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Abstract
There are a limited number of studies examining color, visual complexity, and visual

interest together, and one of the recent studies that tried to bring a new understanding

to the association between color, visual complexity, and visual interest was the first

part of the current study. Most of the well-known color studies researching the

effects of color on psychology, physiology, emotion, mood, attention, well-being,

visual complexity, and visual interest used isolated color patches that might be lac-

king in reflecting the dominating factors. Thus, the aim of this study was to find the

relationship between visual complexity, visual interest, and color difference (ΔE)
values of colors in abstract images, and it was hypothesized that, as the average ΔE
value of colors in an abstract image increases, visual interest and visual complexity

will increase until reaching a threshold where visual interest and visual complexity

start to decrease. In order to test the hypothesis, a new abstract image was generated

and colored. The generated abstract image was rated by 120 undergraduate students

from the Faculty of Art, Design and Architecture. As the results of the study indi-

cated, there was an inverted U-curve relationship between average ΔE values and

both visual interest and visual complexity in abstract images.
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1 | INTRODUCTION

Everybody experiences and encounters color both in natural
and artificial environments every day. Colors are never seen
in isolation because the environment that surrounds us
presents colors together with other colors.1 Most of the
well-known color studies researching the effects of color on
psychology, physiology, emotion, mood, attention, and
well-being used isolated color patches, which might not
reflect the dominating factors. There are a limited number of
studies examining color, visual complexity, and visual inter-
est together, and one of the recent studies that attempted to
bring a new understanding to the association between color,
visual complexity, and visual interest was the first part of
this current study.2 Most of the results of complexity studies
vary since they manipulated all the complexity dimensions

without considering the dimensions' appropriateness to the
related factors.3 The first part of this study framed the
dimensions of visual complexity by focusing only on
unintelligibility, disorganization, and the variety of colors in
abstract images. Abstract images were selected to evaluate
the association between color, visual interest, and visual
complexity because a visual language is composed in those
images by only using line, form, shape, and color, which
makes it universal and culture-independent. In the first part
of this study, Piet Mondrian's two abstract paintings, Ocean
5 and Composition No. VII, and Vasily Kandinsky's two
abstract paintings, Composition 8 and Decisive Rose, were
selected.2 According to the results of the first part, abstract
images that were evaluated as visually complex and interest-
ing were the ones that had less difficulty in differentiating
hues (intelligible). As the selected images are complex in
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nature, their degrees of complexity demonstrated that they
became unintelligible, that is, when viewers have difficulty
in distinguishing hues, they start losing their visual interest.2

This particular study, with the guidance of Part I, found the
dominating dimension of complexity and delved deeper into
the role of color in visual complexity.

In order to gain an in-depth knowledge about the rela-
tionship between color, visual complexity, and visual inter-
est, an abstract image was generated and colored according
to various color schemes: monochromatic, analogous, split-
complementary, complementary, triadic, and tetradic. Those
color schemes are used by designers and artists and are
mostly intuitive in their works and described qualitatively.
For the current study, the qualitatively described color
schemes were interpreted as ΔE values, which are the quan-
titative values of the color difference in the generated
abstract image. The aim of this study was to find the rela-
tionship between visual complexity, visual interest, and the
color difference (ΔE) in abstract images. It was hypothesized
that, as the average ΔE value of color difference in an
abstract image increases, visual interest and visual complex-
ity will increase until reaching a threshold where visual
interest and visual complexity start to decrease. In other
words, a graphical analysis shows there is an inverted
U-curve relationship between average ΔE values and both
visual interest and visual complexity in abstract images.

2 | METHOD

According to the results of the experiment of Part I, the sec-
ond experiment was designed to understand the role of color
in visual complexity. As the results of the first experiment
demonstrate, participants rated Vasily Kandinsky's Compo-
sition 8 as the most visually complex, visually interesting,
and most intelligible.2 Participants also rated Piet Mondrian's

Ocean 5 as the least visually complex, least visually interest-
ing, and the least intelligible. After examining the results of
the previous study, a new abstract image (see Figure 1) was
generated using Adobe Photoshop CS6. The new generated
abstract image provided the opportunity to examine only the
effects of color on visual complexity and visual interest by
controlling all other parameters.

2.1 | Analyzing Kandinsky's Composition
8 and preparing the Kandinsky-like abstract
image

According to the results of the first experiment, Composition
8 by Vasily Kandinsky, which was rated as the most visually
complex, was selected for this study to create a new similar
abstract image. We created a Kandinsky-like abstract image as
the aim of this study was to understand the role of color in deter-
mining the level of visual complexity in abstract images. The
generated abstract image could be called “Abstract Plasticism,”
similar to Vasily Kandinsky's works, which consisted of geomet-
ric elements and straight lines colored with flat colors as
Kandinsky's Composition 8 includes 103 different colors with
different geometric shapes such as triangles, circles, rectangles,
and polygons varying in size, orientation, and allocation. The
new generated abstract image was as visually complex and inter-
esting as the original one because it included the same propor-
tions and the same geometric shapes at the same allocations as
the original one (See Figure 1). Hence, the generated abstract
image can be called the resembled reproduction of Composition
8, that is, a Kandinsky-like abstract image that contained
106 geometric shapes and 106 different colors.

For the new generated abstract image, colors were selected
from the International Commission on Illumination (CIE)
Chromaticity Chart within the Wide Gamut Red, Blue, Green
(RGB) (see Figure 2). The CIE Chromaticity Chart, which has
a horse shoe-shaped curve, is a diagram to visualize the color

FIGURE 1 The original Composition 8 (left) and the generated abstract image (right)
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space. This diagram was also used as a visualization model to
understand the way color choices were made for this study. In
order to have 106 different colors for each generated abstract
image, the CIE Chromaticity Chart was divided into six zones
to include all the colors presented in the chart. The horse shoe-
shaped curve was first divided into half and was then divided
again with two perpendicular lines, producing six equivalent
zones (see Figure 2). With this particular method, each zone
has an equivalent number of colors. Different colors can also
be obtained by this way of zonal division.

By using all six zones of the CIE Chromaticity Chart,
19 zone combinations were obtained (1-6) for coloring the
generated abstract image. As there are 106 colors in the
abstract composition, 53 colors were selected from one zone
(eg, zone number 2 starting from the square at right bottom
corner to left upper corner), and the other 53 colors were
selected from another zone (eg, zone number 5 starting from
the square at left bottom corner to right upper corner). Each of
the 53 colors was selected from the centers of equally divided
squares as shown in the Figure 2. The method of selecting
colors from the furthest corners maximizes the proximities
between colors having varying ΔE values. In order to under-
stand if there was an effect of the allocation of colors on the
abstract image, three abstract images were colored by using the
same zones but in reverse order (2-6, 3-5, 4-6, 5-3, 5-6, 6-2,
6-4, and 6-5). The background color of each abstract image
was a mid-lightness value (L:50, a:0, b:0) (see Table 2).

2.2 | Color difference

ΔE indicates the perceived total color difference between
two colors. In other words, it is the measure of the difference
in visual perception of two given colors. Δ is a mathematical
term meaning difference in a variable, and E is derived from

a German word Empfindung, which means sensation.4,5 ΔE
is a metric for understanding how the human eye perceives
color difference, which can be calculated by the CIEDE2000
equation (see Equation 1).4-6 This equation considers all
color components together. The CIEDE2000 Color Differ-
ence Formula is given in Equation (1).
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FIGURE 2 Left: The CIE
Chromaticity Chart and six zones (white
triangle shows Wide Gamut RGB). Right:
A close look at one of the origins of RGB
data (R: 254, G: 172, B: 40) selected from
zone number 6
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Each of the ΔE values was calculated by a ΔE Calculator,
which can also use RGB data (http://colormine.org/delta-
e-calculator/cie2000), and an average ΔE value was obtained
for each abstract image. According to the calculations of
19 abstract images, the ΔE values varied between 4.50 and
79.53 (see Table 2). One of the abstract image's average ΔE
value was 4.50, which is perceptible at a glance, and the rest of
the 19 abstract images' ΔE values were greater than 11, which
means the difference between colors used were perceptible or
apparent (see Table 1). The ΔE values of 19 abstract images
varied in order to understand the association between visual
complexity and color as hypothesized before.

2.3 | Preparing the questionnaire and
procedures

We prepared a questionnaire consisting of 38 questions to
explore the effect of ΔE values of colors in an abstract
image on visual complexity and visual interest. Participants
were asked to rate the randomly ordered 19 generated
abstract images according to the level of visual complexity
and visual interest with a 5-point scale (1 = least, 5 = most)
on a color-calibrated computer screen (Intel Core i7 HD
Graphics 2.2GHz) in a windowless controlled lab environ-
ment. The experiment was conducted under controlled light-
ing conditions without daylight penetration.

2.4 | Sample group

The sample group for the study consisted of 120 undergradu-
ate students (first, second, third, and fourth year) from the
Faculty of Art, Design and Architecture of Bilkent Univer-
sity, Ankara, Turkey. The age range of the students was
from 18 to 28 years (mean age 21.3 years) and included both
females (86 female) and males (34 male), all with full
corrected vision. In addition, none of the students indicated
they were color defective or color deficient. Each student
has a color education within the scope of Faculty of Art,
Design and Architecture courses.

3 | RESULTS AND DISCUSSION

It was hypothesized that, as the average ΔE value of color
difference in an abstract image increases, visual interest and
visual complexity will increase until reaching a threshold
where visual interest and visual complexity start to decrease.
In order to test the relationship between ΔE values of
the color difference, visual interest, and visual complexity,
120 design students rated the 19 generated abstract images.
According to the results of an analysis of variance test, the
students' ratings for each of the 19 abstract images are signif-
icantly different from each other in terms of visual interest
(F [2261, 18] = 24.67, P = .000) and visual complexity
(F [2261, 18] = 54.15, P = .000). Thus, with the previously
mentioned significant results, it was possible to analyze stu-
dents' ratings statistically for each abstract image.

According to the results of students' ratings on a 5-point
scale, the abstract image “5-6” was rated as the most visually
complex and visually interesting one of the other abstract
images, and “1-2” was rated as the least visually complex and
visually interesting (see Table 2). As this particular study
sought to find the relationship between ΔE values of the color
difference used in abstract images and visual complexity and
visual interest, the abstract images (1-2 and 1-3) with ΔE
values of 4.50 and 11.25 were rated as the least visually com-
plex and the least visually interesting, whereas the abstract
images (5-6 and 6-5) with the ΔE value of 56.9 were rated as
the most visually complex and the most visually interesting
among other images. The abstract images (3-5 and 5-3) with
the highest ΔE value of 79.5 had a moderate rating of visual
interest and visual complexity (see Figure 3).

The abstract images rated as the least visually interesting
and the complex ones, “1-2” and “1-3,” had a monochromatic
color scheme with tints of green that could be perceptible or
distinguishable at first glance (see Table 1). Thus, having a sin-
gle hue and its tints makes an abstract image less interesting
and less complex. It is followed by the abstract images “1-4”
and “3-4,” which had an analogous color scheme with green
and yellow that allows them to be rated at a moderate level of

TABLE 1 Association between ΔE values and human perception

ΔE values Human perception

≤1 Barely to Not perceptible

1-2 Perceptible through close observation

2-10 Perceptible at a glance

11-49 Difference between color pairs are perceptible

50-100 Color pairs are in strong contrast
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visual interest and complexity. In those two abstract images,
colors were more similar than the opposite but not as similar as
a monochromatic scheme (see Table 1). Then, the other analo-
gous color-schemed abstract images with blue and green, “1-5,
2-3, 2-4, 2-5, 4-5”, were distinguished from the other

analogous color-schemed images as they had higher average
ΔE values (≥50). The abstract images “1-6, 3-6, 4-6, 6-4” had
a complementary color scheme with red and green. These
images are followed by abstract images “3-5, 5-3” in terms of
visual interest and visual complexity, which had a triadic color

TABLE 2 The 19 generated abstract images using the colors from six different zones of CIE Chromaticity Chart and their average ΔE, visual
interest, and visual complexity values

1–2 (Monochromatic)
Average ΔE: 4.5
V. Interest: 1.62
V. Complexity: 1.99

1-3
(Monochromatic)
Average ΔE: 11.2
V. Interest: 2.19
V. Complexity: 2.05

1-4
(Analogous)
Average ΔE: 18.0
V. Interest: 2.46
V. Complexity: 2.20

1-5
(Analogous)
Average ΔE: 65.7
V. Interest: 2.84
V. Complexity: 2.92

1-6
(Complementary)
Average ΔE: 69.2
V. Interest: 2.90
V. Complexity: 2.90

2-3
(Analogous)
Average ΔE: 63.3
V. Interest: 2.96
V. Complexity: 2.92

2-4
(Analogous)
Average ΔE: 69.7
V. Interest: 2.92
V. Complexity: 3.23

2-5
(Analogous)
Average ΔE: 61.7
V. Interest: 2.78
V. Complexity: 2.91

2-6
(Split-complementary)
Average ΔE: 61.1
V. Interest: 3.51
V. Complexity: 3.68

3-4
(Analogous)
Average ΔE: 24.6
V. Interest: 2.87
V. Complexity: 2.47

3-5
(Triadic)
Average ΔE: 79.5
V. Interest: 3.01
V. Complexity: 3.57

3-6
(Complementary)
Average ΔE: 71.7
V. Interest: 3.07
V. Complexity: 3.32

4-5
(Analogous)
Average ΔE: 77.8
V. Interest: 2.84
V. Complexity: 3.26

4-6
(Complementary)
Average ΔE: 71.3
V. Interest: 3.13
V. Complexity: 3.48

5-3
(Triadic)
Average ΔE: 79.5
V. Interest: 2.98
V. Complexity: 3.51

5-6
(Tetradic)
Average ΔE: 56.9
V. Interest: 3.81
V. Complexity: 4.29

6-2
(Split-complementary)
Average ΔE: 61.1
V. Interest: 3.22
V. Complexity: 3.51

6-4
(Complementary)
Average ΔE: 71.3
V. Interest: 3.15
V. Complexity: 3.55

6-5
(Tetradic)
Average ΔE: 56.9
V. Interest: 3.76
V. Complexity: 4.13

The underlined values are showing the highest student ratings for visual complexity and visual interest.

FIGURE 3 The rating results of
19 generated abstract images by design
students according to visual interest and
visual complexity and its relationship
between average ΔE values
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scheme with purple, purplish blue, and green. Afterward, the
abstract images “2-6, 6-2” had a split-complementary color
scheme with red and green, rated as the second most visual
interesting and complex images. The most visually interesting
and visually complex abstract images were “5-6, 6-5,” with a
tetradic color scheme with blue, purplish blue, yellow, and yel-
lowish orange.

As Figure 3 shows, there is a positive but weak correlation
between average ΔE values of visual interest (Pearson correla-
tion r[19] = 0.631, P = .004) and average ΔE values of visual
complexity (Pearson correlation r[19] = 0.735, P = .000). A
graphical analysis demonstrates an inverted U-curve relation-
ship between average ΔE values and visual complexity, which
was similar to the relationship between average ΔE values and
visual interest (see Figure 3). Berlyne7 showed that complexity
was a dominant determinant of interestingness and pleasingness
of a stimulus7-9 and suggested that the relationship between
complexity and pleasingness could be explained by an inverted
U-curve. This concept of an optimal amount of stimulus com-
plexity has been supported by numerous studies that found an
inverted U-curve when characterizing aesthetic preference as a
function of complexity.9-14 Most of the prior visual complexity
and visual interest studies did not consider the role of color
both on complexity and interest, and the ones that considered
color used isolated color patches and did not measure it as a
whole. In addition, individual differences such as age and edu-
cation level were considered problems in previous complexity
studies, and in this study, those problems were eliminated as
design students of equivalent age were selected as participants,
and they all had the same understanding of design education of
artistic tendencies and creativity. Thus, this study demonstrated
the relationship between color, visual interest, and visual com-
plexity by adding color and representing it with a quantitative
value (ΔE) in the complexity field; this created a new under-
standing that was pioneered by Berlyne.9

To conclude, with the results of this study, a quantitative
and objective knowledge about the association between
color and visual complexity was obtained. This study can be
used as a guide by those who want to generate visually com-
plex and interesting images using colors.
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