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Abstract—This survey investigated the focus and boundaries of basic color terms (BCTs) in Mandarin Chinese.
The primary aim of this experimental study was to systematically analyze the characteristics of focal colors and
category boundaries in Chinese BCTs. Ninety native Chinese speakers participated in the survey, with a mean
age of 22 (age range 18-26; 45 females and 45 males). The survey is a mapping-task-involved focus mapping
(best example) and uses boundary mapping tasks. The findings revealed that the foci and boundaries of Chinese
BCTs are generally similar to those of English BCTs, although there are minor variations. Moreover, the study
also found that Mandarin Chinese categorizes color in ways that reflect its unique characteristics, with
synonymous color terms exhibiting overlapping category boundaries but not sharing identical focal points.
Notably, the color term qging/& (“cyan”) demonstrated significant variability and dispersion in focus, covering
a broad spectrum of hues that includes a large portion of both blue and green. The results support the universal
existence of basic perceptual color categories, as proposed by Paul and Kay.

Index Terms—basic color terms, boundary, Chinese, focus, survey

I. INTRODUCTION

The investigation into color terminology represents an interdisciplinary research domain, drawing on insights from
linguistics, psychology, and anthropology. The seminal theory of Basic Color Terms (BCTs) introduced by Berlin and
Kay (1969) established a foundational framework for examining color naming across languages, stimulating extensive
discussions on how diverse linguistic systems categorize and conceptualize color. According to Berlin and Kay (1969),
BCTs are usually represented by single lexical units with stable and consistent meanings. They stand out in people’s
cognitive organization and function independently, without being subordinate to other color categories (Berlin & Kay,
1969). Although there is ongoing debate among scholars regarding the precise definitions of basic color terms as proposed
by Berlin and Kay, researchers generally agree that Chinese possesses a core set of basic color terms, which include the
following: hong/4L. (“red”), huang/¥% (“yellow”), lan/¥E (“blue”), lu/%k (“green”), hei/B (“black”), bai/FH (“white”),
hui/7% (“gray”), and zi/%% (“purple”) (Dai & Zainal, 2025; Gao & Sutrop, 2014; Sun & Chen, 2018; Xie, 2008).

There are several synonyms for each hue in Mandarin Chinese, which allows for a greater degree of customization in
the naming of colors (Sun & Chen, 2018). As a result, it is possible that different respondents will use various names to
refer to the same color. Color terms in Classical Chinese are less codified than those in Mandarin. Historically, ging/&
(“cyan”) has encompassed a broad spectrum of hues, including both blue and green, complicating its status as a
prototypical BCT (Bogushevskaya, 2015; Tao & Wong, 2019; Zhao, 2012). The classification of ging/& (“cyan”) as a
BCT remains debatable. Comparative studies of ancient and modern Chinese color terminology indicate that variations
in color terms, influenced by the evolution of human cognitive processes, have significantly contributed to the ongoing
expansion and refinement of the color lexicon (Lai, 2019; Xie, 2008). Moreover, cross-cultural comparative studies
suggest that the Chinese color lexicon differs from those languages such as Spanish, English, and Russian in its
classification patterns (Davies & Corbett, 1994; Sun & Chen, 2018; Xu et al., 2023; Xue, 2014).

The focus of a color term refers to the best representative shade of that category. Previous research has demonstrated
the universality of human color perception, with speakers of different languages consistently selecting specific “focal
colors” when describing colors (Gibson et al., 2017; Regier et al., 2005; Roberson et al., 2005). These focal colors exhibit
high perceptual salience and cross-linguistic consistency within the color space (Cook et al., 2005; Kay et al., 2009).
Although the number of BCTs varies across languages, their focal points tend to align across linguistic systems. However,
this consistency in focal colors does not necessarily extend to the boundaries of color categories (Rosch & Mervis, 1975;
Rosch Heider, 1972). Even within a single language, dialectal variations may lead to discrepancies in category boundaries.
Consequently, the boundary of color terms across languages is not fixed but exhibits a degree of fuzziness (Zadeh, 1996).
Scholars have suggested that these inconsistencies in color category boundaries may be shaped by cultural, environmental,
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and linguistic influences (Ji et al., 2004; Xie et al., 2019). For instance, Russian distinguishes more finely between shades
of blue, whereas other languages may categorize them under a single term (Andrews, 1994; Davies & Corbett, 1994;
Paramei, 2005). Furthermore, cross-linguistic research on bilinguals has found that the focal colors of bilingual speakers
may shift under the influence of their second language, supporting the hypothesis of cognitive adaptation (Athanasopoulos,
2009; Athanasopoulos et al., 2011).

Extensive research has examined the focal points and boundaries of various color categories across different languages
(Davies & Corbett, 1994; Hardin, 2011; Panitanang et al., 2022; Sturges & Whitfield, 1995; Valdegamberi et al., 2015).
However, there is a dearth of empirical research focusing on the focal colors and category boundaries of color terms in
Mandarin Chinese, and empirical research on Chinese BCTs is limited. To address this gap, the present study aims to
systematically analyze the characteristics of focal colors and category boundaries of BCTs in Mandarin Chinese.
Specifically, it seeks to answer the following two research questions:

1. Do synonymous color terms in Mandarin, such as cheng/f5 and ju/i# for “orange,” or zong/f% and he/#5 for
“brown”, have overlapping category boundaries? Do they share the same focal point?

2. Does the boundary of the color term ging/? (“cyan”) include both blue and green, and whether or not the focal
color of ging/? (“cyan”) displays high perceptual distinctiveness?

II. METHODOLOGY

A. Participants

“The survey was conducted among the Chinese Han ethnic group and the participants anonymously completed the
survey. Ninety Chinese native speakers (mean age 22, age range 18 - 26, female 45, male 45) participated in the Mandarin
Chinese BCTs survey. Participants were recruited from Sichuan University of Arts and Science (SASU) and Southwest
University (SWU), and the survey was conducted on both campuses. All participants were native Mandarin speakers with
normal color vision, as assessed by the Ishihara Test. Participants could decline to sign the consent form without facing
any consequences. This study collected both the hard copies and soft copies of the participants’ consent forms. The soft
copies were collected from the online website, which is available at https://dai.tanfushishang.xyz/” (Dai & Zainal, 2025,
p. 864).

B. Materials

The framework of this color survey website was predominantly derived from the World Color Survey (WCS) Data
Archives.! However, the stimuli used in this experiment primarily consisted of the WCS Munsell Chart?, and all stimuli
were integrated into a web-based platform at https://dai.tanfushishang.xyz/, enabling participants to complete the mapping
task online. The Munsell and WCS coordinates for the stimulus chart are identical to those utilized in the investigation
by Paul Kay and Richard S. Cook (Kay & Cook, 2016). The survey report in this article is the third and fourth section of
the website, which is called the mapping tasks section.

C. Procedures

The survey used focus mapping (best example) and boundary mapping tasks. The mapping tasks aimed to explore how
the disparities of BCTs influence the focus and boundary by comparing them to the findings of Berlin and Kay (1969)
and Sturges and Whitfield (1995) regarding English BCTs (Berlin & Kay, 1969; Sturges & Whitfield, 1995). To complete
the mapping tasks, participants were given instructions to map the focal point and the outer boundary of basic colors on
a standard array of color stimuli known as the WCS Munsell Chart. The list of mapping tasks included fourteen Mandarin
Chinese BCTs, chosen for their psychological salience and reference stability across participants. These BCTs were
selected based on Berlin and Kay’s definition of a BCT, derived from a literature review and color-naming tasks
conducted in a pilot study by one of the authors. More specifically, the BCTs listed in the mapping task were hong/ZL
(“red”), chéng/ P& (“orange”), huang/ 3% (“yellow”), lu/ %% (“green”), lan/Wi (“blue”), zi/ % (“purple”), hei/
(“black™), bai/ 1 (“white”), hui/ K (“gray”), qing/ T (“cyan”), zong/f% (“brown”), fénhong/ ¥y 4l (“pink™), he/#&
(“hese”), and ju/f% (“juse”) (Dai & Zainal, 2025). Among these colors, ging/& (“cyan”), hé/#y (“hese”), and ju /17
(“Juse”) are considered special Chinese BCTs. This survey included these distinctive BCTs in the mapping tasks list to
explore how the Chinese language separates out the color spectrum.

The focus mapping required the participants to indicate the best or most typical example of different basic color
categories, like, for instance, hong/4l. (“red”), huang/# (“yellow”), lu/%% (“green™), lan/¥ (“blue”), and so on.
Participants could respond based on their intuitive judgment to freely choose any chip on the chart by clicking it with the
mouse on the electronic WCS stimulus chart, which was arranged in precisely the same way as the hard copy of the WCS
stimulus array. After participants had made their selection, a notification would appear at the bottom of the chart,

1 The website for the WCS Data Archives is http://www.icsi.berkeley.edu/wcs/data.html.
2 The WCS Munsell Chart is a foundational tool for exploring how human languages’ structure color categories and how linguistic differences influence
perception, which organizes colors according to three perceptual dimensions: hue, value (lightness), and chroma (saturation).
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confirming the coordinate values of the selected chip. For instance, in the red focus mapping task, a message such as “Ni’
xudnzé de da'an wei F4”/*“YREFF I Z NF4” (“The chip you selected is F4.”) would be displayed (see Figure 1).

Please pick out the best example (chip) of red.

]

You have selected F4 chip

Next

Figure 1. Sample Illustration of Focus Mapping Task

Participants had to select one chip and were not allowed to skip or abstain from selecting. However, they were allowed
to modify their selection before clicking the "Next" button. Once the participants had submitted their answers, the system
automatically recorded them, and they did not have the option to revise their selection. The researchers’ assistants told
the participants in advance, “Under no circumstances are participants allowed to refresh the webpage.” The 14 color
categories were presented in a pseudo-random order (see Appendix A); therefore, the electronic WCS simulation chart
was presented 14 times. Participants were required to make their choice as quickly as possible based on intuition in the
focus mapping task, which took approximately two minutes to complete. All participants were asked to perform the
mapping procedure just once.

The boundary mapping task followed the focus mapping task. The materials and procedures used in this task were
consistent with those used in the task for focus mapping, which involved selecting a single color chip, whereas boundary
mapping involves selecting multiple color chips. The fourteen color categories were presented in the same pseudo-random
sequence as in the focus mapping task. The only difference was in the instructions given to the participants (see Appendix
B). For instance, in the “hong/4L. (“red”) boundary mapping task, participants were required to select all the chips that
they would call red under any condition as quickly as possible based on their intuition. The Chinese instruction for this
task was “Qing xudn chii sudyou hongsé de sé kuai”/“V5iE H P A 4 [ 3, which means “Please pick out all the
red chips.” After participants had made their selection, a notification appeared at the bottom of the chart confirming the
coordinate values of the selected chips. This notification said “Ni xudnzé se kuai wei F1, F2, F3, F4, GI1, G3, G4, HI, H2,
H3, H& “IRiEFRHONFL, F2, F3, F4, G1, G3, G4, H1, H2, H3, H4,” which translates to “You have selected F1, F2,
F3, F4, G1, G3, G4, H1, H2, H3, H4 chips” in English (see Figure 2). It typically took about three minutes to complete
the boundary mapping task. All participants were asked to perform the mapping task only once.

Please pick out all of the red chips.

-+

You have selected F1,F2,F3,F4,G1,G3,G4,H1,H2,H3,H4 chips

Next

Figure 2. Sample for the Boundary Selection in the Boundary Mapping Task

III. RESULTS

A. Results of the Focus Mapping Tasks

The focus mapping task involves participants selecting chromatic and achromatic color categories. Among them, hei/
(“black”), bai/ A (“white”), and hui/7K (“gray”) are achromatic. Specifically, the focus of hei/ZE (“black™) is
primarily on JO; the focus of bai/[1 (“white”) is primarily on A0; and the focus of hui//K (“gray”) is primarily on EO.
The chromatic color terms include hong/4L. (“red”), chéng/t& (“orange”), huang/¥ (“yellow™), lu/Zk (“green”), ging/
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H (“cyan”), lan/¥E (“blue”), zi/%% (“purple”), fénhong/F4L (“pink™), and zong/kx (“brown”) (Dai & Zainal, 2025).
The focus areas of the chromatic colors are illustrated in Figure 3 below.
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Figure 3. Focus Mapping Results of Chromatic Colors in Mandarin Chinese

An analysis of the participants’ focus selection revealed that the term chéng/f% (“orange”) had two distinct focus areas,
located next to E4 and D6. Interestingly, the focal points for chéng/f& (“orange”) and ju/f# (“orange”) are in line with
each other, indicating that these terms are synonymous in the Chinese color naming system and can be used
interchangeably. Similarly, the focus areas for zong/fr (“brown”) and hé/# (“brown”) also show a high degree of
overlap. For more details, refer to Figure 4 below.
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Figure 4. Overlap of Chéng/f& (“Orange”) and Ju/ff (“Orange”) and Zong/fs: (“Brown”) and Hé/#% (“Brown”) in Focus Mapping Tasks
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Figures 3 and 4 show the focus mapping results, which demonstrate the wide range of Chinese color terms. However,
they do not provide information on the dispersion of each color category. Therefore, to better visualize and assess the
dispersion of each color category, including hong/ 4. (“red”), chéng/t& (“orange”), huang/ ¥ (“yellow”), Iu/ %k
(“green”), qing/ T (“cyan”), lan/¥E (“blue”), zi/% (“purple”), fénhdng/ ¥ 41 (“pink”), zong/t% (“brown”), hei/
(“black™), bai/FH (“white”), and hui//K (“gray”) (Dai & Zainal, 2025), this study includes a scatter plot of the color terms
in Mandarin Chinese (refer to Figure 5).
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Figure 5. Scatter Plot of the Color Terms in Mandarin Chinese

Furthermore, this study employs dispersion indices® to elucidate the degree of variation across color terms. Given the
three-dimensional nature of color, the values for lightness and hue of each basic color term were first recorded in the
Chinese BCTs survey. Subsequently, the coefficient of variation (CV) for both lightness and hue was calculated separately.
Specifically, statistical analysis techniques were utilized, with the CV applied to calculate the lightness (ranging from 1.5
t0 9.5) and hue (ranging from 1 to 40) values for each color term. Additionally, the coefficient of determination (R?) was
used to assess the overall dispersion, considering both lightness and hue, within different color categories. Details are
provided in Table 1 below.

TABLE 1
R? AND CV VALUES IN FOCUS MAPPING TASKS

Color Terms RZ(Coefficie-nt of Determination) * C_V (Coefficient of Variation) **

(Lightness, Hue) Lightness Hue
hong/4T (“red”) 0.13 0.13 0.40
chéng/tg (“orange™) 0.61 0.12 0.24
huang/#& (“yellow”) 0.50 0.07 0.14
lu/%k (“green™) 0.06 0.14 0.05
lan/T%5 (“blue™) 0.30 0.12 0.04
zil% (“purple”) 0.00 0.24 0.11
qinglEF (“cyan”) 0.07 0.19 0.17
zonglts (“brown”) 0.01 0.38 0.77
fenhongl¥eL (“pink”) 0.00 0.15 0.48
hei/2 (“black™) 0.85 0.14 1.67
bai/g (“white”) 0.60 0.02 2.78
hui/fx (“gray”) 0.23 0.24 2.98
h&i® (“brown”) 0.01 0.34 0.65
ju/tE (“orange”™) 0.46 0.12 0.26

* The R? (Coefficient of Determination) is a statistical metric used in prediction models and hypothesis testing. It helps in quantifying the percentage
of the overall variance in outcomes observed that can be accounted for by the model. A higher R? value suggests a decrease in variability and dispersion,
whereas a lower R? value denotes an increase in variability and dispersion. The formula for R? is as follows:
R?=1 - RSS (Residual Sum of Squares) / TSS (Total Sum of Squares).
** The CV (coefficient of variation) measures the extent of variability relative to the mean of the data. A higher CV denotes greater dispersion of data
points, while a lower CV indicates less variation and more stable data. The formula for calculating the CV is as follows:
CV = Standard Deviation (SD) / Average Value (AV)) x 100%.

Based on the statistical results, Figure 6 displays the R? (Coefficient of Determination) and CV (Coefficient of Variation)
values for color terms in Mandarin Chinese. The x-axis represents color terms in Mandarin Chinese, including hong/4L.
“red”), chéng/ P& (“orange”), huang/ 3 (“yellow”), Iu/%% (“green”), ging/ & (“cyan”), lan/ W (“blue”), zi/ %
(“purple”), fénhong/ ¥y 4L (“pink”), zong/k% (“brown”), hei/ X2 (“black™), bai/[1 (“white”), hui/ZK (“gray”), and ju/l#

3 “Measures of dispersion in statistics help to understand the variability of data, indicating its homogeneity or heterogeneity. In simpler terms, it shows
how squeezed or scattered the variable is. The two primary approaches to measuring statistical dispersion are absolute measures and relative measures.
Absolute measures of dispersion retain the same unit as the original data set, while relative measures are used to compare the distributions of two or
more data sets.” (From https://byjus.com/maths/dispersion/)
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(“orange”) again (Dai & Zainal, 2025). The y-axis represents the values for R? and CV. The R? (hue, lightness) remains
relatively low across all colors, indicating weak predictive power. The CV (lightness) remains consistently low and steady
around 0.5, showing no significant fluctuations. In contrast, the CV (hue) exhibits significant variation, with pronounced
peaks between achromatic and chromatic colors. Overall, the data suggest that hue variability is much more pronounced
compared to lightness in Mandarin Chinese.

Specifically, hei/7% (“black™) exhibits the highest R? value, indicating the lowest dispersion among all color terms.
Conversely, the zi/%8 (“purple”) has the lowest R? value, signifying the highest level of dispersion. Additionally, the R?
values for fenhong/fy 4. (“pink™), zong/k7 (“brown™), and ¢ging/# (“cyan”) are also relatively low. In terms of lightness
CV, zong/¥7 (“brown”) has the highest CV value, indicating the greatest lightness dispersion. On the other hand, the
term for bai/I-| (“white”) has the lowest CV value, suggesting the lowest lightness dispersion. Regarding hue CV, Aui/
K (“gray”) exhibits the highest CV value, indicating the greatest hue dispersion. Conversely, the term for lan/# (“blue”)
has the lowest CV value, suggesting the lowest hue dispersion. The CV values for fénhéng/¥i 41 (“pink™) and zéng/kr
(“brown”) rank just after the achromatic colors kei/®2 (“black”), bai/[1 (“white”), and hui/JK (“gray”).

R=Coefficient of determination) and CV(Coefficient of Variation) for Color Terms in Mandarin

Chinese
4.00
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3.00 ==@== Cocfficient of Determination
(Hue,Lightness)
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Figure 6. R? and CV Values for Color Terms in Mandarin Chinese

B. Results of the Boundary Mapping Tasks

The boundary mapping tasks include fourteen Chinese color terms: hong/4L. (“red”), chéng/P& (“orange”), huang/¥%
(“yellow™), lu/%% (“green”), qing/ 75 (“cyan”), lan/¥E (“blue”), zi/%% (“purple”), fénhong/¥i 41 (“pink™), zong/tx
(“brown”), hei/ & (“black™), bai/ 1 (“white”), hui/JK (“gray”), ju/f#i (“orange”), and hé/#5 (“brown”) (Dai & Zainal,
2025). The results of these boundary mapping tasks were consistent with those obtained from focus mapping. Specifically,
the achromatic boundary for Aei/7% (“black”) is predominantly located in the JO region and in the darker areas, whereas
the boundary for bai/FH (“white”) is primarily found in the A0 region and in lighter areas. The hui/ZK (“gray”) range is
situated predominantly between the AQ and JO regions. The distribution of the nine chromatic color terms (hong/4L.
“red”), chéng/ P& (“orange”), huang/ 7% (“yellow™), lu/%% (“green”), ging/ & (“cyan”), lan/Wi (“blue”), zi/ %
(“purple”), fenhong/ ¥y 4L (“pink™), and zong/¥7: (“brown”) (Dai & Zainal, 2025) reveals overlaps between adjacent
categories. Further details can be found in Figure 7 below.
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Figure 7. Results of the Boundary Mapping in Mandarin Chinese

The contour plot in Figure 7 shows Mandarin Chinese color terms’ lightness and hue distributions. The x-axis shows
hue, divided into color zones from red (R) to red-purple (RP). The y-axis shows lightness, labelled A to J, with values
from 1 to 10 denoting brightness. Each contour line on the plot signifies areas of equal density or frequency of color term
usage within the given lightness and hue parameters. The contours are grouped and color-coded for specific colors,
including hong/4l. (“red”), chéng/P& (“orange”), huang/¥ (“yellow”), lu/%k (“green”), qing/T (“cyan”), lan/¥
(“blue™), zi/%% (“purple”), fénhong/Fy4L (“pink™), and zéng/tF (“brown”) (Dai & Zainal, 2025), allowing for visual
differentiation of each color cluster. Notably, the contour lines for each color term show the concentration and spread of
lightness and hue, with denser areas indicating higher frequency or consistency in the perception of that color term.

More specifically, there is a clustering of pink and red on the left side, with pink having higher lightness values
compared to hong/ 4. (“red”). Huang/# (“yellow”) and lu/%t (“green”) occupy central positions with broader
distributions in lightness, while lan/¥% (“blue”) shows narrower distributions towards the higher hue values. Zi/*%
(“purple”) is distinctly clustered on the right, indicating a unique hue range with moderate lightness. The contours for
zong/KR (“brown”) show a broader spread across lightness levels, indicating more variability in the perception of this
color term. It is noteworthy that ging/7 (“cyan”) occupies a position between lu/%k (“green”) and lan/¥ (“blue”) in
the color spectrum, comprising a majority of /u/4% (“green”) and incorporating certain portions of lan/# (“blue”). See
Figure 8.
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Figure 8. Lu/%% (“green”), Qing/7 (“Cyan”) and Lan/# (“Blue”) Boundaries Overlap in Boundary Mapping Tasks

Furthermore, the results from boundary mapping closely correspond to those of the focus mapping tasks. The contour
plot provides a visual representation of color terms in Mandarin Chinese, highlighting the variation and concentration of
lightness and hue for each color. It not only illustrates the relative positions of different color terms but also demonstrates
where they overlap within the perceptual color space. Specifically, the boundaries of the color terms for chéng/T5
(“orange™) and ju/i# (“orange”) coincide, as do the terms zong/Fr (“brown”) and hé/#5 (“brown”), as depicted in
Figures 9 and 10.
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Figure 9. Overlap of Chéng/f§ (“Orange”) and Ju/#% (“Orange”) in Mandarin Chinese Boundary Mapping Tasks
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Figure 10. Overlap and Zong/ks (“Brown”) and He/# (“Brown”) in Chinese Boundary Mapping Tasks

Overall, Mandarin Chinese has 11 basic color categories. Qing/® (“cyan”) in Chinese does not have corresponding
color terms in English. The focus points and ranges of Chinese BCTs closely correspond to those of English BCTs.
However, the focal points and ranges of synonymous Chinese terms, such as chéng/f% (“orange”) and ju/f% (“orange”),
as well as zong/A% (“brown”) and hé/# (“brown”), exhibit substantial overlap, suggesting that semantically similar color
terms in Chinese share similar referential boundaries. Furthermore, the Chinese term ging/# (“cyan”) often functions as
a hypernym, encompassing green, blue, and blue-green, making it a particularly distinctive category within the Mandarin
Chinese color nomenclature. Regarding the semantic saliency and dispersion of Chinese color terms, the findings indicate
that color terms with greater semantic saliency tend to have lower dispersion rates. However, the color term ging/%
(“cyan”), despite its higher semantic saliency, exhibits a high dispersion rate, differing significantly from other Chinese
BCTs in both semantic saliency and dispersion.

IVV. DISCUSSION

The study examines the focus and boundary of 14 Mandarin Chinese color terms. The findings suggest a reciprocal
relationship between the focal points and boundaries. The observed characteristics in the results can be analyzed and
discussed from the following perspectives.

A. Comparison of Focal Points Between Chinese and English

The comparison of focal points between Chinese and English color terms shows that the focal points for the eleven
basic color terms are mostly consistent across both languages. The focal point refers to the most frequently selected color
chips that participants consider the most representative. When comparing the focus selection in this study (see Figure 3)
with the “consensus samples and focal colors on a two-dimensional representation of the Munsell space” identified by
Sturges and Whitfield (1995, p. 367), it is evident that, with the exception of color terms related to ging/7 (“cyan”), the
focal point selections are generally consistent. This suggests that the focal points and ranges of various color terms in
modern Chinese and English are largely similar. Furthermore, the behavioral procedures used in this survey to investigate
Chinese BCTs support the universal existence of basic perceptual color categories proposed by Paul and Kay (1969),
which posits that all human languages contain a set of BCTs that correspond to a universal set of perceptual color
categories. Obviously, there is a commonly accepted belief that all mentally healthy humans see reality in a similar manner,
and languages act as itemized inventories of this reality. When it comes to expressing color, the inventory across
languages is essentially the same, with differences arising only in pronunciation. However, the theory of linguistic
relativity counters this by asserting that the world is experienced and conceptualized differently across different
communities, with language shaping specific cognitive structures. The ongoing debate between linguistic universality
and linguistic relativity, which touches on the relationship between language and cognition, will be further explored in
the future.
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B. Comparing the Results of Focus and Boundary Mapping Tasks

By comparing the results of the focus and boundary mapping tasks, the contour plot reveals that most Chinese color
terms’ focus and boundary regions are predominantly clustered around the prototypical exemplars. As the distance from
the prototype increases, there is a notable decline in the frequency with which color chips are identified as focal points.
This phenomenon can be interpreted through the lens of the prototype theory, as proposed by Rosch and Mervis in 1975.
This theory posits that categories are cognitively structured around prototypes, which serve as mental representations of
the most typical or central examples within a category. The prototype theory suggests a gradient of typicality, wherein
items closest to the prototype are perceived as more representative of the category, while those with fewer distinctive
features or those sharing characteristics with other categories are less central (Rosch & Mervis, 1975). However, it is
important to note that the prototype does not accurately represent all cases. For instance, the special macro-category color
term ging/T (“cyan”) in Mandarin Chinese has widespread usage in both ancient and contemporary Chinese, but an
extensive online survey with a substantial sample size verifies that the term ging/7 (“cyan”) displays inconsistent
references and meanings among various sources and situations. The ging/7 (“cyan”) category, similar to the “grue”
(green-blue) category in English, lacks an explicit boundary on the color spectrum. “Focal grue selections have often
proved to be bimodal, chosen from both the focal blue and focal green regions, but grue has never been found to be
focused in the intermediate blue-green region” (Kay & McDaniel, 1978, p. 630).

C. Unique Characteristic of Color Term Qing/& (“Cyan”)

Following a comprehensive analysis of the results from the focus mapping tasks, it was observed that the ging/#
(“cyan”) category does not exhibit a concentrated focus on the color spectrum as distinctly as other BCTs. However, the
results of the boundary mapping tasks in this study unequivocally demonstrate that the scope of ging/? (“cyan”) is
concentrated predominantly within the intermediate blue-green spectrum. The distinct range phenomena associated with
the Chinese color term ging/? (“cyan”) can be effectively interpreted through the framework of Vantage Theory,
proposed by Robert E. MacLaury (1997). Vantage Theory is a dynamic model of color categorization that posits that
individuals construct color categories by anchoring their cognitive processes to specific dimensions of color, such as hue,
brightness, or saturation. Color stimuli are then evaluated in relation to this fixed coordinate, based on their degree of
similarity or difference. Furthermore, Vantage Theory suggests that the language an individual speaks significantly
influences their color perception and categorization (Gtaz & Allan, 2010). In ancient Chinese, the term ging/® (“cyan”)
encompassed a range of colors, including green, blue-green, blue, and even black. However, in modern Chinese, the
semantic range of ¢ing/T (“cyan”) has been gradually divided into distinct terms for lu/%% (“green”) and lan/¥i
(“blue”). In contrast, English operates with a dichotomous system, distinguishing between green and blue as separate
categories. Traditionally, Chinese utilized a tripartite system in which qing/7 (“cyan”) represented the overlap between
blue and green, often translated as ging/7 (“cyan”).

D. Focus and Boundary for Synonymous Color Terms in Mandarin

The classification of basic color terms in Chinese subject to debate among scholars. Some studies have categorized /¢e/
#5 (“brown”) as a basic color term (Sun & Chen, 2018; Yao, 1988), while others categorized ju/f#& (“orange”) as a basic
color term (Tusei-Ju Hsieh, 2010). In contemporary Chinese, zong/fx and hé/# are used interchangeably to denote
brown, as are chéng/f§ and ju/fF for orange. Consequently, this study incorporated both sets of terms in its mapping
tasks. The results demonstrate that synonymous color terms in Chinese generally exhibit overlapping foci and boundaries
(see Figures 9 and 10). This finding aligns with previous research indicating that basic color categories in Chinese largely
correspond to those identified in the WCS, despite variations in terminology among participants. Mandarin Chinese
allows for multiple synonymous color terms to be associated with a single-color category (Sun & Chen, 2018). It is crucial
to distinguish between basic color terms and basic color categories (Biggam, 2012). While color categories encompass
basic color words, the reverse is not necessarily true. Color categories are situated within the cognitive domain, whereas
color terms belong to the linguistic realm. Although the physical properties of color terms remain constant, human
cognition is flexible and susceptible to change. The domain of color perception is an ideal platform for analyzing the
complex relationship between language and cognition.

E. Reason for Variability of Coefficient of Variation (CV)

The analysis of the focus mapping results indicates that, with regard to hue, the coefficient of variation (CV) for the
achromatic terms hei/® (“black™), bai/[H (“white”), and hui//K (“gray”) is significantly higher than that of the other
color terms. This demonstrates a greater variability of achromatic terms relative to chromatic terms in the color focus
mapping tasks. In other words, the dispersion of the achromatic terms is greater than that of the chromatic terms,
suggesting that the chromatic terms exhibit greater stability than the achromatic ones. Upon further analysis, it was found
that the elevated coefficient of variation for hue is attributable to the higher standard deviation (SD) and lower average
value (AV) for the achromatic terms hei/ & (“black™), bai/[1 (“white”), and hui/#K (“gray”). The coefficient of variation
is calculated as (SD/AV) x 100%. According to the World Color Survey (WCS), the Munsell stimulus palette from rows
A to J contains stimuli with only lightness values and lacks hue value, which means the hue value from A0 to JO is 0. In
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the Mandarin Chinese color survey, the majority of participants selected focus points between A0 and JO. However, some
participants overlooked the stimulus cards in the far-left column and instead chose stimuli from the right column, leading
to a larger standard deviation for the achromatic terms but a relatively low average value. This, in turn, explains the higher
coefficient of variation for the achromatic terms hei/X2 (“black™), bai/H (“white”), and hui/7K (“gray”). In contrast, the
analysis of the coefficient of variation for lightness among the achromatic terms shows that bai/[1 (“white”) exhibits the
highest stability, with hei/%2 (“black”) and hui/?K (“gray”) also demonstrating moderate stability compared to the other
surveyed color terms.

V. CONCLUSION

This study empirically investigated the focus and boundaries of BCTs in Mandarin Chinese. The results of the survey
revealed that the foci and boundaries of Chinese BCTs are generally similar to those of English BCTs, as revealed by
Sturges & Whitfield (Sturges & Whitfield, 1995), although with minor variations. We found that the Mandarin Chinese
separation of the color spectrum has its own unique characteristic. The synonymous color terms in Mandarin, such as
chéng/F$ and ju/kf for “orange” or zong/Fr and hé/#y for “brown”, have overlapping category boundaries but do not
share identical focal points. Moreover, the unique color term ging/7 (“cyan”) in Chinese encompasses a broad spectrum
of hues, including a large boundary of blue and green. However, its focal consistency is relatively low, resulting in greater
variability and dispersion in focus mapping tasks. Due to the limited sample size, this study provides only a preliminary
investigation of the focal points and boundaries of Chinese BCTs. Future research should incorporate both online and
offline field studies to further investigate the characteristics of Chinese BCTs and to examine the relationship between
language and perception. Such efforts will contribute to a more profound understanding of the complex interplay between
language and cognition.

APPENDIX A. THE PRESENTED PSEUDO-RANDOM ORDER IN FOCUS MAPPING TASK

P
o

O |N|o(g|~[WN|-

Task Selected Color Chip
Please pick out the best example of red.

Please pick out the best example of orange.

Please pick out the best example of yellow.

Please pick out the best example of green.

Please pick out the best example of blue.

Please pick out the best example of purple.

Please pick out the best example of cyan (Qingse).
Please pick out the best example of brown.

9 Please pick out the best example of pink.

10 Please pick out the best example of black.

11 Please pick out the best example of white.

12 Please pick out the best example of gray.

13 Please pick out the best example of Hese (&&).

14 | Please pick out the best example of Juse (& ).

APPENDIX B. THE PRESENTED PSEUDO-RANDOM ORDER IN BOUNDARY MAPPING TASK

No. Task Selected Color Chips
1 Please pick out all of the red chips.
2 Please pick out all of the orange chips.
3 Please pick out all of the yellow chips.
4 Please pick out all of the green chips.
5 Please pick out all of the blue chips.
6 Please pick out all of the purple chips.
7 Please pick out all of the cyan (Qingse) chips.
8 Please pick out all of the brown chips.
9 Please pick out all of the pink chips.
10 Please pick out all of the black chips.
11 Please pick out all of the white chips.
12 Please pick out all of the gray chips.
13 Please pick out all of the Hese (#&%2) chips.
14 Please pick out all of the Juse (1% &) chips.
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