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ABSTRACT Online shopping has revolutionized our daily lives in the modern era. We can purchase needed
goods on mobile shopping applications (apps) anytime and anywhere without leaving home. Especially
during the COVID-19 pandemic, we have become increasingly dependent on various mobile shopping
activities. However, the visual design of the shopping app interface often affects the user’s interactive
experience and the efficiency of browsing product information. In addition, gender differences are also worth
being considered in the shopping interface design process. To achieve the goal, the research conducted a
user study (N=40) of a 2 x 2 x 2 mixed factorial design (i.e., information layout x display mode x gender
difference). Each participant performed four tasks during the experiment. The authors measured the task
completion time, collected the subjective responses from the SUS and the 7-point Likert scale questionnaire,
and interviewed participants. The results revealed that: (1) females perform faster in lighter mode when
searching for information location, while males perform faster in darker mode. (2) The information layout
affects the user’s visual search performance and subjective evaluation; females prefer the list style, but men
prefer the matrix style. (3) Participants (both males and females) perceived matrix style as more popular
than list style in dark mode; however, the result was reversed in light mode. The findings generated from the
research can serve as a good reference for the development of user experience in the user interface design of
mobile shopping apps.

INDEX TERMS Display mode, gender difference, information layout, interaction design, shopping apps,
user experience.

I. INTRODUCTION
In recent years, the dramatic increase in the use of mobile

e-commerce sector. By 2021, approximately 69% of all
e-commerce transactions in China will be conducted via

devices and wireless communication technologies has sig-
nificantly impacted the rapid growth of mobile shopping
users [1]. Mobile shopping is defined as consumers search-
ing, browsing, comparing, and purchasing goods and ser-
vices online via wireless handheld or mobile devices, such
as smartphones and tablets [2]. As of January 2022, mobile
commerce accounts for nearly two-thirds (65.7%) of global
e-commerce retail sales [3]. In addition, mobile device
users are an important target group for China’s booming
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mobile devices, and this percentage is expected to grow to
75% by 2025. For many Chinese consumers, smartphones
have become their first choice for online shopping [4].
With the emergence of various mobile shopping applica-
tions (apps), the number of mobile shoppers has increased
rapidly [5]. In recent years, the number of users shopping
online via mobile devices has begun to exceed that of users
shopping via websites [6]. This is mainly attributed to the
mobility and portability of mobile devices [7], in addition
to the benefits of mobile shopping, which include saving
shopping time, comparing product prices, accessing pro-
motional information or receiving customized offers [8].
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Effective access to information is a fundamental driver of
utility value [9]. Recently, a study found that, on average, con-
sumers include at least six browsing visits to mobile shopping
apps before they complete a single purchase transaction [10].
Past research has confirmed that consumers can be well
served by the shopping experience when they effortlessly find
relevant information while browsing through a large amount
of product information [11]. However, the limited screen
size of mobile devices often limits consumers from quickly
navigating through product information [12].

As we all know, in mobile shopping platforms, there is no
physical contact between the user, the seller, and the product.
The shopping interface designs, such as product catalogs,
search engines, price comparisons, and shopping carts, form
the basis of user interaction with the shopping interface [13],
and the limited app platform interface has a certain impact on
the user’s shopping willingness [14]. In addition, the visual
presentation of a shopping interface is a key factor influ-
encing consumers’ purchase decisions and behaviors [15].
Product information is one of the essential functional mod-
ules of the mobile shopping app, and almost all users are
used to browsing and comparing product information before
making shopping decisions [16]. In order to understand the
characteristics and advantages of a characteristic product,
users need a certain amount of time to navigate through a
specific shopping interface [17]. Yang et al. emphasized that
consumers’ ability to perceive product information facilitates
them to in making rational shopping decisions [18]. In other
words, the user’s ability to access product information in a
mobile shopping interface affects the user’s shopping experi-
ence [19]. Recently Yang et al. [16] proposed an algorithm to
record information in the user’s behavioral system to collect
and thus provide personalized services to the user, which
includes the user’s browsing of products.

Complex visual designs often require more processing
power and more cognitive effort for consumers to process
the visual information of products [20], so improving the
efficiency of consumers’ visual searching is the key to the
development of shopping platforms [21]. Typically, users go
through several processes before making a mobile shopping
decision, including opening a shopping app, entering a spe-
cific product, browsing and comparing product information,
and adding to a shopping cart. Therefore, this study focuses
on the impact of visual design on users’ browsing of prod-
uct information in the mobile shopping interface. Figure 1
illustrates the user’s shopping process in the mobile shopping
apps [16].

With the increasing sophistication of mobile shopping
platforms, fast logistics, and more transactional services,
mobile shopping platforms and brand operators have also
become more focused on the user’s mobile shopping expe-
rience in recent years [22]. The user experience of mobile
shopping encompasses all aspects of the interaction between
the user and the interface. It is reflected in the outcome of
the user’s intrinsic perceptual state, including preferences,

VOLUME 11, 2023

Shopping apps s o} Ordler page

o o) o

Our study area

FIGURE 1. The user’s shopping process in the mobile shopping apps
(Adapt from Yang et al. [16]).

expectations, needs, emotions, attractiveness, and so on, rep-
resenting the user’s emotional recognition [23]. It has been
found that a user’s intention to make purchases on a shopping
platform is usually enhanced by 30 seconds after interacting
with the interface [6]. In a sense, the user’s impression of the
shopping interface design directly influences the user’s pur-
chase decision [24]. In addition, early research investigated
the differences in gender preferences for website usability in
the field of human-computer interaction [25]. Gender differ-
ences act as a critical variable in the research of user experi-
ence [26]. In studies on the travel industry, gender has been
found to be a determinant of user performance for segmenting
markets [27]. As the number of online shopping consumers
proliferates and user preferences for online shopping inter-
faces are increasingly valued, gender differences may also
be a very important consideration in the interface design of
mobile shopping applications. Besides, the visual design of
a competitive shopping app interface should help users to
get the needed product information quickly and continuously
improve their online shopping operation experience. In con-
clusion, user experience is a multidimensional and holis-
tic concept. For example, a study by Anchahua et al. [28]
concluded that user experience involves all aspects of the
user interaction experience process. In addition, Zhu et al.
categorized the evaluation metrics of user experience for
mobile shopping applications into three dimensions: ease of
use, visual aesthetics, and satisfaction [29]. Chen et al. [30]
emphasized that online user experience has become a top
priority for e-retailers to retain consumers. Therefore, it is
imperative to strengthen the intuitive interaction of mobile
shopping apps, which is an indispensable factor in the com-
petitiveness of e-commerce.

Il. RELATED WORKS

A. VISUAL DESIGN OF THE USER INTERFACE

For humans, the visual system is one of the most criti-
cal channels for accessing external information and has a
significant impact on the user’s processing of information
and making decisions [31], directly affecting the user’s sub-
jective perceptions [32]. Visual design is essential to the
interface quality [33]. It constantly affects the user’s inter-
action with the interface [34]. Patel et al. [35] state that the
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interface quality of mobile shopping applications is divided
into dimensions such as general information quality and
visual quality. Among them, visual design has been proven
to be an essential component of interface quality [36]. Visual
design is crucial to consumers’ information searching and
shopping decisions during the mobile shopping process [37].
In mobile shopping platforms, consumers require more cog-
nitive resources to help process the visual elements of the
interface [20]. These visual elements include text, images,
colors, layouts, animations, supporting visual elements, and
so on [38]. The complexity, quantity, style, and layout of
these visual designs can profoundly impact the consumer’s
visual perceptions [39]. The human-machine interface is the
medium through which information is transmitted between
humans and machines. The interface layout is often a rational
arrangement of interface elements according to certain objec-
tive constraints to ensure smooth communication between
humans and machines [40]. In an interface, the design of the
information layout affects the user’s visual search strategy,
and the user often has to switch between different layout
styles to obtain sound cognitive processing [41]. The inter-
face layout affects users’ attention, emotion, and cognitive
processing as they process information [42]. The nature of
the information layout of the interface is a question of opti-
mizing the combination of information, and the designer
needs to assemble a comprehensive solution that meets the
user’s operational and visual aesthetic needs [43]. As con-
sumers need to choose from many alternatives to meet their
interaction needs, the layout of information in the inter-
face determines, to a certain extent, whether consumers can
order the products they want [44]. Common information
layouts in shopping interfaces are the horizontal F-shapes
(e.g., Flipkart) and the vertical grid layouts (e.g., Amazon).
The different information layouts have a significant impact
on user search behavior and attention [45]. Users who per-
form visual search actions among different interface infor-
mation layouts require fast visual processing and control
the eye’s movement from the central position to the target
position [46]. Studies on the effects of information layout
on users are generally investigated through qualitative self-
reporting, eye-tracking devices [47], and statistical analysis
of behavioral data such as user learning time, task comple-
tion time, and error rates [48]. In addition, mobile devices
are often equipped with smaller screens that may stimulate
user-specific information processing mechanisms [49]. How-
ever, due to the limited ability of the human visual system to
process information, an inappropriate interface information
layout may increase the user’s cognitive load, reduce search
performance, and affect the user experience [50]. Therefore,
it is necessary to deeply explore the impact of the layout
approach of mobile shopping applications on users’ online
shopping.

A recent study found that the background color of the
interface affects the user visual experience and search per-
formance [51]. The terminology used to describe the contrast
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between text and background is usually called “polar-
ity” [52]. In everyday life, the more common display back-
grounds for mobile phone user interfaces are black on white
or white on black, also known as light mode and dark
mode [53]. In the past, researchers suggested that the text and
background on a display should be color-coordinated in high
contrast [54]. This type of visual presentation can effectively
improve the readability of the user interface [44]. Research
on the difference between light and dark mode has found
that dark mode can be more battery efficient and can reduce
user visual fatigue [55]. However, a large body of research
has adhered to the “light mode” hypothesis, with Santos
et al. [56] finding that the light mode background patterns
tend to cause the user’s pupils to contract naturally and that
users are more likely to focus and perceive black text on a
white background quickly, with light mode also performing
better in terms of legibility [57], [58]. There are also sig-
nificant differences in visual characteristics, with studies on
screen size and text background color suggesting that text
looks finer when it is white, and the background is black [53].
However, in terms of user performance, some studies have
found that dark mode may reduce user response time by
almost 8% compared to light mode [59], [60]. Research on the
user’s emotional experience with dark mode over light mode
has found a higher preference for light mode. In addition,
preference for polarity has also been influenced by factors
such as gender, age, and culture [10]. Apraiz Iriarte et al. [52]
also support users’ preference for polarity. This is influenced
by gender differences, with males generally having a greater
preference for dark mode while females prefer light mode.
It can be seen that display mode, as the main visual element
of the mobile shopping interface, may have a great impact on
the user shopping experience. Past studies have demonstrated
the impact of text-to-background contrast on users’ reading
time, reading speed, preferences, error rates, and fatigue [61].
However, more research needs to be conducted on the effect
of background display mode on the user experience of mobile
shopping applications. Therefore, in this study, the back-
ground display mode of the mobile shopping application was
used as a research variable.

B. THE GENDER DIFFERENCE

Early research on gender differences in information pro-
cessing found inherent differences between males and
females [62], but the similarities between the genders were
much greater than the differences [63]. In spatial reason-
ing, males performed better, while females performed better
in verbal activities [64]. In addition, previous studies have
found that there are also gender differences in the processing
of advertising messages [65], and studies have found that
female users are distracted when the shopping interface is
flooded with advertisements and information [38]. Males,
in general, are more concerned with the content of the user
interface and less with the visual appearance [66]. In addition,
a study found that males devote more attention to information
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usability [67]. This finding is consistent with Suh, Wilson,
and On’s [68] study, which suggests that females are more
likely than males to be influenced by the semantic nature of
top-down features. They also found no differences between
the two genders for bottom-up features of stimuli. Differences
between the genders, particularly in visual strategies, may be
due to differences in brain structure, with the left hemisphere
of the male brain being responsible for language functions
and the right hemisphere for spatial processing. This dif-
ference in the asymmetrical structure of the left and right
hemispheres between the genders results in males performing
better in spatial activities and females performing better in
verbal skills. In addition, asymmetries in the hemispheres also
affect the allocation of visual attention between males and
females [69]. It is well known that among standard shopping
interfaces, it was found that only a few user interfaces for
females’ products were designed with user preferences in
mind, such as colors or images. However, most shopping
interfaces had only one fixed pattern. A study conducted by
Kurniawan and Zaphiris [70] found that 94% of the websites
were designed to cater to males’ preferences, as 74% of the
user interfaces were designed by male designers. It can be
seen that gender differences in the design of mobile shop-
ping interfaces should be studied and paid more attention to.
In particular, elements that are rationally designed to address
the gender differences in users’ visual search deserve in-depth
study.

In conclusion, the user experience of mobile shopping
applications affects the whole process of users’ online shop-
ping. Some studies confirm that visual search efficiency is
one of the factors that strongly affect user experience [71].
In exploring the interface design process of mobile shop-
ping applications, researchers need to measure not only the
performance of users’ visual search operations, but also to
fully understand how users feel about the interface [72].
In short, a positive user experience can promote users’ online
purchasing behavior [73]. In recent years, optimizing the
user experience of online platforms has become critical in
the online retail and marketing space [74]. Accordingly, the
proposed experiment design adopted information layout, dis-
play modes, and gender differences as the research variables.
It aimed to extract a more reasonable visual design of the
user interface by comparing the above-mentioned variables
and investigating the usability of mobile shopping apps for a
better user experience.

IIl. RESEARCH OBJECTIVES AND QUESTIONS

This study investigated whether information layouts, display
modes, and gender differences may affect the user’s task
performance as well as their personal subjective evaluations
when operating a shopping app interface. In this study, several
questions were addressed pertinent to whether users in the
mobile shopping app interface performed faster when search-
ing for information on the matrix-style than on the list-style
operation interface. Detailed questions are listed as follows:
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QI1: Does the information layout improve the user interac-
tive experience of the shopping app interface?

Q2: Do males perform better than females in shopping
apps?

Q3: Do the different types of display modes affect users’
task performance in the mobile shopping app interface?

Q4: Is there an interaction effect among all three indepen-
dent variables, i.e., information layout, display mode, and
gender?

IV. METHODS AND MATERIALS

In this study, a 2 x 2 x 2 mixed factorial design was
employed in the experiment, in which the three independent
variables were information layout, display mode and gender
difference. The within-subject variable was the information
layout (i.e., list-style and matrix-style). At the same time, the
display mode (i.e., dark mode and light mode) and gender
difference (i.e., male and female) were the between-subject
variables. This experiment is a mixed factorial design, i.e.,
each participant needs to complete two types of layouts.
Therefore, the counterbalance of order and sequence effects
is planned in our experiment. The control of the sequence
of the experiment aimed to offset the errors caused by the
sequence and continuity effect. The experimental design in
this study utilized Illustrator software for graphic design and
subsequently used Proto.io to help create the app prototype.
As we all know,apple is a major manufacturer of smartphones
worldwide, with the company shipping more than 225 million
iPhones worldwide in 2022 [75]. Therefore, it is of great
practical importance to use Apple phones as the vehicle for
our experiments. The prototype simulates a mobile shopping
app interface by adopting the iPhone 7 plus with the i0OS
10.3.3 version installed on a mobile phone. It is equipped
with a 5.5-inch screen. The quality of product information
and interface layout are essential dimensions of the interface
quality of mobile shopping applications. One study found
that time-saving is an essential factor influencing Chinese
consumers’ online shopping [76], and effortlessly finding the
target information during browsing product information pro-
motes interface ease of use [10], [77]. In addition, the Tech-
nology Acceptance Model (TAM) proposed by Davis [78]
is widely used in e-commerce to study user acceptance and
intention to use. Also, Tong [79] emphasized that the per-
ceived usefulness of the user interface is essential for Chinese
consumers’ intention to purchase online.

Therefore, the experimental design of this study aimed
to explore in depth by recording the task completion time
(i.e., objective data) of participants completing the different
tasks and their overall psychological evaluations (i.e., sub-
jective data) regarding the experimental manipulation. More
specifically, the dependent variables of the experiment were
participants’ task completion time, the system usability scale
(SUS) questionnaire, and subjective evaluations (including
the degree of effortlessness, the degree of helpfulness, and
the degree of willingness to use). Figure 2 shows the research
model of this study.
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FIGURE 2. The research model of this study.

A. PARTICIPANTS

The participants in our experiment were all young consumers.
This age group is known as the millennial generation [80].
Past studies have pointed out that millennial consumers are
the most significant online shoppers and have greater pur-
chasing power [81]. Accounting for 85% of total online trans-
actions [82]. Therefore, young people are a representative
group as the target of online shopping consumer research.
In this study, a purposive sampling method was used to
recruit 40 participants (i.e., 20 males and 20 females), aged
18-39, who had experience of using the shopping app on
smartphones, including 26 undergraduate students (65%),
eight Master’s students (20%), and six Ph.D. students (15%).
Among them, 34 (85%) were 18-28 years old, and six (15%)
were 29-39 years old. The participants in this age range are
representative of the majority of mobile shoppers. In addition,
28 (70%) had used a shopping app for less than one hour
per day, eight (20%) for 1 to 2 hours per day, and only
four (10%) for more than 2 hours but less than 3 hours per
day. Figure 3 shows the basic statistics of the participants’
background information.

Shopping Hour 2 .
Less than one hour per day M 1 10 2 hours per day 210 3 hours per day
Age 34 n
18-28 years old W 29-39 years old
Education background 26 “ 6
Undergraduate student W Master's student Ph.D. student
Gender 20
Male B Fomale

FIGURE 3. The basic statistics of the participants’ background
information.

All participants had standard or corrected-to-normal vision
and were all right-handed. There was no barrier to using
an app, and each participant could complete the experi-
ment independently. The participants agreed and signed the
informed consent. They all fully understood the experimental
tasks and questionnaires. The duration of the experiment was
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approximately 30 minutes, and the participants were paid
approximately 50 RMB for taking part in the experiment.

B. EXPERIMENT DESIGN AND PROCEDURE

It is well known that in almost mobile shopping apps, users
can enter different product attributes in the search bar to
obtain information about the products in that category, so that
users can make shopping decisions based on the information
provided. Typically, the product information in the shopping
interface includes product price, name, features, usage, and
precautions [83]. In addition, the number of products and
promotions, as one of the key marketing variables, have a
very strong influence on consumers’ shopping decisions [84].
In addition, these factors also profoundly affect user satis-
faction and willingness to continue using mobile shopping
applications [85].

The experimental design focuses on electronic products.
In this experiment, four different prototypes were created for
the experiment (see Figure 4). The information presented on
the prototype displays is mainly product images and product
information including the product price, brand, promotions,
user reviews, and the number of purchases. The content about
product information is commonly presented in almost all
types of user interfaces of shopping applications. The exper-
imental design was also created based on users’ shopping
habits.

Information layouts
List-style Matrix-style

Q
O
8]
£
)
i =

o |2

O -

i)

o

S

>

s

&

0|3
O
=
o=
48]
)

FIGURE 4. Four prototypes used in this experiment.

Before the experiment, the participants were told that the
purpose of the experiment was to perform four tasks related
to mobile shopping. More specifically, the participant was
asked to sit at a table. On the table, an informed consent
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TABLE 1. Experimental task designs of this study.

Task

number Descriptions Purpose

Task 1 Find the location of the ~ Visual search for information
item priced at 3199 location
RMB.

Task 2 Find the location of an ~ Visual search for information
item with 12 interest- location
free installment.

Task 3 Find the location of the ~ Visual search for information
lowest priced item. location and information

comparison
Task 4 Find the location of the ~ Visual search for information

location and information
comparison

item with the highest
number of payers.

together with the questionnaire of background information
and task descriptions were provided to the participant. The
participants were asked to complete the consent form and
the questionnaire regarding their background information.
After that, the participant would start the experiment by per-
forming the assigned tasks on the interface prototype. After
completing the assigned task, the participant’s task comple-
tion time was recorded by the screen recording software
for further analysis. When an experiment was completed,
participants were then asked to fill in the SUS questionnaire,
with each item measured with a 5-point Likert scale (from
1 for “strongly disagree” to 5 “strongly agree’’). The system
usability scale (SUS) is a 10-item instrument measuring user
perceptions of a product’s usability [86]. The scale consists of
ten questions and uses a Likert five-point scale. The singular
questions are forward questions, and the plural questions
are reverse. The scores of individual questions do not rep-
resent meaning. The data needs to be multiplied to obtain
the final score. Then the participants were also asked to fill
in the questionnaire regarding their subjective evaluations of
the overall task operation via five questions on a 7-point
Likert scale with the lowest score for each item as 1 (very
dissatisfied), the highest score as 7 (very satisfied), and the
medium score as 4. In the end, a semi-structured interview
was conducted to help collect participants’ personal feelings
pertinent to task difficulty and other personal opinions or
suggestions.

In this study, four tasks of this experiment were deter-
mined related to visual searching for information location
and comparison (see Table 1) present the product informa-
tion, including price, interest-free installment and the num-
ber of payers, in different positions and font sizes, which
fits well with the actual application. The experiment sim-
ulated a shopping app used most frequently in China to
enable the participant to conduct the assigned tasks. The
participants of this study were all students from Hunan
University in China as they may represent the majority
of mobile shoppers. In addition, the controlled variables
were the unchanged environmental settings with stable Wi-Fi
speed.
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TABLE 2. The results of the mixed two-way ANOVA for performance of
task 1.

Post

Sourcer SS df MS F Hoc

P 7’

Informati 6399 1 63.99 390 0.056 0.10
on layout

Display 19.28 1 19.28 1.51  0.227 0.04
mode

Gender 16.44 1 16.44 129 0.264 0.04
Informati 0.29 1 0.29 0.02  0.895 0.00
on

layoutxDi

splay

mode

Informati 37.69 1 37.69 230 0.138 0.06
on

layoutxGe

nder

Display

modexGe  68.80 1 68.80 5.40
nder
Informati
on
layoutxDi
splay
modexGe
nder

* Significantly different at the a = 0.05 level (*p < 0.05);
** Significantly different at the o= 0.01 level (*p <0.01)

0.026*  0.13

5365 1 53.65 327 0.079 0.08

V. EXPERIMENTAL RESULTS

A mixed factorial design was conducted for further statistical
analysis. The collected data regarding the main effects of
information layout, display mode, gender, and their inter-
action effects on participants’ task completion time (i.e.,
in seconds), as well as subjective evaluations were analyzed
using the SPSS software. Significant effects were further
analyzed with the LSD post hoc comparison to help address
the differences among the factor levels.

A. ANALYSIS OF TASK COMPLETION TIME

1) TASK 1

The results generated from the mixed factorial design of the
Task 1 completion time are shown in Table 2, revealing no
significant difference in the main effect of information layout,
display mode and gender. There was a significant interaction
effect between display mode and gender (F(1 36 = 5.40, p
=0.026 < 0.05; n* = 0.13). Figure 5 illustrates that in light
mode, the task operation of females (M = 14.81, SD = 3.02)
was significantly shorter than that of males (M = 15.76, SD =
3.28). In contrast, in dark mode, the task operation of males
M = 14.89, SD = 2.81) was significantly shorter than that
of females (M = 17.65, SD = 5.98).

2) TASK 2

The results generated from the mixed two-way ANOVA of
the Task 2 completion time are shown in Table 3, revealing a
significant difference in the main effect of information layout
(F(1,36) = 5.74, p = 0.022 < 0.05; 772 = 0.14). This means
that the task completion time of the matrix-style (M = 5.57,
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17.65 Gender

18.00 ] SD=5.98 |
—&— Male
Female
17.00
o
=
s
2 15.76
= 1600 SD=3.28
S
£
E
51
—é 15,00
= ] -
14.81 14.89
SD=3.02 SD=2.81
14.00
L) T
Light mode Dark mode

Display mode

FIGURE 5. The interaction diagram of display mode and gender for
performance of Task 1.

TABLE 3. The results of the mixed two-way ANOVA for performance of
task 2.

Post
Hoc

Informati 11.13 1 11.13 574  0.022* 0.14 list-
on layout style

Sourcer SS df MS F g U

matrix
-style
Display 1.24 1 1.24 023 0.637 0.01
mode
Gender 10.83 1 10.83 198  0.168 0.05
Informati 1.33 1 1.33 0.69 0413 0.02
on
layoutxDi
splay
mode
Informati  2.86 1 2.86 147  0.233 0.04
on
layoutxGe
nder
Display
modexGe  7.79 1 7.79 142 0.241 0.04
nder
Informati
on
layoutxDi
splay
modexGe
nder

6.68 1 6.68 345 0.072 0.09

SD =2.02) was significantly shorter than that of the list-style
(M =6.32, SD = 1.89). Nonetheless, there was no significant
difference in the main effect of display mode and gender.
Besides, there also existed no significant interaction effect
among all factors.

3) TASK 3

The results generated from the mixed two-way ANOVA of
the Task 3 completion time are shown in Table 4, revealing no
significant difference in the main effect of information layout
and display mode. Nonetheless, there existed a significant
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TABLE 4. The results of the mixed two-way ANOVA for performance of
task 3.

2 Post
Sourcer SS df MS F P n Hoc
Informati 1.24 1 1.24 0.08  0.781 0.00
on layout
Display 3595 1 3595 153 0.224 0.04
mode
Gender 1749 1 1749 744 0.010* 0.17 female
1 1 >
male

Informati  0.11 1 0.11 0.01  0.935 0.00
on

layoutxDi

splay

mode

Informati 1.04 1 1.04 0.07  0.799 0.00
on

layoutxGe

nder

Display

modexGe 1844 1 1844 0.78 0.382 0.02
nder
Informati
on
layoutxDi
splay
modexGe
nder

* Significantly different at the o = 0.05 level (*p < 0.05);
** Significantly different at the o = 0.01 level (*p < 0.01)

0.69 1 0.69 0.04  0.836 0.00

difference in the main effect of gender (F(136) = 7.44, p =
0.010 < 0.05; n2 =0.17). This means that the task completion
time of males (M = 5.71, SD = 3.39) was significantly
shorter than that of females (M = 8.67, SD = 5.13). Besides,
there also existed no significant interaction effect among all
factors.

4) TASK 4

The results generated from the mixed two-way ANOVA of
the Task 4 completion time are shown in Table 5, revealing a
significant difference in the main effect of information layout
(F(1,36) = 11.66, p = 0.002 < 0.05; n? = 0.25). This means
that the task completion time of the matrix-style (M = 5.31,
SD = 1.90) was significantly shorter than that of the list-style
M = 6.06, SD = 1.91). However, there was no significant
difference in the main effect of both display mode and gen-
der. Nonetheless, there existed a significant interaction effect
between display mode and gender (F(1 36y = 4.25, p = 0.046
< 0.05; n2 = 0.11). Figure 6 illustrates that in light mode,
the task completion time of females (M = 7.75, SD = 2.17)
was significantly shorter than that of males (M = 9.92, SD =
4.35). However, in dark mode, the task completion time of
males (M = 7.44, SD = 2.69) was significantly shorter than
that of females (M = 8.77, SD = 2.81).

B. ANALYSIS OF SUBJECTIVE EVALUATIONS

1) ANALYSIS OF THE SYSTEM USABILITY SCALE (SUS)

After the SUS questionnaire was analyzed, the overall mean
score (M = 74.47, SD = 11.89) for all groups was above 70,
indicating that the two main categories of information layout,
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TABLE 5. The results of the mixed two-way ANOVA for performance of
task 4.

Post
Hoc

Informati  49.57 1 49.57 11.66  0.002 025 list-
on layout * style

Sourcer SS df MS F P 7’

matrix
-style
Display 10.62 1 10.62 0.74 0.395  0.02
mode
Gender 3.45 1 3.45 0.24 0.627  0.01
Informati ~ 4.50 1 4.50 1.06 0.310 0.03
on
layoutxDi
splay
mode
Informati 8.67 1 8.67 2.04 0.162  0.05
on
layoutxGe
nder
Display
modexGe  60.95 1 60.95 4.25
nder
Informati
on
layoutxDi
splay
modexGe
nder

* Significantly different at the o = 0.05 level (*p < 0.05);
** Significantly different at the o= 0.01 level (*p < 0.01)

0.046
*

5.40 1 5.40 1.27 0.267  0.03

T x
SD=4.35 Gender
B

10,004
—— Male

. —&— Female
9.50

(8.77
SD=281

2.004

850

£.007

Task completion time value

504

=
744
| SD=2.69

7.00

T T
Light mode Dark mode

Display mode

FIGURE 6. The interaction diagram of display mode and gender for
performance of task 4.

the two main categories of display mode and the two main
categories of gender all revealed high system usability (i.e.,
more than the required score of 68) by the participants (as
shown in Figure 7).

The results generated from the mixed factorial design
of the SUS are shown in Table 6, revealing no significant
difference in the main effect of information layout, display
mode, and gender. However, there was a significant interac-
tion effect between display mode and gender (F(1,36) = 5.40,
p=0.026 < 0.05; n> = 0.13). Figure 8 illustrates that in light
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FIGURE 7. Distribution of the System Usability Scale (SUS) profiles for
each group of experiments (adapted from Brooke, 1996).

TABLE 6. The results of the mixed two-way ANOVA for performance of
the system usability scale (SUS).

5 Post

d MS F P Hoe

Sourcer SS

Informati 2820 1 2820 026 0.613 0.01
on layout

Display 17.58 1 17.58  0.10 0.754 0.00
mode

Gender 4133 1 4133 024 0.631 0.01
Informati 13.20 1 13.20 0.12 0.729 0.00
on

layoutxDi

splay

mode

Informati 3445 1 3445 032  0.576 0.01
on

layoutxGe

nder

Display

modexGe /07 1 1857 45
nder
Informati
on
layoutxDi
splay
modexGe
nder

* Significantly different at the a = 0.05 level (*p < 0.05);
** Significantly different at the o= 0.01 level (¥p < 0.01)

0.044*  0.11

2258 1 2258 021  0.650 0.01

mode, the average SUS score of females (M = 76.38, SD =
9.68) was significantly higher than that of males (M = 71.62,
SD = 11.36). Nonetheless, in dark mode, the average SUS
score for males (M = 78.75, SD = 14.45) was significantly
better than that for females (M = 71.13, SD = 10.56).

2) ANALYSIS OF THE DEGREE OF EFFORTLESSNESS

The results generated from the mixed two-way ANOVA in
terms of the degree of effortlessness are shown in Table 7,
revealing no significant difference in the main effect of infor-
mation layout, display mode, and gender. However, there
existed a significant interaction effect between information
layout and gender (F(;,36) = 5.51, p = 0.005 < 0.05; n? =
0.20). Figure 9 illustrates that for list-style, females (M =
5.85, SD = 0.93) felt it was more effortless than did males
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FIGURE 8. The interaction diagram of display mode and gender for
performance of the System Usability Scale (SUS).

TABLE 7. The results of the mixed two-way ANOVA for degree of
effortlessness.

Post

2
P n Hoc

Sourcer A\ df  MS F

Informati 1.01 1 1.01 1.63 0210 0.04
on layout

Display 0.11 1 0.11 0.07  0.798 0.00
mode

Gender 0.01 1 0.01 0.01 0.932 0.00
Informati 0.11 1 0.11 0.18 0.673 0.01
on

layoutxDi

splay

mode

Informati 5.51 1 5.51 8.88
on

layoutxGe

nder

Display

modexGe  0.31 1 0.31 0.19  0.798 0.00
nder

Informati

on 1.51 1 1.51 244 0.127 0.06
layoutxDi

splay

modexGe

nder

* Significantly different at the a = 0.05 level (*p < 0.05);
** Significantly different at the o= 0.01 level (*p < 0.01)

0.005*  0.20

(M = 5.30, SD = 1.17). Nonetheless, for matrix-style, males
(M = 5.60, SD = 1.10) felt it was more effortless than did
females (M = 5.10, SD = 1.02). There was no significant
interaction effect between display mode and gender (F(1,36) =
0.31, p = 0.798 > 0.05; > = 0.00).

3) ANALYSIS OF THE DEGREE OF HELPFULNESS

Results generated from the mixed two-way ANOVA regard-
ing the degree of helpfulness are shown in Table 8, revealing
no significant difference in the main effect of information
layout, display mode and gender. However, there existed a
significant interaction effect between information layout and
gender (F136 = 9.79, p = 0.003 < 0.05; n2 = 0.21).
Figure 10 illustrates that for list-style, females (M = 5.95,
SD = 0.69) felt more helpfulness than males (M = 5.55,
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FIGURE 9. The interaction diagram of information layout and gender for

degree of effortlessness.

TABLE 8. The results of the mixed two-way ANOVA for degree of
helpfulness.

Post

Sourcer SS Hoc

i MS F P e

Informati  0.45 1 0.45 1.09 0304 0.03
on layout

Display 0.80 1 0.80 0.61 0414 0.02
mode

Gender 0.05 1 0.05 0.04 0.847 0.00
Informati  0.80 1 0.80 193  0.173 0.05
on

layoutxDi

splay

mode

Informati ~ 4.05 1 4.05 9.79
on

layoutxGe

nder

Display

modexGe  0.20 1 0.20 0.15  0.699 0.00
nder

Informati

on 0.80 1 0.80 193  0.173 0.05
layoutxDi

splay

modexGe

nder

* Significantly different at the a = 0.05 level (*p < 0.05);
** Significantly different at the a = 0.01 level (*p < 0.01)

0.003*  0.21

SD = 1.10). Nonetheless, for matrix-style, males (M = 5.85,
SD = 1.04) felt more helpfulness than females (M = 5.35,
SD = 0.81).

4) ANALYSIS OF THE DEGREE OF WILLINGNESS TO USE

The results generated from the mixed two-way ANOVA of
the degree of willingness to use are shown in Table 9, reveal-
ing no significant difference in the main effect of informa-
tion layout, display mode, and gender. Nonetheless, there
existed a significant interaction effect between information
layout and display mode (F(1,35 = 4.65, p = 0.038 <
0.05; n> = 0.11). Figure 11 illustrates that in light mode,
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TABLE 9. The results of the mixed two-way ANOVA for degree of
willingness to use.

P Post

Sourcer SS Hoc

i MS F P

Informati 0.45 1 0.45 042  0.522 0.01
on layout

Display 0.80 1 0.80 038 0.543 0.01
mode

Gender 245 1 245 .15 0.290 0.03
Informati 5.00 1 5.00 4.65 0.038* 0.11
on

layoutxDi

splay

mode

Informati  6.05 1 6.05 5.63
on

layoutxGe

nder

Display

modexGe  0.80 1 0.80 038 0.543 0.01
nder
Informati
on
layoutxDi
splay
modexGe
nder

* Significantly different at the a = 0.05 level (*p < 0.05);
** Significantly different at the a = 0.01 level (*p < 0.01)

0.023*  0.14

0.80 1 0.80 0.74  0.394 0.02

participants were more willing to use the list-style (M = 5.15,
SD = 1.46) than the matrix-style (M = 4.80, SD = 1.06).
On the contrary, in dark mode, participants were more willing
to use the matrix-style (M = 5.50, SD = 1.24) than the list-
style (M = 4.85, SD = 1.35). In addition, there existed a
significant interaction effect between information layout and
gender (F(1 36 = 5.63, p = 0.0023 < 0.05; n? = 0.14).
Figure 12 illustrates that for list-style, females (M = 5.45,
SD = 1.19) were more willing to use it than males (M =
4.55, SD = 1.47). On the contrary, for matrix-style, males
M = 5.25, SD = 1.21) were more willing to use it than
females (M = 5.05, SD = 1.19).
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FIGURE 12. The interaction diagram of information layout and gender for
degree of willingness to use.

V1. DISCUSSIONS

A. DISCUSSIONS OF TASK PERFORMANCE

In the experiment, Task 1 was designed to allow the partici-
pants to inquire about a product with a price of 3,199 RMB.
Specifically, this task was to first find the app ‘“Taobao” on
the screen of a mobile phone, and then go to the app’s main
page, enter the product name and obtain information about the
product. It was found that females outperformed males in the
light mode; however, males outperformed females in the dark
mode. The reason could be that the visual designs of the user
interface might affect the user’s aesthetic perceptions within
a brief time (i.e., about 17 ms) [87]. In a sense, both males and
females are often accustomed to light-colored backgrounds.
However, when the screen switches to a dark mode, the over-
all visual difference in the user interface could be objectively
more significant (i.e., the black text on a white background
is replaced by white text on a black background). Females
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may be more susceptible to dark-mode stimuli that affect their
performance, as previous studies have found that females are
more susceptible to visual stimuli than males [88], which has
been well documented in experimental observations. In sum-
mary, the results of Task 1 performance can help answer
Q3, i.e., different types of display modes affect users’ task
performance in the mobile shopping application interface.

Task 2 required the participants to find the location of an
item with 12 interest-free installments, and Task 4 required
them to find the product with the highest number of payments
among the searched product information. Both tasks required
participants to conduct visual searches of all the products
presented on the user interface (10 in total) and compare
them. It was found that the matrix-style was faster for the
participants to conduct visual search activities than the list-
style. Due to screen size limitations, in this experiment, the
list-style had a horizontal layout of photos and text informa-
tion, that is, photos on the left and product information on the
right. In contrast, the matrix-style had a top-bottom layout
and was presented in two rows. Thus, in the list-style, the
product information was arranged densely on one side, while
the matrix-style user interface was arranged with the photos
and text spaced apart. The difference in information layout
may have caused a difference in the allocation of attention
resources during the participants’ visual search processes,
resulting in a difference in their task performance. Further-
more, previous studies have found that users’ visual attention
is sparser in the matrix-style user interface than in the list-
style [89]. In other words, the matrix-style user interface is
more likely to allow users to achieve rapid eye movements
when visually scanning and comparing screen information,
thereby allocating attention resources appropriately (i.e., the
factor of completing the task causes users to be driven by
top-down intrinsic attention). In the list-style user interface,
on the other hand, although the information is arranged in a
way that makes it easy to search, the dense information also
causes a particular cognitive load on the user’s visual distri-
bution. In addition, the user’s visual span is smaller when
comparing product information due to the arrangement of
visual information in a list-style user interface. In contrast, the
visual span is more significant in a matrix-style user interface,
which was well documented in an earlier study conducted by
Legge and Mansfield [90], where the user’s speed of reading
text was reduced when the visual span was small. It was
also observed that the layout of the matrix-style user inter-
face was more frequently scrolled up and down. Moreover,
the matrix-style also conforms to the user’s F-shaped visual
scanning motion pattern [91]. In summary, these could be
the reasons why participants who adopted the matrix-style
performed better when conducting the visual search for infor-
mation location and information comparison. In summary,
Tasks 2 and 4 show results that can help answer Q1, i.e., the
information layout improves the user interaction experience
of the shopping app interface. Specifically, the matrix style
is faster than the list style for participants to perform visual
search activities.
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Task 3 required the participants to find the location of the
lowest priced item. It was found that the female participants
took more time to complete the assigned task compared to
the male participants. Earlier research found that in terms
of the gender difference in visual search activities, males
generally make faster decisions than females because females
are more likely to use all possible information when making
a decision [92]. In contrast, males are more likely to use only
partial information before making decisions [93]. In Ton-
buloglu’s [94] study, females used multiple sources when
searching for travel information. In contrast, males were more
likely to process information based on a single source. These
factors may have contributed to the superior performance of
male participants in completing the task compared to females.
The main finding is consistent with Kimbrough, Guadagno,
Muscanell, and Dill’s [95] study, which found that males
generally outperformed females in speed and steps taken to
complete the task. This is a possible reason why the female
participants took more time to complete the assigned tasks
compared to the male participants. In summary, the results of
Task 3 performance can help answer Q2, i.e., males perform
better than females in the shopping application.

B. DISCUSSIONS OF SUBJECTIVE EVALUATIONS

The overall analysis of searching for task 1 and the system
usability scale (SUS) consistently showed that females were
rated higher than males for light mode. In contrast, males
were rated higher for dark mode. This is probably because
in the light mode, there is almost no color contrast between
the product images and the background mode, and the images
are more attractive to females at this time; however, in the
dark mode, the product images contrast very strongly with
the background mode, which greatly affects the females’
operating experience.

The subjective evaluation results showed that the average
scores of all the levels of research variables were higher than
the medium of 4 based on a 7-point Likert scale. In the
subjective ratings on the degrees of effortlessness, helpful-
ness, and willingness to use, it was found that a significant
interaction existed between information layout and gender,
that is, females rated the list-style user interface higher than
males. However, males rated the layout of the matrix-style
user interface higher than females. An earlier study con-
ducted by Hwang and Lee [89] also found significant dif-
ferences in visual attention allocation between males and
females on the shopping interface, with females paying more
visual attention to shopping information than males. The
user’s visual search behavior in the shopping interface is
a goal-oriented search behavior, which involves a number
of visual adjustments and readjustments for both males and
females [96]. Males and females differ significantly in their
visual processing strategies [62], with females being better
than males at visual recognition and decoding of non-verbal
cues [97]. According to the selectivity model [98], females
are better at processing comprehensive information, whereas
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males are better at processing selective information [65].
In the case of the list-style user interface, where the product
information on the right is arranged vertically, females may
have an advantage over males in visual processing and there-
fore receive a higher level of fluency during the interactive
experience; however, the matrix-style user interface, where
images and text information are arranged above and below
and presented alternately, increases females’ cognitive load
to some extent during their visual search for task completion
and is influenced by the fact that females are more sensitive
and critical in their evaluations of the user interface [99].
Therefore, females’ subjective evaluations of the matrix-style
user interface were generally lower. However, males were
more adept at selective visual processing in the user interface,
and the overall interaction experience could be more fluid in
matrix-style. Males tend to rate the matrix-style user inter-
face more positively in terms of the degree of effortlessness,
helpfulness, and willingness to use.

A significant interaction was also found between the infor-
mation layout of the user interface and gender in terms
of the ratings of willingness to use. That is, females rated
the list-style user interface as more desirable than males;
however, males rated the matrix-style user interface as more
desirable than females. A possible reason for this result is
that females themselves pay more attention to the photo
information on the user interface than males, with the same
amount of photo and text information on both user interfaces,
except that in the list-style user interface, females are driven
by endogenous attention and pay more visual attention to
the product information on the right-hand side, which can
conform to females’ visual decision-making characteristics
throughout the visual search process. Therefore, females find
this layout (the list-style user interface) more logical. How-
ever, when the layout is matrix-style, females do not have
the same advantage over males in selective visual process-
ing. Males are better at ignoring irrelevant visual cues and
have more executive control than females [100]. At the same
time, the spaced arrangement of text and photos is more
visually appealing to females [67], which to some extent
causes females to be distracted; therefore, they express lower
purchase intentions when conducting the task. This visual
search process can indeed be time-consuming and was well
validated in the semi-structured interviews from the females
following the experiment.

It was also found that a significant interaction existed
between the information layout and display mode regarding
the degree of willingness to use. More specifically, in the light
mode, users (both males and females) found the list-style user
interface more desirable. In contrast, users (both males and
females) found the matrix-style user interface more desirable
in the dark mode. Therefore, in the matrix-style user interface,
the user’s (both males and females) targeted visual search
process is influenced by the background of the images, result-
ing in a higher cognitive load in terms of quickly identifying
and comparing product information, which is consistent with
earlier research findings that the low contrast situation results
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in increased reading time and recognition by the user [90].
In the case of dark mode (i.e., white text on a black back-
ground), the contrast between the image and the background
is very high, allowing the user to quickly distinguish the
position of the image from the product information, thus
increasing the overall user-friendliness and user perception of
ease of use, and therefore increasing the level of willingness
to use. In addition, in the context of light mode (i.e., black
text on a white background), the product information in the
list-style user interface appears slimmer [53], which increases
the cognitive load on the user’s recognition to a certain
extent. In summary. The results generated from our experi-
ment revealing some significant interaction effects between
display mode and gender in terms of task performance and
SUS. In addition, there existed some significant interaction
effects between information layout and gender pertinent to
the degree of effortlessness, the degree of helpfulness, and the
degree of willingness to use. We also found a significant inter-
action effect between information layout and gender. How-
ever, there existed no significant interaction effect among
information layout, display mode, and gender. Therefore, the
above-mentioned interaction results answer Q4.

C. LIMITATIONS AND FUTURE WORK
Although this study provides practical implications for
research and practice, it has some limitations. First, the
majority of participants in this study were college students.
Although college students make up many mobile shopping
app users, this group may only represent certain types of
consumers. Future studies should include participants with
more diverse backgrounds to obtain generalizability. Second,
it is well known that consumers’ shopping experience in
mobile apps is also influenced by many factors, such as age,
culture, price, occupation, and featured brand preferences.
Past research has confirmed that cultural differences are
also a significant factor affecting the user experience of online
shopping mobile apps [101]. With the increasing aging of the
population in recent years, many seniors are also increasingly
relying on mobile apps to solve their daily problems [29].
How to enhance the online shopping experience of seniors
through design means is also a topic worthy of in-depth
exploration. The latest research on consumers also found that
360-degree virtual technology [102] and augmented reality
(AR) technology [103] are gaining widespread acceptance in
the e-tailing industry. All these factors also deserve further
discussions in the future. Third, the visual search for product
information can help consumers quickly find product infor-
mation and make shopping decisions, yet consumers’ habits
of browsing product information in mobile shopping are
highly variable. These factors also deserve further exploration
in the future.

VIi. CONCLUSION

This study examined the combined effects of informa-
tion layout, display mode, and gender on participants’ task
performance and subjective evaluations. It shows that the
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information layout, display mode and gender of the mobile
shopping application interface significantly impact the user
experience, with practical and theoretical implications. Based
on the experimental results, more concrete evidence is pro-
vided for the visual design of mobile shopping app interfaces
and the differential characteristics of visual searches by gen-
der. Several specific design recommendations for the user
interface contributed by this study are listed as follows:

1) The matrix-style is superior when participants are
searching for information location and information
comparison.

2) When searching for information location, there is an
interaction effect between the display mode and gender
in visual search performance, with females performing
faster in light mode and males performing faster in dark
mode.

3) Regarding the subjective evaluations of the degrees
of effortlessness, helpfulness, and willingness to use,
participants all gave positive ratings for all the aspects
of subjective evaluations. It was found that a signifi-
cant interaction existed between information layout and
gender, that is, females were rated higher than males for
the list-style user interface; however, males were rated
higher than females for the matrix-style user interface.

4) There is an interaction between information layout and
display mode in terms of increasing users’ willingness
to use. That is, in light mode, users (both males and
females) find the list-style more desirable. In contrast,
in dark mode, users (both males and females) find the
matrix-style more desirable.

5) In terms of gender differences in the task perfor-
mance of shopping apps, female participants took more
time to complete the assigned task compared to male
participants.

This study confirms that layout and background display
mode are important visual factors affecting user experi-
ence in mobile shopping applications, which provides refer-
ence points for mobile shopping application interface design
developers:

1) For the presentation of product information, a matrix
layout is recommended to enhance the visual search
performance of users.

2) Using negatively polarized background display mode
in the matrix layout is recommended to improve the
user’s willingness to use it.

In addition, this study also found that gender difference is
a significant factor affecting the user experience of mobile
shopping applications. With the increasing variety of online
products, more and more product categories exist for different
genders. Therefore, the interface design should be reasonably
humanized according to the gender difference of users. For
male consumers, adopting a positive polarity background
pattern and a matrix layout is recommended. On the contrary,
for female consumers, it is recommended to use the negative
polarity background mode. At the same time, the layout uses

47036

a list layout. In practical application, it is suggested that
operators can reasonably match the registered users according
to their gender, which will be a practical guide to improving
user experience.

The increase in the amount of time that consumers spend
browsing the product pages of shopping apps may lead to
an increase in their purchase rate, but recent studies have
found that this effect is non-linear [21]. A good visual design
of the interface should help improve the efficiency of the
user’s visual search, that is, users can find the products they
intend to purchase quickly and easily. This study’s findings
can contribute to the research on the user interface design of
mobile shopping apps. It is also recommended that designers
may consider adding more visual design variables to help
expand the mobile shopping app interface research, such as
images, colors, animations, supporting visual elements, and
so on. These visual design features of the user interface are
worth further investigation.
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