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Abstract
Although some words carry strong associations with specific colors (e.g., the word danger is associated with the color red), few studies
have investigated these relationships. This may be due to the relative rarity of databases that contain large quantities of such information.
Additionally, these resources are often limited to particular languages, such as English. Moreover, the existing resources often do not
consider the possible contexts of words in assessing the associations between a word and a color. As a result, the influence of context
on word—color associations is not fully understood. In this study, we constructed a novel language resource for word—color associations.
The resource has two characteristics: First, our resource is the first to include Japanese word—color associations, which were collected
via crowdsourcing. Second, the word—color associations in the resource are linked to contexts. We show that word—color associations

depend on language and that associations with certain colors are affected by context information.
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1. Introduction

Some words are associated with colors (i.e., danger and
red) and these associations play important roles in informa-
tion visualization. For example, red is used to successfully
strengthen the message given by stop signs (i.e., danger).
However, few studies have investigated word—color associ-
ations. This is because few available resources include a
wide range of word—color associations. Additionally, such
resources are often limited to particular languages (e.g., En-
glish).

Moreover, the word—color associations included in the ex-
isting resources are generally not linked to any contexts.
Consequently, in assessing the associations between a word
and a color, previous studies may not have considered the
possible contexts of the word (Mohammad, 2011; Volkova
et al., 2012; Lafourcade et al., 2014). Thus, the influence of
context on word—color associations is not fully understood.
Our study represents two main contributions to linguistic
research: The first is the construction of the initial resource
for exploring Japanese word—color associations. As de-
scribed above, the existing resources are limited to spe-
cific languages. We collected word—color associations in
Japanese with the goal of making them available to re-
searchers engaged in word—color association research.

The second contribution of this report is the communica-
tion of our findings regarding the effects of context infor-
mation on word—color associations. As in previous stud-
ies, we asked participants to name a color that they associ-
ated with a presented word. We presented each word with
several contexts and collected multiple word—color associ-
ations for each context. We compared the associations ob-
tained for words with and without contexts to examine how
context affects word—color associations.

The remainder of this paper is organized as follows. Sec-
tion 2. briefly describes relevant previous studies. Sec-
tion 3. explains how we collected Japanese word—color as-
sociations with and without contexts. Section 4. reports our
findings based on the collected data, and our conclusions
are presented in Section 5..

2. Related Work

As described in the previous section, few studies have in-
vestigated word—color associations. To the best of our
knowledge, the following are the only studies to explicitly
and comprehensively focus on word—color associations.
Ozbal et al. (2011) proposed several processes that can be
used to automatically associate words and colors. These
are based on image analysis, language models, and latent
semantic analysis. The researchers found that a method em-
ploying the distribution of colors in images retrieved from
the web produced the best results.

Mohammad (2011) constructed a word—color association
lexicon for English using crowdsourcing. The lexicon con-
sists of 8, 813 words with associated colors that have been
selected by participants from 11 basic colors. His lexicon
is the first large-scale publicly available word—color associ-
ation resource.

Volkova et al. (2012) also used crowdsourcing to construct
an English lexicon of word—color—emotion associations.
Unlike Mohammad, the researchers did not place any re-
strictions on the number of annotated colors. As a result,
their lexicon has a large number of colors (2,315 colors).
Additionally, they showed that words associated with a par-
ticular color may express the same sentiment as the color.
Lafourcade et al. (2014) constructed the first resource for
French word—color associations. The researchers imple-
mented a game in which players were asked to identify a
color that he/she associated with a given word. They were
able to collect more than 15, 000 words that were associated
with one or more colors.

Our work differs from the above-mentioned efforts in that
we constructed a resource for Japanese word—color associa-
tions. As described in Section 3., we collected word—color
associations for 2,903 Japanese words. Additionally, we
investigated the ways in which the context of a word af-
fects its corresponding color associations. As described in
Section 4., we show that associations with certain colors are
strongly affected by context information.
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red: 5, yellow: 4, purple: 1, orange: 1

red: 4, yellow: 4, gray: 2, pink: 1

L BEREEUNESIERTOMNLOTED .
red: 6, black: 2, gray: 2, green: 1

LR VEMTFICETRRENEIZDOE E L S ... (..itis dangerous if they drop the ball ...)

L BRI ENSAIETEM TS LS ... (...program that places the cast members in danger .. .)

(Mountain climbers turn back when they sense danger ...)

Figure 1: Word—color associations with contexts of f&F& (danger).

f&EI% (danger)
red: 7, yellow: 3, black: 1

Figure 2: Word—color associations without contexts of f&Ef& (danger).

3. Data Collection

3.1. Data Format

In this study, we collected Japanese word—color associa-
tions with and without contexts. Figure 1 shows examples
of the color associations given for the different contexts. In
our resource, three contexts are given for each word and
color associations are given for each context. The values
in the figure correspond to the number of participants who
associated the color with the word in the given context. For
contexts, we randomly chose sentences containing the tar-
get words from the Kyoto University Text Corpus (Kuro-
hashi and Nagao, 1998), which is one of the most well-
known parsed corpus in Japanese. Although the figure only
shows parts of the sentences, we presented the complete
sentences when we collected the associations from partici-
pants (see also Figure 3).

Figure 2 gives examples of the associations that were re-
ported for a word that was presented without context. The
values represent the number of participants who annotated
the color to the word without a context. We used the same
format as that in existing resources (Mohammad, 2011;
Volkova et al., 2012; Lafourcade et al., 2014).

3.2. Target Words

We evaluated a total of 2,903 Japanese words. We ex-
tracted all substantives with a frequency of greater than
three in the Kyoto University Text Corpus. As substan-
tives, we selected common nouns, sahen nouns, the stems
of na-adjectives, and the stems of nano-adjectives. Al-
though na-adjectives and nano-adjectives are called adjec-
tives, we did not discriminate between the stems of these
words and nouns in this study. This is because there is no
clear distinction between these two categories in Japanese.
As described in the previous section, for each word, we ex-
tracted three sentences containing that word for context.

3.3. Basic Colors

In our resource, we take account of the following 11 basic
colors:

1. white, 2. black, 3. red, 4. green, 5. yellow,
6. blue, 7. brown, 8. pink, 9. purple, 10. orange,
and 11. gray,

as proposed by Berlin and Kay (1969). These colors
are also used in a previous English resource (Mohammad,
2011).

3.4. Collection Process

As in previous studies, we used crowdsourcing to collect
word—color associations. More precisely, we used lancers,!
which is one of the biggest crowdsourcing sites in Japan.
To collect color associations for each word in context, we
presented participants with the context sentence and our 11
basic color names. Then, we asked them to select one color
that they associated with the word. The order of the color
names was randomized for each participant. A total of 33
participants assessed each word, i.e., 11 for each context.
Finally, we obtained 95, 799 associations from 468 partic-
ipants (11 color associations for 2,903 words with their
three contexts each).

Like Mohammad (2011), we did not provide a “not associ-
ated with any color” option. If there were no associations
between a word and a color, we expected a low level of
agreement between the collected colors for that word. Ide-
ally, such words would have one association for each color
because the participants would arbitrarily select one color
from the 11 basic colors.

To collect word—color associations without contexts, we
presented the words individually and asked the participants
to select one color that they associated with each word.
Note that the participants who viewed words without con-
texts were different than those who viewed words with con-
texts. The other conditions were identical to those for col-

'www.lancers.jp
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EoRR W] iR, VEOUNOREREEAS—) N, BRoEEEBoSHE LI, BRAQVEEEREEEL TV EH
=A. O FEBEMNCEEESh TWHERXETHS MO o e,

& B B B & R K W = W@ %
target word (in this case, danger)
M—ILEEFCET (AR SHREEELINANCAERTARERLETFLES . KRBTV,
O B! ® Kk £ W B K @ =R
]

sentence containing the target word

[5545] SHFLMERL .
® K B £ M B B B R & *®

FROREIE. A%, select one color from the 11 basic colors

HtEfELRESOER. CORHEOMIC "EH (KE) ) £40, BERASARLAXE(Tbok.

B #®# & & ¥ M R # 8 W B

HEEDERELERES—SHILAROE+HED [BR] EXBAESFEON S,

® R OF B E #8 WM R BR ®W B
Figure 3: A screen shot of the data collection interface.
Table 1: Percentage of words associated with each color.
white  black red green yellow blue brown pink purple orange gray
Japanese (with contexts) 14.9 12.9 16.1 7.0 85 15.6 5.4 2.3 1.8 3.6 11.9
Japanese (without contexts) 20.2 12.3 154 7.7 7.8 14.3 5.6 2.8 1.3 2.7 10.1
English (without contexts) 227 184 134 121 100 6.4 63 53 2.1 1.5 1.3

lecting associations with contexts. That is, the order of
the color names was randomized and 11 color associations
were obtained (see also Figure 2).

3.5. Crowdsourcing Details

In the final part of this section, we describe the details of
our crowdsourcing process. In this study, participants were
recruited on the lancers website, as described above. We
uploaded our tasks to the site and people who were inter-
ested in the tasks completed the annotations.

Although we did not explicitly verify that all of the partic-
ipants were native Japanese speakers, we believe that this
was the case for most or all of the participants because the
site is written in Japanese and is targeted at Japanese peo-
ple. A good understanding of Japanese is required to navi-
gate the website.

We paid the participants one Japanese yen for each annota-
tion. For example, if a participant provided colors for five
words, he/she obtained five yen for the annotations. Note
that for increased convenience, we presented five words
with contexts simultaneously to participants, as shown in
Figure 3. This was also the case for the collection of color
associations for words without contexts.

We were not able to confirm that the participants did not
simply choose color associations in a random fashion.
However, because the annotation results fit our hypothesis
(see also Tables 2 and 3 in the next section), we think they

are somewhat reliable.

4. Data Analysis
4.1. Effects of Context Information

Table 1 gives the percentage of words that were associ-
ated with each color. The first and second rows give the
percentages for associations with and without contexts, re-
spectively. We calculated the values according to the colors
that were selected by the majority of participants for each
word. To calculate the percentage of color associations for
words with contexts, we randomly chose one context for
each word.

From the two rows, it is clear that there are differences in
the percentages of associations for some colors. For exam-
ple, the percentage of white decreased by more than 5% and
that of blue and gray increased by more than 1% when con-
texts were considered. Conversely, the differences between
conditions for the rest of the colors were small. Based on
these results, we suggest that associations with certain col-
ors are strongly affected by context information.

We also investigated how strongly a word was associated
with a color depending on whether the word was presented
with or without a context. As described in Section 3.4., if
there is no association between a word and a specific color,
the distribution of colors selected should be uniform. In our
investigation, the number of words with distributions that
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Table 2: Words that were strongly associated with colors (with contexts)

#of votes  white black red green
11 FHZ (snow) none 13 (explosion) FZ (garden)
10 5 (rice cake) ¥'7 / (piano) k< b (tomato) ERBE (environment)
9 57 A (glass) & (sin) R (fuel) #E (leaf)
8 HLA (HLA) Y K 52 (Norakuro) H 2 (expenses) AL (entering a mountain)
7 HZ (one’s home) 5t (death) 2. (urgency) W) (living thing)
6 ‘Efifi (marrow) B84 (shut-down) 7’5 % A (baby) )L 7 (golf)
5  [EEE (international) X' (character) J2S (drop in earnings) > (rich)
#of votes  yellow blue brown pink
11 none none none none
10 775 (thunderbolt) 7K (launching) H )L (monkey) DT (girl)
9 FZ v~y b (trumpet) 784 (airport) WA 72 (raft) none
8 E& (prize) %8 (the sky) L (shogi) i (daughter)
7 B (star) 5 (world) =+ (soil) Ik (sister)
6 EAf (jewelry) {77 (high speed) f& (seed) B (romance)
5 XH# (contrast) Hf§ (image) L > 4 (brick) = (pleasure)
#of votes  purple orange grey
11  none none none
10  none none none
9 none none BE (wall)
8 % (purple) none FHE (utility pole)
7  none none A %% (suspicion)
6 none none 5 3 Z (rumor)
5 #E (invitation) izl (promotion) J& (bottom)
Table 3: Words that were strongly associated with colors (without contexts)
# of votes  white black red green
11 25 (snow) none IRF (deficit) JiZ (garden)
10 %% (underwear) #% (gun) 1EE (passion) &% (plant)
9 A — (skiing) A% (dot) K55 (fire) K7 (cultivation)
8  ZKX (steam) ¥'7 / (piano) {5 (serious injury) 5% X & (hometown)
7  fEA (individual) B A (weight) £5 1k (prohibition) 1L (climbing)
6 A w¥t— (message) K (losing streak) A& (earnestness) JEZR (farmer)
5 7 (early part) 1 > ¥ 1 X— (insider) {2'E (invasion) BN (posture)
#of votes  yellow blue brown pink
11  none 7 (navy) none none
10 4 (money) HhER (the earth) T4t (land) I (princess)
9 I—)LF ¥ (golden) Wik (calmness) 1/ ¥ (wild boar) I (romance)
8 A XL (medal) R4 (flow) L > # (brick) 77w 7V (couple)
7 <% — (money) BT (figure) +: (-er) 1 (daughter)
6 Rl (charge) FH3R (request) & (mountains) 18 (actress)
5 [E#HIY (epoch-making) % (high school) %% (circumstances) 2 (the oldest daughter)
#of votes  purple orange grey
11 none none HriE (newspaper)
10 %% (purple) none A (not clear)
9  none none none
8 none none BE T (ceased publication)
7 none none JER (road)
6 none AR (will) & (stature)
5 ¥ (religion) K (family) L5 (job)

2122



were statistically significantly different from the uniform
distribution was 743 among 2,903 words (25.6%) when
contexts were considered. Conversely, this number was 908
(31.3%) when contexts were not considered. This suggests
that context information prevents word—color associations.
We used a chi-squared test for these analyses (p < 0.01).

4.2. Characteristics of Japanese Associations

We employed the same colors used in the study by Mo-
hammad. The third row in Table 1 gives the percentage of
colors that were associated with English words (Moham-
mad, 2011). He reported that the order of the most fre-
quently associated colors was identical to the Berlin and
Kay order (i.e., white, black, red, ...). However, from the
second row in Table 1, it is apparent that the order is differ-
ent in Japanese (i.e., white, red, blue, ...). Although these
results cannot be simply compared, this may demonstrate
that word—color associations depend on language.

Tables 2 and 3 give examples of words that were strongly
associated with specific colors. For example, we can see
from Table 2 that 11 participants annotated white to F{Z5
(snow) with a context. As for Table 1, we randomly chose
one context for each word to count the number of votes for
Table 2. Additionally, we randomly chose one word for
each number of votes to construct the table. Because the
results in the tables fit our hypothesis, we considered that
the word—color associations we collected to be reliable.
From the two tables, we can see that words were more con-
crete were more likely to be associated with the colors that
frequently accompany the real entities to which they refer.
For example, f8% (snow) was associated with white, &7
/ (piano) was associated with black, b < b (tomato) was
associated with red, and so on. As can be seen from the first
and second rows in Table 1, minor colors were not strongly
associated with many words. For example, few words were
frequently associated with purple or orange. All of these
results are available from our github.?

Further analyses revealed that in Japanese, words contain-
ing the same character tend to be associated with the same
color. For example, “I&Z” (passion), “Zul\” (eagerness),
and “Z\%” (hot water) contain the same character “Z\”
(heat), and these words were most frequently associated
with the color red. The majority of color associations made
for the word “Z\” (heat) were also red, indicating that in
Japanese, color associations for a word represented by a
group of characters are related to those made for the indi-
vidual characters.

5. Conclusion

As a result of this study, we constructed a novel language
resource for accessing word—color associations in Japanese,
which is available from our github. Adding to previous
studies, we focused on word—color associations in Japanese
in consideration of the influence of contexts for each word.
We reported on the effects of context information and the
characteristics of Japanese word—color associations.

In future work, we plan to develop a method for predicting
which colors are associated with specific Japanese words,

2 github.com/jun-harashima/word_color_association

both with and without contexts. Additionally, we plan to in-
vestigate the correlation between imagery and the strength
of color associations based on the associations collected in
this study.
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