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Abstract: With the widespread use of mobile phones, increasing use of mobile applications in
different areas of life have gained a large place. Between the reasons of the preference of the
rapid increasing number of apps in the application markets of the different platforms, the
aesthetic appereance of the icons that apps have perhaps the most important one. In this
study, the visual symmetrical side of the icons of the most downloaded apss which are
developed for preparing to Public Servant Exam in Turkey is emphasized. Two different types
of data are obtained with working on the icons with image processing technique by using
Mathworks Matlab program and survey method which is applied on Korkut Ata University
students. By comparing the obtained data with the binary logistic regression method, it was
determined that the visual symmetry in the apps’ icons partially contributed to the aesthetic
appreciation.
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1. Introduction

Advances in science and technology have become a necessity for societies to catch up
with the needs of the age. It is also seen that the use of technology in education has become
widespread in recent years. Today's understanding of education has gone beyond the classical
teacher-student-board triangle. Schooling can be done with more than one method and
technique.

Mobile education is a method of reaching the desired information with various devices
at any time and from anywhere. In other words, it’s a learning activities without being tied to
a class or lecturer [1].

Mobile application is a program designed for users to perform certain operations on
mobile devices such as tablet phones and watches [2, 3].

——

Fig 1. Application Icons

The Word of icon comes from the Greek word "eikon" and it means picture. It is also
defined as a religious totem in the dictionary. Icons are derived from signs that express some
concepts in a sense or some way for someone [4].
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Fig 2. Icon Aesthetics [5]

Lavie and Tractinsky (2004) [6] and Moshagen and Thielsch (2010) [7] stated that
classical aesthetics originated from simplicity and consisted of visual configurations such as
regularity of openness, homogeneity, grouping, balance and symmetry.

Symmetry is an internal phenomenon that occurs both naturally and man-made in
the world around us. It is attractive as a clue directing both aesthetic and visual attention.
Symmetry is naturally found in the structure of our world in many different scales and in
many different forms. It is evident in the shape and appearance of many natural and man-
made scenes. Humans have an innate ability to perceive symmetries in objects and images
[9-11].

The two most common types of symmetry are rotational and mirror (reflection)
symmetry. Reflection, rotation and translation symmetries have been the subject of
numerous detection methods in recent years. Of the three, reflection symmetry is the most
common as in the real world [14, 15].

In this study;

-We investigated whether the apps' preference by the people increases as the
symmetry of the icons of the apps’ increases.

-We focused on reflection type of symmetry and used Mathworks MATLAB 2015
software for image processing.

-We restricted our study with 10 most downloaded education app icons about the
Public Personnel Election Exam (aka. Kpss) held annually for public employment in Turkey.

-We did a survey which based on giving a credit point between 1 to 5 for every app’s
icon, among the 172 students of Korkut Ata University Economics and Administrative Sciences
Faculty.

-We compared the symmetry values of icons obtained from matlab software which is
between 0-1 with the survey results of the icons between the 1-5 by the binary logistic
regression method.
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2. Related Works

There are many studies on the symmetrical and aesthetic evaluations of pictures with
image processing method.

Wang and Li (2017) [13] proposed a multi-step aesthetic analysis model to investigate
the effects of the aesthetics of app icons on the number of downloads of apps. In their model
they evaluated the effects of the aesthetic design on the number of downloads with the
various formulas, which developed on the features like app icon’s complexity, symmetry and
simplicity etc.

Cornelius ve Loy (2006) [8] worked on a symmetry detection algorithm which
combines the SIFT descriptor with several different feature detection methods such as
hessian-affine and Harris affine detectors, an intensity extrema-based detector (IBR) and an
edge based region detector (EBR).

Shi et al. (2018) [12] used root-mean-squared-error (RMSE) for detecting the
symmetry in the shapes of the leaves by splitting their images into parts in the matlab.

Widynski et al. (2014) [14] 's approach is used Ribbon Detection method to find the
regional symmetries by extracting the linear lines of the objects in the image to draw the lines
of the image itself. Their approach also proposes a sequential Monte Carlo method, a particle
filter application, to extract part of the structure at once.

3. Methodology

Icon images of the first most preferred 10 kpss exam application, downloaded from
the Google Play Store in .jpeg, .png format on December 12, 2018 (ranking of the applications
may have changed). The images turned into pixel format in Mathworks Matlab 2015 software.
Since method we proposed in this study is based on the detection of white pixels, we turned
every images of the icons into black and white pixels with one of the Matlab’s edge detection
method called “canny”. Our method works around the axes that are considered to pass right
through the middle of the picture in horizontal and vertical directions.

The applications whose icons we are worked on are named as “Application 1, ... ,10”
according to the number of their downloads.

Algorithm 1 Symmetry Analysis in Horizontal and Vertical Dimension

1: Read Image

2: | <---- (Readed Image)

3: Convert Image to grayscale Format

4: k <——--1 //k is the grayscale format of the image

5: Detecting the edges of the grayscale format of the image with “canny” method
6: m <--- k //m is the black and white format of the image

7: Mesuring the size of the m // in terms of rows and columns m[row, column]

8: VerticalSymmetryCounter <--- 0

9: HorizontalSymmetryCounter <--- 0

10: for b € {(columnsizeofimage), ..., (columnsizeofimage)/2} do

11: fors€{l,..., (rowsizeofimage) } do

12: forie{l,..., (columnsizeofimage)/2} do

13: if m(s,i) and m(s,b(i)) pixels are white then

14: HorizontalSymmetryCounter <--- HorizontalSymmetryCounter + 1
15: end for

16: end for
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17:  end for

18: end for

19: for b € {(rowsizeofimage), ..., (rowsizeofimage)/2} do

20: fors€e{l,..., (columnsizeofimage) } do

21: forie{l,..., (rowsizeofimage)/2} do

22: if m(i,s) and m(b(i),s) pixels are white then

23: VerticalSymmetryCounter <--- VerticalSymmetryCounter + 1
24: end for

25: end for

26: end for

27: end for

28: TotalWhitePixelCounter <--- 0

29:fors€{1, ..., (columnsizeofimage) } do

21: forie{l,..., (rowsizeofimage)} do

22: if m(s,i) pixel is white then

23: TotalWhitePixelCounter <--- TotalWhitePixelCounter + 1
24: end for

25: end for

26: VerticalSymmetryofthelmage <--- VerticalSymmetryCounter/ TotalWhitePixelCounter
27: HorizontalSymmetryofthelmage <--- HorizontalSymmetryCounter/ TotalWhitePixelCounter
28: TotalSymmetrofthelmage<--- (VerticalSymmetryofthelmage + HorizontalSymmetryofthelmage ) /2

Matlab Codes

I=imread('(image folder address)');
k=rgb2gray(l);
m=edge(k,'canny');

[row, column]= size(m); //Detection of the size of the image

diagonal = 0; //Diagonal symmetry Counter
vertical=0; // Vertical symmetry Counter

k=column:-1:column/2; // Diagonal Symmetry Counter Cycle
for s=1:+1:row
for i=1:+1:column/2
if m(s,i)~=0 & m(s,k(i))~=0
diagonal = diagonal + 1;
end
end
end
end

figure,imshow(m) //Drawing Diagonal Symmetry Lines
hold on
for s=1:+1:row
for i=1:+1:column/2
for k=column:-1:column/2
if m(s,i)~=0 & m(s,k)~=0
pl=Is,s];
p2 = [i,k];
line(p2,p1,'Color','g','LineWidth’',1)
end
end
end
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end

t1=[1,row];
t2=[column/2,column/2];
line(t2,t1,'Color','r','LineWidth',2)

k=row:-1:row/2; // Vertical Symmetry Counter Cycle
for s=1:+1:column
for i=1:+1:row/2
if m(i,s)~=0 & m(k(i),s)~=0
vertical = vertical + 1;
end
end
end
end

figure,imshow(m) //Drawing Vertical Symmetry Lines

hold on
k=row:-1:row/2;
for s=1:+1:column
for i=1:+1:row/2
if m(i,s)~=0 & m(k(i),s)~=0
p1 = [i,k(i)];
p2 = [s,s];
line(p2,p1,'Color','g','LineWidth’,1)
end
end
end
end

tl=[column/2,column/2];
t2=[1,row];
line(t2,t1,'Color','r','LineWidth',2)

total = 0; //Detecting total white pixel number

for s=1:+1:row
for i=1:+1:column
if m(s,i)~=0
total = total + 1;
end
end
end

In fig 1 and 2, our algorithm for detecting symmetry has been described by showing
pixels of an images as squares. For detecting white pixels which have same distance to the
middle row and column in horizontal and vertical dimensions, our algorithm starts searching
from opposite sides which are showed in the figs at the same time.
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Fig 4. Measuring the vertical symmetry
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In Figure 5, application of our method’s firs chapter about turning image into black-
white pixel form with matlab’s “canny” method is shown on one of the app’s icon image we
examined in this study.

Fig 5. Turning Icon Image into Black and White Pixel Form

In Figure 6, the red straight vertical line drawn in the matlab program, which we accept
as the horizontal symmetry axis passing through the center of the icon is shown.

Fig 6. Drawing the horizontal symmetry axe

In Figure 7, white pixels that are equidistant from the axis in the same plane are shown
by matching the green lines from the parts where this axis is divided equally into two.
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Fig 7. White Pixels Equal Distance to the Symmetry Axis on the Horizontal Axis

The horizontal symmetry ratio which is between 0 and 1, was determined with dividing
the number of matching white pixels by the total number of white pixels in the picture.

The application of the same process on the horizontal axis is shown in Figure 8 and 9.

Fig 8. Drawing the vertical symmetry axe
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Fig 9. White Pixels Equal Distance to Symmetry Axis on Vertical Axis

By taking the average of the horizontal symmetry and vertical symmetry ratios, the
general symmetry ratio of the picture was found between 0-1.

Survey

A survey which is shown in the figure 10 has been applied to the students of the Korkut
Ata University Faculty of Economics and Administrative Sciences. Participants were asked to
score the app icons on which we are working on a scale numbered from 1 (Very Bad) to 5
(Very Good).

By dividing the total scores of the icons from the survey by the number of participants,
an average survey score between 1 and 5 was obtained for each icon.

ICON VERY BAD(2) NEUTRAL(3) |GOOD(4) |VERY
BAD(1) GOOD(5)

Fig 10. Rating the Icons
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Icons with a general average or above of the values obtained from the survey are
classified as "AESTHETIC" and icons that are below the general average are classified as "NOT
AESTHETIC". Survey values accepted as a dependent variable in the binary logistic regression.

Matlab values were divided into two groups as the general average or above and those
below the general average. Matlab values accepted as an independent variable.

In accordance with the classifications, sensitivity analysis was made over the "odds"
values extracted from the error matrix by placing the icon numbers that meet the appropriate
conditions in the 2x2 error matrix in Figure 11.

MATLAB
VALUES

—

SURVEY VALUES

A

AESTHETIC
(>= Average Value of Survey
Values)

NOT AESTHETIC
(< Average Value of Survey
Values)

(>= Average Value of
Matlab Values)

(< Average Value of
Matlab Values)

(The number of icons, both
Matlab value and survey value
exceeding the general
average.)

(The number of icons whose
Matlab values are above the
average and whose survey
values do not exceed the
general average.)

(The number of icons whose
Matlab values are above the
average and whose survey
values do not exceed the
general average.

(The number of icons that both
Matlab value and survey value
do not exceed the average.)

Fig 11. Confusion Matrix (2x2)
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4, Results

4.1. Results of Application Number 1
App Name: Kpss Kontrol Sende
Number of Download: 1 Million +
Google Play Point: 4,6

Horizontal Symmetry Value: 0.11
Vertical Symmetry Value: 0.07

Total Symmetry Value: 0.09

KONTROL

Fig 12. Image Processing Results of Application 1

Figure 12 shows the image processing steps of the application 1 icon. Density was
observed in the number of matching white pixels in the horizontal plane and the horizontal
symmetry value was found to be 0.11. The density of the matching white pixels on the vertical
axis was observed occasionally and the vertical symmetry value was determined as 0.07. The
total symmetry value was determined as 0.09.
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4.2. Results of Application Number 2

App Name: Benim Hocam Mobil
Number of Download: 100.000+
Google Play Point: 4,8

Horizontal Symmetry Value: 0.18
Vertical Symmetry Value: 0.06
Total Symmetry Value:0.12

€ |6)) €
BENIM HOCAM .

a -

Fig 13. Image Processing Results of Application 2

Figure 13 shows the image processing steps of the application 2 icon. The density was
observed in the number of matching white pixels in the horizontal plane and the horizontal
symmetry value was determined as 0.18. The same density was not observed in the number
of matching white pixels on the vertical axis and the vertical symmetry value was determined
as 0.06. The total symmetry value is determined as 0.12.
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4.3. Results of Application Number 3

App Name: KPSS'ye Hazirlaniyorum
Number of Download: 100.000+
Google Play Point: 4,5

Horizontal Symmetry Value: 0.03
Vertical Symmetry Value: 0.03
Total Symmetry Value: 0.03

' /4 N\

[

Fig 14. Image Processing Results of Application 3

Figure 14 shows the image processing steps of the application 3 icon. Low density was
observed in the number of matching white pixels in the horizontal plane and the horizontal
symmetry value was determined as 0.03. The same low intensity was observed in the number
of matching white pixels on the vertical axis and the vertical symmetry value was determined
as 0.03. The total symmetry value was determined as 0.03.


https://doi.org/10.20944/preprints202010.0122.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2020 doi:10.20944/preprints202010.0122.v1

4.4. Results of Application Number 4

App Name: KPSS Cebimde 2019
Number of Download: 100.000+
Google Play Point: 4,5

Horizontal Symmetry Value: 0.05
Vertical Symmetry Value: 0.04
Total Symmetry Value: 0.045

Fig 15. Image Processing Results of Application 4

Figure 15 shows the image processing steps of the application 4 icon. Density was
observed in the number of matching white pixels in the horizontal plane and the horizontal
symmetry value was determined as 0.05. Low density was observed in the number of
matching white pixels on the vertical axis and the vertical symmetry value was determined as
0.04. The total symmetry value was determined as 0.045.
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4.5. Results of Application Number 5

App Name: KPSS Cafe

Number of Download: 100.000+
Google Play Point: 4,0

Horizontal Symmetry Value: 0.04
Vertical Symmetry Value: 0.02
Total Symmetry Value: 0.03

Fig 16. Image Processing Results of Application 5

Figure 16 shows the image processing steps of the application 5 icon. Low density was
observed in the number of matching white pixels in the horizontal plane and the horizontal
symmetry value was determined as 0.04. Low density was observed in the number of
matching white pixels on the vertical axis and the vertical symmetry value was determined as
0.02. The total symmetry value was determined as 0.03.


https://doi.org/10.20944/preprints202010.0122.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2020 d0i:10.20944/preprints202010.0122.v1

4.6. Results of Application Number 6

App Name: KPSS Milyoner
Number of Download: 50.000+
Google Play Point: 4,1
Horizontal Symmetry Value: 0.22
Vertical Symmetry Value: 0.12
Total Symmetry Value: 0.17

Fig 17. Image Processing Results of Application 6

Figure 17 shows the image processing steps of the application 6 icon. Excessive density
was observed in the number of matching white pixels in the horizontal plane and the
horizontal symmetry value was determined to be 0.22. Excessive density was observed in the
number of matching white pixels on the vertical axis and the vertical symmetry value was
determined as 0.12. The total symmetry value was determined as 0.17.
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4.7. Results of Application Number 7

App Name: KPSS Askim 2019
Number of Download: 50.000+
Google Play Point: 4,8
Horizontal Symmetry Value: 0.06
Vertical Symmetry Value: 0.03
Total Symmetry Value: 0.045

Fig 18. Image Processing Results of Application 7

Figure 18 shows the image processing steps of the application 7 icon. Partial density
was observed in the number of matching white pixels in the horizontal plane and the
horizontal symmetry value was determined as 0.06. Sparse density was observed in the
number of matching white pixels on the vertical axis and the vertical symmetry value was
determined as 0.03. The total symmetry value was determined as 0.045.
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4.8. Results of Application Number 8

App Name: Kpss Son 10 Yil Cikmis Sorular 2006-2017
Number of Download: 50.000+

Google Play Point: 4,0

Horizontal Symmetry Value: 0.09

Vertical Symmetry Value: 0.05

Total Symmetry Value: 0.07

Fig 19. Image Processing Results of Application 8

In Figure 19 image processing steps of the application 8 icon are shown. Partial density
was observed in the number of matching white pixels in the horizontal plane and the
horizontal symmetry value was determined as 0.09. Sparse density was observed in the
number of matching white pixels on the vertical axis and the vertical symmetry value was
determined as 0.05. The total symmetry value was determined as 0.07.
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4.9. Results of Application Number 9

App Name: Sifreli Hoca

Number of Download: 47.000+
Google Play Point: 4,7

Horizontal Symmetry Value: 0.10
Vertical Symmetry Value: 0.02
Total Symmetry Value: 0.06

SIFRELI

Fig 20. Image Processing Results of Application 9

In Figure 20 image processing steps of the application 9 icon are shown. Image
processing steps of application 9 icon are shown in Picture 19. Sparse density was observed
in the number of matching white pixels in the horizontal plane and the horizontal symmetry
value was determined as 0.10. Sparse density was observed in the number of matching white
pixels on the vertical axis and the vertical symmetry value was determined as 0.02. The total
symmetry value was determined as 0.06.
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4.10. Results of Application Number 10

App Name: KPSS Genel Kiltlr Yarismasi 2018
Number of Download: 10.000+

Google Play Point: 4,2

Horizontal Symmetry Value: 0.20

Vertical Symmetry Value: 0.12

Total Symmetry Value: 0.16

Fig 21. Image Processing Results of Application 10

In Figure 21 image processing steps of the application 10 icon are shown. Excessive
density was observed in the number of matching white pixels in the horizontal plane and the
horizontal symmetry value was determined as 0.20. Excessive density was also observed in
the number of matching white pixels on the vertical axis and the vertical symmetry value was
determined as 0.12. The total symmetry value was determined as 0.16.
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Table 1. Matlab and Survey Values of App Icons

ICON MATLAB VALUE SURVEY VALUE

1 0,09 2,96

KPSS

KONTROL
SENDE

2 V 0,12 3,37
;atrurr»{ HOCAM
m viDEoLa! S
3 0,03 3,05
4 0,04 3,24
5 0,03 2,52
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6 0,17 3,22

7 0,04 2,23

8 0,07 3,15

9 0,06 3,16
KPSS-YKS-TYT

10 0,16 2,77

In Table 1 avarage points of icons from survey added to the matlab points of icons.
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4.11. Results of Binary Logistic Regression

Table 2. Result of Confusion Matrix

AESTHETIC (>= NOT AESTHETIC

2.9) (>=2.9)
(>= 0.08) 3 1 4 (% 75)
(< 0.08) 4 2 6 (% 33)
7 3 (% 50)

Table 2 shows the grouping of 10 icons according to their data and limit values. From
the collected data, the general average of Matlab data was found to be 0.08 and accepted as
the grouping limit value for Matlab values. The general average of the survey values was
found to be 2.9 and accepted as limit value for grouping.

In the 2x2 error matrix created for the binary logistic regression analysis, there were 3
icons with both matlab value and survey value exceeding the average, and 1 icon with matlab
value exceeding the average but the survey value not exceeding the average. There were 2
icons with both the matlab value and the survey value not exceeding the average, and there
were 4 icons whose matlab value could not exceed the average, but the survey value
exceeded the average.

5. Discussion

According to the data obtained from the error matrix, the sensitivity of our prediction
model for positive cases is 75%. Our model showed high precision in predicting positive
results. However, for negative situations, the sensitivity rate of our model remained at 33%.
Our model showed low sensitivity in compensating for negative results. The total sensitivity
rate of our model was found to be 50%.

It has been observed that the icons whose symmetry values we measure on the
computer exceed the general average also exceed the general average value at a high rate in
the survey values, but in the opposite case, the same high rate does not appear for the icons
below the average. It has been observed that some icons whose symmetry values are below
average can also be liked by the respondents. The thesis that "the more symmetry value
increases, the more aesthetic taste increases", which we created by taking the road from
previous similar studies, was partially correct.
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6. Conclusions

In addition to many previous image processing techniques proposed for symmetry
ratio determination, a new model is proposed in this study by revealing the white pixels of
the picture with the "canny" method, one of the features of the matlab program, and
calculating the equidistant ones around the axes. More comprehensive models can be created
by adapting the models and codes we proposed to languages with programs such as R, Python
and libraries for image processing such as the OpenCv.

In addition to the SIFT Detector method used by Cornelius and Loy (2006) [8], the
numerical values of the symmetry can be extracted as well as the symmetry determination in
3D pictures by adding Matlab codes we used.

Numerical values can also be deduced in addition to the symmetry determination with
adding our matlab codes to symmetry study which is proposed by Shi et al. (2018) [12], made
over a line passing through the center of gravity of the shape formed based on transferring
the contours of the picture to the x and y plane in the Matlab program.

When the Ribbon Detection method proposed by Widynski et al. (2014) [14] is similar
to the "canny" method we use to draw the outline of a picture which is used to extract the
linear lines of the objects in the picture to find regional symmetries combined with the
method we proposed, a useful model might be created for the calculation of individual
symmetry values of objects in different parts of the picture.

In order to guide the future studies on aesthetics and symmetry, an aesthetic
detection model is proposed in this study. These findings, which are found only for mobile
application icons, show us that the symmetry in designs such as book cover, video cover
photos (thumbnail), commercial company logo, product packaging etc. can create an
aesthetic perception and contribute positively to marketing.
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