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Abstract

This study investigates whether colour emotions are affected by different cultures, display media, and subject’s
educational backgrounds. Psychophysical experiments were carried out at three locations, two in Britain and the
other in Taiwan. In the experiments single colours and colour pairs were presented on Cathode Ray Tube (CRT)
monitors and were assessed on four colour-emotion scales. Colour samples used in the previous experiment
were accurately reproduced in the present experiments onto CRT monitors. This allows the same colours to be
assessed at different locations. The four colour-emotion scales used in the experiments include ‘warm-cool’,
‘heavy-light’, ‘active-passive’, and ‘like-dislike’. A total of 49 subjects took part in the experiments. The
experimental data obtained from the three locations were compared. The results show little difference in colour
emotions for colour pairs between different cultures (British vs. Taiwanese), different display media (CRT vs.
surface colours), and different backgrounds of subjects (design vs. non-design). However, for single colours the
scale ‘like-dislike’ show low correlation between data sets. In the previous study an ‘additivity theory’ was
developed for predicting colour-pair emotions. The theory predicts the intensity of a colour emotion for a colour
pair by the mean value of the colour emotion for individual colours in that pair. The present experimental results
show the ‘additivity theory’, which was developed originally for surface colours, also applies to CRT colours.
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Introduction

Colours can evoke emotional feelings and associated meanings that can be described by
affective words, such as ‘warm-cool’ and ‘active-passive’. These affective words, associated
with either single colours or colour combinations, are called colour emotions or colour
meanings. The phenomenon of colour emotions is of importance to designers especially when

the design work is to create a specific atmosphere or association with real products.
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In our previous studies (Ou and Luo, 2002; Ou et al., 2004a-c), a number of colour emotion
models were developed for both single colours and colour pairs by means of psychophysical
experiments. Since the subjects participating in the experiments included British and Chinese,
we compared the experimental data between the two subject groups in order to investigate
cultural difference in colour emotions. Note, however, that among the subjects both British
and Chinese were members of the same institution, the Colour & Imaging Institute (CII),
University of Derby, UK. The subject sampling was considered to be very limited. The
Chinese subjects were all members of the CII and have been in Britain for at least 6 months.
They may have been influenced by British culture before the experiments, and accordingly

the comparison results may be biased.

To overcome the problem of subject sampling, we carried out the same experiment in
different countries. Physical colour samples used in the previous studies were not preferred
for use in the present experiment. We chose CRT displays to present colour samples, and the
reasons include: a) by using CRT displays the experiment can be repeated in different
countries (or areas) without worrying about likely damages to physical colour samples due to
changes in climate and humidity from an area to another, which can occur when physical
colour samples are used, b) the viewing conditions can be well controlled by using CRT
displays and c) using CRT displays is a convenient way of preparing a large number of

stimuli.

A question may arise here as to whether experimental results for CRT colours correspond to
those for surface colours (physical colour samples) in the case that both data sets are obtained
from the same subject group. This is examined in the present article as we made the same
subject group take part in both experiments. Note that CRT displays today are able to
accurately reproduce colour images thanks to the standardisation of CRT characterisation
techniques (Berns, 1996). As such CRT displays have become popular for designers either to

perform design process or to present their design work.

Another concern about colour emotions comes to the effect of educational background. This
is of importance to designers because designers would like to develop products that evoke
common emotional feelings shared by both designers and customers with non-design

background. The effect of educational background on colour emotions is also investigated in



the present study as we conducted the experiments with subjects coming from both design

and non-design background.

Methods

Psychophysical experiments were carried out in three areas, as described below:

(1) CII: Colour & Imaging Institute, University of Derby, UK,

(2) Coventry: Coventry School of Art and Design, Coventry University, UK, and

(3) NYUST: Department of Visual Communication Design, National Yunlin University of

Science and Technology, Taiwan.

CII subjects were 7 males; no female participated. Five of the subjects were Chinese and two
were British. They were all PhD students from non-design background. Coventry subjects

were all British, including 9 males and 3 females. They were all students at Coventry School
of Art and Design. NYUST subjects were all Taiwanese design students, including 16 males
and 14 females. Note that two languages, English and Chinese, were used in the experiments

according to subject’s native language.

Twenty colours were used for assessment on 4 colour-emotion scales in the experiments. The
20 colours were selected to give a reasonable coverage in the entire range of colours. Figure 1
shows the 20 colours in the CIELAB colour space, which is a uniform colour space
recommended by the CIE in 1976 (Hunt, 1998). The 20 colours were exactly the same as
those used in our previous studies (Ou and Luo, 2002; Ou ef al., 2004a-c), in order that the
two experimental results can be directly compared. In the present experiments, all the colour
samples were displayed on CRT monitors, which were all calibrated by the GOG model

(Berns, 1996). All the monitors were tested on accuracy of colour reproduction and the test

results show a mean colour difference (AE *ab) of 0.7, which is under the threshold of ‘good

accuracy’, 1.0.



Figure 1, The 20 colour samples in the CIELAB colour space

The 4 scales, ‘warm-cool’, ‘heavy-light’, ‘active-passive’, and ‘like-dislike’, were used in the
experiment. These were selected from the 10 colour-emotion scales used in our previous
studies. Each scale was in the form of categorical judgement and consisted of 10 categories,
which can be divided into two sides, e.g. ‘active’ and ‘passive’ on the scale ‘active-passive’.
Each side contained five categories: ‘just perceptibly, ‘slightly, ‘moderately, ‘very much, and
‘extremely, labelled from ‘1’ to ‘5°, as shown in Figures 2 (a) and (b), for single colours and

colour pairs, respectively.

Figure 2, The experiment layout for (a) single colours and (b) colour pairs

It would take a long time for each subject to complete all the assessments at one time, and

thus we divided the experiment into four sessions—the first session was single colour



assessments, in which the 20 single colours were assessed on the 4 scales; the other three
were colour pair assessments, with 190 colour pairs assessed on the 4 scales. Note that CII
subjects attended only Sessions 2 to 4, while the other two subject groups, Coventry and

NYUST, attended all the four sessions.

Results and discussion
Experimental data were collected in the method of categorical judgement (Torgerson, 1958),

by which the scale values were calculated.

Cultural Difference in Colour Emotions

To investigate whether cultural difference affects colour emotions, the experimental results
were compared between the three groups, CII, Coventry, and NYUST. The comparisons were
made by Pearson product-moment correlation coefficient (r) between data sets. Pearson r is a
measure of linear correlation between data sets and ranges from -1 to 1, where 1 indicates

perfect positive correlation, -1 perfect negative correlation, and 0 no linear correlation.

Table 1 (a) shows the comparison results for single-colour emotions. As mentioned earlier,
CII subjects attended only Sessions 2 to 4, and accordingly the comparisons here are made
between Coventry and NYUST only. The Coventry and NYUST data were found to agree
well with each other for all the scales but ‘like-dislike’, which shows the Pearson r of 0.46.
Note that Coventry data were obtained from the UK and NYUST data were from Taiwan, and
thus the low correlation in ‘like-dislike’ can be referred to as result of cultural difference.
Note, however, that the number of single-colour samples was only twenty and the subject
accuracy in ‘like-dislike” was found poorer than in the other scales. These may also have

affected the comparison results.

Table 1 (b) shows comparison results for colour pairs. The results indicate high correlation
between the three data sets for all the scales but ‘like-dislike’. Low correlation was found in
‘like-dislike’ both between CII and Coventry and between CII and NYUST, with Pearson r of
0.56 and 0.65, respectively. Note that CII subjects were from non-design background, and
both Coventry and NYUST subjects were from design background. Therefore the low

correlation in ‘like-dislike’ can be regarded as result of the effect of educational background.



It also shows fairly high correlation between Coventry and NYUST for all the four scales,
including ‘like-dislike’, with the Pearson r of 0.73. This suggests that cultural difference was

insignificant in colour-pair emotions between British and Taiwanese.

Note that Table 1 (a) shows relatively low correlation in ‘like-dislike’ for single colours
between Coventry and NYUST, with Pearson r of 0.46, and that in Table 1 (b) is shown high
correlation of the same scale ‘like-dislike’ for colour pairs between Coventry and NYUST,
with Pearson r of 0.73. This is perhaps because the number of single-colour samples was too
small, as mentioned earlier, and thus the experimental results cannot show the whole picture.
It would suggest that colour preference judgement tends to be affected by ‘personal taste’

more often on single colours than on colour pairs.

warm-cool heavy-light active-passive  like-dislike
Coventry vs
NYUST 0.85 0.98 0.83 0.46
Table la
warm-cool  heavy-light ~2UVe like-dislike
passive
CII vs Coventry 0.81 0.84 0.83 0.56
Cll'vs NYUST 0.86 0.88 0.80 0.65
Coventry vs NYUST  0.83 0.90 0.79 0.73
Table 1b

Table 1, Comparisons between observer groups for (a) single colours and (b) colour pairs

Media effect on colour emotions
Comparisons were also made between experimental data in the present study (CRT colours)
and those in our previous research work (surface colours) so as to investigate media effect on

colour emotions.

Table 2 (a) shows comparison results for single colours, with fairly high correlation between
the two media for all the scales but ‘like-dislike’, with Pearson r of 0.45 for ‘ClI-surface vs.

Coventry’ and 0.48 for ‘ClI-surface vs. NYUST’. The results for ‘CII-surface vs. Coventry’



are also depicted in Figure 3. These results suggest somewhat media effect on ‘like-dislike’
for single colours. But again, the low correlation in ‘like-dislike’ may also be due to the
number of single-colour samples and the subject accuracy in ‘like-dislike’, which was found

relatively poorer than that in the other scales.

Table 2 (b) shows comparison results for colour pairs between the two media. The CRT-
colour data for comparison included CII, Coventry, and NYUST. The comparison results
show high correlation between two media for all the four scales, although the correlation
coefficients for ‘like-dislike’ were not as high as those for the other three. This suggests that

for colour pairs the media effect is not significant on colour emotions.

Note that Table 2 (a) shows low correlation in ‘like-dislike’ between the two media, while
Table 2 (b) shows high correlation in the same scale. Again, this may be resulted from the
fact that the number of single-colour samples was too small and the subject accuracy in ‘like-
dislike’ was poorer than that in the other scales. More single-colour samples are needed for

testing the media effect in future work.

warm-cool  heavy-light ~ 2CUVE like-dislike
passive
Cll-surface vs 0.85 0.91 0.90 0.45
Coventry
ClI-surface vs
NYUST 0.93 0.92 0.86 0.48
Table 2a
warm-cool  heavy-light ~ 2CUve like-dislike
passive
Cll-surface vs CII  0.86 0.84 0.80 0.68
Cll-surface vs 0.78 0.84 0.75 0.56
Coventry
ClI-surface vs
NYUST 0.83 0.88 0.71 0.69
Table 2b

Table 2, Comparisons between surface-colour data (ClII-surface) and CRT-colour data for (a)
single colours and (b) colour pairs
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Figure 3, Comparisons of single-colour emotions between ClI-surface and Coventry

Testing the additivity theory of colour emotions

Our previous study (Ou ef al., 2004b) confirmed that the intensity of a colour emotion for a
colour pair can be predicted by the mean of colour emotions for individual colours that
generate the pair, as described by

E=(EI+E2)/2 (1)

where E is the intensity of a colour emotion for a colour pair that is made by Colours 1 and 2,
E1 is the intensity of a colour emotion for Colour 1, and E2 is the intensity of a colour

emotion for Colour 2.

Note that this equation, called additivity theory, was obtained from experimental results of
surface colours. The present experimental data were tested to examine whether this equation
also applies to CRT colours. Table 3 shows high correlation between experimental results and
the predicted values by Equation (1) for the three scales, ‘warm-cool’, ‘heavy-light’, and

‘active-passive’, indicating that the additivity theory also applies to CRT colours. Note that



‘like-dislike’ was not among the test scales, because the additivity theory has been found

inapplicable to ‘like-dislike’ (Ou et al., 2004b).

warm-cool heavy-light active-passive
Coventry 0.84 0.85 0.82
NYUST 0.86 0.89 0.85

Table 3, Test results of additivity theory for scales ‘warm-cool’, ‘heavy-light’, and ‘active-
passive’ on Coventry and NYUST data

Conclusions

This article investigates colour emotions across different cultures, different educational
backgrounds, and different display media. Psychophysical experiments were carried out on
CRT displays at the three areas: CII (UK), Coventry (UK), and NYUST (Taiwan). The

experimental results are summarised below:

a) Cultural difference. Comparisons of colour-emotion scores were made between
Coventry (UK) and NYUST data (Taiwan). The results show high correlation
between the two data sets for all the scales but ‘like-dislike’. The correlation of ‘like-
dislike’ for single colours was found even lower than that for colour pairs. This
suggests that there is cultural difference in colour preference between British and

Chinese.

b) Effect of educational-background. Comparisons were also made between CII (non-
design), Coventry (design), and NYUST data (design) for colour pairs. The results
show high correlation between the three data sets for all but ‘like-dislike’. Low
correlation was found in ‘like-dislike’ both between CII and Coventry and between
CII and NYUST. This would suggest that educational background affects colour

preference judgement.

c) Media effect. The present experimental data (CRT colours) were compared with those
in previous studies (surface colours). The comparison results show high correlation

between the two media in scales ‘warm-cool’, ‘heavy-light’, and ‘active-passive’, for



both single colours and colour pairs. ‘Like-dislike’ shows low correlation for single

colours but high correlation for colour pairs.

The present study confirms that the additivity theory, which was originally developed for
surface-colour emotions, also applies to CRT colours, indicating that CRT-colour emotions

for colour pairs can also be predicted by averaging individual colours that generate the pair.



REFERENCES
Berns, R. S. 1996. “Methods for characterizing CRT displays.” Displays, 16:173-182.

Hunt, R. W. G. 1998. “Relations between colour stimuli.” In Measuring Colour. 3" ed.
Hertfordshire: Fountain Press.

Ou, L. and M. R. Luo. 2002. “Colour preference and colour emotion.” Proceedings of 31
Conference on Design and Emotion: The Experience of Everyday Things (The proceeding
report was published in 2004), 185-189.

Ou, L., M. R. Luo, A. Woodcock, and A. Wright. 2004a. “A study of colour emotion and
colour preference. Part I: Colour emotions for single colours.” Color Research and
Application, 29 (3), 232-240.

Ou, L., M. R. Luo, A. Woodcock, and A. Wright. 2004b. “A study of colour emotion and
colour preference. Part II: Colour emotions for two-colour combinations.” Color Research
and Application, 29 (4), in press.

Ou, L., M. R. Luo, A. Woodcock, and A. Wright. 2004c. “A study of colour emotion and
colour preference. Part III: Colour preference modelling.” Color Research and Application,
29 (5), in press.

Torgerson, W. S. 1958. Theory and Methods of Scaling. John Wiley & Sons.



Li-Chen Ou received a first degree in industrial design from the Department of Industrial Design, National
Cheng Kung University (Taiwan) in 1995 and an MA in design from the Institute of Applied Arts, National
Chiao Tung University (Taiwan) in 1997. Under the supervision of Prof M. Ronnier Luo, he is currently a PhD
student at the Colour & Imaging Institute, University of Derby, UK, carrying out research on the development
of colour science based models on colour emotion, colour preference, and colour harmony.

Prof M. Ronnier Luo is a Professor of Colour and Imaging Science at the Department of Colour and Polymer
Chemistry at the University of Leeds, UK. He was the former Director of the Colour & Imaging Institute at the
University of Derby. He received his BSc in Fibre Technology from the National Taiwan University of Science
and Technology and his PhD in Colour Physics from the University of Bradford in 1986. He chairs two
Technical Committees of the International Commission on Illumination (CIE): TC 1-52 Chromatic Adaptation
Transforms and CIE TC 8-2 Colour Difference Evaluation in Images. He is a Fellow of Society of Dyers and
Colourists and the Society for Imaging Science and Technology. He was also the recipient of the 2003 Royal
Photographic Society’s Davies Medal and 1994 Bartleson Award for his contribution in the field of colour
science.

Dr Guihua Cui received a BS and an MS in optical engineering in 1984 and 1987 respectively at Beijing
Institute of Technology, China, and a PhD in colour difference evaluation at the University of Derby in the UK
in 2000. He is now working as a Research Fellow at the University of Leeds. He served as an advisor for
International Commission on Illumination (CIE) Technical Committee 1-47 on Hue and Lightness Dependent
Correction to Industrial Colour Difference Evaluation.

Dr Andrée Woodcock has a first degree in psychology and social biology, and a masters and PhD in
ergonomics. She is currently employed as a Senior Research Fellow in the Design Institute, Coventry School of
Art and Design (UK) where her interests include the relationship of ergonomics and design, user requirements
capture and evaluation, and computer supported co-operative working.

Dr Shing-Sheng Guan is an Associate Professor at the Visual Communication Design Department and the
director of Design Research Centre, National Yunlin University of Science and Technology (Taiwan) and also
the Director of Chinese Institute of Design, Colour Association (Taiwan) and Coalition Society of Basic Design
and Art (Taiwan). He received a bachelor degree from the Department of Industrial Design, National Cheng
Kung University (Taiwan) in 1980. He received his Masters degree from the Department of Industrial
Management of the same university in 1985. In 1997 he received a PhD in colour science at the Colour &
Imaging Institute, University of Derby, UK. He was a former Director of the Chinese Industrial Designer
Association and a Review Commissioner for National Bureau of Standards, Ministry of Economic Affairs. His
research interests include colour psychology, usability engineering, Kansei engineering, and visual
communication design.

Ting-Chun Tung is a PhD student at the Graduate School of Design, National Yunlin University of Science
and Technology (NYUST), Taiwan, and is a member of the Ergonomics Society of Taiwan, the Color
Association of Taiwan, and the Chinese Institute of Design. He received a bachelor degree in 1999 from the
Department of Industrial Design at NYUST. In 2001 he received a Masters degree from the Department of
Industrial Design, National Cheng Kung University, Taiwan. His research interests include color psychology,
Kansei engineering, human-computer interface, visual communication design, and product design.



