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Abstract

Previous research on cross-cultural differences in visual attention has been inconclusive.
Some studies have suggested the existence of systematic differences in global and local
attention and context sensitivity, while others have produced negative or mixed results. The
objective in this study was to examine the similarities and differences in holistic and analytic
cognitive styles in a sample of Czech and Taiwanese university students. Two cognitive
tasks were conducted: a Compound Figures Test and a free-viewing scene perception task
which manipulated several focal objects and measured eye-movement patterns. An analy-
sis of the reaction times in the Compound Figures Test showed no clear differences
between either sample. An analysis of eye-movement metrics showed certain differences
between the samples. While Czechs tended to focus relatively more on the focal objects
measured by the number of fixations, the Taiwanese subjects spent more time fixating on
the background. The results were consistent for scenes with one or two focal objects. The
results of a correlation analysis of both tasks showed that they were unrelated. These
results showed certain differences between the samples in visual perception but were not
as systematic as the theory of holistic and analytic cognitive styles would suggest. An alter-
native model of cross-cultural differences in cognition and perception is discussed.

Introduction

Multiple research findings (for review see [1, 2]) suggest the existence of systematic cross-cul-
tural differences in cognitive processing around the world. Much of the research investigates
the cultural differences between “the East” (i.e. China, Japan, South Korea) and “the West” (i.e.
Canada, USA, Western Europe) and anticipates the existence of systematic and relatively stable
differences in cognition or cognitive styles.
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It is uncertain which factors cause variations in cognitive processes. It is reasonable to
assume that they are based on the interplay of multiple factors that include sociocultural, envi-
ronmental and biological influences, such as philosophical tradition [1], parent-child interac-
tion [3, 4], socioeconomic status and personal wealth [5], literacy [6], the complexity of the
physical environment [7], differences in the anatomical and functional aspects of the central
nervous system [8, 9], or means of subsistence [10, 11]. Probably the most used explanatory
factors for the existence of cultural differences in cognition are the cultural syndromes of indi-
vidualism and collectivism (independent and interdependent self, respectively) [12, 13]. The
theory of individualism/collectivism (and independence/interdependence, respectively) sug-
gests fundamental differences in how individuals relate to society, how this relationship is con-
structed, and whether individuals or groups are the basic units of analysis. Collectivistic
cultures are characteristic for emphasizing interdependence and orientation in social groups
(e.g. extended families, communities). In individualistic cultures, emphasis is placed on indi-
vidual independence and autonomy [12, 14].

Despite the growing body of literature on the topic, research in this area is far from complete.
Besides the uncertain causal relationships between cognitive and cultural and environmental
variables, at least two other “weak spots” or points of interest can be found in the existing body
of research on holistic and analytic cognitive styles. First, despite several exceptions [5, 15-21],
the research almost exclusively focuses on a simplified and reductionist comparison of “West-
ern” (North America and Western Europe) and “Eastern” (East and Southeast Asia) popula-
tions, thereby ignoring all other cultural regions and the possible variations in cognitive
processes in these regions. Furthermore, some evidence exists of the presence of differences in
perceptual and cognitive processes, not only between people from different countries but also
different regions within these countries [10, 19, 22]. Second, several recent studies have shown
contradictory or mixed results, or minor effect sizes [21, 23-27], and call the theory of cognitive
styles into question. Some advocate the prevalence of universal, bottom-up processes, while oth-
ers acknowledge the need for replication in research on cognitive styles.

At least two models have attempted to explain the differences in cognitive style. Nisbett [1,
2] formulated a model (in the present paper, referred to as the “general holistic-analytic
model”) of cognitive styles that is based on a vast amount of empirical evidence and that postu-
lates systematic differences exist in cognitive processes between Easterners (holistic cognitive
style) and Westerners (analytic cognitive style). More specifically, it describes differences in:
(a) object categorization [28, 29], (b) reasoning about contradictions [30], (c) field dependence
and object-background differentiation [31], (d) context sensitivity and selective attention on
objects and relationships, (e) processing of global and local attributes of objects [32], (f) change
detection [33, 34] and (g) memory [35]. If we accept the axioms of the general holistic—analytic
model, holistic individuals (compared to their analytic counterparts) should: (a) use more
intuitive and less rule-based strategies in object categorization, (b) use dialectical thinking
instead of rules of formal logic, (c) have more problems with separating objects from the back-
ground, (d) focus more on the background and relationships between objects and less on the
salient (or focal) objects and their attributes [15, 36], (e) focus more on the global and less on
the local features of objects, (f) be more sensitive to the contextual and less to the focal object
changes, and (g) recall objects in complex scenes less successfully. An important attribute of
this model is that these differences should be coherent. This means that if a holistic individual
focuses relatively more on the global features, he or she should also focus relatively more on
the background. In other words, the scores obtained by multiple methods should be (cor)
related.

Kozhevnikov et al. [37] proposed an alternative model (in the present paper, referred to as
the “hierarchical-ecological model”) of cognition by emphasizing the ecological nature of
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cognitive style, viewing cognitive styles as patterns of adaptation to the environment. Accord-
ing to this view, cognitive style is environmentally dependent, flexible and task specific. This
model is based on Nosal’s [38] earlier model; she proposed a hierarchical model of cognitive
styles: a cognitive—style matrix that organizes cognitive styles along two axes or levels consist-
ing of information processing (perception, concept formation, higher-order processing, meta-
cognitive processing) and cognitive style families (context dependence and independence,
rule-based and intuitive processing, internal and external locus, integration and compartmen-
talization). The most used cognitive styles are positioned along these axes. According to Koz-
hevnikov’s model, the different cognitive styles would not necessarily have to (cor)relate since
an environment might, for example, support both the development of global processing (holis-
tic characteristic) and focus on salient objects (analytic characteristic).

In this research, the possible cross-cultural variations in two cognitive processes, (a) global
and local attention and (b) context sensitivity, were examined in samples of Czech and Tai-
wanese university students. According to the research conducted by Hofstede [39], the Czech
Republic is relatively high in individualism (individualism score = 58), while Taiwan is a typi-
cally collectivistic country (individualism score = 17). The selected samples therefore reflect
the above-mentioned need to investigate samples beyond the traditional “USA vs. China/
Japan” borders, which is also logical from a theoretical point of view. Even though both coun-
tries have experienced unique and sometimes turbulent periods in recent history (wars, waves
of migration, communist dictatorship, etc.) and are not seen as typical representatives of indi-
vidualistic or collectivistic cultures, we might still assume the presence of differences in cogni-
tive style. The psychology of people in the Czech Republic has been shaped by typically
European influences, such as Christianity and Greek philosophy [1]. The country has a rela-
tively less complex physical environment [7] and is a typical wheat culture [11]. Taiwan, how-
ever, is still part of the Asian cultural space, with Buddhism and Taoism as the main religions,
a tradition of Chinese philosophy, a relatively more complex environment, and rice as a main
means of subsistence. As such, we might expect Czechs (individualistic country) to perceive
more analytically, while the Taiwanese (collectivistic country) to perceive more holistically.

To investigate global and local attention, a hierarchical Navon figures test was used. In the
present study, we refer to our version of the PC-administered Navon figures test as the Com-
pound Figures Test (CFT; see details in Materials and Methods section). This test presents fig-
ures at two hierarchical levels: global and local [32, 43]. The global level is generally
represented by a letter (e.g. “H”), number (e.g. “3”), or shape (e.g. square). The global-level fea-
ture of the figure comprises multiple local-level features of the same type (e.g. local letters
which form a global letter, or local numbers which form a global number).

Tests using hierarchical figures have been previously used in multiple cross-cultural exami-
nations focused on processing the global and local features of objects [32, 40, 41]. With some
exceptions [24], they report a relative advantage in the processing speed of global characteris-
tics of stimuli (global advantage/precedence/preference) in Asian subjects compared to West-
erners. The cross-cultural differences in context sensitivity (attention to an object vs. attention
to the background) were examined using natural scenes (free-viewing paradigm) combined
with eye-movement recording in a design similar to previous research conducted by other
authors [15, 23, 36]. Some of the research found distinct differences in the eye-movement pat-
terns between Chinese and Americans [36] and Chinese and Africans [15], while other enquir-
ies supported a contradictory hypothesis on the lack of any systematic cultural differences in
scene viewing [23].

The formulation of hypotheses in the present paper is based upon the general holistic-ana-
lytic model [2]. We formulate the hypotheses according to this model and not the competing
model by Kozhevnikov [37] because most cross-cultural studies on the topic are also based on
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this model and it offers a strong empirical basis for the formulation of such studies. As men-
tioned above, we applied two methods to assess the cognitive style of respondents and expected
that performance in these methods would be modulated by cultural group. The hypotheses
were formulated with respect to the metrics (scores) obtained by these methods. To examine
the global vs local attention, we applied a CFT that has two main metrics to work with: a global
precedence score (calculated as a difference in global and local reaction times; see the Stimuli
section for details) and an error rate. In the second method, we investigated context sensitivity
(attention to an object vs. attention to the background) in free-viewing task with a set of com-
plex natural scenes (composed of one or two objects and a background; see the Stimuli section
for details) combined with eye-movement measurement. The measurements included several
common eye-tracking metrics, namely the number of first fixations, number of fixations, fixa-
tion time and transitions between parts of the scenes.

Global vs local attention (CFT)-a) The Taiwanese respondents should demonstrate a stron-
ger global preference than Czech participants in CFT processing speed [32]. CFT-b) No signifi-
cant differences in the error rate of responses between the two groups were expected [32].
Context sensitivity (scene perception)-The Taiwanese respondents should: a) make fewer first
fixations on a focal object (percentage of first fixations on a focal object), b) make fewer focal
object fixations (average number of focal object fixations), c) fixate focal objects for a shorter
time (average focal object fixation time), d) make more background fixations (average number of
background fixations), e) fixate backgrounds for a longer time (average background fixation
time), and f) make more focal object to background transitions. In the case of stimuli with two
focal objects, the Taiwanese were expected to h) make more direct transitions between both focal
objects. In addition, because a cognitive style is defined according to the general holistic—analytic
model as a complex set of behaviours, g) a correlation was expected between the eye-movement
measurements in the perception of scenes and the global preference score of the CFT.

Scene perception related hypotheses a—e) were formulated according to the research by
Chua et al. [36] and Duan et al. [15]. Hypotheses f-h) were based on the general holistic-ana-
lytic model, but were not, to our best knowledge, previously tested [1, 2, 42]. They reflect the
assumption that holistic cultures “tend to engage in context-dependent and holistic perceptual
processes by attending to the relationship between the object and the context in which the object
is located” [42, p.1]. Furthermore, if the holistic and analytic cognitive style, as defined by the
general holistic—analytic model [1], represents the quality of cognitive processes, where holistic
perceivers compared to their analytic counterparts should, for example, perceive the global
characteristics of stimuli relatively more quickly and also focus more on the relationships
between objects in a scene, then the scores obtained by the methods measuring these qualities
should also correlate with each other (hypothesis g)). If this is not the case, the hierarchical-
ecological model [37] of cross-cultural differences in cognition might be more plausible.

Our research contributes by improving the understanding of cultural similarities and differ-
ences in visual attention and perception in at least three ways: (i) it is one of relatively few stud-
ies that explores multiple facets of cognitive style [24], (ii) it is, to our best knowledge, the first
study to compare Asians and Central Europeans by measuring eye-movement patterns in
viewing a scene, (iii) it is the first cross-cultural eye-tracking research that controls the number
of focal objects in a scene (1 or 2).

Materials and methods

The Research Ethics Committee of Masaryk University has reviewed the application to con-
duct the research project and has approved this project (Proposal No.: 0257/2018) to be con-
ducted on 13 March 2019. Informed consent was obtained in writing from all participants.
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Stimuli

Besides the two experimental tasks described in this section, a personal questionnaire was
administered and asked respondents to state their gender, age, experience in living in a foreign
country (more than one year, yes or no), the size of their household before entering university
and the current size of their household. All tasks were administered in either Czech or tradi-
tional Chinese according to the cultural background of the participant.

Compound Figures Test. To assess global and local distribution of attention, we applied a
Compound Figures Test: a numerical PC version of the original Navon test [43]. CFT has been
applied in previous studies [44-47]. The test was administered using the Hypothesis software
(48, 49].

In each task, the participant was presented with a large (global) number (Fig 1A) compris-
ing multiple smaller (local) numbers. In the CFT, only four numbers were used as global and
local numbers: 2, 4, 5 and 8. The participant was instructed to identify either the global (global
task) or local level of the stimulus (local task) and select from four possible responses (one cor-
rect answer and three distractors) the correct answer as quickly as possible with a mouse-click.
Before the test, the participant was given three practice trials and received feedback whether
their response was correct. The participant did not proceed unless he or she selected the cor-
rect answer in each practice trial. The entire test comprised six practice tasks (three local and
three global) and 32 test trials (16 for local and 16 for global processing). The local task pre-
ceded the global task in all cases. A fixation cross was displayed for 0.5 seconds before each
trial (Fig 1B).

The reaction times and error rate of the responses were measured in each test. The mean
speed and error rate of the local and global tasks were calculated separately. Four average val-
ues were therefore recorded for each participant: global reaction time (RT), local reaction
time, global error rate, and local error rate. The main score, or the global preference score, was
calculated in the CFT [24, 32] as local RT-global RT and served as a major indicator of local
and global attention. Let us remind that we assumed the Taiwanese respondents would dem-
onstrate a stronger global preference than Czech participants in CFT processing speed. The
error rate of responses was a control variable, i.e. a high number of mistakes indicated the
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Fig 1. CFT stimulus example and procedure. (A) CFT stimulus. (B) CFT procedure. A fixation cross is displayed for 500 ms before each stimulus. After the
fixation cross is displayed, a compound letter is presented. Depending on the task (local vs. global), the participant identifies the local or global feature of the
stimulus and responds by pressing the corresponding number.

https://doi.org/10.1371/journal.pone.0242501.g001
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decreased validity of the test results due to, for example, less motivation or misinterpretation
of the test. No significant differences in the error rate of responses between the two groups
were therefore expected.

Complex scenes. To investigate the possible cultural differences in context sensitivity of
the two samples, 60 images of real-world scenes were used. The pictures were downloaded
from free online image depositories (wallpaperflare.com, pxhere.com). Half of the scenes were
similar to those used in other research [15, 23, 36], consisting of one focal object (animals or
inanimate objects such as vehicles, buildings, doors and windows on a facade) against back-
grounds of different complexity (Fig 2A and 2B) from relatively uniform to moderately com-
plex. The other half of the stimuli were similar but contained two focal objects (Fig 2C and 2D)
of the same category. In the scenes containing one focal object, the object was positioned either
centrally (10 images), at the left (9 images), or at the right (11 images). In the scenes with two
focal objects, the positions of the objects were not controlled. The scenes for both groups were
the same size (1024 x 688 px) and the scenes were placed on the black background.

The participants were instructed to view a series of pictures and evaluate how much they
liked each picture on a scale of 1 to 5 (1 —very good, 5 —very poor). These data were not ana-
lysed. Two practice runs preceded the testing. A fixation cross was displayed before each test
until the moment the participant fixated on it. After the participant successfully fixated on the
cross, it disappeared, and an image was displayed for four seconds.

This timing was selected according to previous research on perceiving scenes using differ-

ent durations to display stimuli. For example, Chua et al. [36] and Evans et al. [23] displayed
the stimuli for three seconds, and Duan et al. [15] displayed stimuli for five seconds. Chua

et al. [36] showed that the proportion of object fixations varied throughout the course of test-
ing. After a stimulus was displayed, participants mostly fixated on focal objects (bottom-up
process driven by salience) for around 300-400 ms. The proportion then varied throughout
the testing, and any potential differences in fixation count and duration may have disappeared
after a long enough (e.g. 10 s) exposure to the scene [26].

Fig 2. Examples of real-world scenes. (A), (B) Samples of one focal object scenes. (C), (D) Samples of two focal object
scenes. Copyright statement: All images used in this figure are free for commercial and personal use.

https://doi.org/10.1371/journal.pone.0242501.g002
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The testing was presented in two separate batches: pictures with one focal object and pic-
tures with two focal objects. A one-minute break was given between the batches. The sequence
of batches was balanced: half of the participants first viewed the batch with one focal object
and the other half viewed the batch with two focal objects. The sequence of pictures in each
batch was pseudo-random. The eye-movement data were recorded for each test.

Apparatus

The CFT data were collected using Hypothesis software (see above) and the Google Chrome
web browser. The participants viewed the stimuli without a chinrest. In Taiwan, a 19” (EIZO
FlexScan S1901) LCD monitor with a resolution of 1280 x 1024 was used. The viewing distance
was approximately 65 cm. In the Czech Republic, a 22” (AOC 12267FW) monitor with a reso-
lution of 1680 x 1050 was used. The viewing distance was approximately 70 cm. The size of the
instructions with illustrative examples and size of the stimuli (the compound hierarchical let-
ters) were the same for both groups (900 x 675 px and 440 x 500, respectively).

In Taiwan, eye-movements were tracked with an EyeLink 1000 desktop type eye-tracker.
The stimuli were presented on a 19” (ViewSonic P95f+) CRT monitor with a resolution of
1024 x 768. In the Czech Republic, eye-movements were tracked using an SMI Red eye-track-
ing system with an integrated 22” monitor (Dell P2213) with resolution of 1680 x 1050 px. The
size of stimuli was same in both countries (1024 x 688 px). A chin rest positioned approxi-
mately 70 cm away from the monitor was used to minimize any disruptions caused by head
movements. The visual angle of stimuli in Czech Republic was approximately 31.5° horizon-
tally and 21.5° vertically. The visual angle of stimuli in Taiwan was approximately 30.1° hori-
zontally and 21.8° vertically. In both countries, the sampling rate was set to 500 Hz, with 9
points of calibration. The minimum accuracy of calibration was set to 1° of visual angle. The
same threshold was used for all participants.

Participants and procedure

The test battery was translated using the parallel translation method, which is commonly used
to reduce method bias in cross-cultural test adaptations [50, 51]. Two bilinguals translated the
test materials (test instructions). Both versions were then assessed for any potential differences.
If the translations differed, the differences were discussed by the research team until a consen-
sus on optimal translation was reached.

The research participants in both countries were recruited through university groups on
social networks. Participation was limited to people of Czech or Taiwanese nationality possess-
ing no eye-diseases or colour blindness and normal or fully corrected vision. A formal admin-
istration procedure was created, and the process of administration in both countries, including
the instructions given to participants and the task sequence, remained the same. The test bat-
tery was administered in both countries by a local administrator (Czech and Taiwanese,
respectively) to prevent a potential method bias [52]. Administrators of the test battery at both
sites were also trained to administer the battery in the same manner. The test battery was
administered in the following sequence: after entering the laboratory, participants a) read and
signed an informed consent form, b) filled in a sociodemographic questionnaire, c) completed
the CFT, and d) completed the complex scenes task.

The minimum required sample size was estimated before the experiment commenced
using G*Power 3.1 [53] for ANOVA, fixed effects with effect size = 0.25, o. = 0.05, Power = 0.8,
and 4 groups (2 [area: object vs. background] x 2 [nationality]). The required total sample size
was 128 respondents. In total, we gathered data from 129 participants (60 Taiwanese, 69
Czechs). The detailed procedure of data cleaning and number of participants in each of the
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Table 1. Research sample characteristics summary.

Variable Taiwanese (N = 60) Czech (N = 69)
% of women 71.6 71.0
Age-Mean (SD) 21.1 (2.07) 21.5(2.65)

% of participants living abroad for longer than a year 8.3 14.5
Household size-Mean (SD) 4.1 (1.16) 4.0 (1.16)

https://doi.org/10.1371/journal.pone.0242501.t001

statistical analyses are described in the respective sections of the Results. See Table 1 for a sum-
mary of the sample’s characteristics.

In the present paper, we used the following statistical programmes: G*Power 3.1 [53] for
power analysis; R 3.5.2 [54] for eye-tracking data pre-processing and statistical analysis;
Ogama 5.0.1 [55] for eye-tracking data cleaning, ROI (Regions of Interest) definition and fixa-
tion calculation. Stimuli, data files, R scripts and procedural descriptions are publicly available
in the OSF repository (https://ost.io/eubwn/; DOI 10.17605/OSF.IO/EUBWN).

We applied the following analyses. The cultural differences in the CFT were tested with
independent samples and paired sample t-tests. Cultural differences in the scene perception
task were tested using mixed ANOV As with one between-subject factor (cultural group) and
one within-subject factor (ROI), post-hoc tests, and independent sample t-tests. In all analyses,
partial eta squared (np* ANOVA) and Hedges’ g (g; post hoc tests, t-tests) effect sizes were cal-
culated. Finally, for an exploratory analysis of relationships between the main eye-tracking
metrics and other variables, we used linear regression.

Results
Analysis 1: Compound Figures Test

In the first stage, the average error rate and average reaction time (speed) scores were com-
puted for the local and global tasks (16 trials for each subtest). The error rate score was taken
as an indication that the participant understood the task correctly. If the error rate of a certain
participant was high, the participant was excluded from further analysis. Before the data were
cleaned, the overall average error rate was 0.9% for the local task and 3.0% for the global task.
The Taiwanese participants had a slightly higher average error rate in both local (1.0%) and
global (4.9%) tasks compared to the Czech participants (0.8% for local and 2.2% for global).
The maximum number of errors in the local task was one (corresponding to an error rate of
6.25%—out of 16 trials in total). Several participants (6 Taiwanese, 2 Czechs) had higher error
rates in the global task. The number of errors in a task greater than four (corresponding to a
31.3% error rate-out of 16 trials in total-or higher) cannot be attributed to a temporary lapse
in attention or “mouse misclick”, but rather suggest a misunderstanding in the nature of the
task. When we removed these eight participants from the data set, the overall average error
rate in the global task dropped to 3.4%. The average error rate of Taiwanese (1.2% for local
and 1.5% for global) and Czech (0.8% for local and 1.3% for global) participants was almost
identical, and the differences were not significant, with negligible effect sizes (global task: t
(101.59) = 0.26, p = 0.795, g = 0.048; local task: t(99.11) = 0.69, p = 0.487, g = 0.130). In the
next stage of CFT data cleaning, we examined the average processing speed of global and local
tasks. One Taiwanese participant was excluded from further analysis as an extreme outlier
(reaction time for a local task more than 11 standard deviations from the group mean).

After data cleaning, the data from 120 respondents (53 Taiwanese, 67 Czechs) were ana-
lysed according to reaction time. The data for reaction times are summarized in Table 2. The
data shows that both the reaction times and variability were generally higher in the Taiwanese
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Table 2. Summary of statistics for reaction times and global preference by nation (in seconds).

Measurement Taiwanese (N = 53) Czech (N = 67)
Local RT (sec) Mean 2.06 1.02
SD 0.255 0.132
Median 2.04 0.97
IQR 0.242 0.143
Global RT (sec) Mean 1.89 0.89
SD 0.229 0.139
Median 1.86 0.87
IQR 0.324 0.210
Global preference Mean 0.17 0.13
(Local RT-Global RT) SD 0.180 0.116
Median 0.16 0.13
IQR 0.252 0.143

https://doi.org/10.1371/journal.pone.0242501.t1002

sample. The mean reaction times were also higher in the local task. To test the differences in
global vs. local RTs in each group, we performed two paired t-tests separately for both nation-
alities. The differences were significant for global vs local RT's in both the Czech sample (t(66)
=8.98, p = 4.692¢-13),13 with a large effect size (g = 0.936), and for the Taiwanese sample (t
(52) =6.89, p = 7.413e-9),9 with a medium effect size (g = 0.699).

For reaction times, we subsequently calculated the global preference score using the local
RT-global RT equation, a procedure used in multiple studies with Navon-type hierarchical sti-
muli [24, 32, 56, 57]. We applied an independent t-test to determine the differences in global
processing between both groups. No significant differences were found between the Taiwanese
(M =0.17, SD = 0.180) and Czech (M = 0.13, SD = 0.116) participants, t(84.646) = 1.51,

p = 0.136. The effect size was small (g = 0.289).

Analysis 2: Complex scenes

Eye-movement data pre-processing. The differences in data format created by using two
different eye-tracking systems forced us to pre-process the eye-movement data before calculat-
ing the eye-metrics in Ogama. For this purpose, R 3.5.2 [54] was used. The cleaned data was
subsequently imported into Ogama [55]. In Ogama, the following steps were performed: a)
data loss analysis, b) definition of ROIs, c) calculation of fixations, d) fixation detection verifi-
cation. Data loss in the entire sample was relatively low. In the case of Czech participants, data
loss varied between 0.13 and 13.77% (mean = 2.89), and in the Taiwanese participants,
between 0.02 and 6.99% (mean = 2.91). Two (stimuli with one focal object) or three (two focal
objects) ROIs were defined. The ROIs for focal objects were defined around their contours,
and the background ROI covered the entire image except for the focal objects and black bor-
ders (Fig 3).

Fixations were calculated next. Ogama uses a dispersion-type algorithm [58] to detect fixa-
tions. We used the settings suggested by Popelka [59]: maximum distance of 15 pixels, mini-
mum number of 40 samples, size of 31 pixels for the fixation detection ring, automated
elimination of first fixation and no merging of consecutive fixations. The number of fixations
was checked for each participant and stimulus to identify participants with potential problems
in fixation detection (extremely low or high numbers of fixations). Nine participants (8 Czech,
1 Taiwanese) were discarded from further analysis.

As mentioned above, the data for this task were cleaned using a two-step procedure. We
first conducted a data loss analysis and then calculated fixations, verifying whether they were
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Fig 3. ROIs. (A) Sample one focal object image with ROIL (B) Sample two focal objects image with ROI. Copyright
statement: All images used in this figure are free for commercial and personal use.

https://doi.org/10.1371/journal.pone.0242501.g003

correct. From this, we eliminated 13 participants because of the quality of their eye-tracking
data. The most common reason for excluding participants was problematic detection of fixa-
tions: 8 participants indicated an extremely low number of fixations per trial (e.g. 0 or 1), while
the common numbers of fixations per trial were much higher (entire sample median = 12).
We excluded participants with median fixations per trial of less than 9. One respondent dem-
onstrated the opposite behaviour: an extremely high number of fixations per trial (median =
22). Both effects were clear indications of a problem in detecting fixations (caused, for exam-
ple, by shimmering glasses). We also lost the data of three participants due to system error dur-
ing recording. One participant was discarded for high data loss (13.8% of lost data). After the
participants with faulty and missing eye-tracking data were removed, the final analysed sample
comprised 116 participants (58 in both groups).

Eye-movement data analysis. We expected that Taiwanese and Czechs would show dif-
ferent eye-movement patterns, suggesting differences in visual attention between both groups.
More specifically, we analysed the percentage of first fixations on focal objects, the numbers of
fixations on focal objects and backgrounds, the focal object and background fixation time, and
the transitions between the ROIs. Because two different types of stimuli based on number of
focal objects were used, stimuli with one or two focal objects were analysed separately. The
parameters for all eye-tracking metrics and for both types of stimuli are summarized in
Table 3.

One focal object. We first calculated the proportions of first fixations from all first fixa-
tions on the focal object. The data shows that in most cases, both Czech (M =91.0, SD = 8.2)
and Taiwanese (M = 92.6, SD = 7.2) participants first fixated on the focal objects. The

Table 3. Summary statistics of eye-tracking metrics for all stimuli according to nationality (fixation time in milliseconds).

Stimulus type One focal object Mean (SD) Two focal objects Mean (SD)
Nationality Czech Taiwanese Czech Taiwanese
Fixations % of first fixations on FO 91.0 (8.2) 92.6 (7.2) 98.7 (3.9) 98.3(2.9)
Number of FO fixations 8.2(1.3) 6.8 (1.1) 8.7(1.7) 7.5 (1.1)
Number of BG fixations 4.6(1.2) 4.6 (1.3) 4.0 (1.1) 4.5(1.1)
FO fixation time 1949 (383) 2023 (353) 1982 (436) 2035 (299)
BG fixation time 966 (264) 1218 (290) 838 (235) 1138 (231)
Saccades Number of within FO saccades 6.3 (1.3) 4.5 (1.0) 44 (1.1) 3.2(0.8)
Number of within BG saccades 2.8 (1.0) 2.6(1.2) 2.2(0.9) 2.3(0.9)
Number of FO-BG transitions 3.7(0.7) 3.6 (0.7) 3.7(0.8) 3.9(0.7)
Number of FO-FO transitions NA NA 2.4(0.8) 2.0 (0.6)

https://doi.org/10.1371/journal.pone.0242501.t003
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Mean number of fixations

differences were not significant: t(114) = 1.163, p = 0.247, with a small effect size (g = 0.214).
The focal object in most cases was first fixated on by both cultural groups.

Both groups showed significantly more fixation counts on focal objects than the back-
grounds in the mean number of fixations: F(1, 228) = 308.78, p = 2e-1616, np2 =0.58. The
main effect of culture was significant: F(1, 228) = 17.92, p = 3.34e-0505, np> = 0.07, as was the
interaction between culture and ROT: F(1, 228) = 19.07, p = 1.91e-0505, np” = 0.08. Fig 4 indi-
cates that the Czech participants (M = 8.2, SD = 1.3) made significantly more focal object fixa-
tions than the Taiwanese (M = 6.8, SD = 1.1), t(114) = -6.229, p = 8.079¢-0909, with a large
effect size g = 1.15. No significant differences were found between the Czech (M = 4.6,

SD = 1.2) and Taiwanese (M = 4.6, SD = 1.3) participants in the number of background fixa-
tions, t(114) = -0.093, p = 0.93, g = 0.02.

In fixation time, both groups spent more time observing the focal object than the back-
ground: F(1, 228) = 436.05, p = 2e-1616, np> = 0.66. The main effect of culture was significant:
F(1, 228) = 14.51, p = 0.00020002, np” = 0.06., as was the interaction between culture and ROI
type: F(1, 228) = 436.05, p = 0.038038, np2 = 0.02. No significant differences were found
between the Czech (M = 1949, SD = 383) and Taiwanese (M = 2023, SD = 353) participants in
focal object fixation time, t(114) = -1.080, p = 0.283, g = 0.20. The Taiwanese (M = 1218;

SD = 290) fixated longer on the background than Czechs (M = 966, SD = 264) in background
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Fig 4. Mean number of fixations: One focal object stimuli.

https://doi.org/10.1371/journal.pone.0242501.9004
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fixation time, t(114) = 4.903, p = 3.161e-0606, with a large effect size g = 0.90 (Fig 5). We also
tested for focal object to background transitions. No differences in the number of transitions
were found between the Czech (M = 3.7, SD = 0.7) and Taiwanese (M = 3.6, SD = 0.7) partici-
pants, t(114) = 0.494, p = 0.623, g = 0.09.

Two focal objects. The same analyses were performed for stimuli with two focal objects.
The proportion of first fixations was not significantly different in the Taiwanese (M = 98.3,
SD =2.9) and Czech (M =98.7, SD = 3.9) groups, t(114) = -0.628, p = 0.531, with negligible
effect size g = -0.116. One focal object was significantly first fixated on by both cultural groups.

In terms of the number of fixations, both groups fixated more on focal objects than back-
grounds F(1, 228) = 532.04, p = 2e-1616, np” = 0.70. The main effect of culture was significant:
F(1, 228) = 4.65, p = 0.032, np2 =0.02, as was the interaction between culture and ROI: F(1,
228) = 26.15, p = 6.7¢-0707, np> = 0.10. Fig 6 indicates that the Czechs (M = 8.7, SD = 1.7)
made significantly more fixations on focal objects than the Taiwanese (M = 7.5, SD = 1.1), t
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Fig 6. Mean number of fixations: Two focal objects stimuli.
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(114) = 4.595, p = 1.123e-0505, g = 0.85. By contrast, the Taiwanese (M = 4.5, SD = 1.1) partici-
pants fixated on the background significantly more than their Czech counterparts (M = 4.0,
SD = 1.1), t(114) = 2.417, p = 0.017, with small effect size g = 0.45.

In terms of fixation time (Fig 7), both groups observed the focal objects longer than the
background: F(1, 228) = 622.67, p = 2e-1616, np> = 0.73. The main effect of culture was signifi-
cant: F(1, 228) = 18.70, p = 2.29e-0505, np> = 0.08., as was the interaction between culture and
ROI type: F(1, 228) = 18.70, p = 0.002, np> = 0.04. No significant differences were found
between the Czech (M = 1982, SD = 436) and Taiwanese (M = 2035, SD = 299) participants in
focal object fixation time, t(114) = -0.765, p = 0.446, g = 0.14. The Taiwanese participants
(M =1138; SD = 231) also fixated on backgrounds significantly longer than the Czechs
(M =838, SD =235), t(114) = 6.953, p = 2.379¢-1010, with large effect size g = 1.28.

Finally, the number of transitions in both groups was compared. In this case, both transi-
tions between focal objects and background and transitions between focal objects were
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analysed. While no significant differences were consistently found in one focal object stimuli
between the Czech (M = 3.7, SD = 0.8) and Taiwanese (M = 3.9, SD = 0.7) participants in the
focal object to background transitions, t(114) = -1.322, p = 0.189, g = 0.24, the Czech partici-
pants (M = 2.4, SD = 0.8) transitioned significantly more between the two focal objects than
the Taiwanese (M = 2.0, SD = 0.6), t(114) = 2.939, p = 0.004, g = 0.54.

Analysis 3: Relationship between eye-movement metrics, CFT and other
variables

Only data from respondents not excluded from one of the two previous analyses (CFT, com-
plex scenes) were part of this analysis. We calculated 108 cases (56 Czech, 52 Taiwanese). To
determine whether the eye-tracking metrics had any relationship with other collected vari-
ables, we calculated a relative focal object/background number of fixations, fixation times and
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number of saccades by dividing the focal object metrics of each participant with their back-
ground metrics. A series of three multiple linear regressions was subsequently performed on
CFT global preference scores, sex, age, household size, experience with living abroad and
nationality as independent variables, and relative number of fixations, relative fixation times
and relative number of saccades (each in a separate model) as dependent variables. We
expected a significant positive relationship between CFT global preference and the relative
eye-tracking variables, meaning that the more global the attention patterns, the more the focal
objects were focused on. We did not hypothesize any relationships between eye-tracking met-
rics and other variables included in the models for exploratory purposes.

Nationality was a significant predictor of the relative number of fixations: F(6, 101) = 2.82,
Pr(>|t|) = 0.00239, with an adjusted R2 of 0.092, relative fixation time: F(6, 101) = 2.65, Pr(>|
t|) = 0.00273, with an adjusted R2 of 0.085, and relative number of saccades: F(6, 101) = 2.25,
Pr(>|t|) = 0.011, with an adjusted R2 of 0.065. No significant regression equation was found
for any other variable in these three tested models. When nationality was excluded from the
models, the adjusted R2 of the models had a maximum value of less than 0.006. That means
the focal object to background eye-tracking patterns appeared to be independent of the global
preference scores and sociodemographic variables mentioned above, except for the partici-
pants’ nationalities.

Discussion

The present study introduces several new findings into the ongoing debate on cross-cultural
similarities and differences in visual perception and cognition according to the theory of holis-
tic and analytic cognitive styles [2, 29]. The study examined two dimensions of cognitive style:
global vs. local attention (measured by CFT) and context sensitivity (measured by eye-tracking
metrics as complex scenes were perceived). In summary, both Czech and Taiwanese showed a
strong global preference effect in the CFT: global processing speed was significantly quicker
compared to local feature processing. No significant differences were found between the
groups in the global preference scores. No cultural differences were noted as affecting the pro-
portion of first fixations on focal objects in the eye-tracking metrics calculated in the scene per-
ception task. Both groups fixated more frequently on and spent more time observing the focal
objects than the background. Czech participants fixated more frequently on focal objects than
the Taiwanese, while the Taiwanese spent more time observing the background. The results
were consistent across one and two focal object scenarios. No differences were found between
the groups in the number of focal object/background transitions. The Czech participants made
more direct transitions between focal objects in the dual focal object scenario. No significant
relationships were found in the relative (focal object vs background) eye-tracking metrics,
such as number of fixations, fixation time, number of saccades, CFT, global preference score,
sex, age, household size or experience living abroad.

Compound Figures Test

As mentioned above, global vs. local attention was investigated using a CFT [43]. The tasks
consisted of two sub-tasks that would indicate a person’s tendency for global (attention to
global characteristics) vs. local (attention to local characteristics) processing. From these two
scores, a global preference score was calculated, which served as an indicator of global vs. local
attention: the higher the score, the more globally oriented a person was. The results suggested
that the Taiwanese in our sample perceived slightly more globally than the Czechs. The results,
however, were not significant with small effect size, and therefore did not provide any strong
evidence of cross-cultural differences such as those reported by McKone et al. [32]. The results
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were more in favour of the findings of a preregistered study conducted by Hakim et al. [24],
which did not detect any cultural differences in global processing between American, interna-
tional Asian and Chinese samples, or the study by von Miihlenen et al. [60], which did not
detect any differences between samples from the UK and India.

It is important to note that the differences in results may have been caused by the methods
of administration and precise nature of the task. Hakim et al. [24] instructed the participants
to identify target letters (E or H) in compound letters while stimuli were presented centrally.
The respondents only responded whether the target letters were present on the global or local
levels, without reporting the specific target, and stimuli were displayed until a response was
given. Von Miihlenen et al. [60] asked the participants to identify a specific target (H or T) by
pressing the respective key. The Navon task was assigned in combination with emotionally
charged (happy, neutral, sad) images to affect the emotional state of the participant. Stimuli
were presented until a response was given or for a maximum of 5 seconds. McKone et al. [32]
presented the stimuli laterally to test hemispherical differences in global/local processing. We
therefore declare that it would be premature to draw final conclusions on the issue of cross-
cultural differences in global vs. local attention.

An interesting effect observed in the global and local reaction times should be noted.
Although both groups were slightly quicker in responding to global tasks than local tasks, the
reaction times of the Taiwanese group were, in both cases, approximately twice as long. This
finding replicated the results of the CFT reported by Lacko [45] in samples of Czech and conti-
nental Chinese participants. Chinese participants were also significantly slower. Since the test
instructions in both Czech and traditional Chinese included the instruction to solve the task
“as quickly as possible”, such a large difference in reaction times should not be an indicator of
method bias [50, 61] but more probably of the differences in response styles between both
samples. These differences in speed of response might also be explained by the avoidance of
risk-taking behaviour inherent to Confucian ethics [62], or the notion of “losing face” typical
for some Asian cultures [63]. These assumptions should be tested in future research, for exam-
ple, by manipulating individual/group administration of the task, or with the administrator
persona (e.g. Would the perceived social status of the administrator influence the tendency of
the participants not to make mistakes?).

Complex scenes

The second dimension in differences of perception, i.e. context sensitivity, was investigated by
measuring eye-tracking patterns while complex real-world scenes were observed. Two types of
real-world scenes were shown in which the number (one or two) of focal (perceptually salient)
objects was changed. According to previous research [15, 36], we expected Czech participants
to focus relatively more on focal objects (first fixations, number of fixations, fixation time)
than the Taiwanese, and also, because of the expected holistic nature of eye-movement pat-
terns of the Taiwanese, we assumed that they would make more transitions between various
parts of the stimuli. Stimuli with one and two focal objects were analysed separately.

No significant cross-cultural differences were found in the percentage of first fixations on
focal object(s). The results were consistent across both stimulus types. Both groups mostly first
fixated on the focal object, which is consistent with previous findings [15, 23, 36] and suggests
the prevalence of bottom-up perceptual processes soon after the stimulus is displayed. The
early visual attention was mainly driven by the perceptual properties of the stimulus, and the
subjects primarily fixated on highly salient objects [64].

In both the one and two focal object conditions, the Czech participants made significantly
more fixations on the focal objects and spent less time fixating on the background than the
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Taiwanese. In the case of stimuli with two focal objects, the Taiwanese made significantly
more background fixations. These results agree with the assumption that analytic perceivers
focus more on the focal object and its properties and that holistic perceivers focus relatively
more on the background [1]. The Czechs also transitioned significantly more between both
focal objects, which might again be an indicator of relatively higher focus on objects [1]. How-
ever, contrary to our expectations, no cross-cultural differences in focal object to background
transitions were detected in either the one or two focal object conditions. As holistic perceiv-
ers, if the Taiwanese observed the image as a “whole”, we would expect them to make more
transitions.

The results showed that the Czechs made more transitions between focal objects. The main
eye-tracking metrics (number of fixations, fixation time) in this study replicated the results of
studies conducted by Chua et al. [36] and Duan et al. [15] and demonstrated the expected
higher focus of Czechs on focal objects (number of fixations) and of Taiwanese on back-
grounds (fixation time). As mentioned by Rayner et al. [26], it is questionable whether the
number of the points of interest in the scene affected the scanning patterns across cultures.
Our results showed that the cross-cultural differences in scanning patterns were consistent for
both stimuli with one and two focal objects.

Theoretical implications

The present study is one of few that have attempted to compare multiple components of cogni-
tive styles within the framework of the general holistic-analytic model [1, 2]. It defines cogni-
tive style as a bipolar dimension in which analytic perception is defined as rule-based, formally
logical, field independent, with selective attention focused on salient objects and locally ori-
ented, while the holistic pole is rather intuitive, dialectical, field dependent, sensitive to con-
text, with attention focused on the “whole” and globally oriented. Two tasks were used to
analyse cognitive style: hierarchical figures (global and local processing) and complex natural
scenes (attention to object and background). Using linear regression, no significant relation-
ships were found between the tasks, which is in line with other studies [8, 24] that used more
methods to validate the analytic-holistic cognitive styles theory and found them unrelated.
The results raise questions of a) the validity of the concept of cognitive styles and b) its
dichotomous nature. In terms of a), Cuneo et al. [65] tested the discriminant validity of meth-
ods for analytic-holistic style diagnostics and found that questionnaire methods overlapped
with personality and that maximum performance methods (Group Embedded Figures Test)
overlapped with intelligence. Further research should test the construct, concurrent and dis-
criminant validity of cognitive styles, especially in relation to personality and intelligence.
Some methods not based on maximum performance attempt to overcome this problem by
using two independent tests: one for each of the opposing poles of cognitive styles. In terms of
b), if the concept of cognitive styles is valid and non-overlapping with other constructs, its
nature might be different from the possibly reductionist dichotomic analytic-holistic (or
“East-West”) definition of the general holistic-analytic model. Kozhevnikov et al. [37] pro-
posed an alternative hierarchical-ecological model of cognitive styles (see Introduction) that
has the form of a hierarchical matrix in which cognitive style families are organized along lev-
els of informational processing. According to this model, the different cognitive styles would
not necessarily have to (cor)relate, because an environment might, for example, support the
development of global processing (holistic characteristic) and focus on salient objects (analytic
characteristic). This model might explain the lack of correlation between different methods of
cognitive style analysis observed in this and some other studies [8, 24, 45]. Future research
should therefore attempt to verify the hierarchical-ecological model [37] of cognitive styles
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and specify the number of cognitive style families. Conducting research on the stability/flexi-
bility of cognitive styles and investigating the developmental aspects (e.g. children of different
ages) of cognitive style and its adaptive nature (e.g. research on expatriates during the process
of cultural adaptation) is also suggested.

Limitations

This study carries some limitations. Most importantly, only student samples were used for this
research. The potential differences in results obtained from student samples and the results
from Czech and Taiwanese general population subgroups would be based on the adopted the-
oretical perspective. If we adopt the dichotomous approach of the general holistic—analytic
model [1], which states that East is holistic and West is analytic, we would expect to find simi-
lar patterns in the similarities and differences between other Czech and Taiwanese subpopula-
tions. We might also expect larger effect sizes if more diverse subpopulations (e.g. uneducated
individuals, children, seniors) are compared. However, if we adopt the approach of the hierar-
chical-ecological model [37], we could expect substantially different patterns of global atten-
tion or context sensitivity in different subgroups, because these subgroups might mature and
live in fundamentally different social and physical environments that require distinct ways of
cognitive adaptation. Furthermore, a study by Waxman et al. [66] showed evidence of cross-
culturally divergent developmental changes in attentional patterns. Our results, therefore, are
not generally applicable to all citizens of the Czech Republic or Taiwan.

Potential differences in eye-tracking systems in the Czech Republic and Taiwan need to be
mentioned among the limitations of our study. However, we gave special attention to this
issue throughout all stages of the research to eliminate any possible confounding effects and
assure full equivalence in measurement. Both eye-tracking systems were set to the same sam-
pling frequency. Both eye-tracking systems also had similar spatial accuracy and precision
[67]. The spatial accuracy threshold was the same for both measurements (max. 1° of visual
angle), and the calibration error was the same in both samples (0.56° of visual angle). Fixation
calculations were also conducted simultaneously for both datasets in Ogama software, and the
ROIs were the same for both cultural groups. Only robust eye-tracking metrics (number of fix-
ations, fixation time, transitions in ROIs) were calculated [49], and the ROI specification of
the scenes was binary in character (figure vs. background). Therefore, the size of the stimuli
(figures) used in this experiment was two levels higher (approx. 10° of visual angle) than the
variability in accuracy of eye-tracking in the participants (approx. 0.1° of visual angle). There-
fore, the interference in data caused by using two eye-tracking systems can be considered neg-
ligible in our research design.

Another point to consider is the nature of the task, as it might be a method factor that
affects eye-movement patterns and potential cross-cultural differences in these patterns. As
previously mentioned, the eye-movement task was an implicit, free-viewing task for evaluating
the “aesthetic preferences” of each image. It should be noted that the eye-movement patterns
might differ depending on the nature of the task, as demonstrated by Yarbus [68] in his semi-
nal monograph. In his qualitative study, instructions were manipulated and the differences in
eye-movement patterns were subsequently observed. Castelhano et al. [69] found differences
in aggregate eye-movement metrics depending on whether the observers searched for a target
or memorized the stimuli. The need to consider the nature of the task while evaluating cross-
cultural differences is also emphasized by Alotaibi et al. [16]. Greene et al. [70], however, dem-
onstrated quantitatively with pattern classifiers that the task-related effects on scene viewing
might be overrated, at least in the case of brief presentations of stimuli, when an observer’s
gaze seems to be mostly driven by the saliency of various parts of the scene. Nevertheless, the
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observed similarities and differences between both groups in eye-movements should not be
generalized to other possible scene perception designs (e.g. passive viewing, visual search or
recognition).

While some studies reported differences between Americans and Chinese [36] and Chinese
and Africans in a free-viewing task [15], studies conducted by Rayner et al. [25] combined
with a memory task showed negative results. Similarly, no cross-cultural differences were
found in a change-blindness experiment performed by Masuda et al. [34]. Future eye-tracking
research exploring the perception of complex scenes should attempt to combine several tasks
(e.g. free-viewing, visual searches, flicker-tasks).
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