FRERRF T LR g

B S PR L GE R L
3% dE

\\\

F2 5

ﬁ%ﬂé%@fﬁ;: <
G N ed g

SRR e

I\
nHQ"

¥ % % ¥ 0 NSC 98-2420-H-009-001-DR

# OB W 98# 087 01p 2 99E 07 31
HoFOH o E ik F R g
Y

'L 2 R

SR F M APEVORAS

o= A R 99# 087 05 P




=7 % e e e e e e e R e e T R s T e,
| N\ D .ﬂﬁq@.\&‘ﬂi 4‘00!% % ‘ KR o 4#904\1 ¥, ‘Jo 400 0@14.}‘ 40..-\.1 4%‘.1 d.ﬁ 40\430.1‘ 1\10“ ¥, 00_1 o, 404 0* 400 O.Gﬁcﬂ.v \%-ﬁfem\ 0.0 \.04 Lo ‘a‘ Oo 1&‘0044 nm.o..c t@.fft %a.c oﬂ 400 404% 14004 ‘Qom.- 4*‘ ‘Qi aﬂc i 4.‘0« Oo.vo cm.\ o 0.01 0\.0‘00\0 o R
) e R

\ s
AR R A2 R A R R R R R E AL R S R B B2 BHIIEISS
AT AR ey Tt R TR e i Pk n A

Sldlire e e T e

N AT B e R TR A T AT R & TN Y

e T L T i e S Tt L 13 S e 3

nE R

No.A0022597

TR

-~
-
P

0= N\O—
B4

A

e e

: I

LA

O
AN

UNGHUNIVERSHRY

L

R2(99)EFFE 924280157

£

ST

o ST L E v
oot irtes
O

i

FH AT

U

S+
1=

T

BRBLIRT

-
=]

Pz 7

o
A

i

o

o

A

e

<A

CH
LA Lk,

% o
=

s
=l
S+

i

N2

it

4R

)

3
S

L e e )

ey
s

V'i'-'
AR

2

R

= ;3.‘.2';,‘
7t
A

A,

B2 HRS
¥ B
£
F R

TN
N

]
.

e
>,
L

BAERFARHLTREERT

o,
-

T ARFLE AN HRER BAEMH AT B3

4 H o
RPERE

o
£4

24

s

..
.

s

%
g




oy
<t
)
]
>t
i3

J/ui »

8
2
)
;In_{

3k
H_
gg
)

BRER 7 G 7 IR

Color Terms and Lexical Color Category Space in Mandarin

B 4 R 4
FBEHR R—F B+

PERBATHNADEFEANA



T B AR b aE B A R 22 ]
Color Terms and Lexical Color Category Space

in Mandarin

R OA R4 Student : Tusei-Ju Hsieh
BEHE  BR—T Advisor : Dr. |-Ping Chen
AV =
e 2 ﬁt‘ﬂ%ﬁﬁ
e
ADissertation

Submitted to Institute of Applied Art
College of Humanity and Social Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy
n
Art
Hsinchu, Taiwan, Republic of China

FERBATFENA



FXEHFRRIZ T EXER E R

FRFAE D AR o J/EHK T R—F L

‘Y

SR EKRE A AR TP 5

HE

EHREEMMEREROSEAR T B TARZERLAREHERR  FHA
Fe 0y &0 BB ho T 385 A9 7 AR E - B R A TR AR L R 0% B UbAR IR P 0 & 2 2407
B — c LFEMLUAR BAESR B TE - EXHRZRCHEZEEHAABRE L LR
BT EaEHaoE s asmuale  RAHNELErMmEAE R RMENER
ERCHCHZREM T 0 EFET OH AR RIBA B RIS AL UL H N 2o BB E
MR MHNABRERBTEZ M B BN AR ERTRAL T RBELOIEAR
BsULR &% A FES R e LA M OB R TASE ST BILWERRE  mBeUHEmE
UETHANEACERENCHETTAEFT RS R ROR TR THRE KA &L
FPUREHEHIAEEENERALRGEM R T EMT B LR > DU KRR R 40

&R EHRERENIZHEHRREHER L RA -

HEHRRAZS T RGBT A (B &R0 8 ) RIS AR BRBLR B A HR 5]
by XA RRIZ M - B LRAEMBEM R e iR akd b Atey 412 5
R KSR RAAL 8 F KA B AL~ 248 R R IRR A e P BT AR EA

REBEXK 0 %E FHEVERIMABILH R FERRMCHFLRRG EL - —FFT
WHREATRRGALENFE AR B > EA—EEHFRBHEHL > Flhoicd o £
ARG PO — B FHEA ETEURNNRRIALREL B - BLERIIX
TLPFREE 7 P XBBH Y e | —AME AN e R ERAETEE Y Ted
A —HReE 7 LRG| AR E SRR T M EMMER ) Bllo B LR REE T Z 4
SHNERCLEAR - HREXZTAEWC)FE - A > BFA48 5 R T XA R

-



HEQBEMBEERR  AENIL RAXEGFEARY X FEEMEARRE S > HFF
XERTHELARARBETEHBAINORL -

ARXEBAZ > pHUEHARERARB S 58— BT XEUFRHE
BN BERILAR B G HAT— B 18I P X FE L LA e P T bR BEE
BRAAHAETEELHEA EAKEANHEL TAMA LM - E2 = 4T B d 36
AP XFBESFENER AR R 21 EAE SR ZH A BRG EX AR
N~ RIEBIFHEAZCHBMZBAKREE  LERBNENBRETXEHPLITAH
FVPHREHR > AREFHERGEL - EB= ' ZBIUAT XFBHNEBE U
FAR R &% 2 I (CIE1931 x-y diagram) L a9 B S0 [E » 23R a9 T A 12 B ¥ XHE AR
EAAEBEIR 461 B4 8 &8 - BB TR LRGN EFEMAE A R R 44
ML REEITEETR ARERTHEALT ZZTENEHK AR EILLE BT
XEHAE T 8935S &R B ey £ B TTEA &K R B 6 B R 432
WiEZE > T %% E £ | (Universalism) %! 48 #3% | (Relativism) g B EHE -

RFABXN ZBELIARERTHNEATER | LA HHARA G L TR

(S

TY oA RAYXEUIAREAZENEOARTREAN b BT K- B -
EE R8G9kt~ i F > SRR RFSAMIERE oy 11 BEAKE S
W RP ke B etk RE -85 BORFRAAE L T B35
(monolexemic)Z EE > EmZ LB T EHM A =My T B8 | (foc)LEHBAER
EEBERTRAETXZARES - 2.8 o & &R F AT X &S 4535 (tone
modifier) .45 5 ~ B ~ K vy~ B R - BUAE - 3 HAEEY GBI E R
HMBEZT  PXEXFLATHAEONERRSNBEGEL BIOWEARELAERE
LomB T X LEEMBEHRERHBER XXEHREHF LN TFHECELBRIK -
4ARHBAG T BB EVRIEEARERER > AR ELAGEX TRIE
BERNAGBARER > AREHpFENTRILEL T XIE XL HFRE - 5.8
LB EdEPLUR 12 64 E6METRMOERET XBREHENMTNE - KR LG
A5 50, B o R BCEAT R B E bbﬁfwﬂéﬁ;ﬁ%i%éﬁ&ﬁéﬂﬂaﬁ {8 7 ) 4 %6 [E 64 R



MAZCFENOREIRE AABE 4 - SR =F W EVBN QB BE e RIF £
B KWK A EE > 85888 #F(force-choice) i &) R JEAF il 42 ~ VE X $EE K > M LT 54
ROEFTHERSL  MAABTLHEXITHRENMNEK HEGLERETELAY
B AR RTHRLLE HKELEANTIXELAERA LR AR LEERY
MBS

ERMZT  ARXATHALATRATARB P XEHNETARABRNEE LS
T ORESHRELALE T EAFLERGARTH T XARESL > BRELRRAN
DAXRRTAER G TRt P RHE03F SERLHOAZAAMEN - AIIRARZLER
I ABET EXBHARG T XSE BN BHRNE S RET - B P XHETH
RRBELBEM DG - B ARG ERETES T X8 &K 55 K oy R AR
B AAHDAEXNEMARGZRARE NS > PXERRE L ~ RE B 4 (secondary
color term) ~ MA R & % /E AL &1 % 7 DR, & — SRR -
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National Chiao Tung University

Abstract

The lexical color categorization is a critical function of color perception which involves
sorting visual responses to lights into certain color categories and coding them with language.
The issue of verbalizing color experience, or color naming, had drawn many attentions from
visual psychologists, linguistic anthropologists, and color scientists. Some anthropologists
suspected that the amount of color vogabulary citeulated within a language could be taken as
an idex to the technological and cultural complexity-held by the speakers. Although some data
were reported in the pioneering work ef Berlinand Kay (1969), the developmental status of
Mandarin, i.e., the sophistication and the differentiation of its color vocabularies, remains
unclear. Besides the theoretical impact on linguistic anthropology, the behavior of naming
color experiences is also considered a mirror reflecting the cognitive structure of inner
structure of color space. English color naming is a well-discussed topic, and there were over a
hundred of different languages in previous extensive color naming survey (WCS). However,
there is still a considerable vacancy of empirical color naming data in the relevant domain.
The current study aims at establishing the groundwork of lexical color terms and categories in
Mandarin by collecting empirical data from native speakers. The objectives to be achieved in
this research include: 1. to investigate synchronic Mandarin color lexicon and the popularity
of frequent color vocabularies. 2. to acquire behavioral data of color naming. 3. to determine

Mandarin basic color terms by analyzing results of the empirical survey. 4. to locate Mandarin



speakers’ foci and boundaries of known lexical color categories in a standardized chromaticity
diagram. The empirical works in the study includes: 1. a free-recall survey of prevalent color
terms involving 189 informants who are native Mandarin speakers. The collected data would
help establishing the color lexicon in the current cultural context. 2. a free color naming
experiment with written color terms and response times as dependent variables. It is supposed
that these variables provide not only the simple popularity counts of color terms, but also an
index to the psychological link between color categorization and naming. 3. a 12-terms color
sorting experiment. There are 461 color stimuli varying in hue, saturation and brightness in
this experiment and participants were asked to sort them into twelve color terms.The results of
the three empirical works showed that 1. there are twelve Mandarin color terms that are
consistently recalled and named, %(Hung), #(Ju), % (Huang), #(Lu), & (Lan), % (Zi),
Z (Hei), #& (Hui), & (Bai), vv3k(Ka-fei)iiskn 4 (Feng-Hung) and #k 4z (Tao-hung). These
terms correspond well to the eleven color-categories found by linguistic anthropologists
Berlin and Kay, and can be regardéd\as basic:Mandarin color terms. 2. There are eight tone
modifiers found to be frequently used in'the free naming experiment, 5z (bright), &% (dark), %
(pale), s (powder), % (light), 7&(deep), & (-ish), and iE(central, correct). 3. Compared to
the results of English color naming study, Mandarin speakers use more compound color terms
and fewer basic or monolexemic color terms. The response times of Mandarin color naming
are longer, and participants’ confidence scores are lower. 4. Comparing the current results
with Japanese color sorting experiment in a similar viewing condition, one finds that the
location of blue-green boundary is quite different in the two studies. To sum up, this study
conducted an exploratory survey on modern Mandarin color terms and color naming, and
obtained the experimental data for constructing the space of Mandarin lexical color categories.
These results form a good complement to the empirical vacancy in the related fields in world

language community, and also serve as the backbone for further studies.
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CHAPTER 1. INTRODUCTION

This chapter gives an overview of the general background and scope of this
dissertation. Session 1.1 addresses the brief history, orientation and impact of
cross-language color naming studies. Session 1.2 focuses on the scope, purpose
and expected contribution of this dissertation. Session 1.3 gives the structure and

completed works in the dissertation.

1.1 Backgrounds

Color is the most salient feature in the visible world. The ability of making good use of
color information greatly enhance the chance of survival and the quality of life of human and
animals alike. Color also carries the potential of arousing aesthetical emotions, and therefore
plays a key role in visual art and modern display industry. Due to its significance in human life,
color study has a long history and involyes'diverse research disciplines. Interests in color can
be found in academic areas ranging from philosophy, visual arts, culture studies, to physics,
psychology, and a good variety of“industrial:applications. The remarkable variety of color
research was discussed in certain review' 'works such as Color For Science, Art and
Technology (Kurt, 1998). Among various perspectives of color related studies, an
extraordinary research line regarding the verbalization of color perception is relevant to the
present dissertation.

Some anthropologists suspected that the amount of color vocabulary circulated within a
language could be positively related to the technological and cultural complexity held by the
speakers (Berlin & Kay, 1969). Besides serving a probable index of cultural maturity, the
behavior of naming the color experience is also considered a mirror reflecting the cognitive
structure of inner color space, or even the fundamental mechanism of color vision.

There is a critical mechanism involving sorting visual responses of lights into certain
color vocabulary, which is the lexical color categorization. This mechanism reveals the nature

of information processing of human cognition. Fundamentally, the mind processes vast
1



amount of continuously changing sensory data into more manageable discrete pieces of
information, that is, to sort many similar or related events into a finite number of accessible
categories. The categorization phenomenon is an information reduction procedure found in
the whole cognitive system, and particularly underlies the process of color perception. We
literally “see” colors in a categorical fashion. For instance, people lump various discriminable
or indiscriminable bluish shades together into a single ‘blue’ category, and we also use
linguistic labels, such as “blue” in English and “E%” in Chinese, to convey the visual quality
of that whole color category. Common color terms like red, yellow, and green are also color
categories in that they cover a set of color stimuli instead of referring to a specific
monochromatic stimulus.

The study on color verbalization soon picked on a heated debate over whether color
category is governed by color vision, whichtis supposed to be universal, or by language,
which is relative and culture dependent. Will the iconcept of any color category be similar
between different populations using=différent:color/ferms, provided they share the same visual
physiology?

Around half century ago, two linguistic anthropologists Brent Berlin and Paul Kay
(hereafter B&K) were intrigued by the ease with which common color terms could be
translated between languages form locales as diverse as Tahiti and Mesoamerica (Hardin &
Matffi, 1997). This seems to be inconsistent with the culture relativity theory in which
languages are thought to divide color space arbitrarily (e.g. Whorf), and shape the way their
speakers perceive colors (Whorf, 1956). B&K afterwards conducted a cross-languages color
naming survey on U.C. Berkley campus and published their empirical observation in Basic
Color Term (Berlin & Kay, 1969). B&K proposed two general hypotheses about the naming
of perceptual color categories: (1) there is a restricted universal inventory of naming of these
categories; (2) a language adds basic color terms in a constrained order, interpreted as an

evolutionary sequence. The universal and evolution features within their earlier findings were
2



improved and confirmed by the subsequent World Color Survey (hereafter WCS) with a more
comprehensive scope and systematic method.

In the rich history of color-vision research, color scientists dedicated themselves to
psychophysical aspects of color, such as color matching and discriminating, adaption, and the
measurement of thresholds, but seldom addressed the categorical structure or linguistic
expression of color perception. However, since B&K and the followers initiated the
investigation on the color categories and their naming in various human languages, the
linguistic expressions of perceptual color categories are considered to interact with the
introspective side of color vision. In the traditional domain of color-linguistic studies, the
interaction between color perception and languages was framed into two fundamentally
separate questions (Regier, Kay, Gilbert, & Ivry, in press): (1) Are semantic distinctions in
languages determined by largely arbitrarylinguistic convention? (2) Do semantic differences
cause corresponding cognitive perceptual differences in speakers of different languages? In
the past decades, many linguisti¢- anthropologists and visual psychologists produced a
considerable amount of evidence and arguments to answer the questions. Chapter 2 would
track the research on these questions in detail.

There were over a hundred of different languages in previous extensive color naming
survey. However, the status of Mandarin regarding color categories and the naming could not
be fully clarified based on the existing data. Specifically, the latest WCS report started from
1970s and surveyed 110 different languages do not cover Mandarin. Dating back to 1960s, in
the survey of 20-unrelated languages carried out by B&K (1969), the data that contributed by
a restricted number of Mandarin informants was insufficient to affirmatively determine the
evolutionary color naming stage to which Mandarin belongs. B&K then roughly treated
Mandarin as an example of evolutionary Stage V, in that contains only six color terms, black,
white, red, yellow, green, and blue, while Japanese, Korean and Cantonese were assigned into

Stage VII which fully contains eleven basic color terms. Practically most native Mandarin
3



speakers would find the terms in use are surely much more than the six terms that were
concluded. A later duplicate survey in Mandarin color naming conducted by Taiwanese color
researcher Lu Ching-Fu was motivated by this debatable discrepancy (Lu, 1997). In general,
although Mandarin is a complex language used by more native speakers than any other
language, there is a considerable vacancy of empirical color naming data in the relevant
domain.

In addition to the theoretical impact of color categories and naming issue, knowledge
about this issue could lay the groundwork in applied researches of color. It is known that
one’s color experience in color-science lab and in real life is qualitatively different. We
process, memorize and communicate colors in categorical form with linguistic labels, while
color vision research reports psychophysics data based on very basic discrimination response.
Most color researches focused on the psychéphysics of color, instead of the cognition of color.
However, in the application of visual communication and visual design involving colors, the
color knowledge at cognitive levél\would:be] necessary. A landmark color order system
Natural Color System (NCS) was developed ‘on the cognitive level of color perception (Sivik,

1997)..

1.2 Scope

The issue of language-dependent color naming had drawn many attentions from visual
psychologists, linguistic anthropologists, and color scientists. However, previous studies did
not collect enough observations from local native Mandarin speakers. Seeing that, this study
aims at establishing the groundwork of Mandarin color categories and terms by collecting
color naming data from native speakers who resident in one of the areas currently using
Mandarin and traditional Chinese characters, Taiwan. This fundamental-orientated study
holds specific objectives listed as below:

(1) Investigating synchronic Mandarin color lexicon and the popularity of frequent color
4



vocabularies.

(2) Acquiring behavioral data of color naming and establishing the cognitive model of
color naming space.

(3) Locating Mandarin speakers’ foci and boundaries of known major color categories in
a standardized chromaticity diagram.

(4) Sieving out frequently-used secondary color terms and their chromaticity structure
relative to basic color terms.

(5) Discussing the impact of color naming research on applied domain such as visual
communication and color design.

The listed objectives in this dissertation were approached through empirical works
involving methods of color lexicon survey, color naming and sorting experiments. Comparing
with typical color naming works following, B&K’s paradigm, this study holds some
methodological distinctions:

(1) Most of previous cross-laiguage survey,-including WCS, adopted reflective color
stimuli such as color chips sampled form Munsell system, and the viewing conditions
were not strictly controlled. Actually, the appearance of reflective color could
drastically affected by multiple factors, e.g. lighting, or even more subtle factors like
stimulus size or viewing distance. The color stimuli in the study are LCD-display and
under well-controlled condition.

(2) In the previous anthropological survey, the foci color (the best example within a
color category) was determined by simultaneously presenting many color samples to
the viewers. This method is direct and efficient, but the juxtaposition would lead to
color contextual effects like color assimilation or color contrast, which might alter
the appearance of color samples. Instead, this study locates foci color through
behavioral statistics, e.g. frequency count of sorting and naming, and response times

(hereafter RTs).



(3) Color samples used in B&K and WCS were in the highest saturation level and varied
along Munsell Hue and Value axis, i.e. perceptual dimension of hue and brightness.
Colors of middle and low saturation were excluded in those works, while most colors
in the real world should be in these shades. The stimuli in this study are
evenly-sampled from the CIE1931 chromaticity diagram and cover several distinct
luminance levels. The stimulus sampling was sweeping the available gamut of a
typical LCD display. Thus the stimuli are a set of finely sampled colors varying along
hue, saturation and brightness. Moreover, the results can be transformed to other

color spaces or color appearance models.

1.3 Structure

The structure of this thesis is given‘ifiyTable 1-1, which presents the major works
surrounding each theme and how they_are artanged:into separate chapters. Chapter 2 gives an
overall review of literature related to\the eurrent study. The first empirical work in Chapter 3
is a free-recall survey of prevalent color terms involving 189 informants who are native
Mandarin speakers. The gathered data would help establishing color lexicon of current
cultural context. Chapter 4 presents a free color naming experiment with written color terms
and response times as dependent variables. It is supposed that these variables provide not only
the simple popularity counts of color terms, but also an index to the psychological links
between color categorization and naming. Chapter 5 is a 12-terms color sorting experiment.
There are 461 color stimuli varying in hue, saturation and brightness in this experiment and
participants were asked to sort them into twelve color terms corresponding to B&K'’s eleven
basic color categories. The cross comparison with the current results and the results in
previous studies would be given in Chapter 6. The last chapter also organizes the findings in
the study. The further extension works and the links with application domain would be

discussed too.



Table 1.1. Structure of the thesis

Structure of the thesis

Theoretical grounds |]:> Methods and experiments I]::> Results and discussion

Chapter 2.

Literature review

Chapter 3.

Color Lexicon Survey in Mandarin
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CHAPTER 2. LTERATURE REVIEW

This chapter introduces the theoretical background of the thesis. It briefly reviews
various aspects of lexical color category discussed in the following disciplines:
psychophysics, perceptual cognitive, linguistic psychology and anthropological

linguistics. Also, the study of color naming in Mandarin will be reviewed.

2.1. Color discrimination versus color categorization

One of the core issues in the long history of color science is the inquiry of the functional
unit of color perception. Human eyes perceive distinct hues in the visible radiant spectrum
ranged from 400 to 700 nanometers, as Isaac Newton observed three centuries ago.
Phenomenally, the apparent chromaticity quality derived from visible lights varies region by
region instead of wavelength by wavelength.“The attempt of segregating perceptual regions of
color had been made intensively by:¢lassic colot=scaling experiments ( Boynton, 1975). Color
coding involves multiple levels<stafting::ffom- the wavelength continuum to color
discrimination, and to color categorization ‘and finally the act of naming. Within this complex
process of internal percept transformation, the discrimination and categorization are two
different stages that serve different purposes and adopt different information processing
strategies.

The discrimination capability is associated with how many different wavelengths
observers can tell apart. The paradigm of color discrimination experiment is to juxtapose two
spectral fields and alter one relative to another systematically across the spectrum to derive a
JND ((just noticeable difference, or A A) function, which means the degree of wavelength
change required to elicit a just noticeable differences in color as a function of the reference
wavelength ( Bornstein, 1990). With brightness and saturation controlled, there are
approximately 120-150 JNDs among color-normal observers ( Bornstein, 1990), or 200

distinguishable steps (Gouras, 1991a), across the visible spectrum. If considering other
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perceptual dimensions of brightness and saturation variation in the real world, human can
theoretically discriminate millions of colors. Ecologically, the benefit of high resolution in
color discrimination affects mainly the object recognition from chaotic and complicated
background.

Another stream of processing chromatic light is categorization. This is an information
reduction strategy that entails rapid coding of colors. There is evidence supporting the model
of parallel processing of continuous and categorical (discrete) information in color perception
( Bornstein & Korda, 1984). Studies on color categorizing questions concern whether
observers perceive qualitative similarities of hues among spectral wavelengths (Bornstein,
1990). The illustration in Figure 2-1 gives three psychological levels of color encoding.
The ’grain size’ of color codes in these levels, the physical level of visible wavelength, the
psychophysical level of color discriminatiéfisgand the linguistic-psychological level of color
naming, are getting coarser and coarset in that\order. Physically, the possible values of
wavelengths combination across the Visible:/Spectrum are infinite. Psychophysically, the
number of discriminable steps of chromatic' stimuli are constrained by the visual system,
especially for hue discrimination (Gouras, 1991a). The observer’s color sensations only
change when the stimulus light cuts across the division between two different wavelength
regions; therefore the perceptual color space is virtually partitioned into distinct JND bands

instead of a sensory continuum.



Wavelength Discrimination Lexical encoding
lang. a lang. b lang. c
red

orange

yellow

green

blue

purple

Figure 2-1. Color encoding levels from stimuli and discrimination to lexical encoding.

The categorical color perception _at-highetrorder cognitive level always links with the
behavior of lexical color encoding; i.¢;@singverbal description to represent certain color
shades. Language is a highly developed cognitive function affecting many aspects of human
behaviors. In fact, the formation and the structure of color categories are tightly bounded with
language. The color category is conceptually more abstract on the linguistic level than that on
the discrimination level. Consequently, the quantity of distinguishable categories on the
linguistic level is drastically reduced. The number of frequently used color terms depends on
the linguistic evolution stage. In the well-developed stage, a language usually contains no less
than 11 basic color terms (Berlin & Kay, 1969). The endeavor of mapping color terms across
languages on the color space leads to the finding that the corresponding chromaticity range of
the equivalent color terms may vary across different cultures.

Discriminable wavelengths are categorized into a group due to the fact that they appear
perceptually similar and share a dominant hue quality. The categorization effect affects human

performance in various tasks ranging from discrimination, recognition to memorization.
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Between-category color discriminations are more accurate and efficient than equivalent
within-category discriminations ( Bornstein & Korda, 1984; Boynton, Fargo, Olson, &
Smallman, 1989; Goldstein, Davidoff, & Roberson, 2009). Color categorization is also found
to enhance the performance in recognition tasks (Dale, 1969; Goldstein, et al., 2009; Kimball
& Dale, 1972; Ostergaard & Davidoff, 1985). This categorical effect is also apparent in color
memorization ( Boynton, et al., 1989; Heider, 1972; Seliger, 2002; Uchikawa & Shinoda,
1996). The fundamentality of categorical color perception is supported by empirical evidence
of early infant vision studies ( Bornstein, 1985; Bornstein & Kessen, 1976) and recent
neurophysiological studies (Franklin, Drivonikou, Bevis, et al., 2008; Holmes, Franklin,
Clifford, & Davies, 2009; Roux, Lubrano, Lauwers-Cances, Mascott, & Demonet, 2006).
Categorization of color seems to be an innate function, that is, a universal cognitive
phenomenon shared by all human beings.““However, these findings apparently oppose a
language dominancy viewpoint proposed by anthropological linguist Benjamin Lee Whorf

(Whorf, 1956). The following session\discusses:the:major debate over color terminology.

2.2. Cognitive linguistic debates: Universalist and relativist views

The regular pattern of sorting continuous lights into discrete categories has provokes
researchers’ interest on pondering the relations between world and brain, language and
perception. Lexical color category and its implication became an important issue in
anthropological linguistics and cognitive science, and induced a controversy lasting for half of
a century (Jameson & D'Andrade, 1997; Regier & Kay, 2009; Regier, et al., in press). This is
a classic debate on the relation between perception and language. Two opposing stances in
linguistic anthropology— universalist and relativist— engaged in this intense debate
regarding the dominant hierarchy of thought and language (Dedrick, 1998; Kay & Regier,
2006; Regier, et al., in press).

At one pole of the debate is the universalist stance, which holds that there is a universal
11



repertoire of thought of the world. The universalist view holds that language is a limited
semantic palette shaped and restricted by human cognition. The range of color categories are
projected from the universal color foci and therefore located in similar positions in color
space across world languages. The first systematic cross-culture color naming survey provides
consistent evidence for this view. Berlin and Kay established a pioneering theory of basic
color terms by conducting this anthropological survey; they proposed 11 common color terms
that are widely used across cultures (Berlin & Kay, 1969). The universal color terms in
English are black, white, red, green, yellow, blue, orange, purple, pink, brown and grey. The
sequence is based on the developmental order of the terms. This universalist view of the usage
of color terms, involving a belief in profound common ground that connects human cultures
and minds, has been observed in various types of studies, including cross-culture surveys
(Goldstein, et al., 2009; Lin, Luo, MacDonald, & Tarrant, 2001a; Kay & Regier, 2007,
Lindsey & Brown, 2006; Lu, 1997; Regier,;-Kay, & Cook, 2005) , free color-naming tasks
(Guest & Van Laar, 2000; Lin, et=al.,s200%a;] Sturges & Whitfield, 1997), developmental
studies (Bernasek & Haude, 1993; Bornstein, 1985; Karpf, Gross, & Small, 1974; Pitchford &
Mullen, 2002), and psychophysics and physiological experiments ( Boynton & Gordon, 1965;
Boynton, Maclaury, & Uchikawa, 1989; Boynton & Olson, 1990; Boynton, Schafer, & Neun,
1964; Holmes, et al., 2009; Ingling, Scheibner, & Boynton, 1970; Roux, et al., 2006; Sakurai,
Ayama, & Kumagai, 2003; Sturges & Whitfield, 1997), despite the continued existence of
opposing, relativist arguments (Dedrick, 1998; Ozgen, 2002; Roberson, Davies, & Davidoff,
2000) .

In contrast, the relativist view denies the universal foci theory and argues that language
shapes thought. The relativist view holds that the human perception of the world is shaped by
the semantic categories of the native language, which means the content of mental categories
is defined by cultural conventions and would vary across languages. This view is often

associated with anthropologist Whorf who hypothesized that language organizes attributes of
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the world and that linguistic organization in turn influences perception (Whorf, 1956).
According to this view, color categories are defined at their boundaries by local language
conventions and the corresponding range of a given color category may vary widely across
cultures (Roberson, et al., 2000) .

Over the years, the dominant view has swung back and forth between these two poles.
The latest authoritative review addressing this issue gives a compromised solution (Regier &
Kay, 2009). It concludes that Whorf, the representation of the relativist view, was half right, in
two different ways: (1) Language influences color perception partially in the right half of the
visual field due to the left hemisphere’s dominance for language (Franklin, Drivonikou, Bevis,
et al., 2008; Franklin, Drivonikou, Clifford, et al., 2008). (2) Color naming across languages
is shaped by both universal and language-specific forces. Generally, the landmark basic terms,
red, yellow, green and blue, behave moreufiversal than other basic color terms.

Besides the traditional frames_ofuniversalist versus relativist, there is another theory
intends to explain the phenomenal patteraroficross-languages color naming. It proposed that
color naming reflects optimal or near-optimal divisions of the irregularly shaped perceptual
color space (Jameson & D'Andrade, 1997; Regier, Kay, & Khetarpal, 2007). This hypothesis
seems to be supported by tests of the hidden consensus of WCS (world color survey) (Regier,
etal., 2007) .

2.3. Color naming methods

Color naming is a frequently used paradigm in related studies. The observers
participating color naming experiment may be exposed to chromatic stimuli and were asked to
name (or identify to group) the spectral light to derive color-naming functions, that is the
percentage of times basic color names are applied to different wavelength. Boynton and
Gordan found only four color terms — red, yellow, green and blue — and their combinations are
sufficient to describe the perceptual color space exhaustively. These color terms thus were

considered as the psychological color elements: unique red, unique yellow, unique green and
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unique blue ( Boynton & Gordon, 1965). The usage of other color terms such as purple or
orange was inconsistent among participants and was considered to be less reliable. It suggests
that there are only four basic color labels were regularly and satisfactorily needed when
observers were to partition color spectrum.

As reviewed previously, the thought and language of colors has been under extensive
investigations. Color terminology and its primary mechanism of categorical color perception
are heated topics in part because color is a salient visual feature in most human cultures.
Additionally, the ‘thought’ of color can be scientifically defined in the chromaticity space
through standard measurement techniques. In other words, the appropriate experimental
survey can convert the color semantics from the linguistic domain to the physical domain. The
color naming method is widely applied to make attempts to gauge the chromaticity range that
corresponds to color term. Color namingimethod was adopted from the early applied
investigation of signal lights ( Halsey, 1959a; Halsey, 1959b), to theoretical issues of visual
psychophysics, such as precisely verifying thelpsychologically primary hues (Sternheim &
Boynton, 1969) and characterizing the Bezold Briicke hue shift ( Boynton & Gordon, 1965).

In addition to color naming method, free naming and color sorting task are often used
in lexical color studies. The free naming method is good for collecting a large, diverse amount
of color name data (e.g. Grant, 1980; Guest & Van Laar, 2000; H., et al., 2001a; Lu, 1997;
Sturges & Whitfield, 1995, 1997) , while the sorting method focuses on the corresponding
chromaticity range of the color terms in question ( e.g. Lin, Luo, MacDonald, & Tarrant,
2001c; Lu Ching-Fu, 1997; Shinoda, Uchikawa, & Ikeda, 1993). In a typical sorting task, also
called the constrained method in some studies,(e.g. Lin, et al., 2001c) observers are given a
set of color terms (traditionally, Berlin and Kay’s 11 color terms) as options for sorting the
presented color stimuli. This method employs forced-choice tasks and systematic stimulus
sampling, which can efficiently bridge each color term and its corresponding area in the

chromaticity coordinate. Both free color naming and color sorting tasks would be adopted in
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the experiments of this thesis.

Besides those task-orientated naming methods, in psycholinguistic researches, the
free-recall method without involving any stimuli and naming or matching task is considered
to be the most faithful representation of the reference relationships that are peculiar to a given

language (Lenneberg, 1967).

2.4. Basic and Secondary color terms

Basic color terms
Every culture or language has indefinitely diverse expressions that denote the perceptual

experience of colors. A patch of color is capable of arousing various associations and
descriptions. For instance, a simple blue stimulus could elicit the expressions such as
watercolor blue, bright blue, turquoise, . light'sapphire, the color of clear sunny sky.... and so
on. However, psychologists and anthropologicab linguists have long operated with a concept
of basic color terms which include“simple forms/dike black, white, red, and green. A basic
color term is thought to exhibit the following four features.

(1) It is monolexemic: that is, basic color terms are simplex lexemes; they are lexemes whose
meanings are not determinable from the meanings of internal components. ( Casson, 1997;
Conklin, 1962).

(2) Its signification is not included in that of any other color term. For example the term
scarlet in English or 7R(chi) in Chinese can be replaced by red or #I(Hong) for most
people.

(3) It is general. Its application must not be restricted to a narrow class of object. It should be
general if it applied to diverse classes of objects and its meaning is not subsumable under
the meaning of another term.

(4) It is psychologically salient. It should be readily elicitable, occurs in the idiolects of most

speakers, and is used consistently by individuals and with a high degree of consensus
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among individuals.

Within the eleven well-tested basic color terms, the uniqueness and affirmed
psychophysical foundation of four terms: red, yellow, green and blue are known as the
Landmark basic color terms in related studies. The rest orange, purple, pink, brown, grey are
other basic color terms.

Secondary color terms

Secondary color terms, or non-basic color terms, are defined as all color expressions
excluding basic color terms. It by definition includes simplex and complex lexemes ( Casson,
1997; Casson, 1994). English terms such scarlet, indigo, rose, emerald and turquoise are
simplex lexemes, yellowish orange, light green, orange-red, wine-red and bright pinkish violet
are complex lexemes; the above color terms are secondary color terms.

However, in the empirical survey oficuiffent study, the huge amount of secondary color
terms are further classified into sub-classes:such ‘as simplex (monolexemic secondary color
terms), complex (polylexemes) and otherdformsiwith specific combination pattern, in order to

finely organize and analyze the obtained data.

2.5. World Language Survey (WCS)

The WCS is a massive study started in 1976 and carried out by University of California
at Berkeley, International Computer Science Institute, Berkeley and University of Chicago. It
was designed for two major purposes: to assess the general hypotheses advanced by B&K
against a broader empirical basis, and to deepen the knowledge regarding universals, variation,
and historical development in basic color-term systems (Hardin & Matffi, 1997). The methods
and some initial results of the WCS are reported in Kay, Berlin, and Merrifield (1991). A large
number of comparable data on naming ranges and focal choices for basic color terms was
collected on 110 languages, but the survey did not cover Mandarin. A methodological

departure of the WCS from the method used by B&K was that chip-naming judgments were
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obtained on individual chip presentations, rather than the full array of stimuli. Judgments of
best example (foci color) were obtained in the same way as in the original study, by
requesting selection of the chip or chips that best represent each basic color word of the native
language from an array of 330 color patches, representing 40 equally spaced Munsell hues at
8 levels of lightness (at maximum saturation plus 10 levels of lightness of neutral colors black,
grey, white). The WCS stimuli and the denotation of stimuli are shown in Figure 2-2.

All of the WCS data and detailed method is open to public for comparative studies

(available in http://www.icsi.berkeley.edu/wcs/data.html). The valuable information would be

a footstone of comprehending color terminology in all languages.

ARERT SRR 20 I HEEEEEE" DEEEEEREEE

Figure 2.2. Stimulus array used in WCS

2.6. Color naming in Mandarin

The linguistic class that Mandarin belongs to is Sino-Tibetan, Han Chinese. It was
originated from northern China and spoken widely by Modern Chinese around the world.
Mandarin is the official language in China, Taiwan, Hong Kong and Macaw. The early color
term study conducted by B&K classified Mandarin as a language in the developmental Stage
V, which holds six color terms, white, black, red, yellow, green and blue. The foci color of

these terms can be found in the origin data plot shown in Figure 2-3 (Berlin & Kay, 1969) .
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Figure 2.3 Foci color data gained form Mandarin informants (Berlin & Kay, 1969).

However, this conclusion remains controversial for local color researchers. A study
conducted in 1990s refuted this finding and made an attempt to provide evidence of a greater
variety of color terms in use (Lu, 1997). Actually, B&K left many open questions for the
development of color terms in Mandatin. In theit@eport on cross-language survey Basic color
terms, their universality and evolution, Mandarin|was treated as one of the “problematical
cases” (in the section 2.5, p41-42). One 0f the unsolved issues was whether grey is a basic or
a tertiary term, due to the inconsistency of the data collected from limited number of
non-native speakers. Although B&K tentatively treated Mandarin as Stage V at that time and
planned to obtain more data for this language in further research, the later WCS did not cover
this language, either. Fortunately a few recent studies did recruit native speakers to address
the variety and the range of Mandarin color terms and, thus, provided some reference base for
the current study. The comparison of current results with these studies would be given in
Chapter 6.

In addition to the empirical and theoretical vacancy of Mandarin color terms, the
appropriate translation between English color terms and Mandarin color terms is another
thorny problem in the present study, due to the wide variance in Mandarin color terms across

regions, times and speakers. There is currently no consensus on the convention of color terms
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in contemporary Mandarin. Therefore, it is inappropriate to assign basic color names simply
by following an existing dictionary. Additionally, the definitions of color terms in Chinese are
more ambiguous than in English. There are diverse wording choices to describe the same
color category. For example, the brown category can be conveyed by distinct terms like HjjjiJf
Ka-fei (the phonic translation of coffee), 13 Tsong (palm fiber, coir) or & He (tan). Similarly,
multiple color categories can be expressed with identical color terms. The ancient polysemous
term F Ching can refer to blue, green and sometimes purple and black. Though there are
some studies concerning the usage of basic Mandarin color terms ( Lin, et al., 2001a, 2001c;
Lu, 1997), the translations were unfortunately not consistent, particularly for non-landmark
basic terms. The term pink can be translated in two different ways: $3#[ Fenhong ( Lin, et al.,
2001a) and #Jk Tao (Lu, 1997). Brown can be both £ Tsong ( Lin, et al., 2001a) and # He (Lu,

1997), and orange can be £ Ju ( Lin, et:al4200.1a) and #& Cheng (Lu, 1997).
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CHAPTER 3. COLOR LEXICON SURVEY IN MANDARIN

This chapter presents the local survey of color lexicon with the method of
free-recall task. The whole survey was designed to compare with the similar
survey conducted in 1990s, but with modified procedure. The purpose and
methodological details is given in Section 3.1 and 3.2. The statistical results are

summarized in Section 3.3.

3.1. Purpose

The free-recall survey was conducted for the purpose of obtaining the data of color
vocabulary which is synchronic (present linguistic phenomenon without concerning the factor
of time, contrast of diachronic). Specifically, the obtained data would be the representation of
these aspects: (1) popular color terms currently in use by native Mandarin speakers resident in
Taiwan, (2) The popularity rank of thesecolor tetms, and (3) the diversity of those color terms.
A similar survey employed systematic anthropological paradigm was conducted and
published in the 1990s (Lu, 1997). The  currentaesults would be compared with that in the
work and another Japanese study in Chapter 6. A historical change and cultural difference of
the popularity of color terms can be expected in that comparison.

In addition to the purpose of surveying color term lexicon, another purpose of this
experiment is to the collect conventional Mandarin color terms that would serve as options in
the later color sorting experiments in Chapter 5 i.e., 12-terms sorting experiment. There is no
consistent translation of Mandarin color terms in previous studies. To solve this problem, the
color terms in Chinese Mandarin written form that were to be used in the sorting experiment
and future works involving Mandarin color terms would be filtered by this survey. Only the

terms that emerged most frequently from the free-recall task were employed.

3.2. Method
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This survey was executed without any reference resources in order to elicit the most
intuitive and tangible color terms currently in use. There were totally 189 informants
performed this free-recall task. The voluntary participants are native Mandarin speakers aged
16-45, education level spanned from high school to PhD, opportunity sampled from
undergraduates, postgraduates, engineers, businesses, labors, designers, public officials, home
makers, academic researchers, school staffs and teachers. The percentage of visual arts or
design professionals was under 10%. The informants were provided with a blank sheet, and a
pencil or pen. The task instruction was to “write down color terms/ vocabularies you
frequently use, hear and read.” After the frequent terms recalling was done, the author
encouraged the informant to freely recall color terms as many as he/she could and also write
them down on the sheet. The informants were allowed to use any written forms in Chinese as
long as the written color terms are recogHizable to the researcher. Most informants used
traditional Chinese characters, and simplified characters and notional phonetic alphabet were
occasionally used. There was no time, limit:for imformants, but they were invited to recall
color terms as hard as possible. The recalling task typically took 5-20 minutes. The whole
data collection works started from May 2009 to Feb. 2010, and each informant performed the

task individually with the instruction of the researcher.

3.3. Results

There were 5102 color terms produced by 189 informants. Several types of color terms
were considered to be insufficient for representing both the frequency and diversity of color
terms, thus were removing form the raw data. One of the discarded type is those that uses
common tone-modified adjectives, e.g. light red, dark red, bright red, vivid red and so on.
Another discarded type is a compound of any two or more common color terms, e.g.
red-yellow, blue-purple and so on. Although those color terms are valid for describing real

color experience, all of them can be classified or decomposed into known color categories.
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Moreover, some other terms were also excluded if they were judged to be inadequate in
describing the perceptual quality of a simple color, e.g. transparency, fluorescence, neon and
so on. Some terms referring to a certain series of colors, e.g. rainbow, candies, sunset, autumn
leaves and so on, were eliminated, too. A few unrecognizable color terms were screened out
as well. After filtering out those color terms, there are 4961 color terms left, containing 2493
items that were of frequent use and 2468 items that were recalled less consistently.
3.3.1 Descriptive overview

The descriptive statistics of the results are given in Table 3-1. The informants were able
to produce 26.25 valid color terms on average, but the individual difference is noticeable in
the performance of the later task that solicits more color terms. For the task of recalling terms
in frequent use, the central tendency indexes and the STD is relatively small. For visualizing
the distribution of the counts of collectéd terms, Figure 3-1 shows the histograms of the
frequency counts of total amount (a), frequent>use (b) and extended color terms (c). The
results of Gaussian curve fitting capturing these three distributions are presented as well. In
the case of frequent use (c) there is a peak ‘at'the value of 12, while in the case of extends (b),
the curve appears to be leaning leftwards. The distortion of total frequency count (a) roughly
fits a normal distribution model but leaves a long right-side tail. In general, these descriptive
statistics indicate the capacity of color lexicon produced from the sampled population. There

is a significant individual difference in the amount of less frequent terms.

Table 3.1 Descriptive statistics of the color term recall

Count Mean Mode Median | STD Max Min

Total 4961 2625 |20 25 10.7 58 8
Frequent use | 2493 13.19 12 12 3.69 26 6
Extends 2468 13.05 8 10 9.12 42 2
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Figure 3.1. Histograms of frequency count of total amount (a), frequent use (b) and the extends (c).

3.3.2 Classification of the collected color terms

The free recall survey gathered a great quantity of color terms with an extraordinary
diversity. These samples include the basic color terms representing common color categories
mentioned by previous lexical color category related studies. Also, equipped with the
flexibility and complexity that Chinese language holds, the informants produced a lot of
ornate color expressions. These various color terms were classified into different types in a
hierarchical manner as Figure 3-2 shows. The chart presents the organization of Mandarin
color terms classification. The numbers are the proportion of each class relative to the total
amount (4961) of collected terms, and some block stands for subclasses. The classifying
method was extended from some of the previous color naming studies with different tasks, e.g.

Guest’s free-naming experiment (Guest & Van Laar, 2000).

23



landmark basic red, green,
15.86% yellow, blue
other basic e.g. orange,
22.94% purple, brown
antique .
. e.g. 7, Chi
monolexemic 9.1% 8-
71.38%
natural objects e.g. rice
33.43% (K&, Mi-se)
secondary artifitial objects e.g. brick
41.66 % 5.11% (fEita, Zuan-se)
Mandarin
color terms loan e.g.Champagne
3.12% (E1Et, Xiang-bin)
noun-basic e.g. skv-blue
18.14% 8- Sy
compound pigment-basic
28.62% 8.43% e.g. Cobalt blue
commercial- .
basic 2.05% e.g. Tiffany-blue

Figure 3.2. A hierarchical classification of Mandarin color terms based on the collected data in the recalling

study.

The collected terms were first sorted into either monolexemic or compound classes. The
criterion of the monolexemic color term is that it uses only single color vocabulary or noun,
or lexeme in the linguistic term. Actually, the participants in many previous color naming
studies were constrained with using only monolexemic color terms to generate response
(Sturges & Whitfield, 1995, 1997). Some terms contain two or more Chinese characters but
indicate a single color category are considered belonging to this class, e.g. Wi (brown) or
LEEETE (M (violet). The compound color terms are defined as those consisting of two or more
monolexemic color terms, or terms with the adjective. However, if the modifier of the

compound is used to describe different shades of same color category, examples in Mandarin
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are &, B, &, K, 55, B, (deep, light, dense, pole, bright, dark), that compound is
discarded. The subclasses under the monolexemic and compound are defined by the criteria of
basic-or-not and origin. There are four subclasses under the monolexemic class:

(1) The basic color term (38.8%): includes four landmark basic terms red, green, yellow
and blue, and 7 other basic terms, black, white, grey, purple, pink, orange and brown.

(2) The antique color term (9.1%): includes color terms that are found in classic Chinese
literature or used by ancient Chinese. Some of them are still in use in more formal
occasions or in idiomatic phrases. For instance 7 Chi and Zf Zhu represent red, and
# Ching represents blue, green or black.

(3) The secondary color term (58.4%): by definition this class should contains all the
color terms except for the basic color terms. But in current context the class is defined
as monolexemic color terms except'fétrbasic and antique color terms. These terms can
be further distinguished as:deriving from\either natural or artificial materials. The
color terms in this subclass-demonstrates many culture signatures compared to the
previous reports of secondary color'terms in English. For instance, the term %%
Cha(tea) represents a reddish dark brown and could be similar to walnut in English,
and i Ou (lotus root) represents a unique shade of pale, pinkish grey. Some man-made
materials, e.g. f# Zhan (brick), represent brownish red or orange. Also there are many
secondary color terms that were transliterated from foreign languages and do not have
local origins, such as IjjiE(café) and Z5F&(champagne). They represent the general
brown category and a glimmering light yellow respectively.

The sub-classification of compound color terms is rather challenging since their variability
is larger than that in monolexemic class. But they are all comprised of a modifier of various
origins and one common basic color terms. There are four distinguishable subclasses:

(1) Noun-basic color terms (18.14%): includes compound terms consisting of a noun

referring to a specific object and a basic color terms, e.g. sky-blue, tomato-red,
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lake-green, grass-green, ivory-white, wine-red and so on. Many of these terms are
modified with common objects thus can be directly translated into English without
much distortion. Such terms can convey more specific color quality than a single basic,
or a single secondary color term.

(2) Pigment-basic color terms (8.43%): includes compound terms used in the context of
painting, glazing or dyeing industry, and the specialized modifier in front of the basic
term is related to the chemical or cultural origin, e.g. $5EE (cobalt-blue), g
(gamboges yellow), | E H.BE, (Turnkey-blue), 7 4L (Western-red), % £ - B
(Prussian-blue). Some terms originated from the pigments of Chinese painting but
many others are loanwords or translated ones.

(3) Commercial-basic color terms (2.05%) : These are compound terms comprised of the
name of a celebrated brand .eri'i¥ell-known commercial image, including four
consensus terms Tiffany blue; Ferrariredy Kitty pink, and Hermes orange. These terms
were rarely recalled, but to: whomiexposed to these commercial images, they are
precisely linked to that very unique'color shade representing the whole image of the
brand or the product series.

The above classification principles are set for clarifying the common composition of
Mandarin color terms. Two terms fits the characteristics of compound but stands for the color
category. They are pink, i.e., Fen-Hong (¥y#l, directly translated as powder-red) and
Tao-Hong (#k#L, directly translated as peach-blossom-red), which are classified into
monolexemic class due to the shortage of a simplex lexeme representing pink in Mandarin.
Also, the sub-divided types under the monolexemic class are not mutually exclusive.

Specifically the antique are overlap with the secondary type.

3.3.3 Popularity of the monolexemic color terms

Table 3-2 summarizes the rank order and the frequency counts of all collected
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monolexemic terms.

Table 3.2. Rank list derived from monolexemic Chinese color terms.

R | Ct Ch. Ph.Trans | English Freq. use Extends Subclass

k. ct % ct | %

1 |18 | 4L Hong red 182 [ 97.3 | 5 | 2.67 | Landmark basic

2 |18 | E Lan Blue 184 | 994 |1 | .54 | Landmark basic

3 118 | % Zi Purple 176 | 956 | 8 | 4.35 | Other basic

4 |18 | %% Lu Green 178 | 97.8 | 4 | 2.20 | |andmark basic

5 |17 | & Ju Orange/tangerin | 174 | 97.2 | 5 | 2.79 | Other basic

6 |17 | =& Huang Yellow 169 | 94.9 | 9 | 5.06 | Landmark basic

7 117 | BkL Fenhong | Light pink 145 | 82.8 | 30 | 17.1 | Compound/Other basic
8 | 16 | Wk Ka-Fei Brown/Coffee 123 | 75.9 | 39 | 24.0 | Other basic

9 |15 | & Cheng Orange 105 | 66.0 | 54 | 33.9 | Other basic

1|15 | # He Brown/tan 94 |59.8 | 63 | 40.1 | secondary-natural /Other basic
1 |14 | IR hui Gray/ash 126 | 85.1 | 22 | 14.8 | Other basic

1 |13 | BkAL Taohong | Dark pink 107 | 78.1 | 30 | 21.9 | Compound/Other basic
1 |13 | # tsong Brown/palm 88 | 65.6 | 46 | 34.3 | secondary-natural /Other basic
1|13 | # Dian deep bluefindigo..| 62°4,47.3 | 69 | 52.6 | secondary- artificial
1|11 | F Ching Green/Blue/black |55 |\47.4 | 61 | 52.5 | Antique

110 | § Fu Skin 89 |/84.7 | 16 | 15.2 | secondary- natural
1193 | & Jin Gold 51 /4548 | 42 | 45.1 | secondary- natural
1189 |k Mi Rice / Beige 64 | 719 | 25 | 28.0 | secondary- natural

1 |88 | Cha Tea 52 | 59.0 | 36 | 40.9 | secondary- natural

2 |85 |k Chi Red 7 8.24 | 78 | 91.7 | Antique

2 |84 | 4R Yin Silver 56 | 66.6 | 28 | 33.3 | secondary- natural

2 | 51 | 45EEFE | Zilolan | Violet 2 3.92 | 49 | 96.0 | secondary- loan

2 |39 Hei Black 39 [100. |0 |.00 | Landmark basic

2 |38 | RH Ka-qi Khaki 32 [ 842 |6 | 157 | secondary- artificial

2 |36 | Ep Tuo Camel 17 | 47.2 | 19 | 52.7 | secondary- natural

2 135 | & Bai White 35 [100. | O .00 | |andmark basic

2 |34 | & Xing Apricot 15 | 441 | 19 | 55.8 | secondary- natural

2 |32 | fwkE Ganlan | Olive 12 | 37.5 | 20 | 62.5 | secondary- natural

2 132 | + Tu Soil / Earth 14 | 43.7 | 18 | 56.2 | secondary- natural

3 |30 | #Ei Meigui | Rose 11 | 36.6 | 19 | 63.3 | secondary- natural

3 (29 |1E Zhuan Brick 20 | 689 |9 | 31.0 | secondary- artificial

3 (28 | #§ Ou Lotus root 18 | 64.2 | 10 | 35.7 | secondary- natural

3 126 | 5 Xiangbin | Champagne 12 | 46.1 | 14 | 53.8 | secondary- artificial/loan
3 |25 |2k Zhu Red/ Cinnabar 4 16.0 | 21 | 84.0 | Antique/Secondary- artificial
3 |24 | /& Xiaomai | wheat 9 37.5 | 15 | 62.5 | secondary- natural
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3 (23 | Yu Taro 10 | 43.4 | 13 | 56.5 | secondary- natural

3 |20 Mo Ink/black 8 40.0 | 12 | 60.0 Antigue/Secondary- artificial
3 |18 | W Nai-you | Cream 6 33.3 | 12 | 66.6 | secondary- natural

3 |13 | g5 Fei-cui Emerald 1 7.69 | 12 | 92.3 | secondary- natural

4 |10 | 80 Gutong | Bronze 3 30.0 | 7 | 70.0 | secondary- natural

4 19 % Xuan Dark/Black 0 00 |9 ]100. | Antique

4 |8 HEH Shanhu | Coral 2 250 | 6 | 75.0 | secondary- natural

4 |7 Zh Bi Jasper 1 14.2 | 6 | 85.7 | Antique/ Secondary- natural
4 |7 & Zhe Sienna/ocher 0 .00 |7 |100. | Antique/ Secondary- natural
4 |6 2 Zhenzhu | Pearl 1 16.6 | 5 | 83.3 | secondary- natural

4 |2 i Gan Dark purple 0 .00 | 2 |100. | Antique/ Secondary- natural

The circulation and distribution of monolexemic color terms are the most representative
information for probing the color lexicon within a language. Table II provides the statistical
results of collected monolexemic terms. The columns from top left to right are the ranking
order, denoted as Rk., the frequency counti(Ct.) of each, the color terms in written Chinese
(Ch.), in phonic transliteration (Ph.Trans.). \in \English, the frequency counts (ct) and
percentage (%) of the term recalled\inithe prior task regarding color terms in frequent use
(Freq. use), the same data in later task of récalling more extends, and the last column denotes
the subclass each term belongs to, some terms are qualified for more than one subclass. For
visualizing the quantity and proportion of the monolexemic terms, the histogram shown in
Figure 3-3 represents the frequency count of each recalled monolexemic color term, with
black and white fill to distinguish either the term was mentioned in the frequent use task or
the extends task. The total count of each term are positively correlated to that count in the
frequent use task (Pearson correlation coefficient=0.95). The level of 100%, 75%, 50% and

25% threshold are marked with horizontal dash-lines.
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Figure 3.3. The frequency counthistogramrof monolexemic color terms.

In general, the results shown in above table and histogram reveal the popularity and the

degree of consensus of the collected monolexemic color terms. The top 15 terms encompass
B&K’s universal color categories, though some overlapping terms in the same categories are
evident. For instance, the term 8th, 10" and 13" all refer to brown category, and 7" and 121
can stand for pink category, and 5™ and 9™ for orange category. These rank order data provide
the base for selecting proper Chinese translations in subsequent color-term-sorting

experiments. Black and white were not frequently recalled as they ranked in the 23™ and the

26" respectively, perhaps due to many informants account these two achromatic terms.

The more popular terms are distinct color concepts featuring in hue identity, e.g., red,

blue, purple, green, orange and so on, and all these are frequently used in modern society and

are legible in both colloquial and writing. The count of terms decreases with its
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distinctiveness in color appearance, but those less frequently recalled terms can represent a
delicate tone by using a specific object as a metaphor. There is a plunge between the 22™ and
the 23th, all terms from there on were counted fewer than 25%, and half of the collected
monolexemic terms are below this level.

It is worth noting that many different terms refer to a same brown category. The
informants produced multiple secondary terms, e.g. HjjJf(coffee), #5(Tan), f#(Palm), 5%
(Tea), HE(Camel), +(Soil/Earth), that are linked to colors of brown category. However,
from the current recalling data, it is difficult to tell whether these could indicate different
shades within brown category, or they are just different individual idioms for describing a
similar color range. This question would be clarified in the free-naming experiment

presented in Chapter 4.
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CHAPTER 4. MANDARIN COLOR NAMEING SPACE

This chapter presents a naming work and the derived color naming space. The
color naming task with systematic arrangement of stimuli was able to confirm the
structure of internal cognitive space of color in previous study employing English
speakers as participants (Guest & Van Laar, 2000). Due to the linguistic
differences between English and Mandarin, the categorical color space derived
from the behavioral data of naming task was expected be different. The purpose
and methodology of the experiment is described in Section 3.1 and 3.2. The

results are given in Section 3.3.

4.1. Purpose

The research work presented in this chapter is based on the observation of a free color
naming task. Color naming used to be considered an unrespectable psychophysical technique
in the scientific field of color research (,Boyfiton, 1997), even though B&K’s landmark report
on the universality of color naming_results ‘hadzimpressed many color vision scientists.
However, in 1960s Boynton and his, fellows=applied this method to investigate theoretical
issues such as verifying the psychological ‘ptimary hues (Sternheim & Boynton, 1969) and
characterizing the Bezold Briike hue shift ( Boynton & Gordon, 1965). Subsequently color
naming was widely adopted in various paradigms such as chromatic adaptation (e.g. Jacobs &
Gaylord, 1967), developmental studies (e.g. Dale, 1969; Kimball & Dale, 1972), and
categorical color perception, (e.g. Bonnardel, 2006; Guest & Van Laar, 2000; Regier, et al.,
2007; Roberson, et al., 2000). The boundaries of lexical color categories do not comply with
the perceptual distance determined in approximately uniform color spaces such as Munsell,
CIELUYV and OSA. (e.g. Guest & Van Laar, 2000, 2002; Sturges & Whitfield, 1995, 1997)

The purpose of free color naming scheme in current work is twofold. The first is to
investigate the lexical color categories in color naming space within Mandarin speakers.
Language is a common way for communicating color experience, but the lexical color

categories in color naming to not equal to the perceptual distance determined in known
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approximate uniform color spaces. The categorical structure of color naming space has been
intensively examined (Guest & Van Laar, 2000, 2002; Lammens, 1994), but these studies are
conducted with English speakers. The factor of culture difference cannot be ruled out
completely in the theoretical issues of color naming. The linguistic coding style and task
difficulty in Mandarin could be different from that in the English literature.

Another purpose is to collect the secondary color terms and tone modifiers in frequent
use, such as light, dark, and vivid. The free-recall survey reported in Chapter 3 had collected
large amount of secondary color terms with high diversity, but the purpose of that survey is
qualitatively different with the present work, as these are two distinct cognitive tasks. The
color terms acquired in the free- recall task were elicited from the participants’ long term
memory and depended heavily on individuals’ color literacy, while those in this work were
elicited under the pressure of naming spééific;color stimuli adequately. The researcher thus
expected such method would collect_empiticalsdata of color modifiers in common use and

their corresponding chromaticity ranges:

4.2 Method

Participants

There are 36 trichromates screened with Ishihara test participated in the experiment. All
participants are native Mandarin speakers capable of using spoken and written Chinese,
background sampled from graduate, undergraduates and staff on campus, aged from 19-36, 19
females and 17 males, and few of them had took part in the previous free-recall task. All
participants are naive to the purpose of the study, and have no formal training in color science.
Stimuli

There are 121 evenly sampled stimuli sweeping the 50 cd/m” level of CIE x-y diagram
within the available gamut constrained by the display media. Sampling interval on x and y

axis is 0.25, to produced a regular and evenly spaced sample space as that plotted in Figure
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4.1. The peak white of the screen (x=0.319, y= 0.335), was defined as the reference white in
the study. Although the CIE x-y diagram is not a perceptually-uniform color space, the
chromaticity coordinates can be transformed into that of various approximately uniform color
spaces, e.g. Musell ( Boynton, et al., 1989; Sturges & Whitfield, 1995) or LUV(Guest & Van
Laar, 2000), or the latest CIECAM2000 color appearance model, and the results can be
compared with that in related studies. The results would be directly compared with some
important studies adopting CIE x-y diagram as well, such as the survey of Japanese lexical

color categories (Shinoda, et al., 1993) .
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Figure 4.1 Stimuli plotted on CIE x-y diagram at 50 cd/m” luminance level.

Apparatus
Stimuli were presented and controlled by an ASUS F6E 13.3" laptop. The output
uniformity and stability check of the LCD was carried out according to a standardised

procedure. A well-calibrated PhotoResearch™

PR-650 SpectraScan spectroradiometer was
used to repeatedly measure the center output of the LCD. The measuring distance was 355mm,

and the sample size was 10cm?, covering the whole field of the spectroradiometer lens. The

measuring geometry followed the recommendations of PhotoResearch, Inc. The adopted
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standard observer model was CIE1931, and the reference white selected was D65. The mean
output intensity was 235.8cd/m’ (STD=3.28, maximum value=241 cd/m’ (+2.11%), with a
minimum value of 229cd/m® (-2.96%)). A look-up table was generated by the standard
measuring procedure, and a Matlab interpolation function was used to produce all color
stimuli. The mean errors of all stimuli in chromaticity were also checked by the
spectroradiometer; these were 4.42¢d/m” in L, 0.006 in x and 0.004 in y.

The stimulus was displayed in a square, sized 2° by 2° visual angle at the required
viewing distance of 50cm. Each stimulus was displayed in the exact center of the monitor.
The background of the stimulus square was set at 50cd/m” to produce an equal-luminance
scene. In addition to the stimulus square, there was a thin black border surrounding the square
and a white thin border surrounding the black border. Both the inner black and outer white
borders were 0.2° wide. The double borderdesign provides the viewing condition with the
reference white and the lowest L level ofthe displaymedium. Additionally, the border reduces
the L contrast effect between the“stimulusand/the background, and keeps the viewer’s
attention on the stimuli.

Procedure

The experimental procedure was identical to that of the previous studies on the structure
of color naming space (Guest & Van Laar, 2000). The naming work was conducted in a
chamber without illumination except for the display screen. The observers were presented
with the stimuli and then asked to freely name the color on a trial. The researcher instructed
the observer to give the name that could be used to describe that color to others acceptably.
The observers were stressed to respond as fast as possible, and they were also aware of that
the response times (hereafter RTs) were recorded. Further, following the production of a name,
the observers were asked to give a confidence rating along a scale of one to five. This rating
corresponded to the confidence level that the observer would name the same name if it were

present again. There are totally 121 naming trials presented in random order, and the
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researcher was present in the experiment chamber throughout all trials. The initial 20 trials
were for practice only and the results were discarded. The average time for each observer to

accomplish the experiment is 40 minutes.

4.3 Results
4.3.1. Classification methods

The free naming experiment had produced 4356 color terms in total, and these terms
would be sorted into different classes for further investigation. The classification method
follows that used in two previous free-naming studies (Guest & Van Laar, 2000; Lin, Luo,
MacDonald, & Tarrant, 2001), with slight necessary modifications in accordance with the
quality of the current data. The organized structure of the classification method is shown in
Figure 4-2. The hierarchical chart preseénts, the classification of each sub-class and
abbreviation, the percent occurrence/to total-ameount, and examples in each of the sub-class.
Similar to the hierarchical principle“of classification method in free-recall survey presented in
Chapter 3, all the color terms were first divided into monolexemic and compound terms, the
monolexemic class also contains sub-classes like landmark basic(LB), other basic(OB),
secondary (S) and antique (A) color terms. The characteristics of the compound class are
qualitatively different from that in the previous free-recall survey. In the free-recall, it was
forbidden to produce compound terms composing of common basic color terms and common
color modifier, due to the purpose of the free-recall task was to elicit the largest diversity of
color expressions. However, the usage of color terms was not contained in the current
free-naming work. In view of the variety of the produced polylexemic terms, the compound
class is further divided into five forms of sub-classes: basic-basic (BB), secondary-basic (SB),
modifier-basic (MB), modifier-secondary (MS), and complex (C). The first four are composed
of two lexemes, while the complex sub-class of three or more lexemes.

This classification chart gives a general profile of the usage of Mandarin color terms.
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The most noticeable discrepancy between the current data and that of English speakers is the

ratio of monolexemic and compound. In other free naming studies, the occurrence percentage

of monolexemic and compound is 65.7% and 34.4% respectively (Guest & Van Laar, 2000),

while that

monolexemic

S

40.9%
Color terms
derived from
free naming
compound
59.1%

in this study 1s 40.9% and 59.1%.

landmark basic

(LB) 14.5 %

red, green, yellow,
blue

other basic(OB) .
orange, brown, pink...
17.2%
secondary(S) . . .
lotus-root, violet, bricks, olive....

6.8%

antique (A)
chin , Zue
2.4% g (%) (R)

basic-basic(BB)

19.6 %

purple-red, red-brown, blue-green...

secondary-basic(SB)

17.1%

sky-blue, lake-green, grass-green...

modifier-basic(MB)

24.9%

light-green, dark-purple...

modifier-secondary(MS)
1.8%

-light -olive, dark-taros...

complex (C)

3.96

deep-sea-blue, light-purple-red...

Figure 4.2. The structure of classified color terms

4.3.2.

The characteristics of different classes

The four histograms in Figure 4-3 give a statistical overview of the collected data. The

first top histogram presents the occurrence rate of each sub-class. The researcher noticed the

landmark basic terms, namely the LB class members red, green, yellow and blue do not

behave uniformly, thus need to be singled out and marked separately. The second histogram
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shows the mean response time (ms) of the classes. Within the LB class green and red
responses result in the shortest RTs, but the RTs for blue and yellow are longer. The RTs in LB
are generally shorter than that in other classes. In the compound classes, the MB
(modifier-basic) class shows a relatively short RTs, indicate the combination of the common

modifier and basic terms are easier to retrieve than other forms of compound.
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Figure 4.3. From histogram of top to bottom: occurrence (%), mean response times, mean confidence rating, and

numbers of Chinese characters of collected data. More details are given in the text.

The third histogram is the results of mean confidence rating (MCR), which is an
evaluation score of each naming trial given by participants them self. RTs and CR are both
sensitive indexes to task difficulty in color naming research. The MCR of the LB class is
higher than the other complex forms ofi¢élor,terms, and red responses gained the highest
MCR. The bottom histogram shows:the frequency distribution of the color terms composed of
one to more than four Chinese characters:  Theinumber of composing characters is a simple
but effective index reflecting the complexity of color term peculiar to Chinese Mandarin.
From the current results, the two-character color terms are in majority.

The detailed descriptive statistics of the collected data are summarized in Table 4-1,
including the examples of color terms and the mean response time (MRTs), mean confidence
rating (MCR), and the occurrence rate of each class. The sub-classes of color terms in each
row correspond to that in Figure 4-2. Only the color terms that were named more frequently
(frequency count more than 87, i.e. over 2% occurrence to total amount) would appear as
examples in the column of Mandarin and English translations. Notice that the column of MB
(modifier-basic) class only listed the modifiers. The color terms shown in this table were
reported with relatively higher consistency and frequency during the free naming experiment.
There is no color term surpassing 2% occurrence threshold (87 repetition times) in the MS

(modifier-secondary) class as this form of color term is rarely used by Mandarin speakers.
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Also the C (complex) class contains no item of high consensus. There are 39 color terms (for

the MB class researcher counted the frequency of modifiers in order to bring out the modifier

terms in common used) standing out when screened by the 2% occurrence consistency and

frequency threshold. These terms provide valuable information about color idioms in current

use.
Table 4.1. Statistic summary of collected terms (each occurrence percentage over 2%)
Class | Mandarin Eng. Translation MRTs (SD) MCR (SD) %
ok Lu (Green) 1854 (894.31) | 3.84(0.96) 6.48%
AL Hong (red) 1541 (903.57) | 3.98(0.80) 2.21%
LB
(5 Lan (blue) 3672 (1521.49) | 3.45(0.69) 3.53%
E Huang (yellow) 2683 (1178.03) | 3.67 (0.73) 2.28%
&, UMk, FoRL, Bk
OB | AL, X, 1, %5, #&, | (refer to Table 3-2) 4126 (1347.69) | 327 (1.14) | 17.2%
i
S 4 Ou (Lotusoot) 4419 (1559.13) | 2.48(1.0) 6.8%
A H Ching (blue, green; black) 5263 (2305.42) | 2.54 (0.77) 2.4%
. o blue-green;“blue-purple, gréy-green,
o . blue-grey, orange-red,
BB BETR, KA, B, 4673 (1724.60) | 3.29 (0.95) 19.6%
Y . yellow-brown purple-red,
yellow-green orange-yellow
RS %, ik, %5, | Olive-green, grass-green,
SB KEE, Sk, t ¥, | taros-purple, sky-blue, ink-green, | 4889 (1648.1) | 3.02(1.13) 17.1%
fjE s earth-yellow, grape-purple
5e, W&, %, ¥, B, | Bright, dark, pale, powder, light,
MB | 3960 (1578.29) | 3.60 (1.03) 24.9%
wE, R, IE deep, -ish, central/correct
MS 5142 (1910.88) | 2.73 (1.27) 1.8%
C 5406 (1259.93) | 2.42 (1.09) 3.96%

There are diverse and larger amount of color terms recalled in previous free-recall survey,

but in the task-orientated naming work only 39 color terms or modifiers are repeatedly used.

The pattern of these terms is described as following:

(a) The LB class: this class contains the perceptually unique hue, the most familiar and salient
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basic color categories, red, green, blue and yellow. It thus results in relatively short RTs
and high CR compared with other classes. The green and red responses are more confident
and rapid than that of blue and yellow. The usage of the term blue results in the longest
RTs, lowest CR and least consensus (as in the Figure 4.4 in next section), which is a point
worthy of further study in itself.

(b) The OB class: contains terms representing the rest of B&K’s basic color categories except
for black and white. The brightness of the stimuli was constrained at 50cd/m”. The terms
for describing color categories of purple and grey are %3(Zi) and Jk(hui) respectively.
However, similar to the phenomenon in free-recall survey, there are three different terms,
INWE(Ka-fei), #(He) and £%(Zong), were used for representing brown category. Likewise,
the pink category was divided into ¥7#[(Fen-Hong)or f7(Fen), and #k#l(Tao-Hong), and
orange category can be both f@(Ju).erf&(Cheng). Among these terms, IJiME, ¥73#L and
% are the most frequently recalled-and usediterms corresponding to brown, pink and
orange categories in both survéy, However; these terms are translated inconsistently in
Chinese-English dictionaries and in previous studies regarding Mandarin color terms (Lin,
et al., 2001; Lu, 1997). It is therefore necessary to determine whether these terms are
synonyms denoting the same color categories, or these are sub-categories used to
represent different shades within or between major categories. The S class: There is a
remarkable discrepancy of number of the collected secondary color terms in free-recall
and free-naming works. There is only one term ##(Ou, lotus root), a shade of pale grayish
pink, surpassed 2% occurrence. Other terms overlapping with those in the free-recall task
such as fi#(Zhan, brick), £H.(Ka-qi, khaki) or +(Tu, soil) were sparsely reported. One
possibility is that the stimuli for naming are limited, while many secondary terms cover
the brightness range beyond the 50 cd/m” level , such as [§(Fu, skin) or >k(Mi, rice) are
used for representing very light warm colors. Another reason is the secondary color terms

are rarely used alone in the task-oriented naming experiment. Many secondary terms were
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used as hue-modifiers in front of basic colors terms, such as sea-blue, olive-green or
grape-purple. This sort of color terms are classified as the SB class, which results in
higher occurrence rate (17.1%) than S class (6.8%).

(c) The A class: contains color terms appeared in ancient classical Chinese literature or
pigments of Chinese painting, such as 7 (Ching), a widely applied color term
representing the colors from green to blue, sometime even covers purple and black. This
word was unsurprisingly mentioned for over 2% occurrence rate in the experiment, mainly
used for naming stimuli of bluish green or light green. In contrast to the color terms in
Chinese vernacular, a single antique color terms are rarely used in everyday color
reference. But some of them served as hue-modifier in the naming task, such Z<HL
(Zhu-Hong, bright red).

(d) The BB class: accounts for 19.6%3ve&currence, which is a very common pattern of
compound color terms. This sort/of color terms:is composed of two basic color terms in
order to describe the ambiguous shades locating between two color categories. However,
due to the flexibility of Chinese grammar, the syntax of this type is somewhat
controversial since the precedent basic term is difficult to tell its functional identity as a
noun or a hue modifier. For example, Bk could means blue-green or bluish green in
English. Currently the researcher treats these as simple compound nouns. The
combinations of two basic terms seem to be constrained in some conventional rules and
perceptually-logical order, instead of arbitrarily piecing any two terms together. One of the
obvious rules is the composed color terms are neighboring in the hue circle, such
blue-green and orange-red. Terms like yellow-red or green-purple were never found.
Secondly, there are idioms with specific combination order using for describing the color
located between two color categories. For example, the color between yellow and orange
would be always named as f@ Z (orange-yellow) but never named as T& 1

(yellow-orange). Generally, red, yellow green are mostly placed as the second noun.
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(e) The SB class: contains the compound terms composed of a secondary color term or noun

(®

with a basic color terms. The frequently occurred terms including olive-green, grass-green,
sky-blue, taros-purple, ink-green, soil-yellow and grape purple. It is remarkable that there
1s larger diversity in the usage of secondary terms or nouns for describing colors in green,
blue and purple categories.

The MB class: this sort of compound terms is composed of a tone modifier and a basic
color term. The front modifier could modify the perceptual dimensions of hue, brightness
or saturation of the main color term. The frequently used modifiers including 5% (bright),
% (dark), E(light), ZE(deep), %K(pale), ¥r(powder), ff(-ish) and [F(canonical/correct).
The first two correspond to the brightness of the color, while the third and the fourth are
more related to the saturation level. The modifier J%&(pale) is usually used to describe a
lighter tone than EE(light), and ¥p(powder/whitewash) is a unique Mandarin color
modifier used to describe light, clean 'colots: with opaque quality. The color terms
modified by ) are always asso¢iatedwith-feminine or childishness. The modifier {f(-ish)
is used to modify the hue of a color, Suéh' Fk{Fex or ffeafk(yellowish green), which is
in contrast to [F(canonical/correct). The modifier 1= is always used as a stimulus
approximates the focal color of a color categories, especially in the cases of landmark

basic terms.

(g) The MS class: is a type of combination of modifier and a secondary color term. This sort

of compound terms resulted in a low occurrence rate of 1.8%, which is lower than that in

the English naming study(Guest & Van Laar, 2000).

(h) The C class: includes complex composition of more than two color terms and modifiers,

such as EEEERk (light blue-green) or {REfff& Rk (yellowish olive green). There is no
term surpassed 2% consensus level in this class. This sort of color terms appear more
frequently than the Antique and MS classes (3.96%, 2.4% 1.8% respectively), and more

than the rate (1.4%) of the same type of polylexemic terms observed in the English
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naming study (Guest & Van Laar, 2000). However, the low value of CR and consistency
along with longer RTs of this class suggest that this type of complex color terms is an
unstable color expression. This form of terms is usually found in the responses to stimuli
located between two or three main color categories with low saturation.
4.3.3. The structure of color naming map
A color naming map shown in Figure 4.4 was derived by labeling the color sample with
the most consensual term (the mode) of each stimulus. The stimuli plotted on the diagram are
marked with colored bubbles along with the term in traditional Chinese characters. The color
of the bubbles is the host color category the stimulus was consistently named into. The size of
the bubbles represents the size of the mode, i.e., the consistency of the naming results. Some
bubbles are filled with two colors, representing the BB class, namely the combination of two
basic colors. The larger bobbles are distfibited around the peripheral districts, which are
zones of higher chromaticity purity.=The-consensualterms correspond to nine color categories,
red, orange, yellow, green, blue, purple, pink;brown and grey, and the location of the centroid
of like terms could be considered as the foci color of each category. However, the size of
mode of these terms is quite hue-dependent. The colors %[ (red), #k(green), f#(orange) and
JX(gray) resulted in larger sizes of mode, while that of B (blue), Z=(yellow), Bkfl(pink), %5
(purple), and IfjiJE(brown) are smaller. The larger mode indicates a given stimulus matches
the focal color of a category better among different observers, and the chromaticity location of
the stimulus can be viewed as the best exemplar of the category. However, the less
consistently named categories, such as EZ(blue) and %&(purple), could be attributed to two
reasons. The first is the fixed luminance level and constrained chromaticity range of the
stimuli could not capture and represent the foci color. The later color sorting experiment

covering a wide range of luminance levels would examine this possibility.
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Figure 4 .4. The color naming map derived from theresults of color naming experiment. Each color bubble
represents the location of the stimulus, and the color of the bubbles is the host color category defined by
the mode of the collected terms. The size of the bubble represents the size of the mode. The black dot
within the triangle of stimulus points is the reference white of the screen.

The other plausible reason to explain the low consistency of certain hues is that
observers might hold richer vocabulary to express the appearance of these colors. The pie
charts in Figure 4-5 present the different varieties of color names between the stimuli of larger
modes (right two charts, red and orange) and that of smaller modes (left two charts, blue and
brown). The left two pie charts show the composition of different color terms that were used
to express the focal blue and brown stimuli. The right two charts are the cases of red and
orange. Some hues tend to arouse association with objects in natural scenes. The simple

square stimuli filled with typical blue color would elicit the naming responses not simply
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“blue”, but sky-blue, sea-blue and so on. Similarly, observers name brown stimuli not only
“brown”, but also khaki, deep skin, warm palm and so on. The naming for green and purple
also involves diverse secondary color terms as hue modifiers. The naming of typical red
stimulus shown in the chart is relatively straightforward. In addition to the simple naming
with “red”, other terms are “red” modified with modifiers such as bright, vivid, pure, and
stander and so on.

As presented in previous session, the confidence and response time statistics are better
for all landmark colors than the other classes of color terms. This result is consistent with the
result of the English color naming study (Guest & Van Laar, 2000) . That study also collapsed
the measures of consistency, RTs and confidence rating into a unitary “nameability”, a single
index representing the ease of naming colors. The concurrent study chooses to represent these
data separately lest compromising the_acuitiiof the original measures. Figure 4-6 show the
unsmoothed contour map of mean confidence rating. The darkness of the fill between contour
line is the level of confidence. Thé-darker anrarea-is, the higher the confidence rating. The
distribution of dark and light zones roughly ‘matches the size of mode presented in Figure 4-4.

The match, however, is less consistent with the pattern of RT contour map plotted in Figure
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Figure 4.5. The naming of the typical stimulus of blue, brown, red and orang.

The central zone of the triangle gamut gained the lowest confidence due to its location at
the joint of all color categories with low saturation. The names given for this zone are brown,
grey, pale or compound terms like dark pink, dull pink and so on. This area constitutes the
most ambiguous part of the color spaces=and it\is‘not surprising that the longest RT zone in
Figure 4-7 overlaps with it. However, the atéa giving rise to the longest RTs is not only found
in the ambiguous central zone, but alsojin-thejoint areas between blue-green and blue-gray,
and partial areas of typical blue and purple. This is not because that these hues are hard to
determine their host categories, instead, it is the rich vocabulary and associative potentials of
these shades that prolongs the processing and decision of the naming. The results of sorting
experiment (to be presented in Chapter 5) without involving naming behavior would support

this argument.
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CHAPTER 5. STRUCTURAL FORMATION OF LEXICAL

COLOR CATEGORIES

This chapter presents a twelve-color-term sorting experiment, and the derived color
category space. The results of this work can be the foundation of establishing the
chromaticity structure of color categories of Mandarin. The purpose is given in
Section5.1, and methodology of the experiment is described in Section 5.2. The results

are given in Section 3.3.

5.1 Purpose

This experiment uses a sorting experiment to specify basic color terms in the CIE1931
x-y chromaticity diagram. To fully depict the categorical formation of colors on the color
space, stimuli were square sampling thatwa¥yacross six different luminance (L) surfaces and
vary in three perceptual dimensions: lighthess; saturation and hue. The effect of stimuli
luminance and purity, which are related'to perceptual dimensions of lightness and saturation,
are examined for their potential interactions' with color naming and categorization (Guest &
Van Laar, 2000; Jameson & D'Andrade, 1997; Shinoda, et al., 1993).

The general purpose of this experiment is to construct the formation of color categories
in Mandarin. Besides measuring the sorting frequency, the response latency also reveals the
category robustness in participants’ mental model. The dependent variables are sorting items
and response time (RT), which are submitted to serve indexes of central tendency (mode) and
task difficulty, respectively. Similar measurements are sometimes collapsed to be unitary
indexes such as ‘codability’ or ‘nameability,” which typically represent the observers’
consensus and dispersion (Guest & Van Laar, 2000; Lin, et al., 2001a; Sturges & Whitfield,
1997; Zollinger, 1988).

5.2 Method

Experiment design
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The sorting work is the force-choice task. Participants view the color stimulus under
controlled viewing conditions, and then sort it into one of the given twelve color categories.
There are twelve color categories to choose from, and these are labeled with traditional
Chinese characters, that is, the original complex form instead of the Chinese simplified
character. The traditional characters and phonetic transcriptions of these color terms are #[.
Hong (red), 1@ Ju (orange), B Huang (yellow), f%k Lu (green), ¥4 Lan (blue), %& Zi (purple),
¥o#l Fen-Hong (light pink), Bkfl. Tao-Hong (dark pink), WIJE Ka-Fei (brown), JKX Hui
(gray), FH Bai (white) and Hei (black). As discussed in previous chapters, both
synonymous and polysemous color terms are common in Mandarin. Moreover, the idioms of
Mandarin color vocabulary vary across regions, times and speakers. Thus, the color terms
used in the experiment were determined by a pretest on current popular color vocabulary
rather than by arbitrary assignment. A tankifig,of Mandarin color term frequency counts was
obtained in the free-recall survey, asilisted in-Table 3-2 in chapter 3. The most frequently used
Chinese color terms corresponding-to,calor:categories of red, orange, yellow, green, blue,
purple, pink, brown, gray were selected as semantic labels in the sorting color task. Two terms,
¥3#L and M4, which both correspond to the English color term ‘pink’ in related
studies,( Lin, et al., 2001a; Lin, Luo, MacDonald, & Tarrant, 2001b; Lin, et al., 2001c; Lu,
1997) are both included because the authors assume that the two terms actually denote two
distinct color categories according to cultural convention. This argument can be examined by
the present color sorting experiment. In the free recall survey, black (22 Hei) and white (F Bai)
were seldom counted as ‘color’ terms, but they still were adopted as options in the sorting
experiment as well. Consequently, a total of 12 Mandarin color terms, %[, f#, 2, %k, B,
22, PRRL, FokL, mmwE, Bk, BA, H,serve as semantic labels for representing basic color
categories. These are denoted in the study as R, O, Y, G, B, P, pk, dpk, Br, Gr, W, and Bk.
Participants

Forty-four participants (some of whom also participated in the free recall survey)
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screened with the Ishihara color vision test took part in the experiment. All are native
Mandarin speakers ages 20 to 34, with 25 females and 19 males. Participants are
undergraduates or postgraduate students at Chiao-Tung University, and their participation
satisfied a course requirement. Participants have no formal training in color science, and were
not aware of the purpose or methodology of the study.
Stimuli

Six sets of colors were generated, corresponding to six different L levels: 5, 10, 25, 50,
100 and 170cd/m*. Stimuli of the same L surface were evenly sampled along x- and y-axes in
the CIE1931 x-y diagram. At each L surface, the sampling interval is 0.025 units, sweeping
along the x- and y-axes to produce a regular and equal sampling of points within the gamut of
display media. Six stimulus sets contain unequal amounts of colors—67, 89, 99, 121, 64, and
21, respectively—and these amounts depéhdon the availability of LCD colors at different L
levels. There are 461 distinct stimuli/in‘total."The top figure in Figure 5-1 shows all stimuli in
the L-x-y space, and the bottom figtre i theSeparated plots of all stimuli at each L level. The
widest color gamut constrained by the"'display media was measured at a level of
approximately 50cd/m” and is denoted with three large, solid triangles in the figure. Another
solid triangle in the center of the 50cd/m” surface presents the peak white (x=0.319, y= 0.335,

defined as the reference white in the study) of the display.
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Figure 5.1. Stimuli plotted on the CIE1931 L-x-y color space (top). Six sets of stimuli in distinct L levels were
evenly spaced on x-y surfaces. The widest color gamut was measured at 50cd/m?, and this gamut is denoted with
solid triangles and their links. The center triangle represents the peak white (reference white) of the LCD monitor.
The separated stimulus plots of each L level are as the bottom figure.

Apparatus
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Stimuli were presented and controlled by an ASUS F6E 13.3" laptop. Each stimulus
was displayed in the exact center of the monitor. The output uniformity stability check of the
LCD was carried out according to a standardised procedure. A well-calibrated
PhotoResearch™ PR-650 SpectraScan spectroradiometer was used to repeatedly measure the
center output of the LCD. The measuring distance was 355mm, and the sample size was
10cm?, covering the whole field of the spectroradiometer lens. The measuring geometry
followed the recommendations of PhotoResearch, Inc. The adopted standard observer model
was CIE1931, and the reference white selected was D65. The mean output intensity was
235.8cd/m® (STD=3.28, maximum value=241 cd/m* (+2.11%), with a minimum value of
229cd/m” (-2.96%)). A look-up table was generated by the standard measuring procedure, and
the Matlab interpolation function was used to produce all color stimuli. The mean errors of all
stimuli in chromaticity were also checkedb§ithe spectroradiometer; these were 4.42cd/m” in
L, 0.006 in x and 0.004 in y. The mean E-error inereases with the L level of stimuli. The mean
errors of the stimulus sets of 5 cd/m~and 10-cd/m”/are 0.38 and 0.76, respectively.

The stimulus was displayed in a'Square, sized 2° by 2° visual angle at the required
viewing distance of 50cm. The background of the stimulus square was set at 60cd/m’, the
average L of all stimuli. In addition to the stimulus square, there was a thin black border
surrounding the square and a white thin border surrounding the black border. Both the inner
black and outer white borders were 0.2° wide. The double border design provides the
viewing condition with reference white and lowest L level of the display medium.
Additionally, the border reduces the L contrast effect between the stimulus and the
background, and concentrates the viewer’s attention on the stimuli.

Procedure

The experiment was conducted in a darkened room, with the only light source from

the LCD. The viewing distance was set at 50cm. The viewing distance and position were kept

constant by an adjustable chin rest table with head fixer. There were a total of 461 trials.
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Participants were instructed to sort each stimulus into one of the given color categories. A
custom keyboard with 12 tags of Mandarin color vocabulary was used to input the sorting
results. The initial 40 trials were for practice and were not recorded. The practiced observers
were familiar with the position of color terms on the keyboard and were able to produce rapid
and accurate sorting actions. All stimuli were presented in random succession. During the
experiment, the observers could use a pause key and a resume key to break and restart the
experiment. The flow of the experiment was controlled by Presentation” (Neurobehavioral

System, Inc.).

5.3 Results
5.3.1. Zone map of color categories

The participants have produced 20,284 color category judgments via the force-choice
sorting task. These judgments are submitted to render color zone maps connecting semantics
with perception. Table 5-1 provides a descriptive overview of categorical sorting results in
conditions of different L levels. In this table, the rank order for the sum of frequency counts is
G (green), Br (brown), P (purple), B (blue), O (orange), Y (yellow), Gr (gray), R (red), Pk
(pink), Dpk (deep pink), Bk (black) and W (white). There were very few unreasonable
judgments—precisely two votes for Bk in 170 and one in 100cd/m? conditions, and one for W
in 5 and 10 cd/m”. These should be ignored because they may easily have been keyboard
input errors. The input key for Bk was close to the key for W.

Table 5.1. The descriptive overview of categorical sorting results in different L level conditions

R O Y G B P Pk Dpk Br Gr W Bk
5cdm*> 88 23 12 671 33 578 9 19 805 104 1 304
10cd/m> 203 47 34 1089 367 791 34 43 982 235 1 90
25cd/m® 348 437 39 1143 399 794 38 140 798 211 0 9
50cd/m® 248 786 265 1459 464 680 297 415 497 213 0 0
00cdm® 15 284 331 1077 329 224 301 17 101 127 9 1
170cdm® 4 20 300 255 124 23 87 2 22 39 46 2
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Figure 5.2. The stack histogram for presenting normalized frequency distribution of each condition. The x-axis
shows the color categories, and the y-axis shows the (accumulated) ratio. The various filled grey levels are used

to denote six luminance conditions.

A cross-L comparison of the formalizedArequency distribution is shown on the stack
histogram in Figure 5-2. The x-axis lists the given color categories, while y-axis presents the
ratio of original counts to stimulus numbers of each condition, with various grey-level fills to
differentiate the six L levels. The histogram presents a rough structure of the frequency
distribution across color categories and L levels. The green, blue and grey categories give
relatively even frequency ratios, implying that these three color concepts are luminance
invariant; that is, they exist in all L conditions. In contrast, the other color categories are
perceived at a limited number of L levels. Red, purple and brown are more frequently
perceived in medium to low L conditions, orange and deep pink are recognized in middle L
conditions and yellow and pink are apparent in high L conditions. It is particularly noteworthy
that the chosen color terms (except for the achromatic terms) are often referred to as ‘hue’

terms, suggesting that these should be more or less independent from luminance and
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saturation. However, some ‘hue’ terms, such as yellow and deep pink, seems to be typical of
specific luminance levels. This luminance-dependent phenomenon in color category sorting
has been addressed(Shinoda, et al., 1993), and will be discussed further in the following
section.

The interaction between the L condition and the recognized color category is illustrated
in Figure 5-3. The upper six x-y chromaticity diagrams with colored circles represent the
demarcated color zones in six L conditions. The coordinates of each circle’s center correspond
to those of the stimulus. The colors of the circles intuitively symbolize the category that
gained maximum votes, the mode, except for the light grey in the L170 condition symbolizes
white. In addition, the circle sizes correspond to the maximum number of judgments in order
to better visualize the degree of consensus under each stimulus condition. Generally, larger
circles symbolize the focal color of thescatégory spread over the peripheral districts of high
purity in colorimetry, whereas the smaller circles\are found in the common border between
distinct color zones and in the central\at€aiof 1ow purity surrounding the reference white W.

The composition of color zones appears to be diverse across the six L conditions. In the
lowest L condition (5cd/m?), there are only five perceptually dominant categories: green, blue,
brown, purple and black. As luminance levels increase, the other color categories gradually
become apparent. Specifically, red and grey become recognizable from L=10, orange and
deep pink from L=25 and pink and yellow from L=50. Certain color categories become less
apparent in higher L conditions; specifically, red, deep pink and brown are seldom identified
from L=100. In the highest L condition (170cd/m?), only yellow, pink, blue, green and white
remain visible. These results suggest that a common concept of color, labeled with a specific
color term, is not merely an idea of a hue independent from brightness and saturation
information. The results suggest that some color (hue) terms, such as red, yellow, pink and
others are strongly associated with luminance.

The lower diagram in Figure 5-3 combines the above six diagrams. It reveals the spatial
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changes of color category compositions along with L level conditions. The color of the open
circle also represents the mode of color sorting, and the size of the circle corresponds to the L
level. The largest outer circles denote color zones designated in L=170, and the inner smaller
circles that decrease in size denote gradually decreasing L conditions. The color consistency
of the concentric circles is an index of the degree of luminance dependency in the sorting
results. Stimuli located around the borders between categories appear more ambiguous, and
naturally are designated into different categories when luminance changes. The top and
lower-left corner of the gamut triangle, demarcated as green, blue and partial purple, show
strong consistency across all L levels. However, color zones in the area from the center to
lower-right corner of the triangle are strongly influenced by luminance conditions. It is
important to note the superseding pattern of some groups in that area, such as a warm color
group (yellow, orange and brown) and anothér,group (pink, deep pink and purple). Members
in these two groups seem to displace each‘other\as the luminance conditions change. It is
remarkable that the brown category-ovetlapsa:large range of color categories according to the
fluctuation of luminance. A stimulus fixed 'in a chromaticity coordinate is recognized as
brown in lower L but would be called yellow, orange or even pink as the L gets higher. In
addition, the gray category also demonstrates a similar but weaker effect; it can substitute for
many other colors as the luminance condition changes. This effect is related to the so-called

‘wild-card’ phenomenon.(Greenfeld, 1986)
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Figure 5.3. Upper six x-y diagrams of different L levels using circle color and size to present color category and
mode size, respectively. The lower diagram combines all results and differentiates the modes of six conditions
with open circles that decrease in size. The larger outer circle represents the mode of the 170cd/m* condition, and

the smallest circle represents the mode of the 5cd/m* condition.

The particularized formation within each color category’s luminance condition is
presented in Figures 5-4 to 5-7. Each figure contains 6x3 (the number of L levels by the
number of color categories) diagrams of smoothed-out contour maps, and all diagrams share

the equivalent x-y unit and scale. The contour-smoothing algorithm was provided by
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OriginPro 8.0 by OriginLab. The denotation of the conditions (cd/m* - color category name) is
shown in top-left corner of each diagram. The small black dot in the midlle of diagram marks
the position of reference white. Different fills of grey level between contour lines represent
the frequency ratio of the observers’ judgments. Zones filled with black indicate that these
obtained over 90% of the votes for the corresponding color terms, which means they are focal
zones with the least controversy. The other grey fills gradually increase in lightness according
to their respective percentage of votes, with a decreasing interval of 10%. Consequently, the
darker the zone fill, the higher the frequency, and the more representative the stimulus. The
darkest grey fill indicates 80%-90% votes, while the lightest fill (white) indicates 10-20%
votes. A frequency ratio below 10% is ignored and filled with slash lines to mark the gamut.
These countour line maps reflect the noticeable transformation of each color zone involving
luminance variation. Each color categony!8héws distinct pattern of emergence, congregation
and lapse on the color space.

Figure 5-4 presents zones of red,forange and yellow categories that show prominent
lumiance-dependent features in their distribation. The red is recognizable below 50cd/m?, and
its focal zone (the zone with highest ratio) is relatively small, reaching only 70-80% ratio
level. The covered area completely overlaps with the brown zone in 5cd/m?, although the
probability of seeing red at this L level is quite low. The orange zone is also designated at
restricted luminance levels, mainly in 50 and 100cd/m?. The formation of the orange contour
map reveals a very concentrated pattern; it contains a recognizable focal zone of over 90% in
50cd/m’ level, and then the zone diminishes drastically in 100 and 25cd/m? levels. The range
of orange and brown categories also overlap considerably, and brown also overlaps with
yellow. The yellow zone is recognizable in conditions above 50cd/m?, and the focal zone of
over 90% can be found in 100 and 170cd/m” level. The first three color categories discussed
thus far contain colors of long wavelength range. Their territories are all luminance-dependent,

and overlap with the brown zone in low luminance conditions. This result is consistent with
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the familiar perception that so-called warm colors (red, orange and yellow) would shift into
brown as they become darker.

Another cluster of color category zones—green, blue and purple—is shown in Figure
5-5. Apparently, viewers were able to percieve these three colors across all six luminance
levels, except that purple was infrequently indentified in 170cd/m® condition. The green
category might be considered as a unique color concept that is particularly easy to define,
given its large focal zone of over 90% votes and sharp border. Its dense peripheral contour
lines reflect a steep fall in frequency ratio. The loaction of the focal zone remains constant,
rather than shifting with luminance changes. Moreover, the overlapping area between the
green zone and neighboring purple, green and brown zones is very limited in size. A similar
pattern of contour lines can be found in the blue zone, although its covered range is much
narrower than that of the green zone. The'puirple category is also a easy-to-identify color, as
revealed in the concentrated patternin the map, typically in conditions below 50cd/m’.

However, the perceptual definitionof:purple seems not as distinct as that of blue or
green. In the darker conditions, its zone overlaps patially with those of brown and red, while
in lighter conditions it overlaps with deep pink and pink. Generally, when compared with the
previously discussed warm color cluster and the other color categories, the three colors in
Figure 5-5 demonstrate the notable characteristic of being preceptable across every L level.
Furthermore, the overlapping zone between these and neighboring colors is relatively small,
especially for the green and blue zones. All of these observed features suggest that the
psychological quality of these colors is more universal, stable and less ambiguous when
compared with other colors in the study.

Figure 5-7 shows the contour map of the achromatic categories of gray, white and
black. The Gray zone distributes around the lower-left area in all luminance situations, close
to the intersection of the blue, purple, green and brown zones. It also appears more clearly in

the middle luminance levels, and switches to black in the lowest luminance conditions. The
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term of white was used only in 170cd/m” condition, and its zone encircles the W point. White
and black categories gained very low votes, perhapes due to the fact that observers were
provided with thin outlines of white and black for reference with each stimulus. Literally, gray
and black should be neutral color concepts that do not involve any hue information. However,
the results show gray as a category that represents the ‘cold’ cluster of colors, typically blue
and purple, in very low saturation conditions, and black corresponds to cold colors in very
low saturation and luminance conditions. The actual neutral exemplar in any luminance level
should be located around the reference white point, just as in the white zone. Based on the

present results, the ideal neutral point lies on the border between the brown and gray/black

zones.
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Figure 5.4. Contour line map showing the formation of red, orange and yellow. A detailed description is in the

text.
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Figure 5.5. Contour line map showing the formation of green, blue and purple. A detailed description is in the

text.
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Figure 5.6. Contour line map showing the formation of pink, deep pink and brown. A detailed description is in

the text.
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Figure 5.7. Contour line map showing the formation of gray, white and black. A detailed description is in the

text.
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5.3.2. Response times and the boundary definition

With the constrained option of 12 color terms, the perceptual regions corresponding to
the main color categories on the CIE x-y diagram were carefully mapped out, as shown in all
previous figures. However, the regions defined in those figures, such as the distinct color
zones seen in Figure 5-3, were based on one single statistic; namely, the quantity of votes for
a certain color term. Another way to help define the boundary between color territories is to
take into account the task difficulty measure. In the study, the RTs in each sorting trial are
rendered as dependent factors relative to the ease in making a color category judgment. It is
assumed that the more ambiguous the color, the longer it takes to discriminate and sort the
color into one of the given categories. The RTs were also considered important in the related
studies.(Guest & Van Laar, 2000, 2002; Sturges & Whitfield, 1997) While the size of the
mode is an index of the commonness'ofi;the stimulus, the RTs is an index of the
distinctiveness of the stimulus. A stimulus'that results in a rapid response plus a larger mode
to the same color term signifies that\it,istwellilocated in the center zone of a color category
(i.e., it is a typical example of that category). The reverse situation, with a long RTs and fewer
votes, indicates a stimulus located in the periphery of a category or the boundary between
categories.

Figures 5-8 and 5-9 visualize two factors: the 50% and 75% vote threshold and the
contour map of RTs, respectively. Both figures contain six luminance levels in the x-y
diagram of the same scale. Figure 5-8 uses a unitary criterion to demarcate the boundary of
color zones; namely, the vote frequency counts of 75% level (color fills) and 50% level (color
lines). Figure 5-9 presents RT in terms of contour lines on the color space. The black area
corresponds to RT below 1.5 seconds, while the white area corresponds to time beyond 2.25
seconds.

It is interesting to examine the connection between the spatial constitutions in these two

figures. In Figure 5-9, there are several prominent hot spots (black areas) embedded in the
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inert ground (white areas). The white and lightest grey areas, representing short RTs, are
generally consistent with the areas of achromatic center and boundaries between categories in
Figure 5-7. The Pearson correlation coefficient of the size of mode and the RT of each
stimulus in low to high L conditions is -0.846 (p < 0.01), -0.874 (p < 0.01), -0.816 (p <0.01),
-0.81 (p < 0.01), -0.763 (p < 0.01) and -0.103(p = 0.67), respectively. High and stable
negative correlation can be observed in most conditions, but this effect disappears in the
L=170 condition. Generally, the center tendency index can demarcate the core zone of the
category, as shown in Figure 5-7, while the RTs information gives robust weight to the
boundary.

The RTs measure also reveals the distribution of perceptual distinctiveness (saliency)
on the color space. Figure 5-10 presents the luminance-against-RTs line plot that connects the
mean RTs of the color categories in certaintlieonditions. Note that the figure does not contain
every category in every conditions To-pteventrthe interference of the RTs of non-typical
judgments, each line of color category only presents the L conditions in which obtained votes
surpass 10% of all votes within the category. The white category is not included because its
votes ratio reaches 10% only in L=170 condition. The line plot shows that the RTs is both
category- and luminance-relevant. For the categories of green, blue and purple, the mean RTs
are generally shorter across all L conditions. This suggests that observers can easily and
rapidly decide whether a given color belongs to the green, blue or purple categories, even
though these three are next-door neighbors on color category maps. However, the lengths of
RTs in the other categories are relative to luminance variation. The RTs of Gray drop
drastically, indicating that gray is easier to determine in higher L levels, whereas RTs of
brown show the reverse trend. The rest of the color categories also have shorter RTs in their
corresponding dominant L levels. The mean RTs of the orange category, for instance, drops at
L=50, which is the luminance level at which the color is most frequently recognized.

Rapid RTs can be found in the highest L condition of L=170, as shown in Figures 5-9
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and 5-10. This appears to be somewhat in conflict with the previous point that RT serves as an
index of the ease level of the task. A color displayed in very high luminance should be diluted
in hue and saturation, and it should thus become more difficult to determine its appropriate
category. However, there are two possible reasons for the actual result. First, the limitation of
the display gamut makes the colors of high L conditions vary in restricted numbers of
categories. The second reason is that under such high luminance conditions, the observers
actually make a color-or-white distinction; that is, they simply sort the stimulus into one of
two main categories. The psychological distance between these two categories should be
larger than that between many other color categories, such as green and yellow. With the
limitation of the gamut display, the number of sub-categories under the broader ‘color’
category is even fewer, as designated by the yellow, green, blue, and pink zones in Figure 5-8.
These factors could reduce the task difficultyzin =170 condition and contribute to the quick

response.
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Figure 5.8. Zones of color categories in six luminance conditions. The boundaries are demarcated by 75% and
50% votes ratio, which are marked with color fills and color lines, respectively. These two threshold levels

partition the x-y surface into distinct zones without overlapping.
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Figure 5.9. Contour maps presenting RTs in six luminance conditions. The light areas indicate longer RTs, or the
more difficult sorting decisions, while black areas indicate the faster RTs and easier response zones. The darker

areas roughly correspond to the color zones in Figure 8, except in L=170 condition.
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Figure 5.10. Line plot of the mean RTs of 11 color categories (white is excluded) in their frequently identified
luminance conditions. The y-axis shows milliseconds and the x-axis shows luminance.
5.3.3. Summary

The experiment presents the formation of color categories through a 12-color-terms
sorting experiment that employs native Mandarin speakers as participants. The adopted

categorical color terms were determined to be universal among human cultures (e.g. Berlin &
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Kay, 1969; Guest & Van Laar, 2000; Lin, et al., 2001a, 2001b, 2001c¢; Lindsey & Brown,
2006; Lu, 1997; Shinoda, et al., 1993), and were confirmed to be frequently used by a
free-recall pretest. The range of each term-related color category among observers was
carefully plotted on the CIE 1931 chromaticity diagram on six luminance surfaces. Unlike
many studies adopting reflective materials, limited saturation or luminance setting, or
irregular sampling in designing stimuli, this study’s illuminant stimuli vary regularly in terms
of hue, lightness and saturation and can systematically capture the spatial structure of color
categories in different perceptual dimensions. In general, this experimental design leads to an
intriguing finding in the results; namely, the changing shape of the color zone depending on
purity and luminance. These two colorimetrical parameters correspond roughly to saturation
and lightness. In the seminal Color Categories in Thought and Languag (Jameson &
D'Andrade, 1997), Jameson and D’Andradélargue that within the internal perceptual color
space, hue interacts with saturationzand-lightness to produce ‘bumps.” Bumps are defined as
the salient representation of color categories; ot the foci colors. The formation of focal color
zones located at different luminance levels and eccentricities apparently support, and
‘visualized’ this theory.

The formation of color categories shows the various degrees of the luminance effect.
The most luminance-irrelevant cluster includes green, blue, purple, and gray. These four
colors, particularly green and blue, are identified across all luminance levels. Additionally, the
shape of the corresponding contour map remains stable, and the location of the foci of these
categories is consistent across all conditions. Moreover, the RTs of the green, blue, and purple
categories are the shortest among all colors, and are unrelated to variances in luminance. All
measures indicate that these three color concepts, particularly green, are more psychologically
distinctive, salient and robust than others. Green gained the most votes in the experiment with
the lowest mean RTs, and its zones are encircled by sharp contour edges. Interestingly, the

locations of these three categories on the color space are close. Blue is adjacent to green and
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purple is adjacent to blue. These color categories are similar in terms of chromaticity, but
distinct in category distinguishing. Nevertheless, many categories can be frequently identified
and appear typical only in certain restricted luminance ranges. Red is typical in L = 10-25,
deep pink in L = 50, orange in L = 50-100, pink in L = 100, and yellow in L = 100-170.
Conceptually, these color categories are different shades of the ‘warm’ color cluster, and are
bound tightly by luminance conditions. In low luminance levels, the same chromaticity
location of warm colors could easily be identified as brown. Additionally, the red, deep pink
and pink categories, which belong to the ‘Hong’ (red) cluster in Mandarin, appear to be
typical in three distinct ascending luminance levels. Their foci locations do not overlap. These
factors indicate that Hong, Fen-Hong and Tao-Hong could be independent categories. Also,
the claims of earlier studies of Mandarin, which accounted for only six color categories(Berlin
& Kay, 1969), could be inappropriate toapply«to, the contemporary Mandarin environment. In
Berlin and Kay’s survey on the:=development ‘of color terms in worldwide languages,
Mandarin has only four chromatic ¢oloriterms;fed,-green, yellow and blue. Some researchers
argue that these limitations are refutable and have tried to propose new evidence (Lu, 1997).

Furthermore, it is important to note that the foci of brown and gray are located
symmetrical to the reference white. Traditionally, gray should serve as a representation of
achromatic stimuli, but the results show that it actually stands in for ‘cold’ colors in low
saturation conditions, while brown stands in for warm colors in similar conditions. The exact
neutral gray may only exist in perfectly controlled viewing conditions, which are seldom
found in the real world. Supposedly, these two wild-card color concepts (Greenfeld, 1986) are
capable of conveying near achromatic shades of cold— and warm—tinted colors.

A previous study uses similar viewing conditions and color space to examine Japanese
speakers as observers (Shinoda, et al., 1993). In the Japanese study, the location of boundaries
between blue and green are different than the location observed in this study. The green areas

in this study’s color zone maps extended further than the blue areas, while the reverse was
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found in the comparative study. The red area in this study is narrower than that in the Japanese
study. Other than the differences in area size of red and the boundary location of blue and
green, the remaining color categories were similarly spaced in both studies. Interestingly, blue
and green can be loosely represented by a term in a literary language used by ancient Chinese,
and this ancient Chinese written language influenced both modern Mandarin and Japanese.
Perhaps the conventional definitions of blue and green in modern Mandarin and Japanese
developed differently. In the fields of color categorization and naming, a conventional view is
still developing. A greater quantity of substantial empirical data would undoubtedly improve

the overall understanding of the fields.
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CHAPTER 6. GENERAL DISSCUSION

This chapter gives general discussions regarding cross and within study results
comparisons. A comparison of popularity raking of color terms between three
free-recall studies is presented in Section 6.1. The color category map derived
from free-naming task and sorting task would be compared in Section 6.2.
Section 6.3 gives the cross-culture color sorting comparison, and Section 6.4

sketches some extendable future works.

6.1 Comparing popularity ranking of color terms between studies

The Mandarin color lexicon survey in Chapter 3 gives an overview of present Mandarin
color terms in frequent use and the diversity among these color expressions. There are two
previous surveys of color terms conducted with the free recall method, which are comparable
with the current results. Table 6-1 listed*the popularity rank order and the corresponding color
terms of current results and the two comparafive studies. One of these is a Japanese color
terms survey carried out by James Stanlaw in _1990s (Stanlaw, 1997). There were 91 native
Japanese speakers participated in a free recall task. The participants were asked to recall those
color terms that they consider the most common or important in everyday life in Japan. There
is a few detailed requests differing with the present study: those Japanese participants were
encouraged not to contemplate too long over the task, i.e., there was time limit of three to five
minutes; and they were told only the first fifteen terms would be counted; moreover, the
participants were allowed to use compound terms modified with common modifiers, or the
form of combining two common basic color terms. Other than these, the rest of the procedures
are similar to the current work. Both native Japanese vocabulary and English loanwords are
acceptable. The other comparative study was conducted by Lu in which deliberated samplings

of informants were employed.
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Table 6.1. A comparison of the popularity of color terms elicited with free recall task

and two previous studies(Lu, 1997; Stanlaw, 1997).

between current study

Current study Japanese study Previous Mandarin
study

Mandarin English Japanese English Mandarin | English
1 | # Lan Blue Shiro White #k Tao (deep) pink
2 %I Hong red Aka Red X Hui Grey
3 ¥k Lu Green Kuro Black Hei Black
4 | BZi Purple Ao Blue # He Brown/tan
5 | #&Ju tangerine / Ki-iro Yellow H Bai White

Orange
6 # Huang Yellow Midori Green 1% Cheng | Orange
7 | ¥3#L Fenhong | (light) pink Cha-iro Brown 5 Huang | Yellow
8 | JKX hui Gray/ash Murasaki Purple 87 Purple
9 | uwE ka-fei Brown/coffee | Pinku Pink % Hong | Red
10 | Bk Taohong | (dark)pink Orenji Orange %k Lu Green
11 | #& Cheng Orange Kon Dark blue EE Lan Blue
12 | #5 He Brown/Tan Ki-midoti YeHow-green
13 | & Fu Skin Mizu-iro Light blue
14 | ££ Zong Brown/palm | Hai-ito Grey
15 | 2k Mi Rice Gin-iro Silver
16 | 4% Cha Tea Guree Grey
17 | % Dian Indigo Kin-iro Gold
18 | #} Yin Silver Buraun Brown
19 | 7 Ching Blue/Green Kaaki Khaki
20 | 42 Jin Golden Beeju Beige
21 Hei Black Kuriimu-iro Cream
22 | H Bai White Remon Lemon
23 | FH Kaqi Khaki Emerarudo Emerald green
guriin

24 | fi# Zhuan Brick Hada-iro Flesh
25 | ## Ou Lotus root Nezumi-iro Grey
26 | K& Tuo Camel Sora-iro Sky blue
27 | 7% Xing Apricot Koge-cha Dark brown
28 | & Xiangbin | Chanpagne Momo-iro Pink
29 | 1 Ganlan Olive Daidai-iro Orange
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A noticeable discrepancy between the current results and the other results is the rank
order of black and white. The low rank order of these two neutral color terms could be
attributed to the instruction given by the researcher to recall any “color” (perhaps with
emphatic tone) terms you frequently use, hear or read. Except for that, the salient color terms
to the participants of these three studies seem to be very similar. Save for fact that black and
white ranked 21™ and 22" respectively in this study, and grey was the 14™ for Japanese, the
color terms representing B&K'’s eight basic color categories, red, orange, yellow, green, blue,
purple, pink and brown are consistently ranked in the top eleven.

Moreover, the phenomenon of using multiple terms to represent the same category was
found in both the current study and the Japanese data. Japanese use Buraun, Cha-iro and

Koge-cha to represent brown, and also use Orenji and Daidai-iro to represent orange.

6.2 Comparing with other studies’ free-naming results

The most comparable free naming'study:was carried out by Guest (Guest & Van Laar,
2000). They employed native English speakers as participants. While there are other studies
adopting the free naming method, such as Lin’s study (Lin, et al., 2001), their stimuli and
coding methods are very different from that in the current study. It is therefore less
straightforward to compare their results with the current results.

Table 6-2 summarizes the comparison between Guest’s free naming results with ours.
The occurrence rate of each class of color terms in both studies are listed along with the mean
response time and the mean confidence rating. The methods for measuring response time and
confidence level in both studies are identical. The S (secondary) class and the A (antique)
class in the current study are equivalent to the class of other monolexemic terms in Guest’s
study. There are several noticeable differences between these two studies:
(1) On average the RTs of Mandarin speakers is longer across all types of terms.

(2) English speakers produced larger ratio of basic color terms, including LB and OB classes,
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than Mandarin speakers, the occurrence rates are 52.2% versus 31.7%.

(3) The Mandarin speakers tended to use more compound color terms, i.e., classes of BB, SB,
MB and C.

(4) The average confidence rating given by Mandarin speakers is generally lower than that by
English speakers. However, some classes, such as the BB and MB, were rated with great
confidence by Mandarin speakers.

(5) Complex color terms were more frequently used by Mandarin speakers than English

speakers; the occurrence rates are 3.96% and 1.4% respectively.

Table 6.2. A comparison of free naming results between the current Mandarin study and the previous English

study (Guest & Van Laar, 2000).

Current Mandarin study; Comparative English study
Class | Occurrence% | MRTs MCR Occurrence% | MRTs MCR

G 6.48% 1854 3.84

R2.21% 1541 398
LB 20.7% 1939 3.56

B 3.53% 3672 3.45

Y 2.28% 2683 3.67
OB 17.2% 4126 3.27 31.5% 2018 3.26
S 6.8% 4419 2.48

13.5% 2535 3.02

A 2.4% 5263 2.54
BB 19.6% 4673 3.29 11.5% 3234 2.6
SB 17.1% 4889 3.02 5.9% 2992 3.04
MB 24.9% 3960 3.60 13.5% 2796 3.14
MS 1.8% 5142 2.73 2.1% 3143 2.54
C 3.96% 5406 2.42 1.4% 3623 2.44

6.3 Comparing free naming and sorting maps within this study
This study adopted two techniques to map the space of main color categories. In the first

free-naming task (in Chapter 4), the participants were encouraged to use any color
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expressions that they considered capable of conveying the quality of a given stimulus. In the
sorting task (in Chapter 5) the number of optional categories was constrained, and participants
were forced to make a decision to classify every stimulus into one of the twelve given
categories.

If B&K’s basic color categories are universally salient for most cultures and languages,
as was affirmed repeatedly in many studies involving other languages, the pattern of these
categories should emerge from the statistical results of free naming. The color naming map
presented in Figure 4-4 had shown the distribution of terms corresponding to main perceptual
categories, but only in the peripheral districts did one find obvious pattern that matches the
main categories. The finely plotted contour map of main color categories might provide a
reference to examine the categorical organization of the central zones of the color naming
map. Figure 6-1 is an overlay map combiminig.the color term map and category sorting map at
the level of 50 cd/m”. That contour map-shows three consensual threshold levels of 75%, 50%,
and 25%, marked with filled categorical‘color;thick line and thin line, respectively. The focal
zone (75%) of each category satisfactorily ‘matches high frequency names, although the
simplex monolexemic terms, such as fk, B, %5, &5, f@, %L and PkfL (the term tao-hong
equal to #k tao, which is treated as a monolexemic color term in the study), were only seen in
peripheral districts. The terms within the central 75% zone tend to be compound terms due to
the reduction of purity. A few stimulus spots within the 75% focal zones were associated with
unexpected naming results. A stimulus located at the edge of 75% green gained the consensual

term EZJK (blue-grey). Another stimulus located around the central of 75% orange was

consensually named as f@#[ (orange-red).
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Figure 6-2. The lexical color category map overlaying the free-naming and sorting results.

The location of the extraordinary color term ##(Oh, lotus root) is also intriguing. This
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color term is translated as “pinkish grey” in the Oxford Han-English dictionary, and is often
considered as the shade of dull light pink in low tone in daily color experiences. However, its
matching category is not between grey and pink, but between brown and pink instead, and its
location is not even covered by the zone of 25% pink.

Save for the existence of those unexpected cases, the pattern of color naming is generally
in accordance with the density line of the sorting results. Many compound terms of the BB
class are rightly given to the stimuli located between the focal zones of two categories, for
example B5%5(blue-purple), Eiik(yellow-green), and K #k(grey-green).

The other noticeable point is that the consensus level in the sorting task seems to be
incompatible with that in the naming task. Figure 6-2 is another overlaying map of contour
lines of category sorting and the mode size of results in the naming task. The smaller sizes of
modes are not always located in the boundatiés;between categories, or in the central zone with
low saturation and ambiguous huezappearance.~The correlation between mode size and the
degree of agreement is relatively weaky with=ajPearson correlation coefficient of 0.42. This
indicates that the naming consensus is not necessarily equivalent to the sorting consensus,

which serves as the reliable index of the location of foci color.

6.4 Future works

The empirical observations of the present study provide substantial evidence to improve
our overall understanding of the interaction between language and perception of color. This is
a critical issue related to the scientific field of cognitive linguistics, and it is also a
fundamental topic in psychology. The current results are also comparable with the data in the
WCS project.

Beyond the academic interests, from the practical point of view, knowledge about lexical
color category is the groundwork in applied researches of color. It is meaningful and

applicable to all kinds of visual display and communication involving colors. When color
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serves as a visual medium in carrying and conveying information, choosing them carefully
from the well-known color categories would be a wiser strategy. People in the modern world
rely on colors for acquiring immediate messages. We are so accustomed to dealing with
innumerous types of color coded materials. Efficient color design in such message indexing
applications requires the use of the most distinguishable colors, i.e., colors from distinct
mental categories. The psychological distance between colors selected from independent color
categories would be maximized, and thus minimizing the tax on the cognitive resource for
recognizing these colors. The advance in the knowledge about color categories would
certainly benefit design works involving colors as indexing symbols.

Further extension works of current study will focus on two lines: (1) deepen the
understanding of color concept and color expressions in Mandarin. There is quite a few
unsolved problems left by current reseatéhjzand there is also a vacancy of color- related
empirical data contributed from Mandarin, such-as the development of secondary color terms,
or the characteristics of modifiers. (2) Applying the knowledge of lexical color categories on
practical issues. For example, the PCCS color system specifies corresponding range for color
tones with modifiers like dull, bright, light, deep, and dark. Color specifications with language
would greatly improve the efficiency and precision in the color planning works. Moreover, the
features of categorical color perception and color lexical expressions could potentially link
with many psychological aspects of color, including color associations and emotion, and even

the preference of the color. These interesting issues await further investigations.
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