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Abstract

The main aim of this study is to examine the effect of area on color harmony
in simulated interior spaces. The secondary aim of the study is to investigate
how the term color harmony is defined and the link between color harmony
and related terms used to define it. These terms can explain why a color
scheme is evaluated as harmonious. Four sets of three-color combinations cre-
ated by using the hues red, blue, yellow, green, purple, and orange were stud-
ied in a simulated office interior emphasizing different proportional use of
each color. Firstly, participants evaluated harmony content of the images. Sec-
ondly, they evaluated each image regarding the terms related to color har-
mony. Findings indicated that area had an effect on color harmony for two of
the color combinations (warm & cool). However, there were no strong but

rather moderate and weak correlations between color harmony and the terms.
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1 | INTRODUCTION

Color harmony has been of interest for many researchers
for two centuries and has attracted interest in aesthetics
from both philosophical and scientific perspectives. By
controlling color usage in a design, a designer can distrib-
ute the visual weight and achieve balance (one of the aes-
thetic measures),”” and thus can achieve aesthetically
more pleasing objects or spaces. Many theorists have
defined color harmony with the principles they posited
based on their experiences to create harmony. These
principles were “completeness” for Goethe,® “comple-
mentary/analogous” for Chevreul,* “order” for Ostwald®,
and “balance” for Munsell.’ There are also theories based
on showing the degree of color harmony with a mathe-
matical formula. Moon and Spencer, in order to explain
the relationship between color harmony, color intervals,
and area factor, developed a mathematical model.”®°
According to Moon and Spencer, if there is an ambiguous
interval between the colors (difference between colors
regarding the attributes of hue, value, and chroma) of a
combination, the combination is found unpleasing and

color harmony, experimental color harmony, simulated interior, three-color combination

therefore is found disharmonious. The studies of Chuang
and Ou,' Ou and Luo'!, and Ou et al'? also followed the
theory of indicating color harmony with a formula. These
studies developed universal formulas for predicting color
harmony; however, they still need to be tested for differ-
ent conditions and cultures, and they also have some fea-
tures missing that should be considered, such as area
effect and complex environments. Hu et al'® proposed an
interactive harmonious color-scheme generator tool
based on familial factors and rhythmic spans. This tool
should also consider area effect that was also suggested
by the evaluators testing it.

There have been a few theories about the influence of
area on color harmony, namely, those developed by
Munsell and by Moon & Spencer.* Munsell proposed a
rule for areas that the stronger the color the smaller its
area must be; while the larger the area, the grayer the
chroma.* Moon and Spencer® also claimed that relative
area was a function of both value and chroma. Itten'
suggested a ratio for harmonious color combinations in
one of the seven contrasts he mentioned which is the
contrast of extension. However, these ratios indicated the
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inherent lightness of pure colors, and they were valid only
when all the hues appeared in their maximum purity.'?
Moreover, Wang et al'® found that area proportions can be
used as weightings in the prediction of harmony and
developed a new predictive model adding the areas of the
constituent colors to the previous three-color harmony
model in which all three attributes of colors took part as
weightings (hue, lightness, chroma). This model showed
good predictive performance. A recent study was done by
Nemcsics and Takacs'’ investigating the optimum ratio
between the area coverage of colors for maximum har-
mony content of color pairs. The findings of this study
showed that area has an influence on the harmony con-
tent of color pairs, but it is significant for highly saturated
colors and negligible for low-saturated colors.

Studies investigating color harmony in interior
spaces'>'®!? are also few in number and these studies do
not consider the effect of area and the colors are applied
only on the walls. However, area in color harmony is an
important factor in interior spaces since colors usually
are applied in different proportions in interiors on furni-
ture, walls, floor, and ceiling. All these aspects of inte-
riors may be differently colored and accordingly the
surface areas and relations of the colors may differ.

Colors in an interior space are dominant elements of
design, and it is important to have a harmonious color
scheme in an interior space in order to please its users.
However, in the studies of color harmony so far, basic pat-
terns have been used for evaluation. Regarding the com-
plexity of the phenomenon, the use of basic patterns in
color harmony is a limitation as color patches shown side
by side do not fully reflect practical applications, such as
in interior spaces where colors have more complex rela-
tions than they have in combinations of color patches.

This study mainly aims to examine the effect of area
on color harmony in simulated interiors. Additionally, it
also aims to investigate how the term color harmony is
defined and the link between color harmony and related
terms used to define it. The term color harmony is
defined differently by different authorities and in experi-
mental studies researchers prefer to use one of these defi-
nitions to inform the evaluators. However, it is also
important to know how the evaluators define color har-
mony and according to what they evaluated a color
scheme as harmonious. The related terms that are used
to define color harmony can explain why a color scheme
is evaluated as harmonious.

The hypotheses of the study are as follows:
Hypothesis 1 Color harmony evaluations differ

depending on the proportions of constituent colors’
areas in interior spaces.

Hypothesis 2 There is a strong and positive relationship
between color harmony and the terms (proportion,
balance, placement, similarity, lightness, liking, asso-
ciation, naturalness, warmth, relaxation, spacious-
ness, effect, and pleasantness) used to define it.

Hypothesis 3 There is a strong and positive relationship
between all the terms (proportion, balance, place-
ment, similarity, lightness, liking, association, natu-
ralness, warmth, relaxation, spaciousness, effect, and
pleasantness) used to define color harmony.

2 | METHOD

2.1 | Observers

Sixty subjects participated in the experiment. The major-
ity of them were university students (95%) and 5% of
them were university graduates. The participants had
taken no color courses and had no knowledge of color.
There were four sets of color combinations (Section 2.4)
and different subjects participated in the experiment for
each four sets (15 participants for each set). Age ranges of
the participants for each set were 18 to 24 (M:20.20
SD:1.656) for set 1, 18 to 29 (M:20.13 SD:2.560) for set
2, 18 to 27 (M:20.20 SD:2.366) for set 3, and 18 to
44 (M:22.13 SD:6.556) for set 4. Gender distributions for
each set were 8 females and 7 males for set 1, 5 females
and 10 males for set 2, 6 females and 9 males for sets
3 and 4. All the participants are from Turkey.

2.2 | Experiment room

The experiment was conducted in Color Laboratory of
Faculty of Technical Education, at Marmara University.
The laboratory had no windows and had a viewing condi-
tion appropriate for the standard ISO 3664:2009. This
standard specifies viewing conditions for images as prints
or images displayed on color monitors. The walls and all
the furnishing were gray having a Munsell notation of
N8. Additionally, the room had fluorescent lamps that
simulate Illuminant D50 for illumination.

The monitor used in the experiments for showing the
interior images was EIZO ColorEdge CG243W that had a
24 inch wide format LCD and a monitor hood that
prevented glare. The monitor was calibrated with i1-Pro2
spectrophotometer that measures detailed spectral infor-
mation from LCD displays. The obtained values for black
level, white point and brightness were 0.15 cd/m?, 5016K
and 80.2 cd/m? respectively which is appropriate for the
standard ISO 12646:2008. This data was saved as an
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Intraclass Correlation Coefficient (ICC) color profile to
be used in the program that was utilized in the experi-
ments to show the images in a random order.*°

2.3 | Selecting the function

The simulated interior space used in the experiment was
designated as an office since in these environments fur-
nishings, wall, and floor coverings are kept identical for
all users and users are obliged to stay in these spaces.
Plan of the office used in the visuals is given in Figure 1.

2.4 | Specifying the colors

Three-color combinations, obtained from triads on a
12-color wheel (Itten's color wheel) were used in the
experiment. In various sources about color, triads are
defined as harmonious color schemes,*>*** and they are
obtained from equilateral or isosceles triangles on a
12-color wheel. There are also modified triads, which are
made up of three colors having one color between each
on a 12-color wheel such as on Itten's color wheel.>>2°
Four sets of three-color combinations (triads and modi-
fied triads) were created by using the hues (not pure
hues) red, blue, yellow, green, purple, and orange. Thus,
the selected color schemes were assumed to be harmoni-
ous color schemes. The three-color combinations were
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FIGURE 1 Plan of the simulated office

applied to walls, table-bookshelf-coffee table, and to seat-
ing units (see Figure Al and Figure A2 in Appendix A for
the RGB values of the colors and their application in the
office images for all the sets). Floor (R:0.2 G:0.2 B:0.2,
L:19.64 a:0.07 b:0.02) and ceiling (R:0.8 G:0.8 B:0.8,
L:82.49 a:0.00 b:—0.01) were gray.

The reflectance values of walls, ceiling, floor, and fur-
niture of offices are recommended by Illuminating Engi-
neering Society of North America (IESNA) as 50% to
70%, 80% or more, 20% to 40%, and 25% to 45%, respec-
tively.>” Reflectance values of the ceiling, walls and furni-
ture, and floor were adjusted according to these
recommendations as 80%, 50%, and 20%, respectively.
Since the colors that were subject to the harmony evalua-
tions in the experiments were applied to walls and furni-
ture, they had reflectance value of 50%. The highest
reflectance recommended by IESNA for furniture was
45% but it was taken as 50% in order to make the reflec-
tance values of the colors equal. In order to fix the reflec-
tance levels of the colors, the brightness and saturation
levels were fixed in the grayscale and hue differences
were searched in these experiments.

2.5 | Creating the interior space
RADIANCE?® was used to create the interior space for the
experiment since this program is a physically based ren-
dering software allowing accurate estimation of the prop-
erties of light to produce photometric models. It is
important to obtain colors seen physically accurate since
in 3D environments shadows and interreflections have an
influence on perception of colors. Ruppertsberg and Bloj*
stated that there is not an alternative simulation, which is
better than RADIANCE to achieve physical realism.

The selection of a light source for an office depends on
color rendering, initial cost, maintenance costs, and
energy costs of the light source.”” However, it is difficult to
recommend a certain color temperature for office spaces
because people’s preferences for warm and cool light
sources differ from individual to individual?” For the
selection of the light source, in this study, an important
quality to be considered is the color rendering index (CRI)
of the light source. IESNA?*” recommends to choose lamps
of 70 CRI or greater in general, or 85 CRI or above if color
critical tasks are being performed in an office. Moreover,
Dangol et al’*® found that in an office environment
observers preferred 4000 K. According to these, OSRAM
Mira Led (CRI > 85, CCT 4000) was chosen for the study
and the photometry file of this luminaire was used in
RADIANCE for rendering. Additionally, IESNA*” recom-
mends 500 Ix for horizontal illuminance and 300 Ix for
vertical illuminance in a private office. Considering this,
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the horizontal illuminance level that was maintained at
the working level was approximately 400 Ix.

Related to the areas of the perspective of the office,
the proportions of the areas of walls, table-bookshelf-
coffee table, and seating units were as 9:3:1, respectively.
Accordingly, the proportions of the three-color combina-
tions were 9:3:1. The proportions of the colors and their
application in the office images for all the sets can be
seen in Figure Al and Figure A2 in Appendix A.

2.6 | Preparing the questionnaire

In a study previously conducted by the authors, the defi-
nition of color harmony was asked to 30 participants in
order to understand how they determine a color combi-
nation to be harmonious.*" The participants responded to
the questions “What is color harmony according to you?
How can a color combination be evaluated as harmoni-
ous?” and their answers were analyzed. The words that
were used by the participants to describe color harmony,
the number of participants using them, and how many
times they were repeated are shown in Table 1.

The terms derived from the answers of the partici-
pants were transformed into a questionnaire by forming
them into word pairs. This questionnaire consisted of
13 word pairs (proportional/not proportional, like/

TABLE 1
the previously conducted study

The terms related to color harmony derived from

Number of

participants Repetition

using of
Word the word % the word %
Pleasing 16 19.5 16 16
Contrast/ 14 171 15 15

analogous

Like 10 122 15 15
Balance 8 9.8 12 12
Tints and shades 8 9.7 9 9
Warm/cool colors 7 86 7 7
Proportional 5 61 5 5
Spaciousness 4 49 5 5
Calmness 4 49 4 4
Natural colors 2 24 6 6
Association 2 24 4 4
Positive effect 1 12 1 1
Proximity and 1 1.2 1 1

distance

dislike, positive association/negative association, natural/
unnatural, warm/cool, relaxed/tense, spacious/cramped,
positive effect/negative effect, pleasant/unpleasant, well
placed/not well placed, analogous/contrast, light/dark,
and balanced/imbalanced) was used in the third phase of
the experiment (Section 2.7).

2.7 | Phases of the experiment

The experiment was conducted in three phases for all
sets. The participants entered the laboratory one by one
and the lights were on during the experiments. “The rea-
son for this was that the laboratory had a lighting condi-
tion appropriate for the standard ISO 3664:2009 that
specifies viewing conditions for images as prints or
images displayed on color monitors. The appropriateness
of the ambient lighting level to this standard was checked
with Eye-One Match program®? and it was found to be
close to the recommended illuminance level.”*

In the first phase, participants were given Ishihara's
Tests for Color-Blindness* and the ones, who passed these
tests, participated in other phases of the experiment. Par-
ticipants who have any eye or vision deficiencies were
asked to take the experiment with their correction equip-
ment such as contact lenses or eyeglasses.

In the second phase, each participant was shown the
six possible combinations (since the place of the colors
were permutated) of the three-color combinations differ-
ing in their applied surfaces in a simulated 3D office with
a ratio of 9:3:1, which were paired up with each other for
the comparison of their color harmony content
(Figure 2). In the paired comparison method, participants
selected the more harmonious one of the shown two
compositions, until they judged each possible composi-
tion pair. It was critical to eliminate the possible effect of
a definite sequence of seeing the images and the left-right
position of the images in each pair. In order to control
these effects, a computer program was used for mixing
the images randomly. The background of the surface
where the paired images were shown to the participants
was gray and a blank gray surface was shown for 2 sec-
onds between each evaluation in order to prevent the
afterimage effects. This gray surface was also shown
before the first comparison.

In the third phase, participants evaluated the six
images used in the second phase considering the related
terms of color harmony in the questionnaire. They evalu-
ated the images, one by one, by selecting one of the word
pairs told to them for indicating which word is more
closely associated with the color combination presented.
First, the definitions of the words obtained from dictio-
naries were told to the participants in order to give
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FIGURE 2 One of the paired images that the participants saw while evaluating the harmony content

information about what they assessed (see Appendix B).
After this, they answered questions such as “which word
is more closely associated with the color combination
presented-like or dislike?”. The six images were shown
randomly to the participants and the word pairs were
also asked randomly.

3 | RESULTS AND DISCUSSION

After all the phases were finished, the collected data were
firstly gathered as preference matrices formed by the
choices of the participants. The ranks obtained from the
matrices were used for consistency, comparison, and cor-
relation analysis.

3.1 | Consistency analysis

As mentioned, in the second phase of the experiment
participants evaluated the harmony content of the images
with the paired comparison method. Although paired
comparison is a time-consuming task, it is the most direct
and simple task for the observer that has clear and simple
goals.34 However, there may be inconsistencies, caused
by the reluctance of the participants or the difficulty of
the experimental task, in the final ranking. Thus, it is
important to check the consistency of the evaluations of
the observers, before conducting further analysis.

The consistency coefficients were calculated for each
participant according to the formula developed by Ken-
dall and Smith.*> The evaluations with coefficients of
consistency over 0.3 were accepted as consistent and
according to this, participants who had unacceptable
coefficients were excluded from each set (Table 2). After
the exclusion of the inconsistent participants, further
analysis of the data was done in SPSS 20.

Inter-rater agreement for the responses to harmony of
the colors in the images and to the word pairs was calcu-
lated by ICC with absolute agreement. Values of the ICC
were classified as poor with an ICC of <0.5, 0.50 to 0.75
as moderate, 0.75 to 0.90 as good and >0.90 as excel-
lent.*® Based on the 95% of confidence interval, ICC
values for the harmony of the images were poor for set
2 (T = 0.48; —0.83-0.92) and they were moderate for set
1 (fice = 0.55; —0.47-0.93), set 3 (Ijee = 0.69; 0.16-0.95),
and set 4 (rjc. = 0.63; —0.18-0.94). ICC values for the word
pairs were moderate for all the sets, set 1 (rjcc = 0.73;
0.45-0.90), set 2 (Ticc = 0.69; 0.36-0.89), set 3 (ricc = 0.64;
—0.04-0.94), and set 4 (rj.. = 0.70; 0.39-0.89).

3.2 | Comparison analysis

Following the consistency analysis, a Friedman test was
conducted to understand whether or not there were sig-
nificant differences in harmony depending on the differ-
ences in area coverage of the colors in each set.
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According to the Friedman test results, there were no sig-
nificant differences between the images depending on the
differences in the area coverage of the colors in the com-
bination in set 1 (triadic color combination 1-red, blue,
yellow) (X?[5] = 7.117, P = .212) and set 2 (triadic color
combination 2-green, purple, orange) (X*[5] = 5.249,
P = .386). Whereas there were significant differences
between the images in set 3 (warm color combination-
yellow, red, and orange) (X*[5] = 13.291, P = .021) and
set 4 (cool color combination-blue, green, and purple)
(X?[5] = 11.508, P = .042). In order to examine where the
differences actually occurred in these two sets (set 3 and
4), post hoc tests were conducted. According to the
results, there were significant differences between office

TABLE 2  Subject consistency values for the second phase of
the experiment
Subject Set 1 SET 2 SET 3 SET 4
1 0.625 0.125 1 1
2 1 0.875 0.625 0.375
3 1 0.75 0.75 1
4 1 0.375 0.5 0.75
5 1 1 0.5 0.5
6 0.25 1 0.25 0.875
7 0.75 0.875 0.75 1
8 0.75 0.25 1 0.75
9 0.75 0.125 0.375 1
10 0.5 0.625 0.875 1
11 1 0.25 1 1
12 1 0.875 0.125 0.875
13 1 0.5 0.75 1
14 0.75 0.875 1 0.75
15 0.75 0.25 1 1
Average 0.81 0.58 0.7 0.86
2 MR=4.42

MR=4.08 MR=4.08

5 and office 2 (P = .018), office 5 and office 3 (P = .018),
office 5 and office 4 (P = .005), and office 1 and office
4 (P = .028) in set 3 (see Figure A2 in Appendix A for the
images of these offices). In set 4, there were significant
differences between office 1 and office 4 (P = .015), office
2 and office 4 (P = .0008), and office 2 and office
5 (P = .032) (see Figure A2 in Appendix A for the images
of these offices).

Considering these differences, when the mean ranks
of these images were examined (Figure 3), in set 3 (warm
color combination) when orange covered medium area,
the color combination was found more harmonious
(office 4 and 3). When yellow covered large area, the
combination with a medium coverage of orange (office 4)
was found more harmonious than the combination with
a medium coverage of red (office 5). The color combina-
tion with small area coverage of red (office 4) was found
more harmonious than the combination with large area
coverage of red (office 1). Additionally, in set 3, when
orange covered a medium area, the combinations were
found to be the most harmonious (office 4 and 3). When
it covered large area (office 2 and 6) the combinations
were found to be medium harmonious and when it cov-
ered small area (office 1 and 5) the combinations were
found to be the least harmonious.

According to the mean ranks of the harmony evalua-
tion of the images in set 4 (cool color combination)
(Figure 4), when green covered the least area, the color
combination was found to be more harmonious with pur-
ple covering a large area (office 2) than the combination
with blue covering large area (office 4). The combination
with purple covering a large and blue covering a medium
area (office 2) was found more harmonious than the com-
binations in which blue covered the large area (office
5 and 4). Additionally, in set 4, when blue covered a
medium area (office 2 and 1), the combinations were
found to be the most harmonious. When it covered a
small area (office 3 and 6), the combinations were found

MR=2.81

I\-
3

N.:Z%

Office 4

Office 3 Office 2

Office 6 Office 1 Office 5

FIGURE 3 Mean ranks of the images regarding color harmony in set 3
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FIGURE 4 Mean ranks of the images regarding color harmony in set 4

to be medium harmonious and when it covered a large
area (office 5 and 4) the combinations were found to be
the least harmonious.

The findings of this study indicated that, in set
3 (warm color combination), orange was the leading
color that influenced the harmony evaluations of the par-
ticipants. The order of the harmony content of the combi-
nations changed depending on the area covered by
orange. The reason for orange being the leading color
might be that it is a mixture of red and yellow. Thus, it
might work as a mediator in color harmony evaluation of
warm color combinations. In some studies, orange was
also mentioned as the warmest color among the
three.*”*® According to this, the findings might be inter-
preted that color harmony of warm color combinations
depend on the area of the color perceived as the warmest.

Moreover, the findings indicated that, in set 4 (cool
color combination), blue was the leading color that
influenced the harmony evaluations of the participants.
The order of the harmony content of the combinations
changed depending on the area covered by blue. Differ-
ent from the warm color combination, in cool color com-
bination, the leading color blue was not the mixture of
the other two but it was mixed with other colors (yellow
or red) to obtain them in subtractive mixing. It is the base
of green and purple. Thus, it might work as a mediator in
color harmony evaluation of cool color combination. In
literature, blue was also mentioned as the coldest color
among the three.*®* According to this, the findings
might be interpreted that color harmony of cool color
combinations depend on the area of the color perceived
as the coldest.

Bonnardel et al,*® in their study searching for the
color preferences for a website, found that users and pro-
fessionals preferred blue and orange the most. Another
study, in which preference responses to foreground-
background color relationships were investigated, also
found that blue was the most preferred hue regardless of

background color.** Although blue is the most preferred
color, in this study, the most harmonious color combina-
tions for cool color scheme were the ones with blue cov-
ering medium area. Additionally, although orange was
also found to be the most preferred hue,* in this study,
the most harmonious color combinations for warm color
scheme were the ones with orange covering medium
area. This indicates that preference for a single color
might not be directly related to color harmony. This is in
contradiction with the findings of some studies indicating
that the degree of color harmony combinations including
preferred colors are higher than the other combina-
tions.'®** However, some studies indicated that there are
some cases that harmony and preference may differ.*>**

As stated in introduction, there have been a few theo-
ries about the influence of area on color harmony. Some
of these theories asserted area as a function of value and
chroma,®® some of them proposed a ratio for only pure
hues depending on their inherent lightness,"> and some of
them proposed a formula using all three attributes of
colors as weightings (hue, lightness, chroma).' In order to
compare the findings of this study with the equations pro-
posed by Munsell® and Moon and Spencer,” RGB values of
the selected colors were converted to Munsell Notations.
There have been many studies on the topic of conversion
between Munsell space and other spaces;** however, there
is not a certain conversion model. RGB values were
converted to Munsell Notations by using Wallkill Color
Munsell Conversion Program Version 12.18.5f (see
Figure Al and Figure A2 in Appendix A for the hue, value
and chroma values) and obtained values were used in both
of the equations stated above. Calculations showed similar
results for both of the equations and indicated an approxi-
mate proportion of red:5 blue:4 yellow:8 for set 1, green:5
purple:4 orange:8 for set 2, red:2 yellow:3 orange:3 for set
3, and blue:4 green:5 purple:4 for set 4.

Although the ratios used in this study were different
from the ones stated above, there are some similarities
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and contradictions considering the findings. According to
the equations that Munsell and Moon and Spencer pro-
posed, in set 3 (warm color combination), if red covers
less of an area than orange and yellow, the combination
is harmonious. Similar to this, findings of this study also
indicated that the two combinations with red covering
the least area were found to be the first and third most
harmonious among the six images. On the other hand,
the combination with red covering the largest area was
also found to be the second most harmonious in this
study indicating that red is not required to cover less area
than orange and yellow in a combination for harmony in
an interior space.

Moreover, according to the equations that Munsell
and Moon and Spencer proposed, in set 4 (cool color
combination), if green covers more area than blue and
purple, the combination is harmonious. However, the
findings of this study indicated that combination with
green covering the least and purple covering the largest
area was found to be the most harmonious. Supporting
the equations, findings also indicated that combinations
with green covering the largest area were found to be the
second and third most harmonious among the six
images.

In order to compare the findings of this study with
another theory regarding area effect on color harmony,
the three-color combinations used in this study were
tested using the three-color harmony model developed by
Wang, Ou, and Luo.'® Since the model required CIE L*
a*, b*values for lightness, chroma, and hue, first, CIE L*,
a*, b* measurements were obtained by using Wallkill
Color Munsell Conversion Program Version 12.18.5f (see
Figure Al and Figure A2 in Appendix A for the values).
According to the model, the obtained values for the
images were very close or the same and they had negative
values (Table 3) indicating low harmony values with no
distinctive difference between the images.

According to the order represented in Table 3, the
images had the same harmony values in set 1 and set
2 showing no differences between them. Thus, in primary
and secondary triad colors, the area of colors did not
affect the harmony content. The findings of this study
also supported this. However, although there were differ-
ences between the images in set 3 and set 4, the order of

TABLE 3
Office 1 Office 2 Office 3 Office 4
SET 1 -1.60 -1.60 —-1.60 -1.60
SET 2 -1.59 —1.59 -1.59 —1.59
SET 3 —-1.55 -1.50 -1.55 —-1.52
SET 4 -1.54 —-1.44 —-1.54 —-1.44

the harmony content of the images were different from
the findings of this study.

According to the model proposed by Wang et al,'® in
set 3, the color of the walls led the harmony content of
the combination. Color combinations with orange cover-
ing a large area were more harmonious than with yellow
covering a large area and these were more harmonious
than the combinations with red covering a large area.
This is in contradiction with the findings of this study,
since findings of this study indicated no explicit effect of
wall color on harmony content. Besides, combination
with yellow covering the largest and orange covering the
medium area was found to be the most harmonious.

Furthermore, according to the model, green was the
leading color that changed the harmony content of the
combinations in set 4. Color combinations with green
covering a small area were more harmonious than with
green covering a medium area and these were more har-
monious than combinations with green covering a large
area. This is also in contradiction with this study, since
findings of this study indicated that blue was the leading
color that changed the harmony content in set 4.

Considering the comparisons stated above, the differ-
ences between the findings of this study and the theories
developed by Munsell and by Moon and Spencer indi-
cated that these theories are questionable in providing an
accurate prediction. This supports the findings of the
studies'**** which examined these two theories and
found that none of the theories were acceptable in pro-
viding an accurate prediction. Additionally, although the
three-color harmony model proposed by Wang et al'®
showed good predictive performance, the differences
between the findings of this study and the model indi-
cated that it should be tested further with more color
combinations.

3.3 | Correlation analysis

The items of the questionnaire used in the third phase of
the experiment were expected to measure the same prop-
erty, namely, harmony. Thus, the reliability of the data
obtained in the third phase of the experiment was tested
using Cronbach's alpha. The coefficient of the 13 items

Color harmony values and obtained order of the images according to the model developed by Wang, Ou and Luo (2007)

Office 5 Office 6 Order of the offices

-1.60 —-1.60 01=02=03=04=05=06
—1.59 —1.59 01=02=03=04=05=06
-1.53 -1.51 02> 06> 04> 05>01=03
—1.47 —1.47 04=02>05=06>01=03
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was 0.87. Since the acceptable reliability coefficient is
above 0.70% the scale was accepted as reliable and was
used for further analysis.

First, correlations of the harmony values obtained in
the second phase and the values of the terms obtained in
the third phase (summed for each image in all the sets)
were analyzed to understand the relation between har-
mony and the terms used to define it. The findings
showed that there were positive correlations between
harmony and its related terms for 14 of 24 images with a
coefficient above 0.2, which is acceptable (Table 4). Con-
sidering the mean harmony ranks of the images, correla-
tions below 0.2 were obtained for the second harmonious
image among six images in set 1; the first, second, and
sixth harmonious images in set 2, the second and sixth
harmonious images in set 3, and the first, and fourth and
sixth harmonious images in set 4 (Table 4).

In order to analyze further the relationship between
words and the images, correlations between the harmony
content of each image and 13 word pairs were analyzed
separately for all the sets. The findings indicated that, in
set 1 (triadic color combination 1-red, blue, yellow), har-
mony was correlated with all the 13 terms with a coeffi-
cient above 0.2 for office 1 and office 5. On the other
hand, harmony was correlated with only spaciousness for
office 4. Additionally, the term spaciousness had a posi-
tive correlation with an acceptable coefficient for all the
images in set 1 (Table 5). Although there were no signifi-
cant differences between the harmony content of the
images in set 1, mean ranks indicated that office 5 (yellow
covering largest and blue the smallest area), which was
correlated with all of the terms, was found the most har-
monious among all the images (Table 4). However,
although office 4 was not significantly correlated with

TABLE 4
Office 1 Office 2

SET 1

Mean rank 3.14 311

Spearman correlation 0.55 0.56
SET 2

Mean rank 4.05 3.75

Spearman correlation 0.17 0.26
SET 3

Mean rank 2.81 4.08

Spearman correlation 0.35 0.19
SET 4

Mean rank 4.23 4.37

Spearman correlation 0.29 0.19

any of the terms (Table 5), it was the second most harmo-
nious (Table 4).

According to Table 5, in set 2 (triadic color combina-
tion 2-green, purple, and orange), correlations with a
coefficient above 0.2 were found between harmony and
high number of terms for the offices 2 and 3 (nine of the
terms) and low number of terms for office 4 (six of the
terms). The correlation between office 4 (orange covering
largest and green the smallest area) and the terms “lik-
ing” and “naturalness” could not be computed by SPSS
because the values for that variable are the same across
all the participants. All the participants found the color
combination of office 4 unnatural and did not like
it. Although there were no significant differences
between the harmony content of the images in set
2, mean ranks indicated that office 4 was found the
fourth harmonious among the six images (Table 4). Simi-
lar to set 1, the term spaciousness had a positive correla-
tion with an acceptable coefficient for all the images also
in set 2 (Table 5). In this set, the term liking can also be
accepted as having correlation with harmony for all the
images. But this correlation was negative for office 5. This
office that had orange covering the largest area was not
liked but found harmonious by the participants.

According to Table 5, in set 3 (warm color
combination-yellow, red, and orange), correlations with a
coefficient above 0.2 were found between harmony and
high number of terms for the offices 4 and 6 (10 of the
terms) and low number of terms for office 1 (four of the
terms). The harmony of office 4 and office 6 was corre-
lated with more of the terms than the other offices, and
they had also the first and third rank in harmony
(Table 4). In this set (set 3), different from the previous
two, the term relaxation and similarity had a correlation

Mean ranks of harmony of the images and the correlations (Spearman) between harmony and its related terms

Office 3 Office 4 Office 5 Office 6
3.36 4.18 4.29 2.93
0.59 0.01 0.72 0.38
3.40 3.60 3.80 2.40
0.30 0.46 0.06 0.02
4.08 442 2.35 3.27

—0.08 0.44 0.01 0.31
3.63 2.57 2.90 3.30
0.54 0.09 0.40 —0.02
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with an acceptable coefficient for all the images
(Table 5). These correlations were negative for office 3 in
similarity and for office 2 in relaxation. This means that
color combination in office 3 that had red covering larg-
est and yellow the smallest area, was found contrasting
but harmonious and office 2 that orange covering the
largest and red covering the least area was found tense
but harmonious.

According to Table 5, in set 4 (cool color
combination-blue, green, purple), correlations with a
coefficient above 0.2 were found between harmony and
high number of terms for office 5 (10 of the terms) and
low number of terms for office 6 (three of the terms). The
harmony of office 5 was correlated with more of the
terms than the other offices; however, it had the fifth
rank in harmony (Table 4).

It was also hypothesized that there would be a strong
link found between the terms defining color harmony.
The correlations of the 13 word pairs were shown in
Table 6. According to this, the terms that had a strong
correlation with each other were association, effect, lik-
ing and pleasantness; association and effect. The terms
that had a moderate correlation were liking, relaxation,
spaciousness, effect and association; spaciousness, effect,
pleasantness and relaxation; effect, pleasantness and spa-
ciousness; effect and pleasantness. Correlations between
other terms ranged from weak to very weak. The correla-
tion coefficient of the terms proportion, balance and
lightness, placement and similarity were below 0.2 and
therefore they could be considered to have no correlation.
In order to detect other relations between the terms, fac-
tor analysis was conducted. A principal component

TABLE 7 Summary of rotated factors and loadings of the terms

Factor Eigenvalue Variance (%)

1 5.18 39.87 39.87
2 2.14 16.44 56.30
3 1.26 9.72 66.03
4 1.10 8.49 74.52

Cumulative (%)

analysis was conducted on the correlations of the 13 terms
in order to determine the strength of the correlation of
them was reliable for the factor analysis. Since none of
the terms was found below 0.30, they were retained. The
variances on the 4 factors were successively extracted
with eigenvalues greater than 1. These four factors
accounted for the 74.52% of the variance as seen in
Table 7. Factors and the corresponding loadings of the
terms on these four factors are also shown on Table 7.
When the extraction was done for two factors, the
obtained factors and corresponding loadings of the terms
on these two factors are shown in Table 7 in the right col-
umn. According to these two factors, the terms were
grouped into two as the terms related to object and the
terms related to person and were arranged according to
this categorization on Table 6. As can be seen from
Table 6, the strong and moderate correlations were not
within the terms related to the object but within the
terms related to the person.

Although it was expected that there would be a strong
link between color harmony and the related terms defin-
ing it based on each image, the findings of this study indi-
cated no strong correlation between harmony and the
terms, except one of the images shown among all the sets
(Table 4). However, moderate, weak, and very weak cor-
relations were found. The reason for this might be the
variation of the participants’ evaluations causing a
decrease in the correlation coefficients.

Considering the findings, it is difficult to say that one
term was more correlated with harmony than the other
terms for all the sets. This finding was in contradiction
with the findings of Ou et al** who found that harmony

Terms (loadings) Terms (loadings)

Liking (0.834) Liking (0.726)
Association (0.831) Association (0.747)
Relaxation (0.785) Naturalness (0.313)
Spaciousness (0.853) Warmth (0.488)
Effect (0.879) Relaxation (0.841)
Pleasantness (0.820) Spaciousness (0.869)
Effect (0.901)
Pleasantness (0.822)
Proportion (0.838) Proportion (0.769)
Balance (0.785) Balance (0.854)
Placement (0.787) Placement (0.750)
Similarity (0.460)
Lightness (0.531)
Warmth (0.863)
Lightness (0.766)
Naturalness (0.715)

Similarity (0.767)
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was closely correlated with “liking” (like-dislike) and
relaxation (relaxed-tense). However, it also supported the
finding of Ou et al** who found that harmony had a weak
correlation with warmth (warm-cool). All of these indi-
cated that the relationship between harmony and the
terms related to it needs further investigation in order to
be comprehensively explained. There might be some
other terms for defining color harmony, which might not
be detected with this study but might emerge with fur-
ther investigations.

Since the obtained terms were assumed to measure
the same thing, that is, “harmony,” it was expected to
find a strong link between the terms used to define color
harmony. As stated, strong and moderate correlations
(20% of all the correlations) were found between some of
the terms fulfilling partially the expectations. However,
many of the terms had weak and very weak correlations
(80% of all the correlations). According to the findings
(Table 6), participants liked the color combinations,
which had positive effects on them and which they found
relaxed, spacious, and pleasant associating with positive
emotions.

The correlations between all the 13 terms indicated
that the significant, strong, and moderate correlations
were not within the terms related to object but within the
terms related to person. This might mean that partici-
pants were more consistent while making evaluations
related to themselves than related to the object because it
might be difficult to evaluate the properties of an object.
The low correlation (coefficient below 0.2) of lightness
with proportion, balance, and placement also indicates
the difficulty for the participants to evaluate color combi-
nations according to these terms.

4 | CONCLUSION

In this study, four color schemes were evaluated for their
harmony content and the effect of area on harmony was
searched.

Hypothesis was partially supported. It was found that
color harmony evaluations differed depending on the
proportions of the constituent colors' areas for the images
in warm and cool color schemes, but not for the images
in triadic color schemes.

Various studies regarding color harmony proved that
it is universal and there are objective laws for obtaining
color combinations, which are found harmonious univer-
sally,>1416:17:4251:63 The findings of this study also indi-
cate that there is a general pattern of color harmony
(which differs depending on the proportions of areas of
colors) in interior spaces for some of the color combina-
tions. This finding may also be interpreted as color

harmony not being a purely subjective judgment, chang-
ing from one person to another. However, various other
color combinations, which are accepted as harmonious,
should be tested in a further study for testing the weight
of area in changing the harmony of them and also for
testing whether the findings lead to a different definition
of color harmony.

Moreover, in this study, the relationship between
color harmony and its related terms was also examined.

Hypothesis was rejected. Since the terms were gath-
ered from the definitions of color harmony obtained from
a number of participants, it was expected that these terms
and color harmony would have strong correlations. How-
ever, it was found that there were no strong but rather
moderate and weak correlations between the two.

Hypothesis was partially supported. Regarding the
relationship between the terms related to color harmony,
it was found that there were significant and strong corre-
lations between some of the terms (pleasantness-liking,
association, effect; effect-association) but not all of them
and these strong correlations were between the terms
related to person.

The implications of the findings of the study can be
concluded as follows:

1 The harmonious three-color combinations obtained
from equilateral triangles on 12 part color wheel (red-
blue-yellow and green-purple-orange) are found to be
harmonious regardless of area differences.

2 In modified triads (warm and cool color scheme), area
differences should be considered while applying these
colors to an interior space.

3 Related to the second item, while applying a warm
color scheme (red, yellow, and orange) to an interior
space, orange should cover the medium area for
obtaining the most harmonious combination.

4 Related to the second item again, while applying a cool
color scheme (blue, purple and green) to an interior
space, blue should cover a medium area for obtaining
the most harmonious combination.

This study contributes to the literature as a study of
area effect on color harmony in simulated interiors since
area effect on color harmony has not been studied in
interiors before. The implications of the findings of this
study stated above can be used by architects, interior
architects/designers, and video game and set designers to
obtain pleasant and aesthetic spaces for a wider range of
users. The findings of the study also can be used by
researchers working on color.

As in all experimental research, this study also has
limitations which may lead to future research for explor-
ing more about color harmony in interior spaces. One of
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the limitations of the study is due to color selection. In
this study, only 4 three-color combinations (differing in
hue) were investigated however in future research the
number of combinations can be increased with different
hues, chromas, or values. As the number of combinations
increases a guideline for harmony with a large number of
color combinations can be created for interior designers.
Moreover, in this study, area effect on color harmony
was investigated in an office. In future research, the same
study can be repeated and tested with different kinds of
spaces especially public ones such as restaurants, cafes,
bars, and schools. Furthermore, in this study gender, age,
and cultural differences, which were also found to have
an effect on color harmony evaluation in some
studies,’>®**> were not investigated. Future research
might profit from looking into these other avenues of
determining the best forms of creating harmony. Addi-
tionally, the effect of material-color associations on color
harmony can also be investigated since there might be
common material associations for each of the surfaces
tested in this study and these associations might cause
people to accept certain colors more readily than others
for some of the surfaces and might affect harmony evalu-
ations of colors.
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APPENDIX

Description of the words in Turkish
“Orantili/Orantisiz: Orant1 “bir seyi olusturan pargalarin
kendi aralarinda ve parcalarla biitlin arasinda bulunan
uygunluk, oran” (TDK Biiyiik Tiirkce Sozliik, t.y.)
anlamina gelmektedir. Parcalarin kendi aralarinda ve
parcalarla biitiin arasindaki bu iliski miktar veya boyut
acisindan olabilir. Bu calismada, kullanilan renklerin
orantili olup olmadiklar1 uygulandiklar1 yiizeylerin
boyutlariyla iligkili olarak degerlendirilmektedir.

“Begendim/Begenmedim: Begenmek bir seyi “iyi veya
giizel bulmak” (TDK Biiyiikk Tiirkce Sozliik, t.y.)
anlamina gelmektedir.

“Olumlu/Olumsuz cagrngim: Cagrisim, zihinde, farkli
seyler (diislince, kavram, vb.) arasinda kurulan
baglantidir. Bu calismada, kullanilan renk
kombinasyonlarinin neden oldugu duygusal ¢agrisimlar
g6z oniinde bulundurulmaktadir.”

“Dogal/Yapay: Dogal “doganin kendi diizeni icinde
olusan, yapay olarak hazirlanmamis olan” (TDK Biiyiik
Tiirkce Sozliik, ty.) anlamina gelmektedir. Yapay ise
insanlar tarafindan yapilmis anlamindadir.

“Sicak/Soguk: Sicak renkler insana canlilik ve sicaklik
hissi veren renklerdir. Soguk renkler ise insana sakinlik
ve serinlik hissi veren renklerdir.”

“Sakinlegtirici/Gerginlestirici: Sakin “durgun, dingin”
(TDK Biiylik Tiirkce Sozliik, t.y.), rahat olmak, gergin ise
“huzursuz” (TDK Biiyiik Tiirkce Sozliik, t.y.), endiseli ve
rahatsiz olmak anlamina gelmektedir.”

“Ferah/Bogucu: Ferah “bol, genis, havadar, aydinlik”
(TDK Biiyiik Tiirkge Sozlik, ty.) anlamina, bogucu ise
dar ve sikintili anlamina gelmektedir.”

“Olumlu/Olumsuz etki: Bu kelime cifti, uygulanan
renk kombinasyonlarinin biraktig: etkiyi degerlendirmek
icindir.”

“Hog/Hos degil: Hos “begenilen” (TDK Biiyiik Tiirkce
Sozliik, t.y.), cekici bulunan anlamina gelmektedir.”

“Iyi yerlestirilmis/Iyi yerlestirilmemis. Bu kelime cifti,
renklerin diizenleniglerini (ofis mekani igerisinde dogru
yerde konumlanip konumlanmadiklarini) degerlendirmek
icindir.”

“Benzer/Zit: Zit, “nitelikleri ve durumlar1 birbirine
biisbiitiin aykir1 olan” (TDK Biiyiik Tiirkce Sozliik, t.y.),
benzer ise “nitelik, goriliniis ve yap1 bakimindan bir
bagkasina benzeyen veya ona es olan” (TDK Biiyiik
Tiirkce Sozliik, t.y.) anlamina gelmektedir.”

“Acik/Koyu: Acik “rengi koyu olmayan” (TDK Biiylik
Tiirkce Sozliik, t.y.), koyu ise “rengi acik olmayan” (TDK
Biiyiik Ttiirkce Sozliik, t.y.) anlamina gelmektedir.”

“Dengeli/Dengeli degil: Denge, zit giiglerin ya da
etkilerin esit ya da dogru miktarlarda olmasi
durumudur.”*!

Description of the words in English

“Proportional & Not proportional: Proportion means “the
relationship of one thing to another in terms of quantity,
size, or number; ratio” (Oxford Dictionary, n.d.).”

“Like & Dislike: Like means to “enjoy something or
think that it is nice or good” (Longman dictionary of con-
temporary English, n.d.).”

“Positive/negative association: Association means a “con-
nection made in the mind between different things, ideas,
etc.” (Longman dictionary of contemporary English, 1991,
p-55). For this study, emotional associations were considered.

“Natural & Unnatural: Natural means “existing in
nature and not caused, made, or controlled by people”
(Longman dictionary of contemporary English, n.d.).”

“Warm & Cool: Warm means “giving a pleasant feel-
ing of cheerfulness or friendliness” (Longman dictionary
of contemporary English, 1991, p.1186) and a warm color
is one that is based on or contains a color such as red,
yellow or orange that suggests warmth (Cambridge Dic-
tionaries Online, n.d.). Cool “describes colors, such as
blue or green, that make you feel calm and relaxed”
(Cambridge Dictionaries Online, n.d.).”

“Relaxed & Tense: Relaxed means “feeling calm, com-
fortable and not worried or annoyed” (Longman dictio-
nary of contemporary English, n.d.). Tense means
“feeling worried, uncomfortable, and unable to relax”
(Longman dictionary of contemporary English, n.d.).”
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“Spacious & Cramped: Spacious means “large and with
a lot of space” (Cambridge Dictionaries Online, n.d.).
Cramped means “uncomfortably small or restricted”
(Oxford Dictionary, n.d.). This adjective pair is for evaluat-
ing whether or not the applied color combinations cause a
feeling of spaciousness for the office environment.”

“Positive/negative effect: This is for evaluating whether or
not the applied color combinations influence the subjects
positively [“if you are positive about things, you are hopeful
and confident, and think about what is good in a situation
rather than what is bad” (Longman dictionary of contempo-
rary English, n.d.)] or negatively [“considering only the bad
qualities of a situation, person, etc. and not the good ones”
(Longman dictionary of contemporary English, n.d.)].”

“Pleasant & Unpleasant: Pleasant means “enjoyable
or attractive and making you feel happy” (Longman dic-
tionary of contemporary English, n.d.).”

“Well/not well placed: Placement means “the act of
finding the right place for something” (Cambridge Dictio-
naries Online, n.d.). This word pair is for evaluating the
configuration of the colors, whether or not they are
applied to the right places in the office environment.”

“Analogous & contrast: Contrast means a difference
between people or things thatare compared” (Longman dictio-
nary of contemporary English, 1991, p.223). Analogous means
“similar or alike in some ways; able to be compared (with)
(Longmandictionaryofcontemporary English,1991,p.30).”

“Light & dark: “A light color is pale and not dark”
and a dark color is “quite close to black in color”
(Longman dictionary of contemporary English, n.d.).”

“Balanced & imbalanced: Balance means “a state in
which opposite forces or influences exist in equal or the
correct amounts, in a way that is good” (Longman dictio-
nary of contemporary English, n.d.).”*!
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