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ABSTRACT

The complexity of a web page has a great influence on the user’s understanding and
comprehension. There are many factors that can affect page complexity, such as color,
block number, number of texts, etc. This study was based on the relationship between
color and page complexity, considering three main factors: color number, color area
and color distance. This paper carried out an experiment research which includes two
steps: the first step is to determine the complex color limit that people felt on the web
page, and the second step is conducted within the number of colors to explore the
most comfortable color number, color area and color distance match.
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INTRODUCTION

The complexity of the web page is closely related to the user’s effectiveness
in recognition, degree of preference, etc. Thus, the influence of color on the
complexity of the page cannot be ignored. This article is about studying the
effect of color on the complexity of the page as a function of the color attri-
bute. There are several colors that make people comfortable. How to match
the color area and color distance may make this page more comfortable and
uncomplicated. Research has found that simple pages are more likely to be
liked by users and easier to grasp the key points.

In the past, the research on color focused primarily on the fundamental
attributes of color, hue, purity and brightness. But in this article, we have
selected three aspects that have a significant impact on the page to be analy-
zed, namely the number of colors. It directly affects people’s visual experience.
According to Chien-Yin Laia, Pai-Hsun Chenb, Sheng-Wen Shiha, Yili Liuc,
Jen-Shin Honga in the article, color monitors are the most widely used. The
color models are the RGB (red, green, blue) model and the HSV (hue, satu-
ration and value) model. RGB color space is far from uniform in perception,
meaning that two colors with equal distances in the color space are not neces-
sarily equal in perception. It is known that the HSV model is closely related
to how humans describe and interpret colors, and provides better perceptual
consistency than the RGB (Paschos, 2001). The HSV color difference space
is a 3D space with approximately uniform visual spacing in terms of color
difference judgment. In the HSV color space, two colors with a larger dista-
nce are completely different in the human eyes. Therefore, in this study,
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Figure 1: HSV color space system.

the calculation of the color distance between two blocks of pixels is based
on the Euclidean difference between the two colors in the HSV color space
(Chien-Yin Laia, 2010).

METHOD

The calculation of the number of colors can be processed by human
eye resolution counting and software. Due to the limited range of colors
that human eyes can resolve, the number of colors may be imprecise,
resulting in a deviation of the results. Hence, in this experiment, the
color number was computed by the implementation of MATLAB 2020a
(https://nic.seu.edu.cn/fwzn/rjzbh/matlabz bh.html), based on the HSV values
of each point on a page. If two points are of the same h value, then give them
the same Numbers; if the h value is not the same, to give different Numbers
to be used to differentiate (the Numbers are arranged in order).

The color area calculation is based on the MATLAB 2020a, with the
concept of matrix in MATLAB. In the above we have given each pixel point
a number, then we can calculate value given by the number, for example, if
the color value of a particular color is 1, the area size of the corresponding
color block can be obtained by computing the number of 1.

HSV color system, the greater the difference of two kinds of color, the
greater the difference in the eyes of sensation. Therefore, we need to convert
RGB values of color to HSV value calculation. The process is calculated using
the HSV color system coordinates for a n-hexane (as shown in figure 1) in
MATLAB 2020a. The color forms a cylinder. The hue varies from 0° to 360°,
while the corresponding color changes from red to yellow, green, cyan, blue,
magenta, and back to red. Saturation ranges from O(unsaturated) to 1.0(com-
pletely saturated). The value ranges from 0 to 1.0, and the corresponding
color becomes brighter and brighter. The color distance between (Hy, S1, V1)
and (Ha, Sy, V) is generally :(chien-yin Laia, 2010).

1
AC = ﬁ\/(vl -V, )2 + (ViS1cosH1 — V1.5, COSI‘Iz)2 + (ViS1sinHy — V)25, SinHz)2
(1)

Two kinds of color can be obtained by the formula (1) in the HSV space
distance. It can be regarded that the distance of two kinds of color, i.e. A C,
the greater the gap, the more different between two kinds of color in people’s
eyes; thus, the greater the gap, the page on color is more complex. But you
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can have multiple colors on a page, so you need to compute the sum in pairs,
that is:

b
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The color distance of the whole page can be obtained by combining the
formulas (2), (3) and (4), where W;, W; is the average visual weights of
all color pixel blocks in the 7 column and j row respectively, AC;i_p is
the color distance between a pixel block(ij) and the background, and the
result W is normalized within [0,1], so as to facilitate the comparison of
results.

Experimental Study

Subjects: Twenty participants (10 males and 10 females) were recruited in
this experiment. All participants had normal or corrected visual acuity and
normal color vision. The mean age of the participants was 22 years old, ran-
ging from 21 to 24 years old. They were asked to look at one page in turn
and give the page a comment. Each participant spent 10-15 minutes for the
whole experiment process.

Materials: This experiment needs to evaluate different color number of
pages. Images are collected from a website. After a large number of collection
and analysis, 15 pages with obvious gaps were screened out (Figure 2a). After
the processing of Photoshop software, the colors in the web pages is processed
into color blocks to avoid the influence of other elements on the pages (each
page includes a variety of color blocks of different sizes). Since it is difficult
for users to evaluate individual pages, a moderately complex page should be
selected as the benchmark graph (as shown in Figure 2b), and compared with
other pages for scoring.

Procedure: This experiment was conducted in the Human Factor Lab
at Southeast University. The participants sat calmly on a chair. Diffe-
rent pictures were presented in the center of the computer screen, and
participants were asked to rate them on a five-point Likert scale accor-
ding to the pictures’ complexity. First, the participants were instructed
to select the reference picture and score their corresponding complexity.
Then, they were asked to compare and evaluate the reference image with
other pages in turn. If the complexity of an image is higher than that
of the base reference picture, a higher score was to be assigned to this
image.
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Figure 2: The pictures left and right are the experimental page materials and the refere-
nce map respectively:(a) Participants were required to evaluate 15 pages in the picture.
(b) This page is used as a reference, every page needs to be compared with it.

Page Number

Figure 3: The average web page complexity.

RESULTS

Experimental Results

After the two hours of the experiment, the specific score of each participant
for each page was obtained (the distribution of the score is between 1 and 3).
Figure 3 below depicts the mean value of the measured data, which is the
mean values of the ratings of all participants for the complexity of each page.

The mean values can be used for regression analysis to study the relation-
ship between page complexity and individual color elements, and to analyze
the relationship between complexity and three elements, namely multiple
linear regression analysis.

Data Analysis

This section will analyze the regression relationship between the number of
colors, color area and color distance and page complexity in turn. We will
explore whether each factor is related to page complexity. After analyzing the
result data with MATLAB 2020a, we found that the experimental data of the
two factors of color number and area had high reliability and no data with
large deviation. However, for the data of color distance, we found that the last
data had large deviation and was abnormal data (see Figure 4). Therefore,
after discarding the last data, regression analysis was conducted again and
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Figure 4: Unary linear analysis residual graph (Verify that the data is not too biased,
from left to right: color, color area, and color distance, respectively).
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Figure 5: Scatter diagram (from left to right: color, color area, and color distance,
respectively).

the data were found to be normal. The following formula of unary linear
regression was obtained according to the data:

Equations (5), (6) and (7) respectively represent the relationship betw-
een the number of colors, color area and color distance and page
complexity, where X represents three elements and Y represents page
complexity.

Y = 1.568 + 0.251X,4 (5)
Y = 2.362 + 0.00052X, (6)
Y = 3.542 - 1.041X3(X3 = W) (7)

Through unary linear regression analysis, we found that the three elements
are strongly correlated with page complexity and obtained the unary linear
relationship between them. This can provide the basis for the future color
design and provide a new solution for the color collocation.

From the scatter diagram (Figure 5), it can be seen that the complexity
evaluation of the pages 5,6,8,9,10,11,12 is moderate, neither high or low.
Such pages will make people feel comfortable. The color factors of these
pages are as follows: [3, 6, 5, 3, 4, 6, 4], [1094, 393, 2356, 592, 393, 793,
753, 291], [0.782, 0.923, 0.875, 0.838, 0.851, 0.731, 0.707]. We can see
from these data that the page complexity is moderate when the number of
colors is between 3-6, the area is between 200-1100, and the color distance
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is above 0.5. The larger the value is, the greater the page complexity will be.
The following linear regression analysis was conducted for the three factors:

Through the above scatter diagrams, it is found that there is a linear
relationship between these three elements and page complexity, which is
near a straight line. Therefore, formula (8) is obtained through software
analysis.

Y = 2311 + 0.159X; + 4.595X, — 0.993X; (8)

X1, X2, X3, respectively represent the number of colors, color area and
color distance. This formula can be utilized to assess how complex a page is,
or we can use complexity to simply recommend color combinations.

CONCLUSION

These calculation methods are computed based on the element blocks. It
is considered that each color block on a page is independent and does not
affect each other. To increase the validity and reliability of the experimental
results, we processed and analyzed the experimental data to gain more accu-
rate results, combining with the calculation model to make color matching
recommendations. This is also the practical significance of the current study.
Therefore, in the design of the page, we should attempt to limit the number
of colors to six. In addition, the color area should not be too large. Assu-
ming that the area of each pixel point is 1, the average color area value of
the whole page should be between 200 and 1100. According to the formula
used to calculate the color distance, the larger the resulting color distance, the
better the color balance. Thus, the recommended range is between 0.5 and 1,
with a higher value indicating a better balance of the page, that is, moderate
complexity and comfortable looking.
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