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Abstract
To investigate the influence of language on perception, behavioral experiments
employing a visual search paradigm were used to study the color categorical per-
ception effect in Mongolian-Chinese bilinguals; to further examine the neural
mechanisms underlying language’s influence on perception, EEG experiments
using an Oddball paradigm were employed to investigate the color categorical
perception effect in Mongolian-Chinese bilinguals. Results from both behav-
ioral and EEG experiments revealed that when distinguishing between the colors
qinker and huhe in Mongolian, Mongolian-Chinese bilinguals with lower Chinese
proficiency exhibited a stronger color categorical effect than those with higher
Chinese proficiency; Chinese proficiency in Mongolian-Chinese bilinguals influ-
ences color categorical perception, the second language categories acquired by
bilinguals can modify the categories of their native language, language can affect
the pre-attentive stage of perception, and this study supports the Sapir-Whorf
hypothesis.
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Abstract
To investigate the influence of language on perception, a behavioral experiment
using a visual search paradigm examined color categorical perception effects in
Mongolian-Chinese bilinguals. To further explore the neural mechanisms under-
lying language’s impact on perception, an ERP experiment using an Oddball
paradigm investigated color categorical perception effects in the same popula-
tion. Both behavioral and ERP results revealed that when distinguishing be-
tween the Mongolian colors qinker and huhe, low Chinese-proficiency bilinguals
exhibited stronger color categorical effects than high-proficiency bilinguals. Chi-
nese proficiency level in Mongolian-Chinese bilinguals affects color categorical
perception, and the lexical categories acquired in a second language can alter
categories in the bilingual’s native language. Language can influence the pre-
attentive stage of perception, providing support for the Sapir-Whorf hypothesis.

Keywords: color categorical perception; Mongolian; bilinguals; mismatch neg-
ativity; Sapir-Whorf hypothesis
Classification Code: B842

2.2 Materials
The experimental materials consisted of four gradually changing blue stimuli
labeled A, B, C, and D. A pre-experiment naming task was conducted with
20 Mongolian-native and 20 Chinese-native university students from different
majors and hometowns. The procedure involved presenting the four color blocks
(ABCD) on a gray background using E-Prime, with each color block randomly
presented five times for free naming. The results showed that all 20 Mongolian
speakers identified A and B as qinker colors and C and D as huhe colors under
all response conditions, while all 20 Chinese speakers identified all four colors as
simply “blue.”The RGB values for the four colors were: A = (42, 161, 218); B
= (28, 139, 203); C = (4, 118, 185); D = (26, 96, 165). The distances between
adjacent color pairs in CIELab values were: within-category (A, B) = (C, D) =
5.10ΔE, and between-category (B, C) = 5.07ΔE, making the distances between
within-category and between-category pairs approximately equal.

For the formal experiment, the color blocks were presented on a 17-inch LCD
monitor with a gray background (RGB: 192, 192, 192) using E-Prime software.
Following Zhou et al. (2010), each color block was arranged in a ring of 12
squares, with 11 background color blocks and one different target color block.
The target color block appeared only at the leftmost and rightmost positions
in the ring, and its relationship to the background color blocks could be either
within-category or between-category.

The experiment employed a 2 × 2 mixed design with two factors: Chinese
proficiency (high vs. low) as a between-subjects variable, and color category
(same vs. different) as a within-subjects variable. Participants were seated in
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a naturally lit room approximately 65 cm from the display. Following Zhou
et al. (2010), the formal experiment comprised 64 trials, with BC and CB as
between-category conditions (16 trials each) and AB and CD as within-category
conditions (16 trials each). Each trial began with a red fixation cross “+”
presented at the center of the screen for 500 ms, followed by a ring of color
squares centered on a black fixation point. Participants judged the location
of the target color block and responded by pressing the F key for left and the
J key for right. The color ring disappeared automatically after a response or
after a timeout if no key was pressed, followed by a 1000 ms gray screen before
the next trial began. Participants completed 16 practice trials before the formal
experiment and filled out a self-designed“Language Background Questionnaire”
afterward.

2.1 Participants
Sixty-eight Mongolian-Chinese bilingual university students participated, all
with normal or corrected-to-normal vision and right-handed, with Mongolian
as their native language and Chinese as their second language. Based on a
language background survey administered before the experiment, participants
were divided into high Chinese proficiency and low Chinese proficiency groups.
Considering that smaller mean differences between Mongolian and Chinese pro-
ficiency scores indicate more balanced language abilities, participants were as-
signed to groups based on the difference between their self-rated Mongolian pro-
ficiency scores and Chinese proficiency scores across listening, speaking, reading,
and writing. Those with a mean difference score � 1 were classified as high Chi-
nese proficiency, while those with a mean difference > 1 were classified as low
Chinese proficiency. The demographic and language background characteristics
of the participants are presented in Table 1 .

2.4 Results
All participants achieved accuracy rates above 90%, with no speed-accuracy
trade-off. After removing error trials, response time data beyond two standard
deviations were excluded, resulting in the removal of approximately 9% of the
data. The descriptive statistics for response times after data exclusion are shown
in Table 2 . ANOVA results revealed a significant main effect of color category,
F(1, 66) = 34.78, p < 0.001, �² = 0.34, while the main effect of participant
group was not significant, F(1, 66) = 2.75, p > 0.05. The interaction between
participant group and color category was significant, F(1, 66) = 18.90, p < 0.001,
�² = 0.22. Simple effects analysis showed that the color categorical perception
effect was not significant for high Chinese proficiency bilinguals, whereas it was
significant for low Chinese proficiency bilinguals, p < 0.001, �² = 0.54.
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2.5 Discussion
Previous research has reported that Mongolian speakers show significant cate-
gorical effects when distinguishing dark blue from light blue, whereas Chinese
speakers do not exhibit this effect (He et al., 2016). The present study differenti-
ated Chinese proficiency levels among Mongolian-Chinese bilinguals and found
that high Chinese proficiency bilinguals, similar to Chinese speakers, showed
no significant categorical perception effect when distinguishing dark blue from
light blue. In contrast, low Chinese proficiency bilinguals, similar to Mongo-
lian speakers, exhibited significant color categorical perception effects. These
findings suggest that differences in second language proficiency lead to varia-
tions in color categorical perception effects among bilinguals, providing support
for the Sapir-Whorf hypothesis at a more refined level of language proficiency
differentiation. Given these results and to further explore the neural mecha-
nisms underlying language’s influence on color perception, Experiment 2 em-
ployed event-related potential (ERP) technology to examine whether differences
in color categorical perception effects exist during early perceptual processing
stages among Mongolian-Chinese bilinguals with different proficiency levels.

3.1 Participants
Twenty-nine Mongolian-Chinese bilingual university students participated in the
ERP experiment. The screening and grouping criteria were identical to those
used in the visual search experiment, with participant characteristics presented
in Table 3 .

3.2 Materials
Four colors were selected: H1 (RGB: 26, 96, 165), Q1 (RGB: 28, 139, 203), G1
(RGB: 0, 254, 84), and G2 (RGB: 0, 175, 52). The pre-experiment naming task
showed that H1 and Q1 were both considered“blue”in Chinese but corresponded
to huhe and qinker in Mongolian, respectively, while G1 and G2 were identified
as “green”in both Chinese and Mongolian.

3.3.1 EEG Data Recording
Brain electrical activity was recorded continuously using a Brain Product sys-
tem with an actiCAP64 electrode cap, with FCz as the reference electrode and
AFz as the ground. Vertical electrooculogram (VEOG) was recorded from an
electrode placed below the right eye. The sampling rate was 500 Hz, with a
filter bandwidth of 0.01–70 Hz and a notch filter at 50 Hz. Impedance between
scalp and electrodes was maintained below 7 kΩ (Thierry et al., 2009).

3.3.2 EEG Data Analysis
Offline analysis of raw data was performed using Brain Product’s Vision An-
alyzer Software (Version 2.0). The analysis proceeded as follows: data were
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re-referenced to the average of TP9 and TP10; ocular artifacts were removed;
a low-pass filter of 20 Hz was applied; epochs were segmented from 100 ms
before stimulus presentation to 700 ms after stimulus onset, with the 100 ms
pre-stimulus interval serving as baseline. Posterior electrodes O1, O2, Oz, POz,
PO3, PO4, PO7, and PO8 were pooled into a single region of interest. Following
Mo, Xu, Kay, and Tan (2011), the N2 component was measured as the mean
amplitude in the 160–240 ms time window after stimulus presentation. Data
were averaged for each participant under different stimulus conditions, and dif-
ference waves were computed by subtracting standard stimulus waveforms from
deviant stimulus waveforms. The peak in the 180–260 ms range of these dif-
ference waves was identified as the visual mismatch negativity (vMMN), after
which waveforms were grand-averaged across all participants (Thierry et al.,
2009).

3.3.3 Experimental Procedure
The experimental materials were presented as circular or square color blocks.
In the Oddball paradigm, circular color blocks served as standard or deviant
stimuli (differing in color), while square blocks served as target stimuli. Stimuli
were presented on a Lenovo LCD monitor with a gray background (RGB: 192,
192, 192). Each color block was displayed for 800 ms with an inter-stimulus
interval of 200 ms. The experiment consisted of four blocks: two blocks used
green materials (G1 and G2 alternated as standard and deviant) and two blocks
used blue materials (H1 and Q1 alternated as standard and deviant). Each
block contained 640 color blocks, with presentation probabilities of 70% for
standard stimuli, 20% for deviant stimuli, and 10% for target stimuli. Each
block comprised 64 sequences of 10 blocks, with 7 standard stimuli, 2 deviant
stimuli (never presented consecutively), and 1 target stimulus pseudo-randomly
presented within each sequence. The order of the 64 sequences was randomized.

Participants were seated individually in a dimly lit laboratory approximately 60
cm from the gray-background display. After 180 practice trials, a red fixation
point was presented for 800 ms to begin the experiment. Participants were
instructed to press the K key when they detected a target stimulus and to
refrain from responding to all other stimuli. Target, deviant, and standard
stimuli were presented pseudo-randomly throughout the experiment.

3.4.1 Target Stimuli
The average hit rate for target stimuli was 98.65%, with a mean reaction time of
517 ms and an average of fewer than 3 false alarms. Following Mo et al. (2011),
the mean amplitude of N2 was measured in the 160–240 ms time window. Re-
sults showed that target stimuli elicited a larger N2 than standard stimuli, F(1,
28) = 23.53, p < 0.001, �² = 0.17, as shown in Figure 1 [Figure 1: see original
paper]. Topographic maps were constructed using ERP mean values from the
corresponding time windows. Both behavioral and ERP data indicated that
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participants achieved high recognition rates for target stimuli and allocated
substantial attention to them, confirming that the response pattern to deviant
stimuli in the Oddball paradigm satisfied the conditions for eliciting vMMN
(Gábor et al., 2014).

3.4.2 Deviant Stimuli
Within the 180–260 ms time window, separate 2 (color: blue, green) × 2 (stim-
ulus type: standard, deviant) repeated-measures ANOVAs were conducted on
peak amplitudes and latencies of the original occipital waveforms for each bilin-
gual group. For low Chinese proficiency bilinguals, the main effect of stimulus
type on peak amplitude was significant, F(1, 13) = 10.26, p < 0.001, �² = 0.42,
while the main effect of color type was not significant, but the two-way interac-
tion was significant, F(1, 13) = 24.68, p < 0.001, �² = 0.63. For high Chinese
proficiency bilinguals, the main effect of stimulus type was significant, F(1, 14)
= 89.56, p < 0.001, �² = 0.85, as was the main effect of color type, F(1, 14)
= 60.45, p < 0.001, �² = 0.80, but the interaction was not significant, F(1, 13)
= 1.32, p > 0.05. Latency analyses revealed no significant main effects or in-
teractions for either group, p > 0.05, �² < 0.06, with all latencies around 200
ms.

Both groups showed significantly larger negative waves for deviant stimuli com-
pared to standard stimuli. Difference waves were computed by subtracting
standard stimulus waveforms from deviant stimulus waveforms at occipital sites,
with the resulting difference wave in the 180–260 ms window identified as vi-
sual vMMN, as shown in Figure 2 [Figure 2: see original paper]. Topographic
maps were constructed using mean vMMN values from the corresponding time
windows. A 2 (Chinese proficiency: high, low) × 2 (color type: blue, green)
mixed-design ANOVA on mean vMMN amplitudes revealed no significant main
effects for Chinese proficiency or color, p > 0.05, �² < 0.06, but the interaction
was significant, F(1, 28) = 25.08, p < 0.001, �² = 0.46. Simple effects analysis
showed no significant difference between blue and green vMMN amplitudes for
high proficiency bilinguals, p > 0.05, �² = 0.16, whereas low proficiency bilin-
guals showed significantly larger vMMN amplitudes for blue stimuli compared
to high proficiency bilinguals, p < 0.05, �² = 0.12, and significantly larger vMMN
amplitudes for blue than for green stimuli, p < 0.001, �² = 0.46.

3.5 Discussion
The ERP data demonstrate that Chinese proficiency level affects color percep-
tion in Mongolian-Chinese bilinguals. Low Chinese proficiency bilinguals ex-
hibited stronger vMMN when distinguishing qinker and huhe colors compared
to green colors, indicating that weaker influence from Chinese color terms al-
lowed their native Mongolian color categories to produce categorical perception
effects and elicit stronger vMMN. In contrast, high Chinese proficiency bilin-
guals showed no categorical effect in the blue region, suggesting that second
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language lexical categories interfered with native language labels. The latency
and characteristics of vMMN indicate that Chinese language learning influenced
pre-attentive stages of color perception in an automatic fashion. These findings
align with Athanasopoulos, Dering, Wiggett, Kuipers, and Thierry (2010), who
found that English learning interfered with language labels in Greek-English
bilinguals, affecting their color categorical perception. The results demonstrate
that language influences early cognitive processing stages, with different color
terms in bilinguals’two languages interfering with each other, and that this
influence occurs at pre-attentive, automatic processing levels.

4 General Discussion
Color perception involves the detection of physical light wavelength properties.
Given the consistency of spectral properties in natural environments and the
universality of human visual physiology, linguistic universalism posits that color
perception is a bottom-up process independent of language and culture, and that
color categorical effects are similarly language-independent (Liu et al., 2008;
Yang et al., 2016; Berlin & Kay, 1969). In recent decades, however, the Sapir-
Whorf hypothesis has garnered increasing empirical support, suggesting that
even basic cognitive processes like color perception are shaped by language. De-
velopmental psychology and artificial concept learning studies indicate that lan-
guage learning transforms color categorical effects from perceptual phenomena
into language-mediated effects (Kwok et al., 2011; Zhou et al., 2010; Franklin
et al., 2008). Research on bilinguals has further confirmed language’s influ-
ence on perception, demonstrating that interference between two languages can
shift color categorical effects from language-based to perceptual effects (Athana-
sopoulos et al., 2010). The present study extends these findings by showing that
Chinese, a language substantially different from English, also influences native
color categorical perception when learned as a second language, thereby expand-
ing the external validity of previous research while enhancing internal validity
through reaction time and ERP methodologies.

Previous cross-linguistic research on color categorical perception has primarily
employed between-subjects designs, which are susceptible to large individual dif-
ferences. The present ERP experiment used a within-subjects design comparing
color regions with different numbers of lexical labels within the same language,
revealing stronger categorical effects in regions with more color terms. This
provides clearer evidence that language influences perception, consistent with
findings from artificial concept learning studies (Zhong et al., 2015; Kwok et al.,
2011; Zhou et al., 2010) while extending these laboratory-based conclusions to
natural language learning contexts, thereby enhancing ecological validity.

The vMMN color categorical effect exhibited left-hemisphere dominance, con-
sistent with Liu et al. (2009), who found right visual field-left hemisphere lat-
eralization of N2pc in visual search tasks due to language’s influence on color
categorical perception. Using an Oddball paradigm, the present study identi-
fied vMMN with a latency of approximately 200 ms, converging with previous
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research to demonstrate that language affects early perceptual processing. Com-
bined with existing studies, these findings indicate that language influences not
only higher-level cognitive processes like memory and thinking but also primary
perceptual processes, affecting both conscious and pre-attentive early processing
stages. This suggests that human perception is highly flexible and plastic, with
language playing a shaping role.

From the perspective of language’s shaping effect on perception, linguistic uni-
versalism and the linguistic relativity hypothesis are not necessarily contradic-
tory. Yang et al. (2016) and Franklin et al. (2008) demonstrated both universal
aspects of color perception and how language can shape innate perceptual abil-
ities during development, leading to language-perception associations. Zhong
et al. (2015), Kwok et al. (2011), and Zhou et al. (2010) used artificial concept
learning to establish causally that language shapes color perception. Bilingual
research reveals that different language learning experiences or cultural expo-
sure can influence color perception. In summary, while perceptual processing
has universal aspects independent of language, it is also susceptible to linguistic
influence, lending validity to the Sapir-Whorf hypothesis, at least in its weaker
form.

Differences in second language proficiency among bilinguals correspond to differ-
ences in conceptual connections. High-proficiency language users exhibit shared
conceptual representations, whereas low-proficiency users maintain separate con-
ceptual systems (Jiang et al., 2015; Boroditsky, 2001). The present findings
suggest that high-proficiency Mongolian-Chinese bilinguals’blue categories ap-
proach a shared or gradually merged concept, while low-proficiency bilinguals
remain more influenced by their native language and tend to categorize using
familiar native language labels. This indicates that language learning can alter
categorical perception effects, with the magnitude of change varying by profi-
ciency level.

Regarding the cognitive mechanisms underlying language’s influence on color
perception, Hu, Hanley, Zhang, Liu, and Roberson (2014) proposed the Cate-
gory Label Comparison Model, which posits that color categorical effects arise
from cognitive conflict during automatic comparison between language labels
and perceptual information. When identifying colors within the same category
(e.g., dark blue and light blue), the language label is identical (“blue”) but per-
ceptual information differs (“dark”vs.“light”), creating inconsistency between
label and percept that produces cognitive conflict and longer processing times.
When identifying colors from different categories (e.g., blue and green), both
language labels (“blue”vs.“green”) and perceptual information differ, resulting
in consistent label-percept comparisons, no cognitive conflict, and shorter pro-
cessing times. This difference between within-category and between-category
processing produces categorical effects. In the present study, low Chinese pro-
ficiency Mongolian-Chinese bilinguals showed stronger categorical effects when
identifying qinker and huhe than when identifying green colors, confirming the
Category Label Comparison Model.
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While the present study employed relatively objective language assessment
methods to manipulate proficiency, more precise distinctions in language profi-
ciency require novel measurement approaches. Additionally, the experimental
paradigm’s impact on the signal-to-noise ratio of the vMMN component war-
rants consideration, and future research should employ alternative paradigms
for replication. In conclusion, this study demonstrates from both behavioral
and electrophysiological perspectives that second language learning in bilinguals
influences color perception, providing evidence for the Sapir-Whorf hypothesis
and extending previous findings through the lens of language’s shaping effect
and dynamic changes in categorical perception.

Beyond color perception, research has documented language’s influence on time
perception (Boroditsky, 2001), motion and spatial perception (Athanasopoulos
& Bylund, 2013; Bylund & Athanasopoulos, 2013), face perception (Fugate,
2013), categorization (Athanasopoulos & Kasai, 2007; Zhang, He, & Zhang,
2007), and shape perception (Gilbert et al., 2008). These findings contribute to
a clearer understanding of the language-perception (cognition) relationship. To
further elucidate the neural mechanisms of language’s influence on cognition,
several issues require systematic investigation: How does language differentially
affect early versus late stages of perceptual processing? Are there alternative
models beyond the Category Label Comparison Model that can explain cate-
gorical perception? Can congenitally blind children without color experience
establish color categorical perception effects through language alone? As an es-
sential cultural marker, language embodies differences in natural environment,
society, and culture across groups. Cultural and ethnic psychologists have iden-
tified language as a breakthrough point for cultural psychology research (Zhang,
Morris, Cheng, & Yap, 2013; Xiao & Zhang, 2013). Integrating linguistic and
cultural psychology through examining language labels’impact on human psy-
chology may provide new perspectives for cultural psychology research.

In summary, Mongolian-Chinese bilinguals with different Chinese proficiency
levels exhibit differential color categorical perception effects, with language’s
influence manifesting at early pre-attentive processing stages. The Sapir-Whorf
hypothesis holds even during early perceptual processing.
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Tables

Table 1
Demographic and Language Background Characteristics of Mongolian-Chinese
Bilingual Participants [M (SD)]

Variable High Chinese Proficiency Low Chinese Proficiency
Sample size (gender) 35 (17M, 18F) 33 (15M, 18F)
Mean age (years) 20.85 (1.14) 21.10 (1.16)
Mongolian listening 5.24 (0.95) 5.66 (1.08)
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Variable High Chinese Proficiency Low Chinese Proficiency
Mongolian speaking 5.23 (0.99) 5.49 (1.03)
Mongolian reading 5.09 (1.02) 5.12 (0.99)
Mongolian writing 5.10 (1.01) 5.18 (1.02)
Chinese listening** 4.89 (1.23) 4.04 (1.29)
Chinese speaking** 4.97 (1.34) 4.08 (1.19)
Chinese reading*** 4.86 (1.29) 3.80 (0.99)
Chinese writing*** 4.66 (1.19) 3.79 (0.98)
Mongolian usage frequency (%)*** 74.45 (9.90) 89.38 (10.02)
Chinese usage frequency (%)*** 45.54 (6.60) 28.97 (5.79)
Age of L2 acquisition (years)** 8.96 (1.86) 10.02 (0.96)
Age of Chinese fluency (years)*** 10.23 (2.09) 14.36 (3.96)

Note: p < 0.01, *p < 0.001

Table 2
Response Times in Visual Search Task for Mongolian-Chinese Bilinguals with
Different Chinese Proficiency Levels [M (SD), ms]

Condition High Chinese Proficiency Low Chinese Proficiency
Within-category 893 (193) 923 (187)
Between-category 910 (194) 1064 (201)

Table 3
Demographic Characteristics of ERP Experiment Participants with Different
Chinese Proficiency Levels [M (SD)]

Variable High Chinese Proficiency Low Chinese Proficiency
Sample size (gender) 15 (8M, 7F) 14 (7M, 7F)
Mean age (years) 21.25 (1.10) 21.20 (1.17)
Mongolian listening 5.34 (0.96) 5.76 (1.09)
Mongolian speaking 5.28 (1.09) 5.39 (1.01)
Mongolian reading 5.19 (1.01) 5.22 (1.00)
Mongolian writing 5.15 (1.01) 5.16 (1.02)
Chinese listening** 4.99 (1.23) 4.17 (1.29)
Chinese speaking** 4.97 (1.21) 3.98 (1.09)
Chinese reading*** 4.93 (1.19) 3.90 (1.00)
Chinese writing*** 4.86 (1.09) 3.76 (0.98)
Mongolian usage frequency (%)*** 78.65 (9.95) 91.68 (11.01)
Chinese usage frequency (%)*** 43.54 (6.45) 24.42 (5.43)
Age of L2 acquisition (years)** 8.46 (1.96) 11.08 (2.99)
Age of Chinese fluency (years)*** 9.73 (1.97) 14.86 (4.26)
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Note: p < 0.01, *p < 0.001

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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