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Color Recommendation for Text Based
on Colors Associated with Words

Saki liba’, Tetsuaki Nakamura', and Maki Sakamoto’

Abstract In this paper, we propose a new method to select colors representing the meaning
of text contents based on the cognitive relation between words and colors. Our method is
designed on the previous study revealing the existence of crucial words to estimate the colors
associated with the meaning of text contents. Using the associative probability of each color
with a given word and the strength of color association of the word, we estimate the
probability of colors associated with a given text. The goal of this study is to propose a
system to recommend the cognitively plausible colors for the meaning of the input text. To
build a versatile and efficient database used by our system, two psychological experiments
were conducted by using news site articles. In experiment 1, we collected 498 words which
were chosen by the participants as having the strong association with color. Subsequently, we
investigated which color was associated with each word in experiment 2. In addition to those
dats, we employed the estimated values of the strength of color association and the colors
associated with the words included in a very large corpus of newspapers (approximately
130,000 words) based on the similarity between the words obtained by Latent Semantic
Analysis (LSA). Therefore our method allows us to select colors for a large variety of words
or sentences. Finally, we verified that our system cognitively succeeded in proposing the colers
associated with the meaning of the input text, comparing the correct colors answered by
participants with the estimated colors by our method. Our system is expected to be of use in
various types of situations such as the data visualization, the information retrieval, the art or
web pages design, and so on.
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1. Introduction

In the psychological field, processing the cognitive
tasks is activated by external representations as
physical symbols [19]. Color is a vital representation
mm the successful delivery of information, and
appropriate colors lead to a profound understanding
in text processing [8], [G]. Color information in the
document is unconsciously considered essential for
helping a good understanding of the text contents,
for instance, to grasp the outline of the document
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quickly. In addition, it has been showed that the
colors in the document are effective to memorize
and recognize the text contents ([3], [10], [16]).

In this paper, we pursue the possibility of
utilizing a visual indication accurately representing
the meaning of textual mnformation. From this
viewpoint, we focus on proposing colors, which
have the cognitive associaton with the text
contents, to convey and strengthen the message
from the textual information.

A previous study [14] clarified a mechanism of
color association with music lyrics, and revealed the
existence of specific words which had an effect on
the colors associated with the meaning of text
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contents. Taking account of the result from this
study, we designed a method for estimating colors
associated with the text contents based on the
associative relation between words and colors. The
goal of our study is to propose an interface which
recommends colors plausible for the meaning of the
input text.

2. Related Works

In the field of psycholinguistics, many studies
have conducted various experiments to investigate
the semantic relation between colors and associated
verbal descriptions such as color terms [12] and
emotional words [13], [15]. Cymbolism!) is a web
site that offers guidance about color symbolism
There exist several works on the automatic
methods to determine colors associated with words
depending on the knowledge based or corpus
based semantic similarity between words and colors
(1], [17].

To evoke the desired emotional responses, the
practical design applications are developed. They
estimate colors corresponding to emotional words in
the input text and decorate the background or fonts
in the text [7], [18]. The methods for visualizing
textual information have been propesed based on
the word color association ([4], [5], [6]). The colors
representing the text contents are selected by the
colors associated with the crucial words extracted
from the text.

The most of previous studies, however, assign a
few colors to a word Since a small number of
colors are applied to each word, the number of
colors associated with the text is inevitably small.
It is not sufficient to represent the meaning of the
text contents, and the selected colors are hard to
grasp details of the text contents. Therefore we
employed 35 color samples, and defined the

1) hitp://www.cymbolism.com/about

associative probability of each color corresponding
to a word,

Although a large number of researches have been
carried out into colors associated with words, little
is known about strength of color association with a
word. For example, swan is in general strongly
associated with color white, on the other hand, it is
difficult to associate colors with jusficee We
investigated not only colors associated with words,
but also how strongly the colors are associated
with each word. Therefore our method guarantees a
strong association between words and colors, and
this leads a close relation between text contents and
colors.

In the previous studies, limited types of words
such as color terms or emctional words have been
employed. In contrast, we utilize the words that
participants judged as strongly associated with
colors, in other words, we set no restricion on the
types of words. Furthermore, we make use of
Latent Semantic Analysis (LSA) [2] which is a
technique for obtaining the semantic similarity
between words in corpus. Colors associated with
words and strengths of color association with words
are obtained by the similarity. Our method makes it
possible to deal with a large variety of words or
sentences.

Considering the colors associated with the word
and the associative strength of each color, we
estimate the probabilities of colors associated with
text contents. The goal of our study is to propose a
system to recommend the cognitively plausible
colors for the meaning of the input text.

3. Text Color Estimation Method

Our method selects colors associated with the

meaning of text contents based on the words which
have the strong association with colors (hereafter,

- 22 -



we call those words as “primitive words”). Each
primitive word has the associated colors (with the
associative probability of each color) and the
strengths of color association, and we estimate the
probabilities of colors corresponding to a text
depending on the primitive words in the text,

3.1 Color Vector

In our study, 30 color samples in RGB system
were employed as shown in Figure 1.

29 30 31 32 33 34 35
Figure 1. Color samples in our method.

concent of color vector. We define a color vector as
the probability of each color associated with a word,
namely a probability p; of coler ¢ (=1,-35)
associated with a word w, a color vector v(w) of

the word w is represented by the following
equation:
viw) = (p,..., p3s) 1)

For example, when w has a high value pis, w is
likely to be associated with color #15 as shown in
Figure 1. Therefore we estimate the text color
vector (ie, the probebilites of colors associated
with the text) by adding up all color vectors of
primitive words extracted from the text,

3.2 Basic Method

In order to estimate the color vector for a text,
we normalize the center of gravity vector, which is
the sum total of the color vector of each primitive
word. Each primitive word has the strength of color
association, and we multiply the color vector of
each primitive word by the strength of color
association with the primitive word, that is, when a
word has the strong color association, the
asscciative probabilities of colors with the word are
high values. Hence, the estimated colors for the text
by ocur method are affected the colors of the
primitive words which have the strong color
association. A color vector v(t) for a given text £ is
expressed by the following equation:

DI CORFCHRRYCS
22 @

v(t) =

At} represents the set of primitive words

extracted from the text  and wy is a primitive
word in the text f therefore wi€A@). flw) and
IG) indicate the frequency of appearance of the
word w; and the strength of color association with
the word wr v@wy) shows the color vector of the
word ;.

4. System Design Procedure

We propose a system to recommend the colors
plausible for representing the input text based on
the color wvectors associated with the primitive
words. To estimate the colors for the nput text,
our method need to obtain three fypes of wvalues
related to the primitive words in the text: the word
frequency, the strength of color association and the
color vectors for each primitive word.
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4.1 Overview of System

Figure 2 shows the overview of our system. The
user interfuce takes the input text, and the text
analysis module calculates the word frequency in
the text using a morphological analysis tool2),
Referring to the strength of color asscciation and
the color vectors for each primitive word in the
word database, our system estimates the color
vectors for the text in the text color estimation
module applying our method (as described in
Section 3.2). Finally, the user interface displays the
colors based on the estimated color vectors.

Qutput Color
1—
User Interface

Input Text

Text Analysis Module

Word Database A 4
’ Morphological Analysis
1, Strength of

Color Association

2, Color Vector Calculate Word Frequency

bText Color Estimation Module

Figure 2. Overview of our system.
4.2 Database

Qur system consists of two types of database:
the strength of color asscciation and the color
vectors for primitive words. The data [14] extracted
from music lyrics serve to examine our method.
Therefore we applied the data [14] as basic data to
our database. We
experiments using news site articles to add more

conducted  psychological
primitive words tc our database.
4.2.1 Primitive Words

To find new primitive words from the news site
articles, we conducted two psychological experiments

in the same way as the previous study [14].

A) Experiment 1: Select Primitive Words

In this experiment, the participants read the text
sample of news articles and answered -colors
associated with the text sample. Then we asked the
participants to answer the words which strongly
influenced the color association with the text
sample. We considered the words answered by
many participants as primitive words.

We decided to use news articles containing the
words frequently appearing in general text documents,
and selected 120 articles containing the words with
high familiarity [1] within the articles published in
2009 by a news site organized by Mainichi
Newspapers of Japan®. 80 Japanese undergraduates
were divided into 4 groups, and we showed 30
articles per person. As a result, the data of 20
participants per text sample were obtained.

We asked the participants to answer the words
influencing color association. The strength of color
association of a given word indicates the rate of the
number of participants who actually answered the
word strongly influenced color association. Hence,
the rate E(w) of participants, who actually answered
the word w has a strong color association, is
represented by the following equations:

2 eren ROW)

R =
o [7(w) )
= n%?) @

4 is a text sample containing the word w. 7TYw)
is the set of text samples containing the word w,
therefare ETw). n(f) indicates the number of
participants who were shown the text sample ¢,

2) Mecab(.98, http://mecah.sourceforge.net/

3) Mginichi,jp, http://mainichijp/
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and n(tw) is the number of participants who
actually answered the word w has a strong color
association. Therefore R(tw) shows the rate of
participants who actually answered the word w has
a strong color association in the text sample #.

We selected 498 words with the rate B of 025 or
over (ie, judged by 5 out of 20 participants that
the word has a strong color association). Those
rates K are regarded as the strength of color
association I in equation (2). Consequently we
selected 498 new primitive words and obtained the
strength of color association of each primitive word.

B) Experiment 2: Obtain Color Vector

In this experiment, we investigated colors
associated with the primitive words selected in the
experiment 1. We asked the participants to answer
colors associated with primitive words, and we
obtained color vectors of primitive words.

The color samples were those given by Figure 1.
We asked the participants to answer three colors,
although the participants were allowed to answer
the following three alternatives: answering the
unique color three times [c;, ¢, ¢, answering the
unique color two times and ancther color [ci, ¢, czl,
answering the three different colors [c, ¢, cl. 20
Japanese undergraduates were shown 498 primitive
words, As a result, the answers given by 20
participants per primitive word were obtained,

We calculated a color vector of each primitive
word. As described in Section 3.1, the color vector
consists of the probability of each color associated
with a word, namely the rate of the number of
times which each color were answered hy
participants. Therefore a color vector vw) of a
primitive word w is given by the following
equation:

.....

m{w, Czs)}

3x(w) (5)

x(w) represents the number of participants shown
the word w, and mlw,c;) shows the count of color
3

The data on the color vectors of 498 primitive
words were registered in our database.

422 Unknown Word

The previous study [14] pointed out that it was
impossible to investigate all the words strongly
associated with colors by a limited extent of single
experiment, and proposed the way to estimate the
strength of color association and the color vector of
the words which could not be investigated by their
psychological experiment (hereafter, we call those
words as “unknown words”).

We applied Latent Semantic Analysis (LSA) [2]
which is a technique for obtaining the semantic
similarity between words by means of a very large
corpus. In our study, we employed the corpus of a
Japanese major newspaper “Mainichi Shin  bun” in
2005 (643,807 documents, 129462 words).

Unknown words are selected from the words
having the similarity with the primitive word over a
threshold. The strength of color association and the
color vector for the unknown words are estimated
by the similarity with the primitive word. To be
concrete, the data on unknown words are obtained
by multiplying the data on the primitive words,
which have the similarity with the unknown word
over the threshold, by the similarity. Therefore a
strength of color association () of a given
unknown word u and a color vector v(w) of the
word u are given by the following equations:

Zw!_eA(u,g) s, wi) - T{wi)

I{u) =

46 6) ®)
_ ZW:‘EA(M,&‘) s(u, wi) - v(wi)
" |4, ) D
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Alu, 8) = { wi w2 A nos(i,w) = 0 } (8)

A is the set of all primitive words. I(wy) and
v{wy) show a strength of color association and a
color vector of a primitive word weA sy
indicates a similarity between the unknown word u
and the primitive word uy, and P(u, &) is the set of
primitive words which have the similarity s{wws)
over a threshold © .

As a result, we utilize the estimated data on the
unknown words in approximately 130,000 words.
Those data, in the same way as the data on
primitive word, could be applied to our method as
described in Section 3.2.

5. Protolype System

Figure 3 shows the interface of our prototype
system. The system is implemented as a Java®
program. User inputs text sentences in the hox
upper left in Figure 3, and by pressing the bottom
“OK”, the colors associated with the meaning of the
text are displayed.

Ly ek Do RECEATCANRGEN L i bt

¥inpul Fext!

BT P T A P i Pt
Hom | wondes whab yous sre!

In the dirk bloe sky so decp

Through my curlains ofton peep
Fue you naver elosa yior eves
Til Uher morring s dess rise
Twinkle, twinkle, Fittle star
How | wonder what you are!

. Text Gample
W hoice 1he following -

New Addel Text
W Chaice sbe fullawiag =

Color for Text :

Figure 3. User interface of our prototype system.

4) hitp//www.java.com/en/

6. Evaluation

To verfy the efficiency of our method, we
compared the colors proposed by our system
(hereafter, we call those as “estimated color vector”)
with the colors answered by participants (hereafter,
we call those as “correct color vector”),

We started by conducting an experiment to obtain
the comrect color vector. In this experiment, the
participants read the text samples of news articles,
and we asked them to answer colors associated
with the texts. 20 text samples were prepared, and
the color samples were those in Figure 1. We
offered the participants to answer colors in the
same way in the experiment 2 (Section 4.2.1). 10
Japanese undergraduates were shown 20 text
samples. As a result, the answers given by 10
participants per text sample were obtained We
calculated a color vector of each text sample
applying the equation (5).

To compare the estimated color vector with the
comrect color vector, we analyzed by using a
Pearson correlation coefficient between them. Table
1 shows the number of text sammples having a
combination which meets the significance level of
5%. From this table, in 669 (13 text samples, the
mean oorrelation coefficient: 0.58) of all the text
samples, the colors estimated by our system were
correlated with the colors answered by the
participants. This result indicates that our method

<Table 1> Number of text samples with the
caorrelation  coefficient meets  the

significance level of 5 %.
Values | Interpretation | Number of samples (%)
00to 02 [ Very low 0 (000
02t0 04 [ Low 4 (200
04 to 0.7 | Moderate 6 (300
07t 10 [ High 3 (150
Total 13 60

The number of text samples: N=20
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succeeded in  selecting the cognitively plausible
colors to represent the meaning of text contents.

7. Results and Discussion

Figure 4 shows three examples of colors estimated
by our system based on the color vectors of actual
news articles in a news site®,

We verified that our method succeeded in
proposing the associative colors for the text in
Section 6. In some text samples, however,
unsuitable colors were proposed. To pursue a cause
of this matter, we should examine our method with
the various types of words or text documents and
clarify whether the results from this study are
Japanese specific or not. In our future work, we
need to consider the more effective way to estimate
color vectors applying the other data on the word
color association obtained by [11], [17] or image
search engines such as Google image search or

Flicker. In addition, we are not concerned in our
method with the topics (or latent semantics) from
text contents, It will be necessary to incorporate
such models info our method in order to exiract
commonsense knowledge and semantic concepts from
text docurnents.

8. Conclusion

We proposed a method to select associative colors
with the meaning of text contents based on the
strong relation between words and colors. To
estimate colors associated with text, we utilized the
primitive words having strong association with
colors. Each primitive word has the color vectors
and the strength of color association. Qur method
estimates the color vector for a text, using the data
related to primitive words.

The goal of this study is to provide a system to

The U.N. wams several eco-
sys-terns inchiding the Amazon
rainforest, freshwater lakes and
rivers and coral reefs are appr-
oaching & "hpping pomt" which,
if reached, may see them never
recover.

Supporters of an Iranian opp-
osition group claimed Thursday
they have information about
another secret facility tied to
the Iranian government's uu-
clear program.

Prince William and Catherine
marty in Westminster Abbey,
just round the corner from Bu-
ckingham Palace where the
couple’s celebratory kiss was
beamed arcund the world.

(a} Leo-system

{b} Nuclear weapons

{c} Royal wedding

Figure 4. Examples of colors plausible for texts proposed by our method

5) CNN.com, http://www.cnn.com/
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recommend the cognitively plausible colors for the
text contents. We selected 498 primitive words and
obtained the strength of color association and the
color vector for each primitive word by conducting
the psychological experiments. In addition, we
employed the estimated data related to unknown
words were derived from the similarities hetween
words using LSA. Therefore our system can
estimate a large variety of words or sentences.

Moreover we verified our method succeeded in
proposing associative colors for the meaning of the
texts. In our future work, we need to consider
carefully whether our system is adoptable to
various types of text documents,
languages.

situations or
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