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ABSTRACT

Ngo et al. proposed 13 quantitative indicators tomeasure interface beauty in 2003, but
the weight of each quantitative indicator was not determined, and the role of users’
subjective emotional factors was not considered. Based on the calculation system of
interface beauty proposed by Ngo et al., this paper uses factor analysis method to
determine the correlation and weight of various quantitative indicators to simplify the
calculation method of interface beauty, uses the analytic hierarchy process method to
consider the user’s subjective emotional factors, and proposes a new calculation of
interface beauty to better guide the interface design optimization.
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INTRODUCTION

As a medium for users to obtain information and make decisions, the aesthe-
tics of human-computer interface design can not only affect the accuracy and
efficiency of information transmission, but also affect the visual perception
and cognitive differences of users. Therefore, interface beauty evaluation
has become an important part of information interface design research. The
beauty of interface plays an important role in the usability and acceptabi-
lity of interface. The beauty of interface in the interface design can improve
the user’s acceptance of the interface, learning ability, understanding and
learning efficiency. For example, Toh found that highly aesthetic interface
layout can affect students’ learning motivation and stimulate students’ inte-
rest in learning (Toh, 1998). Experiments conducted by Grabinger verified
that concepts related to interface beauty, such as interface element organi-
zation and visual design, are important indicators for evaluating interface
readability and learnability (Grabinger, 1991).

At present, the evaluation and calculation of interface beauty mainly focus
on two aspects: one is the qualitative evaluation of interface beauty, such
as questionnaire design and expert interview to investigate the user’s subje-
ctive perception of interface beauty, the other is the quantitative calculation
of interface beauty. For the quantitative calculation of interface beauty, as
early as 1933, Birkhoffs put forward the mathematical calculation formula
for product beauty in the book beauty measurement, that is, product beauty
is equal to product order divided by product complexity, that is, the author
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thinks that the beauty of visual stimulation is directly proportional to the
order of aesthetic object, and inversely proportional to the complexity (Bir-
khoffs, 1933). However, its calculation method is too single to be questioned.
After that, Beebe-center and Preatt divided the order degree into vertical and
rotational symmetry order, equilibrium order, horizontal and vertical interse-
ction order and dissatisfied form order, which improved Birkhoffs’ beauty
degree calculation model and improved its reliability (Beebecenter et al.,
1937). Then Tullis proposed four indexes to measure the beauty degree of
interface: overall density, local density, grouping and layout complexity, and
stress (Tullis, et al., 1983). These four indicators are used to calculate the
interface beauty, and applied to two different formats of screen design, and
the objective and accurate interface beauty evaluation data are obtained. On
the basis of Tullis, Ngo proposed 13 calculation methods of interface beauty
evaluation indexes, and improved the quantitative interface beauty evalua-
tion calculation system (Ngo, et al., 2001). After that, Lei Zhou improved the
evaluation index of interface layout beauty degree, comprehensively evalua-
ted the interface beauty degree by using gray correlation method, simulated
the design fine-tuning process of “small sample, high correlation”, and fur-
ther improved the evaluation of interface beauty degree (Zhou et al., 2013).
In addition, Peifeng Yuan used neural network and genetic algorithm to
explore the relationship between interface features and aesthetic feeling, and
extracted the guiding elements of interface design (Yuan, et al., 2001).

Based on the current research situation, this paper starts from the calcu-
lation method of interface beauty index by Ngo (Ngo, et al., 2001), then
uses the calculation system by Lei Zhou (Zhou et al., 2013), combined with
statistical methods, considering the judgment of users’ subjective emotional
needs, uses factor analysis and analytic hierarchy process to determine the
weight of each dimension, and further optimizes the calculation of the ove-
rall interface beauty to clarify the beauty of each dimension. It has certain
guiding significance for the practice of interface design optimization.

METHODS

In 2003, Ngo proposed 13 quantitative indexes of interface beauty and ela-
borated their calculation methods in detail, mainly including: measure of
balance, Measure of equilibrium, measure of symmetry, measure of seque-
nce, measure of cohesion, measure of opportunity, measure of proportion,
Measure of simplicity, measure of density, measure of regularity, measure of
economy,measure of homogeneity andmeasure of rhythm (Ngo, et al., 2001).

In this paper, the calculation of interface beauty indicators is based on
the calculation method proposed by Ngo (Ngo, et al., 2001). Due to the
limitation of homogeneity, it is not considered in the following research.

Lei Zhou conducted factor analysis on the 12 indicators, and reduced them
into four dimensions (Beauty quantitative indicators), including Balance, Pro-
portion, Simplicity and Coordination (Zhou et al., 2013). Each dimension
contains a series of sub dimensions, as shown in Table 1. In the study of Ngo,
the author assumed that the overall beauty degree of the interface is the ave-
rage of 13 quantitative indicators of beauty degree, that is, each quantitative
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Table 1. Framework of interface beauty index
(Zhou et al. 2013).

Aesthetic indicators Sub aesthetic indicators

Balance Balance
Equilibrium
Symmetry

Proportion Sequence
Unity
Cohesion

Simplicity Simplicity
Density
Economy

Coordination Regularity
Rhythm
Proportion

index of beauty degree has equal weight in the overall beauty degree (Ngo,
et al., 2001). In fact, according to the user’s personal preferences and needs,
the weight of the 13 beauty quantitative indicators in the overall beauty is
not the same, therefore it is necessary to determine the weight of each beauty
quantitative indicator. Moreover, the above research still has the following
limitations: the weight of the sub dimensions under the four dimensions has
not been determined; the weight of the four dimensions does not consider the
user’s subjective emotional needs and task needs.

Factor analysis is a statistical method to extract common factors from
variable groups. Factor analysis can reveal the hidden representative factors
in many variables, and classify the same essential variables into one factor,
which can reduce the number of variables and determine the weight of each
factor. The results of factor analysis are more objective and accurate. Factor
analysis using SPSS software mainly includes the following steps: calculate
KMO value and carry out spherical test (KMO > 0.5 means factor analy-
sis can be carried out); calculate the eigenvalue, variance contribution and
cumulative contribution of each factor after orthogonal rotation. Based on
the research of Lei Zhou, this paper uses SPSS to conduct factor analysis on
12 beauty indicators under the four dimensions to determine the weight of
each sub dimension in the four dimensions (Zhou et al., 2013).

Lei Zhou used factor analysis method to calculate the weight of the four
dimensions in the overall beauty degree (Zhou et al., 2013). On the one
hand, this method ensures the objectivity of data, on the other hand, it lacks
the consideration of users’ subjective needs. Each index of interface beauty
has different attraction and needs for different users, so it is necessary to
determine the weight from the subjective perspective of users for the four
dimensions of balance, proportion, simplicity and echo. AHP can be used
to judge the importance of different beauty degree according to the user’s
subjective, so as to determine the weight of each index. The application of
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Figure 1: Interface design drawing. (Adapted from Andika W, 2021).

Table 2. Results of factor analysis under balanced dimension.

KMO sampling suitability quantity 0.621

Bartlett sphericity test Approximate square 44.411
Free degree 3
Significance 0.000

Table 3. Results of factor analysis under proportional dimension.

KMO sampling suitability quantity 0.606

Bartlett sphericity test Approximate square 4.4096
Free degree 3
Significance 0.025

AHP needs the following steps: establishing the hierarchical structure model;
constructing the judgment matrix; single level ranking; total level ranking;
consistency test.

Experiments

In this study, a total of 20 different interfaces were selected as samples. CAD
was used to sketch the interface outline and interface element framework,
and obtain the layout elements (coordinate values, length and width, etc.) to
accurately obtain the parameters required for interface beauty calculation.
At the same time, using Matlab based on the above beauty index calculation
method to get the beauty indicators score of each sample (see Figure 1).

Balance dimension includes Balance, Equilibrium and Symmetry. The
three beauty indexes of 20 samples were extracted and factor analysis was
performed by SPSS. The results are shown in Table 2.

KMO = 0.621>0.5 means that factor analysis can be carried out. After
principal component analysis, it is found that the cumulative contribution
rate of total variance of factor 1 (Balance) is 75.97%.

Proportion dimension mainly includes Sequence, Unity and Cohesion. The
three beauty indicators of 20 samples were extracted and factor analysis was
performed by SPSS. The results are shown in Table 3.
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Table 4. Results of factor analysis under coordination dimension.

KMO sampling suitability quantity 0.608

Bartlett sphericity test Approximate square 3.891
Free degree 3
Significance 0.027

Table 5. Results of factor analysis under simple dimension.

KMO sampling suitability quantity 0.698

Bartlett sphericity test Approximate square 7.456
Free degree 3
Significance 0.009

Table 6. Hierarchy model based on interface beauty.

Overall objective The first level

Interface overall beauty Balance (C1)
Proportion (C2)
Simplicity (C3)
Coordination (C4)

KMO= 0.606>0.5 means that factor analysis can be carried out. After pri-
ncipal component analysis, the cumulative contribution rate of total variance
of factor 1 (Sequence) is 58.988%.

Coordination dimension includes Regularity, Rhythm and Proportion. The
three beauty indicators of 20 samples were extracted and factor analysis was
performed by SPSS. The results are shown in Table 4.

KMO = 0.606>0.5 means that factor analysis can be carried out. After
principal component analysis, it is found that the cumulative contribution
rate of total variance of factor 1 (Regularity) is 52.24%.

Simplicity dimension includes Simplicity, Intensity and Economy. The three
beauty indicators of 20 samples were extracted and factor analysis was
performed by SPSS. The results are shown in Table 5.

KMO = 0.698>0.5 means that factor analysis can be carried out. After
principal component analysis, it is found that the cumulative contribution
rate of total variance of factor 1 (Simplicity) is 69.794%.

The first step of AHP is establishing a hierarchical structure model. As
shown in Table 6.

Due to the limitation of conditions, 30 masters of design department are
selected as experts to interview and construct the judgment matrix, which is
run by Matlab as shown in Table 7.

The results show that CR= 0.0487 < 0.1, which meets the consistency test,
and the weight vectors of each index are [0.3362,0.1682,0.4288,0.0668].

Results

Combined with the results of factor analysis, the weight distribution of the
four dimensions and their sub dimensions is shown in Table 8, 9, 10, 11, 12.
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Table 7. Judgment matrix of interface beauty.

Dimension Balance Proportion Simplicity Coordination

Balance 1 3 1/2 5
Proportion 1/3 1 1/2 3
Simplicity 2 2 1 5
Coordination 1/5 1/3 1/5 1

Table 8. Weight distribution of four indicators in interface
beauty.

Dimension Balance Proportion Simplicity Coordination

Weight 0.3362 0.1682 0.4288 0.0668

Table 9. Weight distribution of Balance in interface beauty.

Dimension Balance

Sub Dimension Balance Equilibrium Symmetry
Weight 0.7597 - -

Table 10. Weight distribution of Proportion in interface
beauty.

Dimension Proportion

Sub Dimension Sequence Unity Cohesion
Weight 0.5898 - -

Table 11. Weight distribution of Simplicity in interface
beauty.

Dimension Proportion

Sub Dimension Simplicity Density Economy
Weight 0.6979 - -

Table 12. Weight distribution of Coordination in interface
beauty.

Dimension Proportion

Sub Dimension Cohesion Regularity Proportion
Weight 0.5224 - -

According to the weight shown in Table 8, 9, 10, 11, 12, the overall beauty
of 20 sample interfaces is recalculated, and the results are compared as shown
in Table 13.

Therefore, in the evaluation system of interface beauty, Balance and Sim-
plicity account for the largest proportion, that is, compared with Proportion
and Coordination, Balance and Simplicity have greater impact on the overall
interface beauty. In addition, in the evaluation system of Balance, Proportion,
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Table 13. Comparison of interface beauty values of each
sample before and after optimization of calcula-
tion method.

Sample Overall beauty (before) Overall beauty (after)

1 0.557758 0.688171
2 0.625850 0.760632
3 0.532800 0.676561
4 0.507817 0.617702
5 0.493567 0.635600
6 0.526883 0.624559
7 0.570433 0.700927
8 0.568300 0.687794
9 0.488742 0.576290
10 0.559508 0.667327
11 0.559192 0.693989
12 0.554425 0.690898
13 0.535575 0.672508
14 0.626825 0.778354
15 0.505033 0.628027
16 0.499717 0.639986
17 0.593700 0.707778
18 0.530458 0.668772
19 0.516775 0.630874
20 0.488292 0.614226

Figure 2: Sample 9 of interface design drawing. (Adapted from John M, 2020).

Simplicity and Coordination, the sub dimensions that make the largest con-
tribution are Balance, Sequence, Simplicity and Regularity. Taking sample 9
(see Figure 2) and sample 14 (see Figure 3) as examples, the left and right
balance of sample 9 is less than that of sample 14, and the interface elements
of sample 9 are more complex and large in number than that of sample 14.
Therefore, the differences in balance and simplicity between the two samples
can explain the differences in the overall beauty of the two samples. There-
fore, in the future interface design work, we can focus on the above indicators
to improve the interface design.
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Figure 3: Sample 14 of interface design drawing. (Adapted from Kemonn, 2020).

CONCLUSION

Combined with the quantitative analysis method of factor analysis and the
qualitative analysis method of analytic hierarchy process, this paper analyses
the indicators system of interface beauty degree, and determines the weight
of four systems in the overall interface beauty degree, such as Balance, Pro-
portion, Simplicity and Coordination. At the same time, it also determines
the quantitative index of beauty degree which has great contribution in each
system, and optimizes the overall interface beauty degree evaluation method.
This study also has some limitations. Firstly, the larger sample in factor analy-
sis is more conducive to the accuracy of the analysis results. Secondly, in AHP,
due to the constraints of conditions, the focus group composed of experts and
users should judge and sort the interface beauty system, so as to form a more
accurate judgment matrix. In the future, we will collect more samples and
optimize the composition of the analytic hierarchy process (AHP) group to
further improve the quantitative system of interface beauty indicators, and
clarify the weight and priority of each of the indicators to guide the interface
design optimization more accurately.
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