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1.	 Introduction
Creating design solutions for graphic products 
requires precise planning of its form in or-
der to better reflect the elements the designer 
seeks to highlight. Although each design work 
is primarily dependent on the designer’s cre-
ativity and experience, and realizes his ideas in 
an intuitive way, every designer is aware that 
high-quality design requires the use of geo-
metric compositional rules which define the 
design form, like the golden ratio rule, rules 
of symmetry, asymmetry, stability, rhythm or 
optical balance [1]. The mentioned composi-
tional rules closely link field of graphic design 
with the field of mathematics, whose geomet-
ric regularities represent an integral part of 
the graphic design [2]. Mathematical compo-
sitional rules are important in graphic design 

because they define the arrangement of all ele-
ments within the whole design and their mutu-
al relationship with one another, thus securing 
aesthetic quality of design in order to achieve 
its full potential. It can be concluded that the 
original value and beauty of the design mostly 
depend on its form, which is designed on the 
basis of clearly defined mathematical composi-
tional norms [3].
One of the definitions states that graphic design 
is a “commercial art” [4], which besides having 
artistic value, must also meet the demands of 
graphic product users. Therefore, graphic de-
sign should be adequately tested on survey 
participants to determine their aesthetic pref-
erences, which is a research area of experimen-
tal psychology. More specifically, experimental 
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expressed both in fine art and music art [7] but 
it is also possible to find examples of symmetry 
in literature [8]. The term symmetry is inter-
preted in philosophy [9], it is defined and ana-
lyzed in a number of natural science disciplines 
such as mathematics, physics, chemistry and 
biology [10]. In the mathematics, symmetries 
were researched and very precisely defined in 
the field of classical Euclidean geometry and 
the logical foundations, the axiomatics and the 
structure of symmetry were explored [11]. Dis-
coveries within classical geometry associated 
with symmetries were extended and general-
ized in the 19th century in the framework of 
abstract algebra, where the symmetry is stud-
ied within the theory of Abel’s groups that form 
a part of modern geometry known as algebraic 
geometry [12].
Since multiple manifestations of symmetry 
cannot be adequately described within one 
scientific area, many world class scientists are 
working on interdisciplinary unification of the 
results of various scientific disciplines in order 
to interpret the essential features of the men-
tioned phenomenon in new ways. It is there-
fore necessary to perform interdisciplinary, 
multicultural research of different variations 
of symmetry and related phenomena such as 
invariance, proportionality and rhythm, which 
are linking different fields of science, art and 
technology [13]. The symmetry research re-
sults pose great challenges to designers and 
artists, and can open entirely new possibilities 
in the field of graphic design, which is very de-
manding cultural venture.
Therefore, there is a need for researching of 
theoretical and formal hypothesis because of 
interdisciplinary linking of graphic design with 
mathematical sciences, especially with the field 
of Euclidean and algebraic geometry.

1.2 	 Mathematical definition of mirror 
symmetry 

In mathematics, the concept of symmetry is 
very precisely defined within classical Euclid-
ean geometry. The following text presents the 
precise logical definition of axial or mirror 
symmetry in the plane. Definitions of oth-
er types of symmetries are omitted (see [3], 
[14]). In order to precisely, axiomatically, de-
fine the concept of mirror plane symmetry, it is 

aesthetics as a branch of experimental psychol-
ogy tries to define the aesthetic value of the art 
work through psychological experiments [5]. 
For the purpose of testing the visual quality 
of compositions that are, to a greater or lesser 
extent, consistent with mirror symmetry, this 
paper uses the methodology of experimental 
aesthetics. The method is a combination of a vi-
sual experiment and a statistical test of the ob-
tained results. In this paper, compositional de-
sign rules are interpreted mathematically, while 
their aesthetic value is evaluated experimental-
ly. It is therefore evident that interdisciplinarity 
is a characteristic of a scientific approach used 
to carry out the discussion and set up the re-
search presented in this paper (Figure 1).

Figure 1. The paper is interdisciplinary related to 
graphic design, mathematics and experimental 
psychology

1.1 	 Multicultural dimension of 
symmetry phenomena

The phenomenon of symmetry is ubiquitous in 
nature starting from the structure of the small-
est parts of the atom that are arranged symmet-
rically, to the regularities that are characteristic 
of the position of planets and stars and their 
regular layout within the huge galaxies in the 
universe [6]. Man experimentally observes 
symmetry at every step, in nature, in the struc-
tures of living creatures, objects surrounding it, 
in all areas of life, and thereby acquires a cer-
tain foreknowledge of symmetry. Symmetry 
spontaneously attracts human attention from 
the earliest pre-history of the human race to the 
present day. It has been shown that symmetry 
can be theoretically studied with many different 
aspects and can be applied in various ways in 
various fields. For example, symmetry is often 
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necessary to introduce the definition of plane 
isometry (def. 1, [14]).
Definition 1. Mapping f:M→M is the plane 
isometry of M if it is 

d(f(A), f(B)) = d(A,B) for all A,B ∈ M
Now the concept of mirror symmetry can be 
axiomatically defined (def. 2. [14]).
Definition 2. For every line p⊆M there is a 
unique isometry sp:M→M different from IdM 
for which is sp(T)=T for every point T∈p. This 
isometry is called axial symmetry with respect 
to the line p, and line p is called the axis of sym-
metry.
Taking into account the characteristic of the 
axial symmetry that it reflects points from one 
side of the line to the other side like a mirror, 
this type of symmetry is called mirror symme-
try (Figure 2).

Figure 2. Mirror symmetry display

Furthermore, certain geometric figures in a 
two-dimensional space can be mirror symmet-
ric (def. 3. [3]).
Definition 3. The geometric figure F is called a 
mirror symmetric with respect to the line p if for 
every point T of this figure (T ∈ F) there is a point 
T′ which also belongs to this figure (T′ ∈ F) such 
that sp(T) = T' (Figure 3). Accordingly sp is axial 
symmetry with respect to the line P.

Figure 3. Display of the mirror symmetric figure

Mirrored symmetrical figures can be a very in-
teresting graphic design motif.

1.3 	 Overview of past research of 
aesthetic value of symmetry 

Everyday experience shows that the people’s 
aesthetic attitudes are affected by symmetry, 
which manifests in various forms. In contem-
porary experimental psychology, numerous 
studies were being conducted in order to ex-
amine the impact of symmetry on human vi-
sual perception as well as on the formation of 
aesthetic stands.
For example, P. Locher has shown that symme-
try and golden ratio used in visual forms and 
compositions affect visual discovery, focusing 
attention, and physiological excitement of re-
spondents [15]. His flash experiments also con-
firm that symmetry is observed at first glance, 
so the eye attention is first focused on symme-
try. The research of this author found that sym-
metry is also associated with the respondent’s 
aesthetic attitudes. Also, the analysis of the eye 
fixation points shows that the axis of symme-
try is used as a perceptual orientation where 
the eye attention of the examinees is focused. 
Locher’s point of view, which the author cites 
in the conclusion of the above mentioned work, 
can be summarized in the following sentenc-
es: “The human nervous system that connects 
the eye and brain most likely functions on the 
principles of symmetry. The rapid and accurate 
detection of static symmetry by the perceptual 
system is most probably the first fundamental 
non-learned response to visual stimulation.” 

[15] According to most perception theories 
that attempt to interpret the way the human 
visual system function, the origin used by the 
visual system is an axis of symmetry on which 
visual attention and analysis of visual content is 
anchored. Locher’s results are of utmost impor-
tance to designers who seek to attract attention 
on the content of graphic design in order to use 
the design to communicate with the users as ef-
ficiently as possible.
Artists through all historical periods were al-
ways aware of high aesthetic value of symme-
try. People appreciate symmetrical patterns 
that evoke feelings of harmony, order and 
subtlety of an artwork. In order to explain the 
reasons why people like symmetry, Reber et al. 
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assumed that the aesthetic tendency to symme-
try could be related to the way the human visual 
cognitive-perceptive system functions [16, 17]. 
The hypothesis set by these scientists is based 
on the dynamics of information perceived by 
respondents. According to the mentioned au-
thors, variables that influence the formation of 
aesthetic criteria are the beauty of the observed 
figures, the contrast between the figures and the 
background, repetition of stimuli and symme-
tries, and the prototypes that are characteristic 
for the particular culture to which the respon-
dents belong. The same authors conclude that 
the experience of beauty is primarily based on 
the perceptive experiences of the respondents, 
which is only partially related to the character-
istics of the perceived object. Furthermore, the 
same authors have concluded that symmetric 
objects are easier and faster to perceive than 
others because they contain a smaller amount 
of information than other forms. Similar re-
sults were obtained by Enquist and Arak who 
proved that symmetric patterns are perceived 
more efficiently than other objects [18]. Guide-
lines for graphic designers, which clearly follow 
the results of the above-mentioned scientific 
research, point to the advantages of using a 
compositional symmetry rule in order to create 
a design as attractive as possible.
Researches on aesthetic value of the form in 
which the symmetry is combined with the 
golden ratio [3] were also conducted. The sym-
metrical figure was moved diagonally in the 
field of view to determine whether the compo-
sition in which the position of the figure is in 
golden ratio is visually more acceptable than 
the others. The research results were negative. 
It was found that the aesthetic attitudes of the 
respondents were not affected by the position 
of symmetrical figures on the main diagonal. 
The authors concluded that the symmetry of 
the figure itself so strongly attracts the atten-
tion of the respondents, that they probably do 
not notice the position of figure. These results 
can be put in context with Locher’s observa-
tions, according to which the symmetry is the 
convenient anchor point where the attention of 
the observer is focused, whose attention is so 
focused on the symmetry that their position is 
not relevant.

Researches in this area of experimental psy-
chology have outstanding importance for 
graphic design, as they provide valuable infor-
mation on responders’ reactions to symmetri-
cal and other forms that can represent visible or 
even hidden part of graphic design. The aim of 
this paper is to discuss the possibility of apply-
ing symmetry in graphic design and to present 
the results of the evaluation of the visual quality 
of the mirror symmetry that was experimental-
ly carried out by the method of experimental 
aesthetics.

2. 	 Experimental part
The aesthetic value of the mirror symmetry was 
tested by the methodology of experimental aes-
thetics, which unlike philosophical aesthetics 
evaluates empirically the aesthetic experience 
that subjects have on visual forms [5], [19]. 
This chapter present the results of the visual re-
search of symmetry, which occurred as part of 
the process of writing the final thesis at the Fac-
ulty of Graphic Arts, University of Zagreb [20].
The experiment that tested the aesthetic atti-
tudes of subjects on mirror symmetry consist-
ed of two parts:
a)	 Creation of specific original test sam-
ples, one of which was a sample with the ele-
ments that are aligned with the mirror sym-
metry, while the remaining three samples con-
tained similar motives that deviate more or less 
from the mirror symmetry. 
b)	 The visual experiment was carried out 
by a questionnaire in which the respondents 
were supposed to evaluate test samples using 
the Likert scale. Thus, In this way, we generated 
the data that the aesthetic value of the mirror 
symmetry was estimated using experimental 
aesthetic methods. All experimental results 
were treated statistically in STATISTICA 12 
(StatSoft, Tulsa, USA).

2.1.	 Design and making of test samples
The experiment was carried out over the origi-
nal test samples designed by the authors of this 
paper. Four different test samples were made. 
The samples were created by positioning yellow 
squares on the black base.
In that way four test samples were obtained, that 
is to say four test samples of a specific design. 
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The principle of organization of elements in 
test samples for four cases is explained below.
Case 1. The first test sample (Figure 4) is mir-
ror-symmetric with respect to several axes of 
symmetry. When taking the imaginary axes of 
symmetry it is seen that they perfectly overlap 
the two sides in two directions, vertical and 
horizontal.

Figure 4. Test sample in which the elements are mirror 
symmetrical

Case 2. The second test sample (Figure 5) has 
little deviation from the mirror symmetry. Two 
yellow squares are displaced by 2 millimeters 
towards the bottom of the sample with respect 
to the previous sample (Figure 4), while other 
elements remain in their places.

Figure 5. Test sample in which elements slightly 
deviate from the mirror symmetry

Case 3. The third test sample (Figure 6) has an 
obvious deviation from the mirror symmetry 
rule. In this case, more squares are shifted rela-
tive to the first case sample (Figure 4), which is 
completely mirror-symmetric.

F̅i, i = 1, … ,4

Rij

F̅i =
∑ Rij
52
j=1
52 , i = 1, … ,4

F̅i

F̅i = μ ± σ

Figure 6. Test sample in which the elements are very 
different from the mirror symmetry

Case 4. The fourth test sample (Figure 7) is to-
tally asymmetric and completely deviates from 
the mirror symmetry rule.

F̅i, i = 1, … ,4

Rij

F̅i =
∑ Rij
52
j=1
52 , i = 1, … ,4

F̅i

F̅i = μ ± σ

Figure 7. Sample in which the elements are 
asymmetric

2.2.	 Visual experiment
The visual experiment carried out was execut-
ed using a survey designed to test the visual 
quality of the mirror symmetrical shape of the 
graphic design [19]. Respondents were initially 
explained basic information about the survey 
itself and the reasons for conducting the sur-
vey. 52 respondents were interviewed. The sur-
vey examined the age of respondents and their 
social status, and found that all age groups were 
represented and that there were pupils, stu-
dents, workers, unemployed and retired people 
among the examinees. 
In the most important part of the survey, par-
ticipants were given the task to rank test sam-
ples using the Likert scale, whereby the ratings 
should not be repeated. Ranks should have 
been assigned to their own sense of beauty of 
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each individual respondent. The Likert scale 
was defined in the following way:
	 1 - I completely like it
	 2 - I like it
	 3 - I do not like it
	 4 - I totally do not like it
In this way, respondents had the opportunity 
to evaluate a particular test sample accord-
ing to their own preferences. The survey was 
conducted online through the Google forms, 
which improved the implementation of the 
survey and simplified data collection. All data 
was sorted by Microsoft’s Excel 2013 and were 
statistically analyzed.

3. 	 Research results and discussion
In order to evaluate the visual quality of the 
mirror symmetry, descriptive statistical analy-
sis of all the data collected by the experiment 
was performed using the STATISTICA 12 soft-
ware package [21]. The aesthetic quality of each 
individual test sample (image) 
 F̅i,i=1,…,4 is defined by the arithmetic mean 
of all grades given by the subjects to the test 
sample. The rating given by j -th examinee (j 
= 1,…,52) to the i- th sample (i = 1,…,4) is 
marked with 
 Rij. Expressed by the formula, the expression 
for the aesthetic value of the test sample is as 
follows:

F̅i =
∑ Rij
52
j=1
52 , i = 1, … ,4

The arithmetic means F̅i are presented in the 
second column of Table 1, which contains the 
corresponding standard deviations (
 F̅i=μ±σ). In addition, Table 1 also shows me-
dians (Med), minima (Min), maxima (Max), 
and variance (Var) of test samples.
Table 1. Descriptive statistical analysis 

Sample μ±σ Med Min Max Var
F1 1,81±1,25 1 1 4 1,57
F2 2,23±0,76 2 1 4 0,57
F3 2,73±0,84 3 1 4 0,71
F4 3,02±1,34 4 1 4 1,78

The presented results shows that the ranges between 
the minimum and the maximum in all test samples 
range from 1 to 4, which is the minimum and max-
imum offered by the Likert scale. It is apparent that 
medians conform to the arithmetic means. Variance 

and standard deviations are relatively low, which 
means that the results obtained are of very high 
quality. The graphic display of the arithmetic means 
F̅i,i=1,…,4 of all the ranks assigned to each sample 
is shown in Figure 8.

F̅i, i = 1, … ,4

ℵ522 = 26,90

0

0.5

1

1.5

2

2.5

3

3.5

F1 F2 F3 F4

Arithmetic
mean of
the grades

Figure 8. Graphic display of the arithmetic means

Furthermore, the compliance of all data with 
the law of normal distribution was tested using 
the Kolmogorov-Smirnov test (Table 2). Table 
2 gives relevant statistical parameters such as 
Kolmogorov-Smirnov test statistics Max D and 
empirical p-values.
Table 2. Results of the Kolmogorov-Smirnov test

Sample Max D p
F1 0,39 p<0,01
F2 0,27 p<0,01
F3 0,3 p<0,01
F4 0,384 p<0,01

It was found that all of the grades of any of the 
test samples do not follow a normal distribu-
tion (Table 2). The result obtained is expected 
because it is associated with the characteris-
tics of the experiment performed in which the 
ranks were assigned.
Therefore, a non-parametric Friedman ANO-
VA analysis was performed for dependent sam-
ples with repeated measurements. The men-
tioned analysis tested the differences between 
Likert’s arithmetic means for all 4 tested sam-
ples.
Statistical analysis has shown that Friedman’s chi-
square is ℵ52

2=26,90 and Friedman’s statistical sig-
nificance is p = 0.00001. From these data it is clear 
that there are statistically significant differences be-
tween arithmetic means. Furthermore, a post hoc 
analysis was carried out, identifying test samples 
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whose arithmetic meanings are statistically signifi-
cantly different. Post hoc analysis was performed by 
Wilcoxon tests of comparison of sample pairs for 
case of dependent samples (Table 3). Table 3 itself 
contains the statistical test parameter, ie the T-value 
as well as the statistical significance of the test ex-
pressed by the p-value.

Table 3. The results of Wilcoxon tests

Samples F1 F2 F3

F2
T=304,00

p=0,015958 - -

F3
T=321,00

p=0,003736
T=405,00

p=0,015591 -

F4
T=303,50

p=0,002114
T=338,00

p=0,003839
T=433,50

p=0,113050

P values of virtually all pairs of arithmetic 
means are less than the limit value of 0,05 (Ta-
ble 3) with the exception of the pair F3 and F4. 
This means that it can be concluded that there 
are statistically significant differences between 
all pairs of arithmetic means, which is not the 
case with the pair of arithmetic means of the 
F3 and F4 test samples, with a significance level 
of p <0.05. There are no statistically significant 
differences for the arithmetic means of test 
samples F3 and F4.
Accordingly, the results of the study show that the 
best average of Liecert’s ranks belong to the test 
sample F1, whose arithmetic mean of rank is 

 F̅1=1,81. Its median is Med(F1)=1, which is consis-
tent with the arithmetic mean (Table 1). Also, given 
that its arithmetic mean is statistically significantly 
different from other arithmetic means (p <0.05), it 
was clearly found to be the most preferred to the 
respondents (Table 3). This test sample is made ex-
actly according to the mirror symmetry rule. Con-
sequently, the respondents consider it aesthetically 
the highest quality test pattern, the shape of which is 
in accordance with the mirror symmetry. The next 
best ranked test sample is F2 whose arithmetic mean 
is F̅2=2,23, and median Med(F2)=2, which is in 
accordance with the arithmetic mean (Table 1). This 
arithmetic mean also statistically differs significant-
ly from all other arithmetic means (p <0.05, Table 
3). This result also confirms the hypothesis accord-
ing to which the aesthetic preferences of the subjects 
converge to the symmetrical form. Furthermore, test 
samples F3 and F4 are worst ranked and their arith-
metic means do not differ significantly (p=0.113, p 
<0.05, Table 3). The arithmetic mean of all the ranks 
obtained by the sample F3 is F̅3=2,73. The median 
of the F3 sample is Med(F3)=3, which is expected 
taking the arithmetic mean into account (Table 1). 

The pattern with an asymmetric shape was rated as 
visually the worst. Test sample F4 has an average of 
assigned ranks F̅4=3,02 with median Med(F4)=4 
(Table 1). The subjects do not show affinity to the 
asymmetric form or to a shape that significantly de-
viates from the mirror symmetry.

4. 	 Conclusion
Experimental testing by the method of exper-
imental aesthetics that was carried out over 52 
subjects of different sex, age and social status, 
confirmed the quality of graphic design form 
that is made according to the mirror symme-
try rule. Precisely, four different test samples 
were tested, one of which is mirror-symmetric, 
the second deviates slightly, the third strongly 
deviates from the mirror symmetry, while the 
fourth test sample was completely asymmetric. 
The measure of aesthetic quality was the arith-
metical mean of the ranks given to samples by 
all the respondents. The research results have 
shown that mirror symmetric form is of the 
best quality, and its aesthetic quality (arithme-
tic mean of all ranks) is statistically significant-
ly different from the arithmetic mean of other 
test samples (p<0.05). That result was obtained 
using Friedman’s ANOVA (
 ℵ2

52=26,90, p=0,00001) and Wilcoxon tests. 
The worst ranked was an asymmetric test sam-
ple, whose arrangement of elements was com-
pletely random and chaotic. The result obtained 
provides insight into the aesthetic preferences 
of graphic users considering the rules of the 
mirror symmetry, which show a tendency to-
wards symmetrically designed shape. 
The results obtained can be explained by the 
results of Locher’s research, according to which 
symmetry strongly attracts the attention of the 
observer and thus affects the aesthetic attitudes 
of respondents [15]. Locher’s explanation is re-
lated to the way of functioning of the human 
visual perception system that easily and quickly 
processes visual information from symmetrical 
forms. Moreover, mirror symmetry is present 
in the world around us which is also one of the 
reasons why people prefer symmetry. There-
fore, the authors of this paper can strongly rec-
ommend to graphic designers the use of math-
ematical compositional rules of symmetry. 
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