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The article examines cross-cultural differences encountered in the cognitive processing of specific
cartographic stimuli. We conducted a comparative experimental study on 98 participants from two differ-
ent cultures, the first group comprising Czechs (N = 53) and the second group comprising Chinese (N =
22) and Taiwanese (N = 23). The findings suggested that the Central European participants were less
collectivistic, used similar cognitive style and categorized multivariate point symbols on a map more
analytically than the Asian participants. The findings indicated that culture indeed influenced human
perception and cognition of spatial information. The entire research model was also verified at an indi-
vidual level through structural equation modelling (SEM). Path analysis suggested that individualism and
collectivism was a weak predictor of the analytic/holistic cognitive style. Path analysis also showed that
cognitive style considerably predicted categorization in map point symbols.
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(CFT), and whether cultural differences mani-
fested during cartographic task solving, spe-
cifically in the categorization of multivariate
point symbols.

The theory of analytic and holistic (A/H) cog-

Introduction

The objectives of the study were 1) to explore
the cross-cultural differences between Cen-

tral European and East Asian populations at
three distinct levels and 2) to examine how
these levels were connected. The presented
research examined whether the selected
populations differed in the degree of individu-
alism/collectivism and the cognitive style
measured by the Compound Figure Test

nition postulates the existence of distinct cog-
nitive and perceptual styles — relatively stable
ways of cognitive processing (for review, see
Masuda, 2017; Nisbett & Masuda, 2003;
Nisbett & Miyamoto, 2005; Nisbett, Peng, Choi,
& Norenzayan, 2001). The majority of research
in this field focuses on comparing the charac-
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teristics of cognitive processes in two world
regions: the “West” (e.g., North America, West-
ern Europe) and the “East” (mainly the coun-
tries of East and Southeast Asia such as China,
Japan, South Korea, etc.; Nisbett, 2003). The
theory of A/H cognitive style assumes that
Westerners adopt relatively more analytic cog-
nitive style and East Asians the holistic one.
A/H cognitive style is defined as ‘the tendency
for individuals to process information either as
an integrated whole or in discrete parts of that
whole” (Graff, 2003, p. 21). Although the pri-
mary focus of the theory is the comparison of
cognitive processes among cultures, it does
not rule out the existence of within-culture indi-
vidual differences in these processes. In other
words, if we compare two people from a cer-
tain cultural background, one can perceive rela-
tively more analytically, while the other per-
ceives more holistically.

The A/H model is based on the classic
Witkin’'s model of field dependent/independent
cognition (Witkin, Moore, Goodenough, & Cox,
1977) and the Gestalt principles of perceptual
grouping and figure-ground organization
(Wagemans et al., 2012). Recent findings sug-
gest that many differences exist among people
in higher cognitive processes, such as cat-
egorization, classification, decision-making,
reasoning and causal attribution, and the lower
perceptual processes related to attention, such
as detection of change and field dependence
(for review, see Nisbett et al., 2001; Nisbett &
Masuda, 2003; Nisbett & Miyamoto, 2005).
More precisely, people perceiving relatively
more analytically tend to focus more on per-
ceptually salient (focal) objects and less on
background and contextual information, and
on the relationships between objects in the
perceptual field (Chua, Boland, & Nisbett, 2005;
Masuda & Nisbett, 2001; Nisbet & Masuda,
2003). Furthermore, people perceiving rela-
tively more analytically are also less depen-
dent on external reference frameworks than
their holistic counterparts (Ji, Peng, & Nisbett,
2000; Kitayama, Duffy, Kawamura, & Larsen,
2003), and are less sensitive to contextual
changes while being more sensitive to
changes in focal objects (Masuda & Nisbett,

2006). Researchers believe that cognitive style
also affects the processes of categorization
and classification. Whereas analytic individu-
als categorize objects by applying formal rules
of reasoning, holistic individuals categorize
objects by their overall (or holistic) qualities,
similarity and mutual relationships (Chiu,
1972; Ji, Zhang, & Nisbett, 2004; Norenzayan,
Smith, Kim, & Nisbett, 2002).

The value dimension of individualism and
collectivism (I/C) in cross-cultural research is
commonly related to A/H cognitive style and
often used as a predictor of cognitive style and
other psychological phenomena (for review,
see Oyserman, Coon, & Kemmelmeier, 2002).
Some research suggested that collectivistic
individuals are field dependent and holistic,
whereas people from predominantly individu-
alistic societies are field independent and ana-
lytic (Ji et al.,, 2000; Nisbett, 2003; Nisbett et
al., 2001; Triandis & Gelfand, 1998). However,
the relationship between I/C and A/H cognitive
styles is rarely measured at the individual level,
and many authors have only assumed the
aforementioned relationships. Other research
has failed to find any empirical evidence at all
of relationships at the individual level between
I/C and A/H cognitive styles (e.g., Davidoff,
Fonteneau, & Fagot, 2008; McKone et al.,
2010).

In the current literature though, theoretical
considerations (e.g., Hermans & Kempen,
1998; Matsumoto, 1999) and empirical evi-
dence (e.g., Levine et al., 2003; Oyserman et
al.,, 2002; Takano & Osaka, 1999; Takano &
Osaka, 2018) can be found, criticizing this di-
chotomous approach as overly simplifying and
reductionist. Post-communist European coun-
tries are significantly more holistic and collec-
tivistic than Western Europe (Varnum,
Grossmann, Katunar, Nisbett, & Kitayama,
2008). Other findings suggest the existence of
significant cultural differences not only across
national borders (e.g., Federici, Stella, Dennis,
& Hundsfelt, 2011; Kitayama, Park, Sevincer,
Karasawa, & Uskul, 2009; Varnum et al., 2008)
but also between people from different regions
in a single country (e.g., Kitayama, Ishii, Imada,
Takemura, & Ramaswamy, 2006; Knight &
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Nisbett, 2007; Uskul, Kitayama, & Nisbett,
2008).

These critical findings suggest that the di-
chotomous model of cognitive styles might be
overly reductionist. An alternative model was
proposed by Kozhevnikov, Evans, and Kosslyn
(2014). Their model is based on an older
model by Nosal (1990). It emphasizes the eco-
logical nature of cognitive style that is viewed
as a pattern of cognitive adaptation to the envi-
ronment. Cognitive style is in this model envi-
ronmentally dependent, flexible and task spe-
cific. This model is hierarchical in the form of a
cognitive-style matrix organizing cognitive
styles on two axes: a) levels of information pro-
cessing (perception, concept formation,
higher-order processing, metacognitive pro-
cessing), and b) cognitive style families (con-
text dependence and independence, rule-
based and intuitive processing, internal and
external locus, integration and compartmen-
talization). According to this model, various
components of cognitive style would not have
to be inevitably (cor)related — a specific envi-
ronment could, for example, elicit development
of local processing (analytic characteristic) and
focus on holistic regions of the map (holistic
characteristic). This theoretical model might
explain the absence of correlations between
various facets of cognitive style reported in
some studies (e.g., Hakim, Simons, Zhao, &
Wan, 2017; Kster, Castel, Gruber, & Kartner,
2017).

It should be noted that the number of empiri-
cal studies that extend beyond the East-West
dichotomy and explore the nature of cognitive
style and related factors in other cultural re-
gions, such as Central Europe, is rather lim-
ited (with the exception of, for example,
Cieslikowska, 2006; Cenék, 2015; Kolman,
Noorderhaven, Hofstede, & Dienes, 2003;
Stachon et al., 2018; Varnum et al., 2008). The
current research suggests that the people of
Central Europe are rather moderately analyti-
cal in cognitive style and relatively, although
not extremely, individualistic.

As mentioned above, the study employed
cartographic tasks and stimuli in order to ex-
plore the manifestation of cognitive style. This

follows research that has evaluated carto-
graphic visualization methods that began with
the publication The Look of Maps (Robinson,
1952). These methods gradually developed
into the complex field of cognitive cartography.
Subsequent to cognitive cartography, map-
psychology research was later introduced by
Montello (2002). This approach uses maps
as stimuli in order to understand human per-
ception and cognition. Examples of map-psy-
chology research include studies on the influ-
ence of alignment and rotation on memory
(Tversky, 1981) and the influence of cognitive
style while working with bivariate risk maps
(Sasinka et al., 2018). Categorization in carto-
graphic stimuli was part of the work of
Lewandowski et al. (1993), and research con-
ducted around the same time anticipated
cross-cultural differences in map reading (e.g.,
MacEachren, 1995; Wood, 1984) that was ulti-
mately observed (e.g., Angslsser, 2014;
Stachoni et al., 2018; Stachon et al.,2019). From
the cross-cultural perspective, especially in
A/H theory, a most interesting study was con-
ducted by McCleary (1975), who examined the
categorization of map point symbols. The au-
thor found differences in the clustering of dot
symbols and identified two user groups from
these findings: atomists and generalists, who
analogously correspond to the concept of A/H
cognitive style. Nevertheless, another study
(Sadahiro, 1997) did not confirm this group-
ing, even though the author also discovered
individual differences in the clustering of dot
symbols in maps (cf. Sadahiro, 1997).
Consequently, the objective of this research
was to further investigate the nature and mani-
festation of cognitive style in relation to vari-
ables such as individualism/collectivism in the
culture of Central Europe (Czechia), compared
to typical Eastern Asian cultures (China and
Taiwan) — specifically, 1) to analyze cross-cul-
tural differences between these two samples
in I/C, visual perception (global versus local
distribution of attention) and categorization
(clustering) in map stimuli, and 2) to verify the
entire theoretical model of relationships be-
tween I/C and A/H cognitive styles at an indi-
vidual level and estimate the relationship be-
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Figure 1 Research model

tween I/C and selected manifestations of A/H
cognitive style (global/local attention) and map
reading (categorization; see Figure 1).

Methods and Procedures

To achieve the above-mentioned objectives,
we applied several methods (described in
detail below) using Hypothesis online testing
platform (see Procedure section). We also
collected sociodemographic information such
as age, gender, socioeconomic status (SES),
cartography skills, eye defects, number of sib-
lings, etc.

Independent and Interdependent Self Scale

To measure the individual-level I/C, we admin-
istered the /ISS — Independent and Interde-
pendent Self Scale (Lu & Gilmour, 2007). The
IISS is derived from the CSC — Self-Construal
Scale (Singelis, 1994), the Individualism-Col-
lectivism Scale (Triandis & Gelfand, 1998) and
the concept of independent/interdependent
self-construal (Markus & Kitayama, 1991). The
IISS comprises 42 (21 for the Independent and
21 for Interdependent Self-Construal Scale)
seven-point Likert-type numerical items (1 =
strongly disagree, 7 = strongly agree). The

___________________

Analytic Holistic
Rule-based { Family resemblancei

original version of the questionnaire was ad-
ministered in simplified Chinese (Lu &
Gilmour, 2007). It contains items such as
“I believe that people should try hard to satisfy
their interests.” (independent subscale) or
“I believe that family is the source of our self.”
(interdependent subscale). The Czech version
of the questionnaire was translated from En-
glish in parallel by three independent transla-
tors. Europeans should have higher indepen-
dent self-construal (individualistic), and East
Asians should be more interdependent (col-
lectivistic; Markus & Kitayama, 1991).

Compound Figure Test

The perceptual factors of cognitive style, more
specifically the global and local distribution of
attention, were measured using the CFT —
Compound Figure Test, which is a modified
version of the Navon method (Navon, 1977)
and has been previously used in several stud-
ies (e.g., Kukariova, 2017; Opach et al., 2018;
Sasinka et al., 2018). The CFT comprises six
practice trials and 32 test trials (blocked de-
sign, same 16 trials for both local and global
processing). Number of trials was considered
satisfactory based on previous research
(Davidoff et al., 2008; von Muhlenen, Bellaera,
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Singh, & Srinivasa, 2018). Each ftrial involves
presenting one “Navon figure” — a large num-
ber composed of copies of a smaller different
number (Figure 2). In the local trial, participants
were asked to identify the small numbers as
quickly as possible. In the global trial, they were
required to identify the large number. Partici-
pants used computer mouse to respond. Re-
action time and correct identification were
measured in each trial. The average reaction
time and average success rate was calculated
separately for the local (local reaction time,
indicating analytic processing) and global (glo-
bal reaction time, indicating holistic process-
ing) trials.

The main output of the CFT is the global pre-
cedence score, which is computed as the dif-
ference between the absolute global and lo-
cal reaction times (e.g., Gerlach & Poirel, 2018;
McKone et al., 2010). High values of the global
precedence score indicate a holistic cognitive
style (global precedence), low or even nega-
tive values indicate an analytic cognitive style
(local precedence). According to previous re-
search, people should generally perceive glo-
bal features more quickly than local features
(Navon, 1977). Furthermore, analytic perceiv-
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8888 88888
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Figure 2 Example of the Navon figure used
in the CFT

ers should be relatively quicker in local and
relatively slower in global tasks than holistic
perceivers (Peterson & Deary, 2006).

Categorization of Multivariate Map Symbols

Map reading and understanding is considered
as a part of visual literacy (Pefa, 2017). In ad-
dition, the maps represent the complex stimuli,
which enable the user not only to understand
the presented information but also to derive
the additional information (Morita, 2004), there-
fore we used the cartographic stimuli. The car-
tographic visualization of multiple phenomena
is known as multivariate mapping. Multivari-
ate point symbols are one possible multivari-
ate mapping method (Slocum, McMaster,
Kessler, & Howard, 2005). We created spe-
cific cartographic tasks for purposes of our
experiment. Categorization was measured with
CMMS — Categorization of Multivariate Map
Symbols, which is based on previous re-
search in categorization (Chiu, 1972; Ji et al,,
2004; Norenzayan et al., 2002) and on the re-
lationship between cognitive style and map
reading (e.g., Herman et al., 2019; Kubicek et
al., 2016; Opach, Popelka, Dolezalova, & Rod,
2018; Stachof et al., 2018; Sasinka et al.,
2018). The CMMS measures a specific com-
ponent of categorization, namely clustering (cf.
McCleary, 1975; Sadahiro, 1997).

The method comprised three practice trials
and twenty test trials. The administration took
between 15 and 30 minutes. In each trial, a
fictional map comprising multiple territorial
units was presented. Each territorial unit con-
tained one map symbol (Figure 3).

The map symbols contained information
about the four attributes of a particular spatial
unit, namely food costs (originally blue color,
top left position), housing costs (originally red
color, top right position), transport costs (origi-
nally yellow color, bottom left position) and
costs of leisure activities (originally green color,
bottom right position), which were indicated
by the color and size of the map symbol com-
ponents (Figure 4). The position and color of
the abovementioned attributes were kept con-
stant, only their size was manipulated.
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Territorial unit

Map symbol

Figure 3 Territorial unit and map symbol in CMMS

(originaly blue colour) (originaly red colour)
low medium  high low medium  high
MAP SYMBOL
Food costs Housing costs
Transport ! ' Costs of leisure
costs activities
low medium  high low medium  high
(originaly yellow colour) (originaly green colour)

Figure 4 Multivariate map symbol (descriptions were in Czech and traditional/simplified Chi-
nese languages)
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Each map was intentionally created to con-
tain one “holistic” and one “analytic” region
comprising several territorial units defined by
a specific combination of map symbol charac-
teristics (Figure 6). In the analytic region, one
of the map symbol components was kept con-
stant and the rest were random (one-dimen-
sional rule); in the holistic region, all map sym-
bols had globally similar components, but none

bk
b

A) One-dimensional rule

of them were constant (overall-similarity rule,
see Figure 5). The remaining map symbol
components were completely random to avoid
any categorization rule. The analytic and holis-
tic areas were balanced with respect to read-
ing direction.

In group A) the maximum value of the blue
parameter (food costs, upper left) was a com-
mon attribute in all symbols. In group B), no

b
P

B) Overall-similarity rule

Figure 5 Example of the used analytic A) — left, and holistic B) — right, categorization rules

Figure 6 Example of constructed analytic (left solid line) and holistic (right dashed line) map

regions



30 Studia Psychologica, Vol. 62, No. 1, 2020, 23-43

specific attribute was common to any symbol;
they shared overall similarity and equal distri-
bution of values in different parameters (2x
maximum, 1x medium, and 1x minimum). Al-
ternative map symbols were created accord-
ing to principles published by Norenzayan et
al. (2002).

Participants were asked to identify and mark
a continuous map region comprising at least
four territorial units that, according to their
judgment, belonged together. The CMMS re-
ported each ftrial result as a value between -
1 and 1, where a negative value is defined
as a holistic categorization and a positive
value is defined as an analytic categorization.
This value represented the agreement be-
tween the predetermined holistic and ana-
lytic regions and the real marked areas.
A value of 1 represented total agreement,
while 0 did not represent any agreement.
A control value, calculated as the ratio of
marked territorial units within the predeter-
mined areas to the sum of all marked territo-
rial units, was also reported to exclude par-
ticipants who had incorrectly marked only a
negligible number of predetermined areas.
A value of .60 and higher was considered a
valid response, and therefore 40% or less
marked territorial units beyond predetermined
areas. For example, if a trial consists of 10
analytic, 10 holistic and 30 random areas and
a participant marks out 11 areas (7 analytic
and 4 random), his/her control value is valid
(analytic marked areas/all marked areas =
7/11 = .636) and his/her score is .70 (analytic
marked areas/all analytic areas = 7/10 = .70).

From the research mentioned above, we
hypothesized that people with a holistic cogni-
tive style will show a tendency to mark out ho-
listic regions and people with an analytic cog-
nitive style will mark out analytic regions. Analo-
gously, we also assumed that East Asians will
mark out the holistic area more often (and the
analytic area less often) than Czechs.

Research Sample

Before data were collected, a power analysis
in G*Power (v. 3.1.9.2) was conducted. Setting

power at .80 and effect size f at .280 was suffi-
cient to test at least 104 participants (52 from
each culture).!

We gathered data from 103 participants. Five
participants were excluded from further data
analysis because of missing data. Out of the
remaining 98 participants, 53 participants
were Central Europeans (Czech), and 45 par-
ticipants were East Asians (22 Chinese, 23
Taiwanese). All participants were university
students, the majority (57.1%) were women
and most of them studied psychology (69.4%).
The age range was 16-55 years (M = 25.4,
SD = 5.52). From previous studies it seems
that several demographic variables are relevant
to cognitive style, therefore, we gathered infor-
mation about cartographic skills and experi-
ence (Ooms et al., 2016), SES (Grossmann &
Varnum, 2011), marital status (Barto$, 2010),
size of residence (Jha & Singh, 2011), number
of siblings (based on the number of family
members in residence, see Grossmann &
Varnum, 2011) or field of study (Choi, Koo &
Choi, 2007). The detailed descriptive charac-
teristics of the sample are shown in Table 1.

Our research sample was consequently
adequate for testing the hypotheses in the first
section of results (Cross-Cultural Differences).
In the second section (Relationship between
Sociocultural, Perception and Cognitive Fac-
tors), however, with respect to the sample size,
more demanding methods of statistical analy-
sis were used, such as SEM, specifically path
analysis. The sample size was relatively inad-
equate in this case (according to Ding, Velicer,
& Harlow, 1995, the minimum sample size for
conducting SEM is about 100-150). The re-
sults of SEM therefore needed to be interpreted
cautiously. Normality tests were performed for
all subscales of the methods used. Non-para-
metric statistics were used, where the data
were not normally distributed.

" The value of f was selected from previous cross-
cultural research using the Navon method, in which
the effect sizes were .229-.886 (M = .410, SD =
.216; e.g., Fu, Dienes, Shang, & Fu, 2013; McKone
et al., 2010; Tan, 2016). We selected the middle
effect size value f = .280.
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Table 1 Demographic characteristics of the participants

V|C/estern Eastern Culture
ulture
\ . . East Asia
Czechia China Taiwan Total
Gonder Male 25 (47.2%) 7(31.8%) 10 (43.5%) 17 (37.8%)
Female 28 (52.8%) 15(68.2%)  13(56.5%) 28 (62.2%)
Single 31(58.5%) 16 (72.7%) 13 (56.5%) 29 (64.4%)
Marital status Married - 2 (9.1%) 2 (8.7%) 4 (8.9%)
In arelationship 22 (41.5%) 4 (18.2%) 8 (34.8%) 12 (26.7%)
Poor 1(1.9%) - 1(4.3%) 1(2.2%)
Lowincome  6(11.3%) 4(18.2%) 1 (4.3%) 5 (11.1%)
Socioeconomic Middle income 24 (45.3%) 6 (27.3%) 13 (56.5%) 19 (42.2%)
status Up?ﬁ;;"l:‘:d'e 19(35.8%) 7(31.8%)  6(26.1%) 13 (28.9%)
High income 3(5.7%) 4(182%) 2 (8.7%) 6 (13.3%)
<1K 6(11.3%)  2(9.1%) - 2 (4.4%)
1-10K 11(20.8%)  1(45%)  4(17.4%)  5(11.1%)
10-50K 8(151%)  1(45%)  6(26.1%) 7 (15.6%)
Residence 50-100K 14 (26.4%) 2 (9.1%) 1(4.3%) 3 (6.7%)
(population) 100-500K 12 (22.6%) 4 (182%) 5 (21.7%) 9 (20%)
500K—1.5M 2(38%) 4(182%) 1 (4.3%) 5 (11.1%)
1.5M-3M - 3(13.6%) 4 (17.4%) 7 (15.6%)
E ; 4(282%)  2(8.7%) 6 (13.3%)
. Psychology 39 (73.6%) 12 (545%) 17 (73.9%) 29 (64.4%)
Field of study Other 14 (26.4%) 10 (455%) 6 (16.1%) 16 (33.6%)
0 6(11.3%) 3 (13.6%) - 3 (6.7%)
Number of 1 31(58.5%) 14 (63.6%) 12 (52.2%) 26 (57.8%)
siblings 2 11(20.8%) 2(9.1%) 10 (43.5%) 12 (26.7%)
3 4(75%)  1(4.5%) 1(2.2%)
4 or more 1(1.9%)  1(4.5%) 1(4.3%) 2 (4.4%)
20-33 18-46 16-55 16-55
Age range (M23.8, (M27.5, (M27.5, (M27.5,
(mean, SD) SD232) SD743)  SD7.24) SD 7.25)
Procedure

Sasinka, & Dolezalova, 2016; Sasinka, Morong,

Participants were volunteers contacted through
university websites and social networks
Facebook (Czech and Taiwanese) and WeChat
(Chinese). The aforementioned methods were
administered in either simplified/traditional
Chinese or Czech on PCs using the Hypoth-
esis online testing platform (Popelka, Stachon,

& Stachori, 2017) in the presence of an instruc-
tor. For their participation the participants got a
small reward (USB flash disc) or course cred-
its. The sequence of the tests was 1) CFT,
2) CMMS, 3) IISS, 4) sociodemographic ques-
tionnaire. The length of the entire procedure
was approx. 35-55 minutes.
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Results

The data were processed with IBM SPSS Sta-
tistics (v. 25), IBM SPSS Amos (v. 25) and R
(v. 3.4.4, Lavaan and SemTools packages). The
results are presented in two sections: Cross-
Cultural Differences and Relationship between
Sociocultural, Perceptual and Cognitive Fac-
tors. Analysis of the differences between Tai-
wanese and Chinese participants and also
the individual differences between relevant
sociocultural variables (e.g., SES, gender,
number of siblings, age) were also performed,
with no significant differences found in any of
the variables. Because of these results, we
combined Taiwanese and Chinese partici-
pants into a single “Chinese/Taiwanese” group
for any subsequent statistical analysis.

Cross-Cultural Differences

The 1ISS Questionnaire had a satisfactory reli-
ability in both the independent a = .895 (Czech
version a = .815, Chinese version a = .929)
and interdependent a = .872 (Czech version
a = .795, Chinese version a = .906) subscales.
Furthermore, the subscales did not correlate

6.0

with each other (Spearman partial r, = .155,
p = .177, culture was a control variable).

The Chinese/Taiwanese were relatively
more collectivistic (interdependent subscale)
and less individualistic (independent sub-
scale) than the Czechs. The Chinese/Taiwan-
ese scored an average of 5.17 (SD = .761) in
the collectivistic subscale and 5.18 (SD = .911)
in the individualistic subscale, whereas the
mean scores of the Czechs were 4.66 (SD =
.564) in the collectivistic subscale and 5.35
(SD = .502) in the individualistic subscale (Fig-
ure 7). The statistical significance of these dif-
ferences was tested with one-way ANOVA. The
differences were significant only in the case of
collectivism: F(1, 96) = 14.456, p < .001, with
medium effect size (n? = .131). No significant
differences were found between the groups in
the individualism subscale (Mann-Whitney
U=1105.5, p = .535, r = .063). The data were
also analyzed with respect to sociodemo-
graphic variables. No other significant relation-
ships were observed (for the complete list of
collected variables, see Table 1).

A medium correlation was found between
both local and global CFT tasks (Spearman
partial r, = .564, p < .001, culture was a control
variable). Two participants were removed from

Individualism

Collectivism

5.0

40

3.0

Mean score

2.0

& 0 &6 & & 6 &6 6 6 06 0 0 0 0 o o

0.0

Error bars: 95% Cl

Culture

Figure 7 lISS — mean scores
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further analysis because of their high error
rates (more than four errors in each task).
The results suggest that all participants had
significantly quicker reaction times in the glo-
bal task than in the local task (Wilcoxon
signed-rank test Z = -6.634, p <.001, r =-.677).
The findings also show that Czechs were
quicker than Chinese/Taiwanese in both local
and global tasks. The average reaction time of
the Czech participants in the global task was
0.99 sec. (SD = .209) compared to the Chi-
nese/Taiwanese participants with an average
reaction time of 1.66 sec. (SD = .466). A similar
pattern was observed in the local task, where
the average reaction time of the trial solution
was 1.13 sec. (SD = .144) for the Czechs and
1.77 s (SD = .387) for the Chinese/Taiwanese
participants (Figure 8). Czechs were signifi-
cantly quicker in both the global (U = 204, p <
.001, r=-.711) and local (F(1, 95) = 121.960, p
<.001, n? = .562) tasks, with large effect sizes.
These differences in reaction times, how-
ever, cannot be interpreted in the A/H paradigm
as any difference in cognitive style but rather
as differences in the emphasis that both
groups placed on the speed of the CFT solu-
tion (Kukanova, 2017; Yates et al., 2010). We
also calculated the global precedence score

2.0

using the aforementioned procedure of differ-
ence, specifically by subtracting the local re-
action times from global reaction times. Al-
though the Czech participants had a relatively
higher global precedence score (M = .139,
SD = .210) than the Chinese/Taiwanese par-
ticipants (M = .108, SD = .574), this difference
was not significant (U = 949, p = .083, r =
-.175) (Figure 9).

The final method applied was CMMS. Four
participants were removed from further analy-
sis because of their high error rate (partici-
pants that marked less than three territorial
units into one continuous map region). The
results on a scale between -1 (holistic) to 1
(analytic) show that Czechs categorized in
maps more analytically (M = .044, SD = .360)
and East Asians categorized in maps more
holistically (M = -.063, SD = .172) (Figure 10).
This cultural difference was statistically sig-
nificant (U = 795, p = .021), with a small effect
size (r = -.235). However, the results show that
both groups used a similar cognitive style to
categorize map symbols and only small differ-
ences in cognitive strategies were found. More-
over, both groups scored relatively close to zero,
which is probably caused by using various cat-
egorization strategies across different trials,
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Error bars: 95% ClI
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Figure 9 CFT — Mean global precedence scores (higher values mean higher global prece-

dence)
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Figure 10 CMMS — Cross-cultural differences in map categorization (High value = analytic,

low value = holistic).

because absolute scores were higher for both
Czechs (M = .461, SD = .183) and Asians (M =
247, SD = .148).

Relationship between Sociocultural, Percep-
tual and Cognitive Factors

We performed a Spearman partial correlation
and a path analysis (type of SEM) to verify the

research model at individual level in order to
obtain an improved and deeper understand-
ing of the phenomena under scrutiny and their
mutual relationships.

Using a non-parametric Spearman partial
correlation with culture as control variable, only
weak correlations were found between the
CMMS scores and the CFT global reaction
times (r, = .222, p = .035) and between the
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CMMS scores and the CFT global precedence
scores (r, = -.216, p = .040). The whole corre-
lation matrix is shown in Table 2:

A path analysis was also performed using
the expectation—maximization (EM) method to
estimate missing values and an asymptoti-
cally distribution-free (ADF) method, which is
adequate for non-parametric data. Since both
cultures were analyzed together, culture was
used as a “control variable”. Two models were
analyzed: Model 1 comprised CFT reaction
times, and Model 2 was computed with the

Table 2 Spearman partial correlation matrix

calculated CFT global precedence score (Fig-
ure 11). Both models showed a very good fit
(Table 3).

Path analysis for Model 1 revealed a weak
direct effect of individualism (lISS independent
self-construal scale) on CFT local reaction
times (8 = -.250, B = -.167, p =.003) and a
weak direct effect of collectivism (IISS interde-
pendent self-construal scale) on CFT global
reaction times (8 = -.196, B = -.135, p = .047).
The higher score in individualism therefore
indicated a quicker reaction time in the local

1. 3 4 5 6.
1. Individualism -
2. Collectivism .155
3. CFT local RT .002 .073 -
4. CFT global RT -.026 -.140 .564** -
5. Global precedence score 125 .183 176 -.546** -
6. CMMS .066 147 -.063 222% =216  —
Note. * p < .05, ** p <.001
Model 1 Model 2
Culture Culture
e\ T 121
el — \\\\\\. .////// \\\\
1SS 1SS 1SS 11ss
Independent Interdependent Independent Interdependent
CFT Ic;al CF‘?globaI CFT :‘Grobal
reaction time reaction time precedence score
& . " “®

CMMS

o

significant direct effect

significant indirect (mediation) effect

Figure 11 Path analysis models — Model 1 (left), Model 2 (right)
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Table 3 Models fits

Model Chi-square  p-value CFl RMSEA  AIC BIC  ECVI
Model 1 x(3)=3.897 273 995 057  39.897 85289 .438
Model 2 x(3)=4.435 218 960  .073 28435 58697 .312

task, and the higher score in collectivism indi-
cated a quicker reaction time in the global task,
i.e., I/C scores weakly predicted the perfor-
mance in CFT tasks. Moderate direct effects of
the CFT global reaction times (8 = .713, B =
450, p <.001) and the CFT local reaction times
(B=-776, B=-521, p <.001) on the CMMS
scores were also found. These results sug-
gest that the analytic perceivers (persons with
a quicker CFT local reaction time) tended to
use an analytic manner of categorizing point
multivariate map symbols, and that the holis-
tic perceivers (persons with quicker CFT glo-
bal reaction time) used a rather holistic man-
ner of categorizing point multivariate map sym-
bols. In other words, the CFT reaction times
satisfactorily predicted the map categorization
style. In order to estimate the indirect effects of
I/C on point multivariate map symbol categori-
zation, bootstrapping (N = 2000, Cl = 95%) was
performed, and a very weak indirect (media-
tion) effect of collectivism (IISS interdependent
self-construal scale) on the CMMS score (8 =
-175, B = -.077, p = .028) was detected.

Path analysis performed on Model 2 showed
a weak direct effect of collectivism (IISS inter-
dependent self-construal scale) on the CFT
global precedence score (8 = .357, B = .156,
p = .017). This finding suggests that collectiv-
istic people tended to use a more global dis-
tribution of attention that is characteristic of the
holistic cognitive style. A moderate direct effect
of the CFT global precedence score on map
categorization (8 = -.502, B = -.502, p < .001)
was also observed, i.e., participants who
showed a relatively more global distribution of
attention, categorized symbols in maps accord-
ing to relatively more holistic rules, and vice
versa, participants who showed a relatively
more local distribution of attention, were prone

to use relatively more analytic rules of catego-
rization. A very weak significant indirect (me-
diation) effect of collectivism (ISS interdepen-
dent self-construal scale) on map categoriza-
tion (8 =-.179, B = -.078, p = .026) was also
found after bootstrapping (N = 2000, Cl = 95%).

It should be noted that we reported only sig-
nificant relationships. However, as shown in
Figure 11, we included all plotted relations in
the models (i.e., IlISS independent on CFT glo-
bal RT and IISS interdependent on CFT local
RT in Model 1 and lISS independent on CFT
global precedence score in Model 2). More-
over, we also performed indirect (meditation)
effect of individualism (lISS independent self-
construal scale) on map categorization with
no significant results in both models. The ex-
ogenous control variable “culture” had statisti-
cally significant and large regression coeffi-
cients on all endogenous variables in the
models. Nevertheless, we did not report these
results because we added it to our models
only in order to weaken the influence of other
variables. Moreover, the apparent dissension
between insignificant correlation coefficients
and significant regression coefficients of path
analysis could be explained by suppression
effect and Simpson’s paradox (see MacKinnon,
Krull, & Lockwood, 2000; Tu, Gunnell, &
Gilthorpe, 2008), which postulates that a more
complex statistical model can reduce, reverse
or even enhance the relationships between
variables.

Discussion

The aims of the presented study were: 1) to
compare I/C and A/H cognitive styles and map
categorization in Czech and East Asian (Chi-
nese/Taiwanese) university students, and 2)
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to investigate and verify the theoretical model
of relationships between I/C and A/H cognitive
styles and between A/H cognitive styles and
their behavioral manifestation in the process
of map categorization.

The results suggest that the Czech partici-
pants showed a significantly lower level of col-
lectivism (interdependent self-construal scale)
than did the Chinese/Taiwanese participants
and a similar level of individualism (indepen-
dent self-construal scale). Our results partly
support the current theory that describes the
West as relatively less collectivistic than the
East (Hofstede, 1983; Markus & Kitayama,
1991; Nisbett et al., 2001; Triandis & Gelfand,
1998). Furthermore, a similar level of individu-
alism corresponds to the empirical research
in I/C in post-communist countries (Kolman et
al., 2003; Varnum et al., 2008) and even with
previous research in I/C in Czechia (Barto$,
2010; Cenék 2015). This finding also supports
the claims of rapid individualization in the young
East Asian populations (e.g., Moore, 2005;
Steele & Lynch, 2013).

The results of the CFT show that all of the
participants performed the global tasks more
quickly than the local tasks, which is consis-
tent with previous findings (Navon, 1977). How-
ever, our participants were generally slower
compared to the original study (Navon, 1977).
This fact was most probably caused by the
way of responding (mouse click instead of
keyboard buttons) because mouse response
process has in contrast with keyboard re-
sponse process one extra step (i.e., moving
the mouse cursor above the response option).
Our results also indicate cross-cultural differ-
ences in the general reaction times of CFT
stimuli processing. The Czech participants
were significantly quicker in both the global
and local tasks. However, as mentioned
above, these differences in reaction times
demonstrated rather differences in the empha-
sis that both groups placed on the speed than
differences in cognitive style (Kukariova, 2017;
Yates et al., 2010). The comparison of the glo-
bal precedence scores (calculated from CFT
global and local reaction times) showed no
differences in global/local processing between

the Czechs and Chinese/Taiwanese, which
was contrary to our expectations. The results
of the CFT could be seen as a contradiction to
the notion of the “analytic West” and “holistic
East” (Nisbett et al., 2001; Nisbett & Masuda,
2003; Nisbett & Miyamoto, 2005). However, it
is still not clear whether Central Europeans
count as the “analytic West”. For example,
Varnum et al. (2008) showed that Central Eu-
ropean post-communist countries are rela-
tively more holistic in their patterns of attention
than Western Europe. Other empirical re-
search, comparing the sensitivity to the con-
text of Czech vs. Czech Vietnamese (Cenék,
2015), and Czech vs. Chinese (Stachon et al.,
2018, Stachon et al., 2019), reported mixed or
contradictory results in terms of the expected
differences in cognitive style.

The results of the CMMS show that the Czech
participants categorized more analytically in
maps, whereas the Chinese/Taiwanese cat-
egorized more holistically. This result agrees
with the theory that Westerners use slightly
more analytic categorization patterns and East-
erners use more holistic categorization (Chiu,
1972; Ji et al., 2004; Norenzayan et al., 2002).
However, the effect size of this significant dif-
ference was relatively small.

Path analysis was used to test the validity of
two structural models of relationships between
the variables of interest. Both evaluated mod-
els (CFT local and global reaction times and
the global precedence score) showed a satis-
factory good fit. The results of the path analy-
sis show that I/C is a weak predictor of the
level of global/local distribution of attention, i.e.,
collectivist persons tended to use a holistic
cognitive style, and individualistic persons
tended to use a rather analytic cognitive style.
These findings partly support the theory of ho-
listic and analytic cognitive styles (Nisbett,
2003; Nisbett et al., 2001; Triandis & Gelfand,
1998), although the values of the path coeffi-
cients were relatively small. The path analysis
also did not find all of the expected direct and
indirect effects of I/C on the scores of the CFT
and the CMMS. The aforementioned findings
were, therefore not a conclusive argument to
support the A/H cognitive style theory in cross-
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cultural context (cf. Nisbet et al., 2001). As with
several other studies that did not find any rela-
tionship between I/C and A/H cognitive style
(e.g., Davidoff et al., 2008; McKone et al., 2010;
Takano & Osaka, 1999), it may be possible
that this relationship could be different from
what researchers expect, or perhaps even non-
existent. Our findings of unconvincing yet sig-
nificant relationships could also be explained
in theoretical arguments, which maintain that
the 1/C and A/H cognitive styles only manifest
at a cultural (i.e., cross-cultural comparison)
not individual level (i.e., SEM and path analy-
sis; cf. Na et al., 2010). Nevertheless, we would
like to emphasize that the sample size was, in
this case, relatively inadequate for SEM, there-
fore its results should be understood as only
exploratory.

The concept of I/C and its measurement with
self-report scales have recently been subject
to disagreement from many scholars. This criti-
cism mainly cites the lack of concurrent, dis-
criminant and construct validity, insufficient
conceptualization, a reductionist and dichoto-
mous approach and insufficient psychometric
characteristics in questionnaires (for review,
see Levine et al., 2003; Matsumoto, 1999;
Oyserman et al., 2002; Vignoles et al., 2016).
For example, if the individual level of I/C can be
significantly influenced by priming, then it
means that I/C is not as stable in time as it is
generally assumed (Gardner, Gabriel, & Lee,
1999; Oyserman & Lee, 2008). Moreover, ac-
cording to the results of meta-analytical stud-
ies and systematic reviews, the West should
not be described as strictly individualistic nor
the East as purely collectivistic (Levine et al.,
2003; Oyserman et al., 2002; Takano & Osaka,
1999; Takano & Osaka, 2018). Most recently,
for example, Hakim et al. (2017) compared the
levels of individualism and collectivism of
American and Asian international students and
found, contrary to expectations, that Americans
were significantly more collectivistic, whereas
the Asian students were significantly more in-
dividualistic.

Path analysis also found that global/local
distribution of attention had a moderate pre-
dictive power on categorization in both of the

tested models, i.e., analytic perceivers (defined
by the CFT global precedence score) used
analytic categorization in maps, whereas ho-
listic perceivers used holistic categorization.
This finding is consistent with the research
theory (Chiu, 1972; Ji et al., 2004; Norenzayan
et al., 2002) and the empirical research
(Kubigek et al., 2016; Sasinka et al., 2018;
Stachon et al., 2019). Consequently, the cog-
nitive style that is characterized as a percep-
tual process is presumably manifested in
higher cognitive processes, such as map read-
ing and categorization.

Conclusions

The article describes cross-cultural differ-
ences in western and eastern cultures, be-
tween Czech and Chinese/Taiwanese univer-
sity students, respectively. The theoretical back-
ground of the research was based on the
theory of analytic and holistic cognitive styles
and the dimensions of individualism and col-
lectivism. Two main objectives were defined:
first, to identify the possible cross-cultural dif-
ferences and similarities between Czechs and
Chinese/Taiwanese, and second, to verify the
entire research model and the relationships
between A/H cognitive style and I/C at individual
levels. For this purpose, we also developed a
new method (CMMS) in order to study how A/H
cognitive style was manifested during catego-
rization in map reading. The results suggest
that cross-cultural differences exist between
both cultures, especially at the level of collec-
tivism (Czechs were less collectivist than the
Chinese/Taiwanese) and categorization in
map reading (Czechs used more analytic and
less holistic categorization). Neither individual
differences (e.g., SES, gender, age) nor differ-
ences in cognitive style measured by the CFT
between Czech and East Asians were found.
The findings also indicate that I/C is a weak
predictor of A/H cognitive style and that A/H cog-
nitive style moderately predicts categorization
in map reading.

These results contradict the East-West di-
chotomy and suggest that the culture of Cen-
tral Europe (specifically Czechia) is much more
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similar to the East than expected from the lit-
erature. However, more cross-cultural research
of typically Western, typically Eastern and Cen-
tral European cultures is needed for an im-
proved understanding of the real influence of
culture on human perception and cognition in
regions outside the East-West dichotomy.
Based on the presented results, future re-
search should focus on verification of Nisbett's
(2001) vs. Kozhevnikov's (2014) models of
cognitive styles. Above all, specify the number
of cognitive style families, investigate the sta-
bility/flexibility of cognitive styles, and inspect
the developmental aspects (e.g., children of
different age) of cognitive style and its adap-
tive nature (e.g., research on expatriates dur-
ing the process of cultural adaptation) is also
suggested.
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