeHHbIe pe3y/IbTaThl BHISIBIIY 3HAYUMYIO0 KOPPE/IILIUIO MEX/Y IIPOsIBIIe-
HIAMY 3P PEKTOB MHBEPCHI U TITUEPU3ALI, YTO CBUAETEIbCTBYET B II0/Ib3y YHUBEPCATBHOCTY MEXaHU3MA, MICIIONb3yeMOTIo
KOHKPEeTHBIM 4eJIOBEKOM IIPM PACIO3HABaHNY JINLEBOI 9KCIIpeccul. BbIABIeHa BBICOKAsA KOPPELALNA MeXy XapaKTepUCTH-
KaMI [BVDKEHNIT I/Ia3 B TPeX YCIOBISIX IPENbsIBICHsI, YTO CBUETENBCTBYET 00 MHANBIYAIbHO-CIIEIM(IIeCKOM THUIIE I/Ia-
30[BUTaTe/IbHO aKTUBHOCTY. OHAKO KOPPEIALN MeXX/Ty BBIPaKeHHOCTBIO XOMUCTIYECKIX MEXaHV3MOB 11 MICC/IeIOBAaHHBIMU
HmapaMeTpaMy JBVDKEHUIT [71a3 06Hapy>keHO He 6bUI0. BeposiTHO, OKynmoMoTOpHBIe cTpaterun cbopa nHpOpMALMU He OTpa-
JKAIOT aHA/IMTUYECKIE VIV LIeTIOCTHbIE MEXaHMU3MBI ee 06pabOTKM IIPY PACIIO3HABAHNUI JINLEBOI IKCIIPECCHIL
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