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Abstract
The influence of linguistic background on cognitive task performance was identified as one of prospective
research areas in the early 80s. New technologies evoke a new interest to investigation in this area.
However, most of the studies on linguistic experience and cognitive skills have been conducted on an
English-language sample. It becomes obvious that the identification of similarities and differences in
language processing should be studied in systems with different language organization, including different
writing systems: hieroglyphic, syllabic and alphabetic writing. The current study involved participants of
three language groups (Russian, Chinese and Japanese, n=64) who took part in an eye-tracking experiment
on semantic visual search. The participants were asked to look for meaningful English words in 18 different
letter matrices (15*15), search success and oculomotor parameters were registered with the SMI RED
system. The results indicate significant differences in most of the considered characteristics. Data show that
different aspects of linguistic experience (native language, the level of linguistic competence, current
proportion of language use) influence word search strategies. Task performance seems to be associated
with specific oculomotor patterns, indicating a high level of cognitive processing with longer fixations on
the relevant information and faster glides along irrelevant noise. The findings not only clarify the influence
of linguistic experience on the cognitive architecture of semantic search but also sets directions for
technology implementation in linguistic competence assessment.
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1. Introduction
Culture-specific manifestations of behaviour and mental functioning have been profoundly studied
across subfields of psychology. Several comparative studies of the ‘theories of mind’ demonstrated that
even their neural correlates may begin to vary depending upon cultural and linguistic background both in
children (Kobayashi et al., 2007) and in adults (Toyama et al., 2015). Contrast cultures and various social
practices not only produce differences in mental representations but also influence the architecture of
cognitive processes involved. There are several solid reasons to believe social and cognitive practices are
mutually supportive (Nisbett et al., 2001).
An interesting approach was suggested by Nisbett (2003), who considered the differences in
cognitive processing systems that are inherent in a particular culture. His theory postulates that
representatives of Western culture (primarily European countries and the USA) use analytical methods of
cognitive processing, concentrating on objects and their characteristics, while the inhabitants of the East
(Chinese, Japanese and Koreans) process information more holistically, concentrating on both the object
and its context. Holistic practices tend to regard the environment in the complexity of interconnected
factors. The observer takes into account the full spectrum of characteristics of the field to make a decision
(Kitayama et al., 2003).
Language and writing system are definitely among the most important and spread social practices
that support cognitive differences between their users (Hong et al., 2000). Attempts were made to prove
that mental processing depended greatly upon these systems. Preferences in cognitive patterns are
associated with the language systems mastered previously. The grammar and structure of Indo-European
languages contribute to the idea of a world built of atomic blocks while Asian language systems tend to
focus on the continuous and holistic nature of the world. East Asian languages1 are characterized by high
contextuality, whereas English-speakers teach their child to understand speech without context (Heath &
Mangiola, 1991).
In a number of studies, it was shown that, when performing tests on the perception of the ‘partwhole’ or the ‘figure-ground’, the residents of Southeast Asia are more likely to pay attention to the entire
perceptual field and notice elements of the context. The inhabitants of North America, in contrast, focus on
the details of an object, abstract from its context (Na & Chan, 2015). However, the underlying mechanisms
for the apparent differences in cognitive processing strategies have not been known.
Eye movement indicators have been used to identify the cognitive architecture of information
processing and word recognition in people with different linguistic competence (Blinnikova & Izmalkova,
2016; Leinenger & Rayner, 2016). Most previous research into eye-movement patterns has been carried
out with the material of alphabetic languages. Although nonalphabetic languages such as Chinese (e.g.,

1

One of the obvious characteristics of the Chinese writing system is its visual complexity. Chinese characters represent
specific meaningful forms of the Chinese language. Hieroglyphs include wider units of meaning than letters or syllables
(Yu & Reichle, 2017). In Japanese, three types of characters can be used in a text: kanji, hiragana, and katakana. They
differ at the writing system, orthography, and script levels and have different linguistic roles. Japanese kanji characters
are logograms historically borrowed from Chinese characters, which represent phonological and semantic information.
In a text, they are primarily used for the stems of content words such as verbs, nouns, and adjectives. At the writing
system level, Japanese kanji characters represent a syllable or syllables and are therefore similar to Chinese characters
(Kajii et al., 2001).
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Yen et al., 2012; Zhang et al., 2019) and Japanese (e.g., White et al., 2012) have attracted an increasing
number of eye movement researchers recently, substantial studies on the material of hieroglyphic languages
are still limited. However, the investigation into the characteristics of texts using nonalphabetic writing
may add unique contributions to understanding the mechanisms of oculomotor control in reading (Schotter
& Rayner, 2015) and other verbal visual tasks (Blinnikova et al., 2019). It has already been shown that the
writing system (alphabetic or hieroglyphic) and reading direction influence eye movement strategies (Reilly
& Radach, 2012).

2. Problem Statement
In the present research, we examined how cultural factors influence cognition. Thus, three groups
of subjects took part in our study – Russian, Chinese and Japanese students belonging to three different
cultures and having different experiences in mastering writing systems. Writing systems are important
social practices associated with the development of specific features in cognitive activity. Logographic
scripts differ from alphabetic scripts in many dimensions (Yu & Reichle, 2017; Kajii et al., 2001). Although
most Chinese and Japanese words include 2 or 3 hieroglyphs, the latter are not similar to letters. First, there
are much more hieroglyphs than there are letters in the alphabet, so the information density in each character
is much higher than in a letter. Second, hieroglyphs are pictographic symbols which are perceived in a
rather holistic manner as compared to the processing of letter strings, composing the words of alphabetic
scripts. Third, word length is shorter in logographic scripts. Forth, there are no spaces in Chinese and
Japanese texts to separate words (Li et al., 2011). It is worth noting that hierographic writing sets less
requirements for the direction of reading. These differences should influence cognitive processing, though,
as previous studies show, this may not be apparent in all sorts of tasks.
We used a visual semantic search task that implies detecting a target object on a screen filled with
distracters (Blinnikova et al., 2015). Participants start the search, being unaware of which word to look for;
the goal is to find any correct word in a stimulus letter matrix. This task combines the reading task and the
lexical decision task. Just like in reading, the subject is to scan the space filled with letters. However, unlike
reading, eye movements are unguided and less organized. Just like in a lexical decision task, the subject
constantly analyzes whether the letter string is a word. Whereas, in contrast to the lexical decision task, it
is the subject who highlights a chain of letters to consider (Blinnikova et al., 2015). We decided that all the
subjects should receive an equal task, so the task of word search in the alphabetical matrix was in English.
It can be assumed that representatives of the Asian cultures will show lower performance in this task, since
they will not be able to take advantage of the semantic context and holistic processing. The opposite
assumption can also be made that Chinese and Japanese subjects, on the contrary, will benefit, since they
are used to dealing with unspaced texts. There is also reason to believe that subjects mastering hieroglyphic
writing since childhood will be less dependent on the orientation of the words in matrices. Therefore, we
included vertically and horizontally arranged words in the matrix.
We expect to find cross-cultural differences in both semantic search efficiency and eye-movement
parameters. Such eye-movement measures as fixation duration, fixation count, saccadic amplitude, duration
and velocity are taken into account. It has been previously shown that some aspects of eye movement
control in reading (Li et al., 2011) and looking at scenes (Chua et al., 2005) appear to be script-specific.
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However, existing data are of conflicting nature (Tsang & Chen, 2012) that require investigation and
explanation.

3. Research Questions
In this study, we compared performance and eye-movements of Russian, Chinese and Japanese
students in a visual semantic search task. We address the main question of to what extent the information
processing is governed by the properties of specific languages and writing systems. Identifying the
differences in performance between the representatives of different cultures might reveal important
universal and culture-specific perceptual patterns. The presentation of stimulus materials in English
language – mastered by all the participants as a foreign – raised the question of the influence of language
competence. Since this question has been widely addressed in previous studies, we focused on the
interaction of foreign language competence with the experience of mastering the written system of the
native language.

4. Purpose of the Study
The main goal is to reveal the effect of linguistic background. We assume that the users of
hieroglyphic writing systems will demonstrate holistic patterns of semantic stimuli perception and show
better results in reading vertically-oriented targets in a visual semantic search task. On the contrary, those
who have acquired only the alphabetic system of writing will follow the analytical strategy of step-by-step
search and show the best results in the search and identification of horizontally arranged words. We also
tested the hypotheses that the level of language competence affects the efficiency and strategies of word
search and recognition.

5. Research Methods
5.1. Subjects
22 Russian, 20 Chinese and 22 Japanese undergraduate students aged 17-27 took part in the study
(1/3 of the subjects in each group were men and 2/3 were women). The participants were selected to form
three groups, representing different prior linguistic experience. The groups were equivalent on the
parameter of English language mastery. We assume that English material cannot directly interfere with the
prior linguistic experience as Russian (Cyrillic), Chinese and Japanese (hieroglyphic) writing systems differ
dramatically from the test stimuli. The average language competence of the students varied from A2 to B2
level of СEFR (The Common European Framework of Reference for Languages). All the participants gave
their written informed consent to the experimental procedure.
5.2. Stimuli
Experimental stimuli included letter matrices (15x15), generated from randomized letters which
were selected in accordance with the frequency of their appearance in English language. First, in order to
generate matrices, we created a randomizing procedure which used the data on letter frequency in English.
Then, sets of target words were placed in the matrices. ANEW scale was used to perform the target word
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selection according to word frequency data. Each matrix contained 10 English words, oriented in two
directions: horizontally and vertically - 5 to 5 words in each of the orientations. The target words were
separated by at least one row of letters and never crossed each other. The first series included the words of
four, five and six letters. In the second series the length of target words exceeded six letters. Thus, the
stimulus material consisted of 18 letter matrices, varying on the target word length and frequency. The
incidence of distractors was under control. Three experts checked and proofread the matrices prior to the
experiment.
5.3. The task and Procedure
The participants were instructed to look for meaningful English words in the matrices, presented on
the screen. The words in the given task ought to have four letters minimum. The identified word was to be
marked by mouse clicks on the first and the last letters. This condition was meant to decrease the number
of incidental strikes on words which can happen in the case of AOI hit fixations only.
The eye-tracking experiment was conducted individually. First, a subject filled in a questionnaire
on biographic and educational background, current state, the number of languages the participant knew and
language mastery. Then they were tested for English language verbal competence. A printed version of
Word Associates Test (Read, 2013) was used to evaluate it. Each subject took part in two consequent
experimental series, divided by a short brake aimed to release the muscle tension, accumulated during
steady body position in the course of experiment. Each series included 9 stimuli presented on a screen for
40 seconds with calibration fixation screen between them.
5.4. Equipment
We used the following technical equipment and software: “SMI Gaze & Eye-tracking System”
hardware and software, “Experiment Centre” software in experimental design, SMI RED 250Hz eyetracker. Distance between monitor and eye – 0.6-0.8 m, precision – 0.4°, spatial resolution (RMS) - 0.03°;
maximum delay – 6 ms; automatic calibration <10 sec; mouse click fixation. IBM SPSS Statistics 19 was
used for data analysis. The apparatus was calibrated in the beginning and after 5 first matrices of each
series.
5.5. Registered parameters
Registered parameters included the number and spatial orientation of the found words. We also
registered the following oculomotor activity parameters: fixation count and duration, saccadic count,
duration, amplitude and velocity, scan path length.

6. Findings
6.1. Word search success
The subjects of the Russian sample found the biggest number of words per series (11,59), while the
subjects of the Chinese sample found the smallest number (5,30). The Japanese group, although it took an
intermediate position between the Russian and Chinese groups in the total number of words (8,41),
demonstrated the largest number of found vertical words, which may be due to experience in using vertical
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writing and reading system. The comparative results are presented in Table 01. The total number of found
words and the number of horizontally-oriented found words is significantly different in the three language
groups at the level p <0.01, the number of vertically-oriented found words differs at the level p<0.05.
Productivity score showed the priority of the Russian sample. Since the groups were equalled on their
linguistic competence, this results from other aspects of linguistic background, e.g. from the ways of work
applied to written verbal material, acquired in childhood.
Table 01. Found words in groups by native language (mean by participants per series) a
Groups
Total
Horizontal orientation Vertical orientation
Russian students
11,59 (6,233)
10,07 (5,676)
1,32 (1,293)
Japanese students
8,41 (5,205)
6,72 (4,628)
1,72 (2,012)
Chinese students
5,30 (4,078)
4,57 (3,546)
0,75 (0,967)
F (2, 121), p
15,404, p < 0,01
14,877, p < 0,01
4,570, p < 0,05
a

Means and Standard Deviations (SD) are presented.
With an increase in verbal competence measured with WAT score, an increase in the number of

words found is observed in all language groups, showing a similar pattern of change in performance with
an increase in verbal linguistic competence and the expansion of vocabulary. This suggests that the two
factors act independently. The participants who speak only two languages — one mother tongue and one
foreign language — find more words than those in groups of three and four languages. We can assume that
this phenomenon is associated with the processes of language interference 2 which have a greater impact on
the performance in the group of lower language competence. A significant interaction between the factors
of belonging to a language group and the number of languages studied was not established.
6.2. Eye-movement parameters in word search
Analysing eye movement indicators, we identify the distinctive features of the word search and
recognition process in Russian, Japanese and Chinese language groups. The linguistic cognitive strategies
used by representatives of each language group are of particular interest.
A total of 1152 trials were recorded. Further analysis was performed on trials. The analysis of the
obtained data showed that the three groups of participants (Chinese, Japanese and Russian students) differ
significantly in a set of eye-movement parameters. These include fixation count, total and average fixation
duration, total and average saccade amplitude, average saccade duration, average saccade velocity (see
Table 02). However, in order to clarify the nature of the differences, the means of the three groups were
compared separately.
Comparing the results of Russian respondents to those of Japanese ones, we found that the Russian
sample demonstrates a larger total and average duration of fixations. At the same time a shorter average
duration of saccades (31,19 ms vs 60,78 ms, F (1,719) = 71,64; p < 0,01), shorter overall and average
amplitudes, and lower speed of saccades are observed.

2

This assumption can be confirmed by particular examples: Chinese subjects often mistakenly singled out words
resembling Russian-language words written in Latin transliteration: “LES” (“FOREST”), “UEZD” (“REGION”) and
others.
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Table 02. Eye movement indices across groups of students with different native languagesa
Groups
Total
Average
Total
Average
Average
Fixation
Fixation
Saccade
Saccade
Saccade
Duration
Duration
Amplitude
Amplitude
Duration
(ms)
(ms)
(°)
(°)
(ms)
Russian
33706,54
239,50
587,02
4,08
31,19
(5072,2)
(43,37)
(543,34)
(4,05)
(24,45)
students
Japanese
27433,80
201,62
1225,27
10,32
60,78
(7441,26)
(39,5)
(722,5)
(16,48)
(62,31)
students
Chinese
33038,66
236,63
707,46
4,95
31,63
(5223,81)
(46,29)
(567,8)
(4,41)
(21,52)
students
F (2,1114)
120,07
85,66
109,92
41, 99
65,56
p
<
0,01
p
<
0,01
p
<
0,01
p
<
0,01
p < 0,01
p
aMeans

Average
Saccade
Velocity
(°/s)
92,54
(29,31)
126,54
(47,31)
112,02
(34,47)
74,53
p < 0,01

and Standard Deviations (SD) are presented

The patterns of eye movements in Japanese and Chinese samples are also significantly different.
Compared to Chinese group, Japanese subjects demonstrate a smaller number of fixations, their shorter
duration, and at the same time, almost double the values in saccade duration (60,78 ms vs 31,63 ms;
F(1,746) = 76,83; p < 0,01) and total amplitude. They also demonstrate a high saccadic speed, while
Chinese subjects demonstrate a higher average saccade amplitude. Japanese subjects demonstrate a pattern
with short fixations but long saccades with greater speed and overall amplitude.
Comparing the Chinese and Russian samples resulted in significant differences in saccade
parameters (see Table 02). Chinese subjects demonstrate not only a higher saccade speed, but also greater
saccadic amplitude (4,95° vs 4,08°; F(1,763) =8,00; p < 0,01), in comparison with Russian subjects. As
This corresponds with the findings of several investigations which demonstrate that script-specific aspects
of eye movements primarily relate to the perceptual span (see Tsang, & Chen, 2012). Chinese has
hieroglyphic writing, the distance between the hieroglyphs exceeds the distance between the letters in the
alphabetic letters. The hieroglyphs are analysed mainly separately, while in the process of reading letters
we focus on the selective components of the word.
Thus, the obtained results characterize the oculomotor patterns of word search in the three language
groups. Russian subjects demonstrate the highest rates in parametres, associated with fixations: a greater
number of fixations, a greater duration of fixations. At the same time, their results take an intermediate
position between the results of the other groups in such saccadic parameters as count and frequency, while
demonstrating the lowest scores in saccadic amplitude, duration and speed. This pattern might be connected
to the alphabetic writing, which requires shorter saccadic movements due to small distance between the
letters in the words and more fixations on a single word for its semantic processing3 as compared to the
process of retrieving the meaning of a hieroglyph.
Japanese subjects demonstrate the lowest rates associated with fixations duration; however, they
overcome the results of the other groups in saccade parameters almost twice: they have the greatest overall
saccade amplitude, the greatest saccadic durations and the highest speed. This pattern of oculomotor activity
3

Although, with the developed reading skills of native speakers, practicing alphabetical writing, visually presented
words can be perceived integrally (like hieroglyphs) and read out in one single fixation (Rayner, 1998). However,
judging from our results, the experience of letter-by-letter gathering of words persists. The participants can use it
perfectly well in difficult conditions.
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with an emphasis on the breadth of saccadic movements is associated with syllabic and hieroglyphic writing
and reading systems, which suggest a greater distance between characters than letter systems do. However,
in addition to the language system, both vertical and horizontal reading systems practiced in Japanese, can
influence the characteristics of saccades.
It was expected that the Chinese subjects would demonstrate similar patterns with the Japanese
sample, however, the data obtained indicate a greater proximity of the Chinese sample to the Russian one.
Despite the similarity between the Russian and Chinese samples in terms of eye movements, the Chinese
subjects did not achieve a high level of results in the detection and identification of English words. Such a
result remained inexplicable until we began to examine the scanning patterns of the subjects (typical
examples of scanning patterns for each group of the subjects are shown in Figure 01).

Figure 01. Typical examples of scanning patterns in visual semantic search in the Russian (a), Japanese
(b) and Chinese (c) samples
The comparison of patterns revealed different strategies of looking for meaningful units in a noisy
context. Russian students mainly used a reading strategy, while their eyes moved along the rows of the
matrix from left to right and from top to bottom. Japanese students also apparently used a reading strategy,
trying to combine vertical and horizontal reading directions. Chinese students demonstrated a strategy
significantly different from the first two. Their search was fixed on the sides of the square where the matrix
was enclosed. It was evident that they needed external contextual support for the search. Such a strategy
limited the ability of Chinese students to detect words, as they narrowed the search field. This resonates
with the findings of Chua et al. (2005).

7. Conclusion
The study demonstrated the influence of such aspects of linguistic experience as qualitative features
of the native language and level of linguistic competence on the strategies used by the subjects. An analysis
of performance indicators showed that groups of different native languages were not equally successful in
the word search task: Russian subjects found more words than Chinese and Japanese subjects. Japanese
students found a greater number of vertical words in comparison with two other groups.
An analysis of language competence, measured with the Word Associates Test, confirmed the
interconnection between language knowledge and the success of word search. An increase in the level of
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language competence leads to an increase in the total number of found words and the number of horizontally
- oriented words found. This effect persists in each language group.
In Russian-speaking students, practicing an alphabetic writing system seems to require shorter
saccadic movements due to small distance between letters in words. It also requires more fixations on a
single word for its semantic processing than is required for fixing the meaning of a hieroglyph.
For Japanese respondents, the pattern of oculomotor activity with an emphasis on the breadth of
saccadic movements is associated with syllabic and hieroglyphic writing systems. This suggests a greater
distance between characters than in letter systems. Saccade parametres can also be influenced by the
presence of both vertical, and horizontal reading systems in Japanese.
For Chinese students, the fixation and saccade parametres were in the middle between
representatives of Russian and Japanese samples. The duration of fixations was longer than in Japanese
sample but shorter than in Russian one. The amplitude, duration, and speed of saccades were lower than in
Japanese group but higher than in Russian sample. At the same time, significant differences in the
parameters of oculomotor activity in Chinese students were more vivid in comparison with Japanese
students than with Russian ones. However, the lowest task performance in visual semantic search was
shown. We found an explanation for such a strange pattern in the general strategy of visual behavior of
Chinese subjects. Their eye movements were fixed close to the boundaries of the matrix. We suggest that
the pronounced contextuality of perceptual processing in Chinese subjects is manifested this way. When
processing visual verbal information, they are more in need of including it in some external context. Of
course, this assumption requires further analysis and more rigorous confirmation. However, this
confirmation will indicate the influence not only of the writing system itself but also of a wider cultural
context.
The core hypotheses of the study were confirmed, suggesting further research into the influence of
language system on cognitive processing. Cross-cultural differences were established for both the
productivity of visual semantic search and eye-movement parameters. The experience of mastering the
writing system of the mother tongue constitutes a set of cognitive skills, which determine the strategy used
for the visual semantic search in complex contexts. We also identified the influence of language proficiency.
It was also established that the experience of mastering the writing system of mother tongue is not directly
connected to the characteristics of foreign language competence.
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