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Knowledge of how information is sought in the visual world is useful for predicting
and simulating human behavior. Taiwanese participants and American participants were
instructed to judge the facial expression of a focal face that was flanked horizontally
by other faces while their eye movements were monitored. The Taiwanese participants
distributed their eye fixations more widely than American participants, started to look
away from the focal face earlier than American participants, and spent a higher
percentage of time looking at the flanking faces. Eye movement transition matrices
also provided evidence that Taiwanese participants continually, and systematically
shifted gaze between focal and flanking faces. Eye movement patterns were less
systematic and less prevalent in American participants. This suggests that both cultures
utilized different attention allocation strategies. The results highlight the importance
of determining sequential eye movement statistics in cross-cultural research on the
utilization of visual context.
Keywords: facial emotion, culture, attention, eye movements

INTRODUCTION
Western Psychology theories have traditionally assumed universality in human cognitive processes
(e.g., Shepard, 2004). Cross-cultural research has provided exceptions to universality, making it
unrealistic to assert that all human groups utilize similar cognitive processing strategies (see Nisbett
et al., 2001; Nisbett, 2003; Nisbett and Miyamoto, 2005). Perceptual research evidence suggests
that people who live in Western countries usually process the visual world in analytical ways that
emphasize salient objects, and people living in East Asian countries usually process the world in
holistic ways that incorporate context objects with salient objects (see Nisbett et al., 2001; Nisbett
and Miyamoto, 2005, for a review). If human groups differ in the way they fundamentally process
the world, determining the underlying cognitive mechanisms is important for understanding and
predicting diverse/international responses to identical situations. Cognitive mechanisms that may
be influenced by culture include those involved in attention, information encoding and retrieval,
and selective reporting of information about the world. In the present study, the mechanism of
interest was attention.

Cross-Cultural Differences in Attention to Context
Cultural differences have been found to moderate activation in brain regions involved in the control
of attention (Hedden et al., 2008). Hedden et al. (2008) instructed participants to judge the length
of a line inside a frame, while ignoring or attending to the frame. Brain imaging results (fMRI)
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passively rating them for likeness (Chua et al., 2005; Evans
et al., 2009), or passively waiting for a scene-recognition test
(Rayner et al., 2007), cultural differences in eye movements
were evident between Japanese and Canadian participants. No
cultural difference was evident for passive viewing for the same
scenes. Hence, cultural differences in eye movement behavior
may be more evident when participants are required to engage
in active top-down processing of viewed scenes (Senzaki et al.,
2014).
Unlike scene-viewing studies, facial emotion studies with
contextual content (Masuda et al., 2008, 2012) have been
consistent in finding cultural differences in eye movement
behavior. One explanation for this may be fundamental
differences in scene and face processing. For example, brain
imaging findings have revealed that, whereas scene processing is
mediated by the para-hippocampal place area (PPA; Epstein and
Kanwisher, 1998), face processing is mediated by the fusiform
face area (FFA; Tong et al., 1998; Grill-Spector et al., 2004).
Another explanation is that the decoding of facial emotions
necessarily involves more active top-down processing than localcontrast processing (see Senzaki et al., 2014, for the role of
top-down processing in effecting cultural differences in eye
movement behavior). Finally, unlike open-ended scene-viewing
tasks where participants are free to prioritize attention to
detail, in facial emotion studies, the goal of all participants
is controlled: Irrespective of previous visual experiences which
may influence attention allocation (e.g., Miyamoto et al., 2006),
everyone’s primary task is to judge actively the emotion on
the same focal face. Thus, facial emotion tasks provide a
useful tool for studying cultural differences in attention to
context.
The ability to correctly interpret facial emotions in social
contexts is important in multicultural interactions (Masuda et al.,
2008, 2012). In Masuda et al.’s (2008) study, East Asians (Japanese
students in Japan) and Westerners (Anglophones living in Japan
at the time of the study) viewed and judged the emotion on
the focal cartoon character that was flanked on either side by
emotion-bearing cartoon characters. Viewing times were left
to the discretion of the participants, but only the first 3 s
of viewing were analyzed (comparable to Chua et al., 2005
3-s stimulus presentations). East Asians tended to spend less
time than Westerners viewing the focal face, and more time
than Westerners viewing the flanking faces. Consistent with
Masuda et al.’s (2008) findings, Masuda et al. (2012) found
that East Asians (i.e., Asian international students and Japanese
students in Japan) allotted more fixations to flanking faces than
European and Asian Canadians (i.e., Westerners). East Asians
also spent longer times viewing flanking faces than Westerners.
Together, eye movement studies (Chua et al., 2005; Masuda
et al., 2008, 2012) suggest with some caution (e.g., Rayner
et al., 2007; Evans et al., 2009) that East Asians are more
holistic than Westerners in the way they overtly attend to visual
information. Time course analyses in the scene-viewing, and
facial emotion studies have suggested that the holistic attention
to detail by East Asians may start as early as 420–1000 ms of
the onset of a visual scene (Chua et al., 2005; Masuda et al.,
2008).

showed that European American students had high activation
levels in attention control areas when instructed to attend to
the line and its frame (i.e., when instructed to be holistic
in their attention to the visual stimulus). In contrast, East
Asian students who had recently arrived in the USA, had high
activation levels in these same brain areas when instructed
to ignore the frame (and attend solely to the line). The
findings indicate that there was a greater demand for attentional
control when East Asian participants utilized a (non-preferred)
independent/analytical cognitive processing style, and when
European American participants utilized a (non-preferred)
holistic cognitive processing style (Hedden et al., 2008).
Differences in attentional control between East Asians and
Westerners are also apparent in eye movement behavior (Chua
et al., 2005; Masuda et al., 2008, 2012). In Chua et al.’s (2005)
study, Westerners (i.e., European American graduate students)
and East Asians (i.e., international Chinese graduate students)
were presented scenes that contained a focal object within a
background context (e.g., a centrally placed fighter jet flying
above mountainous terrain on a cloudy day). Each scene was
presented for 3 s only, thus optimizing participants’ use of eye
movements to seek information (rather than to redundantly
scan the scenes). While both groups of participants fixated
the background context more than they did the focal object
in presented scenes, East Asians made more fixations than
Westerners on the background context. For Westerners, fixations
were longer on the focal object than on the background context.
In contrast, for East Asians average fixation durations on focal
object and background context were comparable, suggesting
comparable time in acquiring information with each fixation
from both parts of the presented scenes.
Whereas Chua et al.’s (2005) findings support the theory
that East Asians are more holistic than Westerners in their
overt allocation of attention (i.e., with eye movements) to
visual scenes, some scene perception studies (e.g., Rayner et al.,
2007; Evans et al., 2009) have failed to replicate the findings.
East Asians in the scene viewing studies (Chua et al., 2005;
Rayner et al., 2007; Evans et al., 2009) were international
students in USA. Miyamoto et al. (2006) have reported that
American students in USA and Japanese students in Japan,
had a greater sensitivity to background scene information after
both sets of students were pre-exposed to Japanese scenes.
Evidently, even short-term visual experiences may influence
subsequent attention performance in a scene-viewing task.
Thus, it is reasonable to expect East Asians studying in
USA (albeit for a short while) to exhibit western-like overt
attention to scene context. For studies with contradictory findings
(Chua et al., 2005; Rayner et al., 2007; Evans et al., 2009),
it has been suggested that instructions requiring relatively
passive responses may have promoted the execution of eye
movements that were strongly influenced by local scene contrasts
(Senzaki et al., 2014). The dominance of local contrast may
have led unpredictably to culture-specific, or culture-invariant
eye-movement behavior, depending on study-specific stimulus
configurations and participants’ interpretation of instructions.
Interestingly, Senzaki et al. (2014) demonstrated that when the
instruction was to describe animated scenes, as opposed to
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Although previous studies on cultural differences in attention
to context have addressed where participants looked (e.g., focal
object vs. context objects), when on average, they initiated a
shift of interest from the focal to the context objects, and how
long they dwelt on focal vs. context objects, they have not
addressed how participants continually shift attention between
objects of interest. Toward understanding and being able to
predict differences in attentional processing, it is also useful to
determine how participants continually shifted attention between
focal and context objects. For insight on continual use of context
information, we have chosen to analyze eye movement patterns
between and within objects of interest. To do this, transition
percent matrices were created for eye movements moving within
and between pre-defined areas of interest on stimulus displays.
The transition percentages describe how participants shifted
attention between, and within objects. Transition matrices have
previously been suggested for the analysis of eye movements
between areas of interest (e.g., Stark and Ellis, 1981).
Eye movement patterns can contribute important information
about attention to context when facial emotions are interpreted.
For example, viewers may share similar statistics with respect
to the variables already addressed to date in the literature (i.e.,
where participants looked, when they initiated a shift of interest
from the focal object, and how long they dwelt on focal vs.
context objects), but may differ on how they scanned in search
of information.

Eye movement patterns were quantified as proportions of
eye movements between, and within focal and context faces.
Participants were a multi-ethnic set of American students in USA
(i.e., the Western group), and Taiwanese students in Taiwan (i.e.,
the East Asian group). Given that Masuda et al. (2012) found that
Asian and European Canadian students in Canada behave more
alike than Japanese students in Japan, all students in the American
sample were regarded as Western regardless of ethnicity.
The stimuli were divided into three IA for analyses: Left
Flanking Faces (LFF), Focal Face (FF), and Right Flanking Faces
(RFF). As such, there were six possible ordered combinations
of eye movements between pairs of IA, and three possible
combinations of eye movements within IA. The combinations are
illustrated in a transition matrix in Table 1.
Based on the previously hypothesized importance of context
to East Asians (e.g., Nisbett et al., 2001), proportions of eye
movements between IA were expected to be higher for East
Asians than for Westerners. On the assumption that participants
would compare emotions in the flanking areas with the emotion
on FF, proportions of eye movements between FF and both
flanking areas were expected to be higher than proportions of
eye movements between the flanking areas (i.e., LFF to RFF, RFF
to LFF). If transitions are similar in pattern between East Asians
and Westerners, this would suggest that both cultures utilized
similar attention allocation strategies. Conversely, differences in
patterns of transition between the cultures would suggest the use
of different attention allocation strategies.

The Present Study

MATERIALS AND METHODS

Unresolved Issue

The goal of the present study was to augment previous crosscultural findings (i.e., Masuda et al., 2008, 2012), by determining
how participants from two cultures continually shift attention
to utilize context, when judging the expression on a focal face.
The stimuli, emotion-bearing focal cartoon characters that were
flanked on either side by emotion-bearing cartoon characters,
were those used by Masuda et al. (2008). The flanking faces
in the stimuli provide competing context for the allocation of
attention. As we have utilized Masuda’s methodology (Masuda
et al., 2008, 2012), it was important first to replicate earlier
findings on attention to facial emotion context (see Open Science
Collaboration, 2015, for a discussion on the importance of
replications in Psychology research). Toward replication, we
analyzed the latency of initial eye movements away from the focal
face, and proportions of time spent looking at the flanking faces.
From Masuda’s work (Masuda et al., 2008, 2012), we expected
East Asians to look away from the initially fixated focal face earlier
than Westerners, and spend a higher proportion of time looking
at flanking faces. Based on the theory that East Asians are more
holistic than Westerners in how they attend to visual scenes, we
further hypothesized that East Asians would distribute their eye
fixations more widely than Westerners over the stimuli. We tested
this hypothesis by analyzing the area over which eye fixations
were distributed.
Toward determining how East Asians and Westerners
continually shifted attention to utilize context, we analyzed eye
movement patterns between and within interest areas (IA).
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Participants
Nineteen students of various ethnicities (5 African American,
11 Caucasian, 3 other) at the University of Detroit Mercy
(UDM), USA participated as Westerners. One of the Westerners
had East Asian ancestry. East Asians comprised 22 Taiwanese
students at National Dong Hwa University (NDHU), Taiwan.
All participants had normal or corrected-to-normal visual acuity,
and they were unaware of the purpose of the experiment. The
study was conducted in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki).
Participation occurred with informed consent approved by the
relevant Institutional Review Boards at University of Detroit
Mercy, and National Dong Hwa University.

TABLE 1 | Eye movement transition matrix.
From
Right
Flanking
Faces
To

Focal face

Left
Flanking
Faces

Right flanking faces
Focal face
Left flanking faces

Transitions between interest areas are shown as open rectangles, and transitions
within interest areas are shaded.
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with Western participants suggested that they were prone to
boredom for presentations longer than 5 s. After each stimulus,
participants were ask to choose one emotion out of four (i.e.,
happy, sad, angry, and neutral), and then to choose the level
of intensity of that emotion (i.e., a scale from zero to nine).
The emotion-identification and level of intensity judgments were
utilized to keep participants on task. The results were not relevant
for the goals of the present study. At the end of the study,
fixation locations on the stimuli were obtained offline by inhouse-developed programming codes. Data related to the face
areas of stimuli were obtained through Eyelink Dataviewer.

Stimuli
Masuda et al.’s (2008) cartoon stimuli (56 in total) were utilized
in the experiment (see Figure 1A, for a sample stimulus). Focal
faces expressed seven emotions (moderate and intense anger,
moderate and intense sadness, moderate and intense happiness,
and neutral), and flanking faces, four emotions (anger, sadness,
happiness, and neutral). Within a display, all flanking faces
expressed the same emotion.

Apparatus
Stimuli were presented on a computer monitor. Participants in
the USA were fitted with a head-mounted Eyelink II (500 Hz
sampling) eye tracking headband, controlled by EYETRACK
(EYETRACK software1 ). Emotion judgment responses were
made with the mouse. For participants in Taiwan, data were
collected via Eyelink 1000 (1000 Hz sampling) remote head-free
eye tracker, controlled by Experiment Builder software. Emotion
judgment responses were made on a keyboard. In Taiwan and in
the USA, the average gaze apposition accuracy was about 0.5 deg,
and saccades were registered when eye movement exceeded a
velocity of about 30 deg/s or an acceleration of about 8000 deg/s2 .

RESULTS AND DISCUSSION
Verification of On-Task Behavior
Participants’ gaze positions were visible on the experimenter’s
monitor. Hence, the experimenter was able to verify that
participants were on-task throughout the experiment. Toward
verifying on-task behavior in a formal manner, a fixation heat
map sequence is presented in Figure 2. Fixations were smoothed
using a 2D Gaussian filter defined by a standard deviation of
0.50 deg. The figure shows that participants were focused on
the face areas, and not the torsos below the faces. Figure 2
also shows that East Asian participants continued more than
Westerners, to look at the flanking faces late into the 5 s stimulus
presentation.
Additionally, the high emotion recognition accuracy rate for
the Westerners (M = 92%, SD = 6) suggests that they were on
task. Unfortunately recognition accuracy could not confidently
be utilized as an additional means of verifying on-task behavior
for the East Asian participants, as accuracy for 20 of the 22 East
Asians was inadvertently not recorded. However, the accuracy
rate for the remaining two East Asians was high (M = 87%,
SD = 8).

Procedure
All participants sat about 51–55 cm from the display such that
the stimulus subtended a rectangular area of 30 deg (H) × 21 deg
(V). The FF subtended an area of about 69 deg2 . An experimental
session started with a 9-point calibration of the eye tracker.
Participants were simply told that the objective of the study was
to “Rate the emotions of central person and the intensity of
his emotion.” The 56 stimuli were presented in a randomized
order for each participant. Each trial started with a fixation point
centered on a white screen. With respect to the stimulus displays,
the point fixated was located within the chin of focal faces.
Experimenter-controlled eye drift correction was performed on
the white screen before the start of each trial, to maintain the
accuracy of eye tracking. Immediately after drift correction, the
fixation point disappeared and the stimulus was displayed for
5 s for participants to judge the emotion on the FF. Pilot testing
1

East Asians Distributed Fixations More
Widely than Westerners
East Asians, being more holistic in their attention to visual
scenes, were expected to distribute their fixations more widely

http://www.umass.edu/psychology/div2/eyelab/

FIGURE 1 | (A) An example of stimuli presented to participants. The focal (i.e., central) character was always flanked by four characters. Flanking characters
expressed the same emotion, which was different from the emotion on the focal character. (B) Face interest areas overlaid (black lines) on a sample display. In the
text, the face in the center is referred to as the Focal Face. The two faces to the left were termed Left Flanking Faces, and the two to the right, Right Flanking Faces.
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FIGURE 2 | A green–yellow–red fixation heat map sequence in non-cumulative 1s bins (from top to bottom). Fixations were smoothed using a 2D
Gaussian filter defined by a standard deviation of 0.50 deg. The rectangles and ellipses demarcate the flanking and focal face areas, respectively. The torsos of the
stimulus characters are not shown. The figure shows that participants were mostly focused on the face areas (see red hot areas), and not the torsos (not marked)
below the faces. Later in the stimulus presentations, East Asians tended to also focus on the flanking faces. N indicates the number of fixations utilized in making the
heat maps.

over the stimulus displays than Westerners. Bivariate Contour
Ellipse Areas (BCEA) were calculated to quantify the spread
of each participant’s eye fixation points over the stimuli. The
area (A) of each ellipse (see Steinman, 1965) was calculated
such that: A = 2π1.14 hSD vSD (1 − r2 )5 where hSD and
vSD are standard deviations along the horizontal and vertical
meridians, respectively; r is the correlation between these two
position components. In the present experiment, the ellipse
enclosed that portion of the stimuli where 68% eye fixations

Frontiers in Psychology | www.frontiersin.org

were located. The mean number of eye fixations per participant
that were considered for calculating BCEA were comparable
for East Asians (931 fixations) and Westerners (900 fixations),
t(39) = 0.44, p > 0.05, d = 0.14. An independent samples t-test
revealed that, as expected, East Asians A allocated fixations over a
wider area (107 deg2 ) than Westerners E (68 deg2 ), t(39) = 2.98,
p < 0.01, d = 0.95. The areas are compared in Figures 2 and 3.
The area viewed by Westerners E (68 deg2 ) was comparable with
the size of the FF (69 deg2 ). The findings are consistent with
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FIGURE 4 | Percentage of eye dwell time in Areas of Interest. East
Asians spent a significantly lower percent of eye dwell time than Westerners
on the focal face. The asterisk denotes p < 0.01.

was the significant interaction (shown in Figure 4) between
Culture of Participants and Area of Interest, F(2,78) = 11.91,
p < 0.01, η2p = 0.23. Bonferroni tests (and less conservative Tukey
tests also) revealed that Westerners spent a higher percent of
viewing time than East Asians within the FF area (p < 0.01).
This replicates Masuda et al.’s (2012) of Westerners having a
higher likelihood of allocating attention to the FF. However,
contrary to expectation, Bonferroni tests (and less conservative
Tukey tests also) revealed no significant cultural differences in
attention to the flanking faces (smallest p = 0.17). It may be
worthwhile to note that Fisher LSD tests (i.e., with no correction
for Type I error) suggested that East Asians spent a significantly
higher percent of dwelling time than Westerners on the LFF
(p = 0.02). The results of this uncorrected analysis match the
results of Masuda et al. (2012), who found that East Asians
attended more than Westerners to flanking faces. Masuda et al.
(2012) did not report corrections for their a posteriori multiple
t-tests. A conservative conclusion is that Westerners and East
Asians did not significantly differ in their percentages of eye dwell
time on the flanking faces, within our 5 s stimulus presentation
window. Less conservatively, it may be reasonable to conclude
that there was a trend toward East Asian spending a higher
percent than Westerners of eye dwell time on the LFF.

FIGURE 3 | Bivariate Contour Ellipse Area (BCEA) comparisons. East
Asians had a wider spread of fixation points than Westerners. Error bars
represent ±1 SEM.

reports of East Asians having a greater number of fixations than
Westerners in flanking face areas in similar stimulus displays
(Masuda et al., 2008, 2012).

East Asians Looked Away from the Focal
Face Earlier than Westerners
East Asians, being more holistic in their attention to visual
scenes, were expected to initiate an eye movement away from
the initially fixated FF earlier than Westerners (see Masuda et al.,
2008). An independent samples t-test was conducted on initial
dwell times before gaze was shifted away to a flanking face area.
As was expected from Masuda et al. (2008), East Asians (gaze
latency = 1550 ms) were quicker by 892 ms, to look away toward
the flanking face areas than Westerners (gaze latency = 2442 ms),
t(39) = 3.26, p < 0.01, d = 1.04.

Proportion of Viewing Time on Flanking
Faces

Cultural Differences in Sequential Eye
Movement Behavior

East Asians, being more holistic, were expected to spend more
time looking at flanking faces than Westerners (see Masuda et al.,
2012). To evaluate how long participants looked at focal and
flanking faces, the stimuli were partitioned into three face IA:
LFF, FF, and RFF (see Figure 1B). It should be noted that only
the face areas were of interest in the partitioning of the stimuli.
A 2 (Culture of Participants: East Asians vs. Westerners) × 3
(Area of Interest: LFF vs. FF vs. RFF) ANOVA was conducted
on percentage of viewing times in these face IA. There was
a significant main effect of Culture of Participants, such that
Westerners spent a higher percentage of their viewing time
(32%) within the face IA of the stimuli than East Asians (29%),
F(1,39) = 13.55, p < 0.01, η2p = 0.99. Participants did not spend
equal proportions of eye dwell times within the three face IA
[11% in LFF, 74% in the FF area, 7% in the Right flanking face
area, F(2,78) = 432.97, p < 0.01, η2p = 0.92]. Of primary interest
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If the strategy of research participants was to compare flanking
and focal information to make judgments about the FF, then this
was expected to be apparent in eye movement transition percent
matrices. Specifically, the proportions of eye movements between
the FF and each flanking area was expected to be higher than
proportions of flank-to-flank eye movements. With East Asians
more likely to utilize context information in cognitive processing
(Masuda and Nisbett, 2001; Masuda et al., 2008), eye movement
transition proportions were expected to be higher for East Asians
than Westerners.
To begin, a first order eye movement transition matrix
was constructed for each participant (e.g., percentage of eye
movements from the FF area to the LFF). Two kinds of eye
movement patterns were of interest: scanning between IA;
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scanning within an IA. There are six transition states for the
question of how participants scanned between IA (e.g., from
FF to LFF), and three transition states for the question of how
participants scanned within IA (i.e., from FF to FF, from LFF to
LFF; from RFF to RFF).

difference was found also for eye movement transitions between
the left and right flanking faces (LFF to RFF, 0.8%, and RFF to
LFF, 1.0%). All other comparisons (with Bonferrroni correction)
revealed significant differences (p < 0.01).
Most importantly for the purpose of the present work, the
Culture of Participants × Eye movement Transition States
interaction effect was significant, as shown in Figure 5,
F(5,195) = 18.03, p < 0.01, η2p = 0.32. Thus, culture influenced
sequential eye movement patterns. Simple effect tests of Culture
of Participants at levels of Eye movement Transition States (with
Bonferroni corrections) showed that East Asians were more likely
than Westerners to look sequentially between the LFF and the FF
(all ps < 0.01), and from the RFF to the LFF (p < 0.05).
For simplicity, cultural differences in eye movement transition
percentages between IA are illustrated Figure 6. Eye movement
transitions were most disparate between East Asians and
Westerners when gaze was shifted between the FF and LFF.
With respect to a comparison of transition proportions within
each culture, simple effect tests of Eye movement Transition
States at levels of Culture of Participants were conducted (with
Bonferroni corrections). No difference was evident among pairs
of transition proportions when Westerners made eye movements
between the focal and flanking faces (p > 0.05; see Figure 5).
For East Asians, however, all pairs of transition proportions
between FF and the flanks were significantly different (p < 0.05;
see Figure 5), except for pairings of FF and RFF (p > 0.05; see
Figure 5). Together, the results indicate that there were cultural
differences in sequential eye movement patterns.

Eye Movements between Interest Areas
A 2 (Culture of Participants: East Asians vs. Westerners) × 6
(Eye movement Transition States) ANOVA was conducted on
percentage of eye movements made between IA. East Asians were
more likely to make eye movements between IA than Westerners
(4.7% vs. 2.5% of eye movements made between the IAs),
F(1,39) = 17.49, p < 0.01, η2p = 0.31. Eye movement percentages
were not the same for all the transition states F(5,195) = 85.86,
p < 0.01, η2p = 0.69. For example, eye movements were more
likely to be made from the FF to the LFF (6.6% of eye movements)
than from the LFF to the RFF (1.0% of eye movements),
(Bonferroni correction, p < 0.01). Percentages for all transition
states are presented in Table 2. There was no significant difference
(Bonferroni correction, p > 0.05) between percentages of eye
movements made from the LFF to FF (5.5%) and percentages
of eye movements made from the FF to the RFF (4.3%). No

TABLE 2 | Percentage of eye movement transitions between interest areas
across cultures.
Transition

Percentage (%)

FF to LFF

6.6

LFF to FF

5.5

Eye Movements within Interest Areas

FF to RFF

4.3

RFF to FF

3.4

LFF to RFF

0.8

RFF to LFF

1.0

A 2 (Culture of Participants: East Asians vs. Westerners) × 3
(Eye movement Transition States) ANOVA was conducted on
percentage of eye movements made within IAs. East Asians
were less likely to make eye movements within IAs than

FIGURE 5 | Eye movement transition percentages between interest areas for Westerners (Left) and East Asians (Right). The matrices show that
sequential patterns were not similar between the two cultures.

Frontiers in Psychology | www.frontiersin.org
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FIGURE 7 | Cultural differences in eye movement percentages within
interest areas. On the x-axis, rectangles represent left and right flanking
faces, and an ellipse represents the focal face. The shaded area indicates the
area of interest. For example, in Panel A, East Asians made a higher
percentage of eye movements than Westerners within the left flanking faces.
Asterisks denote p < 0.01.

FIGURE 6 | Cultural differences in eye movement transition
percentages between interest areas. On the x-axis, rectangles represent
left and right flanking faces, and an ellipse represents the focal face. The three
interest areas are configured to depict transitions from the dark-shade area to
the light-shade area. For example, in the first column, East Asians made a
higher percentage of eye movements than Westerners from the focal face
(i.e., dark shade) to the left flanking face area (i.e., light shade).

Westerners. Additionally, both cultures spent an equally low
percent of their stimulus-viewing time on RFF, but East Asians
exhibited a trend toward spending a higher percentage of time
looking at the LFF than Westerners. Although Masuda’s (Masuda
et al., 2008, 2012) findings (and the current replications) provide
information about what East Asians and Westerners looked at,
and when they executed the first gaze shift from a FF, they say
little about how participants continually sought information from
flanking faces. We addressed this gap by determining cultural
differences in the proportions of eye movements made between,
and within focal and flanking faces. Not surprisingly, given that
the task was to decipher the emotion on the focal face, results
indicated that both cultures had the highest proportions of eye
movements within the focal face. Assuming East Asians are more
holistic in their attention to detail (e.g., Nisbett et al., 2001),
proportions of eye movements between IA were expected to be
higher for East Asians than for Westerners. On the assumption
that participants would compare emotions in the flanking areas
with the emotion on FF, proportions of eye movements between
FF and both flanking areas (e.g., FF to LFF) were expected
to be higher than proportions of eye movements between the
two flanking areas (i.e., LFF to RFF, RFF to LFF). As expected,
we found that East Asians had a higher proportion of eye
movements between IA than Westerners, and proportions of
eye movements between FF and both flanking areas were higher
than proportions of eye movements between the two flanking
areas.
The main finding was that the sequential allocation of
attention (with eye movements) to the presented faces was
influenced by culture. East Asians scanned less than Westerners
within the FF, and more than Westerners within the LFF. East
Asians also scanned more than Westerners between the FF and
LFF, before reporting the emotion on the FF. This (previously
unreported) left-context bias in scanning behavior for East

Westerners (24% vs. 28% of eye movements made within the IA),
F(1,39) = 17.84, p < 0.01, η2p = 0.31. Eye movement percentages
were not equal for all the transition states F(2,78) = 348.55,
p < 0.01, η2p = 0.90. Eye movements were more likely to be
made within the FF (66% of eye movements) than within either
of flanking faces (less than 8.6% of eye movements), (Bonferroni
correction, p < 0.01). The Culture of Participants × Eye
movement Transition States interaction effect was significant
F(2,78) = 14.29, p < 0.01, η2p = 0.27. Simple effect tests of
Culture of Participants at levels of Eye movement Transition
States (with Bonferroni corrections) showed that East Asians had
lower percentages of eye movements within the FF (p < 0.01),
but higher percentages of eye movements within the LFF area
(p < 0.01). No cultural difference was evident for eye movements
within the RFF. Cultural differences in eye movement transition
percentages within IA are illustrated Figure 7.

GENERAL DISCUSSION
Knowledge of how information is attended to in the visual
world to make decisions is useful for predicting behavior. In the
present study, we have addressed how information was sought
to interpret facial expressions. Research by Masuda et al. (2008,
2012) suggests that as East Asians try to interpret the facial
expressions, they are more likely than Westerners to incorporate
the expressions on flanking faces. Previous eye movement data
suggest that East Asians do this by starting to look at the
background faces earlier (Masuda et al., 2008) and for longer
periods (Masuda et al., 2012) than Westerners. The present
study reports evidence in support of these earlier findings.
Specifically, similar to Masuda et al. (2008), we found that East
Asians initiated eye movements to flanking faces earlier than
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This has implications for simulating scenarios in cross-cultural
training, and for improving context awareness in human–
computer interactions (e.g., affective computing, AC). For crosscultural training, trainees may be familiarized with patterns
of eye movement toward appreciating the perspective of the
other culture. AC involves the development of computational
systems that can interpret human affect (Picard, 1997). Given
the importance of context to human interactions (and the
sensitivity of culture to context), AC systems stand to benefit
from implementing context-awareness (Vlachostergiou et al.,
2014). Cross-cultural findings on attention to context have the
potential to make AC systems culturally competent in their
context awareness. Eye movement transition weightings may
inform the operation of these systems, as they collect information
in real time to judge a user’s emotion.
In the present study, we have utilized first-order eye
movement transition matrices (e.g., probability of eye
movements from the FF area to the LFF) to determine how
participants scanned between a FF and flanking faces, as they
judged the emotion on the FF. While these first-order statistics
are insightful, predictability of scanning behavior may be
improved by utilizing higher-order eye movement transition
matrices (e.g., probability of eye movements from the FF area to
the LFF, and back to the FF area).

Asians is a topic for further investigation. From the perspective
of neuroscience, an appealing explanation for the observed
scanning bias may be cerebral hemispheric lateralization. Indeed,
neuroimaging findings have shown that the processing of neutral
whole faces exhibit right cerebral hemisphere/left visual field
dominance (Rhodes, 1985; Yovel et al., 2008; Rossion et al.,
2012), and this is especially so for East Asians (Goh et al.,
2010). However, no study has monitored cerebral hemispheric
responses during the interpretation of emotions in the context of
nearby emotions. Such studies would be informative, given that
previous studies have found that right lateralization may not be
reflected in the processing of all facial emotions (see Najt et al.,
2013).
In the present study, the flanking faces all bore the same
emotion. From an information-processing perspective, this
configuration made one flanking face area redundant for
information acquisition. In other words, comparison of one
flanking set of faces with the focal face was sufficient. The
finding that East Asians scanned mostly between the LFF and
the FF supports this argument. Little additional information
would have been gained by also scanning between the FF and
RFF. The neuroscience and information-processing perspectives
are complimentary, in the sense that greater right lateralization
in East Asians for faces (Goh et al., 2010) may bias context
information acquisition toward the left visual field, if information
in the right visual field is redundant.
During emotion processing in the real world, it is not unusual
for persons near the target person to express diverse sets of
emotions. In future studies, the emotions on flanking faces
must be manipulated to determine how information is sought
before the focal emotion is reported. Despite the uniformity of
emotions on the flanking faces, we have provided evidence that
East Asians overtly (with eye movements), and systematically,
sought information from surrounding (context) faces at rates
higher than Westerners. The findings are important even if eye
movement patterns may be specific to visual stimulus sets (e.g.,
Stark and Ellis, 1981). That is to say, if patterns in a different
task than what we have utilized turn out not to match what we
have found, this would not hinder our ability to predict crosscultural attentional performance in the current facial emotion
recognition task. Finally, eye movement patterns were different
across cultures. The bias toward scanning between FF and
LFF demonstrated by East Asians was absent for Westerners
(who equally scanned between FF and LFF, and FF and RFF).
Differences in eye movement patterns between the cultures
suggests the use of different attention allocation strategies, and
this may be a step toward supporting the theory that East Asians
utilize different cognitive processes than Westerners to interpret
visual scenes (e.g., Nisbett et al., 2001; Nisbett, 2003).

Future Research Directions
For the interpretation of a focal facial expression in the context
of flanking facial expressions, we have replicated evidence that
East Asians distribute their eye fixations more widely than
Westerners, and start to look away from the FF earlier than
Westerners (Masuda et al., 2008, 2012). There was also a trend
toward East Asians spending a higher proportion of viewing
time than Westerners on flanking faces. Beyond replications,
we have provided novel evidence that East Asians are more
likely than Westerners to continually shift attention between focal
and context faces after the initial shift of attention from the
FF. Whereas it was already known that East Asians integrate
information from multiple people within a social context when
attempting to identify the emotion of a focal person (Masuda
et al., 2008, 2012), our findings describe how information may
be sought continually, to make decisions. We have suggested
that sequential scanning statistics are important because they can
provide evidence-based information for simulating scenarios in
cross-cultural training, and for implementing culturally sensitive
AC systems.
Several limitations of the present study may be addressed by
future research. For example, while the accuracy rate for the
identification of facial emotions is typically very high across
cultures (Ekman et al., 1987), there exists an in-group advantage,
such that East Asians may be expected to be more accurate at
identifying East Asian than Caucasian facial emotions (see Zhang
et al., 2015). The design of the present study could have allowed
us to address in-group advantage questions in the context of
competing flanking emotions. Unfortunately, given the limited
availability of emotion identification data (due to data loss among
East Asian participants) context parameters of the in-group
advantage could not presently be addressed.

Implications
Our long-term goal is to determine how participants of different
cultures continually shift attention between focal and context
faces to interpret facial emotions in social settings. The patterns
of eye movement in the present study suggest that East Asians
more so than Westerners, engaged in comparisons of focal and
context information in order to make a judgment about the FF.
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Another issue of interest is decision-making time. Movement
of the eyes allow the viewer to process sequentially, the details
of spatially distributed stimuli (e.g., faces) in the visual field.
In the present study, we had access to when, where, and how
the eyes were moved over the face stimuli (e.g., Figures 2
and 5). However, given that stimulus presentation duration was
fixed at 5 s, the design of the study did not allow for access
to when the emotion identification decision was made. It is
possible that there were differences in the average time required
to identify the emotion. Hence, some of the eye movement
behavior observed in the present study may reflect differential
free viewing after the emotion had been identified. In the
future, cultural differences in emotion identification times may
be addressed by instructing participants to terminate the stimulus
presentation as soon as the emotion is identified (e.g., Ito et al.,
2012).
A third issue of concern is the locus of initializing looking
behavior (e.g., Greene, 2008). In the present study, participants
always initiated their looking behavior from the focal face. In the
real world, the face of interest may not be the initial locus of
attention. As a complement to the issues addressed in the present
study, it would be useful in the future to determine eye movement
behavior when attention is initially on a flanking face. While East
Asians do appear to attend to context more than Westerners (as
we have shown; see also Masuda et al., 2008, 2012), they (East
Asians) like Westerners, do also prioritize focal stimuli (as we
have shown; see also Masuda et al., 2012). It is not known how
culture will affect sequential eye movement behavior when the
initial fixation is not on the face of interest.

Finally, cross-cultural research has provided ample evidence
to suggest that human groups do not all process information
the same way. While the direction of gaze does not necessarily
indicate a viewer’s locus of covert attention, it does, however,
indicate how the eyes are positioned (i.e., foveated) to maximize
the acquisition of spatially distributed information. An important
issue yet to be well addressed in cross-cultural studies is the
utilization of extrafoveal information. If human groups do indeed
differ in the way they fundamentally acquire information in the
visual world, then it is important to determine differences in
foveal and extrafoveal mechanisms involved, toward anticipating
(and perhaps managing) responses that culturally different
viewers make to identical visual stimuli.

REFERENCES

Masuda, T., Ellsworth, P. C., Mesquita, B., Leu, J., Tanida, S., and de Veerdonk,
E. V. (2008). Placing the face in context: cultural differences in the perception
official emotion. J. Pers. Soc. Psychol. 94, 365–381. doi: 10.1037/0022-3514.94.
3.365
Masuda, T., and Nisbett, R. E. (2001). Attending holistically versus analytically:
comparing the context sensitivity of Japanese and Americans. J. Pers. Soc.
Psychol. 81, 922–934. doi: 10.1037/0022-3514.81.5.922
Masuda, T., Wang, H., Ishii, K., and Ito, K. (2012). Do surrounding figures’
emotions affect judgment of the target figure’s emotion? Comparing the
eye-movement patterns of European Canadians, Asian Canadians, Asian
International students, and Japanese. Front. Integr. Neurosci. 6:72. doi:
10.3389/fnint.2012.00072
Miyamoto, Y., Nisbett, R. E., and Masuda, T. (2006). Culture and the
physical environment, holistic versus analytic perceptual affordance.
Associat. Psychol. Sci. 17, 113–119. doi: 10.1111/j.1467-9280.2006.01
673.x
Najt, P., Bayer, U., and Hausmann, M. (2013). Models of hemispheric specialization
in facial emotion perception—a reevaluation. Emotion 13, 159–167. doi:
10.1037/a0029723
Nisbett, R. E. (2003). The Geography of Thought: How Asians and Westerners Think
Differently. and Why. New York, NY: Free Press.
Nisbett, R. E., and Miyamoto, Y. (2005). The influence of culture: holistic versus
analytic perception. Cogn. Sci. 9, 467–473. doi: 10.1016/j.tics.2005.08.004
Nisbett, R. E., Peng, K., Choi, I., and Norenzayan, A. (2001). Culture and systems
of thought: holistic versus analytic cognition. Psychol. Rev. 2, 291–310. doi:
10.1037/0033-295X.108.2.291
Open Science Collaboration (2015). Estimating the reproducibility of psychological
science. Science 349, 1–8. doi: 10.1126/science.aac4716
Picard, R. W. (1997). Affective Computing. Cambridge, MA: MIT Press.
Rayner, K., Li, X., Williams, C. C., Cave, K. R., and Well, A. D. (2007).
Eye movement during information processing tasks: individual differences

AUTHOR CONTRIBUTIONS
All authors listed, have made substantial, direct and intellectual
contribution to the work, and approved it for publication.

ACKNOWLEDGMENTS
This work is partly based on a second-year graduate project
submitted by the first author (Y-JL) to the Department of
Psychology at University of Detroit Mercy. We thank Kristen M.
Abraham and Carol C. Weisfeld for their constructive comments
at various stages of the project. We also thank Tanya E. Tepatti
and Roseanne Rayyan for assistance with data collection.

Chua, H. F., Boland, J. E., and Nisbett, R. E. (2005). Cultural variation in eye
movements during scene perception. Proc. Natl. Acad. Sci. U.S.A. 102, 12629–
12633. doi: 10.1073/pnas.0506162102
Ekman, P., Friesen, W. V., O’Sullivan, M., Chan, A., Diacoyanni-Tarlatzis, I.,
Heider, K., et al. (1987). Universals and cultural differences in the judgements
of facial expressions of emotion. J. Pers. Soc. Psychol. 53, 712–717. doi:
10.1037/0022-3514.53.4.712
Epstein, R., and Kanwisher, N. (1998). A cortical representation of the local visual
environment. Nature 392, 598–660. doi: 10.1038/33402
Evans, K., Rotello, C. M., Li, M., and Rayner, K. (2009). Scene perception and
memory revealed by eye movements and receiver-operating characteristic
analyses: does a cultural difference truly exist? Q. J. Exp. Psychol. 62, 276–285.
doi: 10.1080/17470210802373720
Goh, J. O. S., Leshikar, E. D., Sutton, B. P., Tan, J. C., Sim, S. K. Y., Hebrank,
A. C., et al. (2010). Culture differences in neural processing of faces and
houses in the ventral visual cortex. Soc. Cogn. Affect. Neurosci. 5, 227–235. doi:
10.1093/scan/nsq060
Greene, H. H. (2008). Distance-from-target dynamics during visual search. Vis. Res.
48, 2476–2484. doi: 10.1016/j.visres.2008.08.013
Grill-Spector, K., Knouf, N., and Kanwisher, N. (2004). The fusiform face area
subserves face perception, not generic within-category identification. Nat.
Neurosci. 7, 555–562. doi: 10.1038/nn1224
Hedden, T., Ketay, S., Aron, A., Markus, H. R., and Gabrieli, J. D. E. (2008). Cultural
influences on neural substrates of attentional control. Psychol. Sci. 19, 12–17.
doi: 10.1111/j.1467-9280.2008.02038.x
Ito, K., Masuda, T., and Hioki, K. (2012). Affective information in context and
judgment of facial expression: cultural similarities and variations in context
effects between North Americans and East Asians. J. Cross Cult. Psychol. 43,
429–445. doi: 10.1177/0022022110395139

Frontiers in Psychology | www.frontiersin.org

10

May 2016 | Volume 7 | Article 697

Lee et al.

Sequential Eye Movement Behavior

and cultural effects. Vis. Res. 47, 2714–2726. doi: 10.1016/j.visres.2007.
05.007
Rhodes, G. (1985). Lateralized processes in face recognition. Br. J. Psychol. 76,
249–271. doi: 10.1111/j.2044-8295.1985.tb01949.x
Rossion, B., Hanseeuw, B., and Dricot, L. (2012). Defining face perception areas in
the human brain: a large-scale factorial fMRI face localizer analysis. Brain Cogn.
79, 138–157. doi: 10.1016/j.bandc.2012.01.001
Senzaki, S., Masuda, T., and Ishii, K. (2014). When is perception top-down and
when is it not? Culture, narrative, and attention. Cogn. Sci. 38, 1493–1506. doi:
10.1111/cogs.12118
Shepard, R. N. (2004). How a cognitive psychologist came to seek universal laws.
Psychon. Bull. Rev. 11, 1–23. doi: 10.3758/BF03206455
Stark, L. W., and Ellis, S. R. (1981). “Scanpaths revisited: cognitive
models direct active looking,” in Eye movements: Cognition and Visual
Perception, ed. D. F. Fisher (Hillsdale, NJ: Lawrence Erlbaum Associates),
193–226.
Steinman, R. M. (1965). The effect of target size, luminance and color
on monocular fixation. J. Optical Soc. Am. 55, 1158–1165. doi:
10.1364/JOSA.55.001158
Tong, F., Nakayama, K., Vaughan, J. T., and Kanwisher, N. (1998). Binocular rivalry
and visual awareness in human extrastriate cortex. Neuron 21, 753–759. doi:
10.1016/S0896-6273(00)80592-9

Frontiers in Psychology | www.frontiersin.org

Vlachostergiou, A., Caridakis, G., and Kollias, S. (2014). Investigating context
awareness of affective computing systems: a critical approach. Proc. Comput.
Sci. 39, 91–98. doi: 10.1016/j.procs.2014.11.014
Yovel, G., Tambini, A., and Brandman, T. (2008). The asymmetry of the
fusiform face area is a stable individual characteristic that underlies the
left-visual-field superiority for faces. Neuropsychologia 46, 3061–3068. doi:
10.1016/j.neuropsychologia.2008.06.017
Zhang, F., Parmley, M., Wan, X., and Cavanagh, S. (2015). Cultural differences
in recognition of subdued facial expressions of emotions. Motivat. Emot. 39,
309–319. doi: 10.1007/s11031-014-9454-x
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Lee, Greene, Tsai and Chou. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these
terms.

11

May 2016 | Volume 7 | Article 697

