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Abstract. The use of mobile application facilitates an interactive and innovative
learning experience for students. While there are many studies emphasizing on
the use of mobile application but less focuses on the student’s experience in using
those applications. Mobile application designers tend focus on user interfaces
but neglects user experience (UX) as their approach in designing educational
application for children. Thus, this paper aims to present amodel calledEduMobile
UX model, a user experience model that designers can adopt when designing
educational applications for children. To develop themodel, an extensive literature
was performed to determine the dimensions for the model. The elements for each
dimension of the model were identified through semi-structured interviews and
observation respondents from two public school in Tronoh, Perak. This study
contributes to the development of a UX model that designers can use to develop
education mobile applications based on UX principles.
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1 Introduction

According to theMinistry of Education ofMalaysia, the Science, Technology, Engineer-
ing andMathematics (STEM) inMalaysia aims to develop students with necessary skills
which could face the challenges of science and technology [1]. Thus, it is important for
Malaysia to focus on producing enough qualified graduates in STEM [2, 3] though the
student’s interest in STEM is gradually declining [4]. The Minister of Science, Tech-
nology and Innovation Ministry stated further that low number of STEM student is
worrying [5]. There are many studies that have been conducted to investigate the factors
that lead to declining number of student’s enrolment on STEM education. One of the
factors that contributed to these concerns with student’s learning experience. Reference
[6] conducted a study on the factors affecting effective instructional practices in teach-
ing mathematics stated that classroom culture is the most important factor in teaching
mathematics in STEM education. Thus, it is important for teachers to understand the
elements that makes teaching of STEM more interesting to the students so that teachers
can facilitate the student’s learning. To enhance student’s learning experience on STEM,
the use of technologies such as mobile application, virtual reality, augmented reality, and
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others to support teaching and learning seem to be an opportunity. In addition, with the
COVID-19 outbreak, the use of these technologies has becoming more prevalent than
before. Mobile devices and applications enhance student’s engagement by transforming
the way educational content is being delivered. There are many studies that demonstrate
the effectiveness of mobile devices in teaching and learning on student’s performance
[7] but there seems to be limited number of studies on children’s user experience in
using mobile devices and applications for learning. It is argued that existing mobile
applications were designed based on a one-size-fits-all user interface design and not
based on user experience (UX) principles. Children that use these applications that are
design based on user interface design principles are accustomed to the behavior of the
application because they are familiar with the placements of the icons and activities
that the applications provide [8]. This could be attributed to the tendency of mobile
application designers in using a ‘one-size-fits-all’ approach in which the same interface
design principles are used for both children and adult users. It is argued in this paper that
existing educational mobile application are designed without taking into consideration
the user’s experience.

Thus, this study explores the concept of UX in designing educational mobile appli-
cation. The objective of this paper is to present a UX model called the EduMobile UX
model that guides mobile application designers to design educational mobile application
based on user experience principles.

2 Literature Review

2.1 Overview of User Experience

User Experience (UX) is a well-defined consequence of presentation, functionality, sys-
temperformance, interactive behaviour, and assistive capabilities of an interactive system
for hardware as well as software [9]. UX has evolved into one of the core concepts of
human computer interaction (HCI) where wide range of disciplines’ researchers and
practitioners daily work on these concepts. Despite several attempts of understanding,
defining and scoping UX, no secured consensus has been reached on this concept [10].
Donald Norman coined the term “User Experience” to describe all the person’s expe-
rience aspects with a system he believed “usability” to be narrowed deeply for repre-
senting a holistic vision of HCI [10]. According to Jacob Nielsen and Don Norman,
UX encompasses “all aspects of the end-user’s interaction with company, its services
and its products” [11] yet not all associated with UX have agreed on this definition
[12]. Generally, developers who are interested in UX design, not only focuses on what
the product does but on how the users tend to interact with it. Thus, a positive experi-
ence requires substantial benefits to users and a negative experience entails frustration
and failure [13]. The UX approach in mobile application development in Malaysia is
still limited.Mobile application development companies often focus on product-oriented
metrics [14]. For example, pre-defined product goals are referred on creating operational
goals and functional achievement.
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2.2 The Role of UX

The role of UX in user interface design is of paramount importance. The interaction
between a user and the application leads to a unique experience in different context of
use [15] which includes users perceptual and emotional aspects [9]. It also portrays a
paradigmatic shift of how a user anticipates about the interface [12] and the results will
then represent usability of a system, product, or service [16]. Furthermore, user interface
design is the key factor to produce the best interactionof beauty [14] for users to accept the
application because their dislikes could lead to anxiety or discomfort [17]. The function
of the application is important for anticipating the usage of the application through a
user’s perception and responses [16] for maintaining an experience full of engagement
and fun [18]. Reference [19] conducted a review on UX design principles in education
contexts. The authors stated that the purpose of UX implementation in STEM education
is to design educational experiences such as redesigning curriculum and pedagogy and
the design of educational tools such as online repository, productivity tools, interfaces,
and others. Most of the studies on UX implementation in STEM settings is on designing
educational experiences but lack on designing educational tools. Therefore, the adoption
ofUX to improve innovation has the unique contribution to STEMeducation researchers.

2.3 UX Dimensions

There are existing UXmodels such as [20], UI/UXmodel [21] and Experience-Centered
Web Design Model [22]. Each model composed of its own dimension. From all three
models, the Experience-Centered Web Design model’s dimensions are clearly under-
stood and suitable with the educational context of this study. Furthermore, user experi-
ence concerns with the feelings of the users in using the mobile application that is trig-
gered by the properties of the app and the context of use as cited in [23]. The Experience-
Centered Web Design model includes all the necessary dimensions for user experience.
Table 1 shows the description of each of the dimension of the Experience-Centered Web
Design model.

Table 1. Dimensions in the Experience-Centered Web Design Model [20]

Dimensions Description

Emotional The emotional dimension relates to a person’s feeling, response, and
sentiment on the application

Functional The functional dimension refers to the functionality and usability of the
application’s

Aesthetic Aesthetic dimension contributes all visual attributes of the interface such as
colours, texture, images, and graphic composition

2.4 The Cognitive Dimension

The existing UX model focuses on experience. Children’s user experience in using
mobile application is crucial but the learning aspect must not be neglected thus, for an
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educational mobile application, the learning aspect needs to be part of the design of
the application. The cognitive dimension is based on Piaget’s theory of cognitive devel-
opment. Piaget’s theory focuses on the children’s progress by referring to the develop-
ment stages qualitatively [24] namely sensorimotor stage (birth–2 years), preoperational
stage (2–7 years), concrete operational stage (7–11 years) and formal operational stage
(12 years–adult). The scope of study is for primary school children aged 10–12, there-
fore this study focuses on the concrete operational stage of Piaget’s theory. Children
at this stage tends to be very concrete, they grow to be more logical and sophisticated
in their thinking in this stage. This stage includes genuine exercise of logic, resolving
difficulties, reasoning, problems and undergo hindrances in a logical way. Children in
the concrete operational stage practice solving logical problems in their mind.

3 Methodology

This study is an extension of a study by [25]. The previous study focuses on a school
in which the analysis of the data is a within case analysis. This study extends that by
conducting another case study and compare that with the previous case study in which
the analysis of the data is cross-case.

The methodology of this study consists of two main parts. The first activity is the
development of the proposed EduMobile UX model. The main dimensions of the pro-
posed model were based on the Experience-Centered Web Design Model [22] and
Piaget’s theory of cognitive development [24]. The dimensions are emotional, func-
tional, aesthetic, and cognitive. The elements for each of the dimensions were identified
through a systematic literature review in educational mobile application. The second
part is the identification of the elements for each of the dimension in the EduMobile
UX model through two case studies. Two schools in Tronoh, Perak were selected as
for this case study which is named as Case Study 1 and Case Study 2 respectively. For
Case Study 1, five students participated in the study and six students participated in Case
Study 2. The data collection stage was conducted in 2019 before the pandemic and the
movement control order was implemented. Thus, the approval to conduct interview and
observation sessions in the schools was obtained from education department and a letter
of consent was prepared for the parents to grant their permission to invite their children
as participants. An educational mobile application was chosen for this study. The appli-
cation was used by the participants to see their reaction in terms of user experience.
The application, “Environment Current Affairs 2018” is an Android-based educational
mobile application that contains materials and assessments on topics related to the envi-
ronment. The focus is not on the content of the application but on the user’s experience
of the school children in using the application. The device used was a smartphone.

The interview questionswere developed based on the four dimensions of the EduMo-
bile UX model and reviewed by an experienced qualitative researcher to ensure that the
questions are reliable and easily understood. The data from the interview sessions were
transcribed and analyzed based on qualitative data analysis principles using Atlas.ti, a
qualitative data analysis software. The data analysis process follows the steps outlined
by [26]. Using these steps, the data is codified and categorized according to the four
dimensions. The transcripts and observation notes were prepared after each completed
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data collection session. From these transcripts and notes, the coding process commenced.
The coding process are based on the steps outlined by [27]. The coding process consists
of two cycles. In the first cycle coding process, the student’s emotion, feelings, and
perception were observed. The output of the first cycle coding is the regarded as open
codes. These open codes are then synthesized in which that the occurrence and meaning
of the codes were observed. Based on this synthesis, the codes were put through the
second cycle of coding. In this cycle, patterns and core categories were observed and
identified. The analysis is done for within case and cross case analysis. For cross-case,
the similarities, and differences between the two cases are observed. The outcome of the
second cycle coding is the categories which are the grouped into the dimensions of the
UXmodel. From the analysis, the elements for each of the dimensions in the EduMobile
UX model were identified.

3.1 Case Study 1

The first case study involves a school in Tronoh that consist of 237 students and 20
teachers. There are also Orang Asli and Indian students registered in the school, but
majority consists of Malay students. Due to the student’s examination was around the
corner the researcher was only allowed to conduct the data collection for 1.5 h with each
participant. Furthermore, the data collection could only be conducted in the morning on
Tuesday(s) and Thursday(s). Thus, looking into the school’s conditions the researcher
decided to limit the observation period to 5 min and the rest of the time was utilized for
interview session. The researcher would reach at the venue 10 min earlier for setting up
the data collection tools to avoid wasting the allocated time. The observation session
was video recorded, and interview was voice recorded for analyzing purpose. The data
collection was completed once the researcher could find the saturation of data from the
participants answers and through the observation pattern. Hence, the data collection was
conducted with 5 participants where 3 of them were standard 5 students and 2 of them
were standard 4 students. 4 of them were female and only one participant was male.

3.2 Case Study 2

The second case study involves a vernacular school in Tronoh. This school consist of 53
students and 11 teachers. All the students were only Hindu. The research data collection
was not allowed to be held during school hours thus, it was conducted during extra-
curricular hours on Wednesday(s) from 1.30 pm to 3.00 pm. Firstly, the observation
session was held for 5 min, and video recorded for analyzing. Later, semi-structured
interview session was conducted with the participants upon their experience with the
mobile application. Since, the participants native languagewas Tamil thus, the researcher
was appointed a translator to communicate with the participants during the interview
session. The translator later would also transcribe the voice recording into script docu-
ment for researcher to analyze. The researcher found the data saturated after collecting
data from total of 6 participants. 3 of them were standard 4 and the others were from
standard 5. There were 3 female and 3 male participants.
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4 EduMobile UX Model

Figure 1 shows the proposed EduMobile UX Model. This model is based on the
Experience-Centered Web Design model with an additional dimension named Cogni-
tive. The Cognitive dimension signifies the learning aspects of the model. The cognitive
dimension refers to the children’s thinking skills while using the mobile application.

Fig. 1. EduMobile UX model

Interview sessions and observations were conducted in both Case Study 1 and Case
Study 2 based on the dimensions of the EduMobile UX model. The outcome of the two
case studies has revealed the elements for each of the dimension. Table 2 shows the
elements for each of the dimension.

Table 2. EduMobile UX model dimensions and elements

Dimension Elements

Emotional Attractiveness, pleasure, satisfaction, enjoyment, motivation

Functional Technology fit, effective, efficient, convenience, gesture interaction

Aesthetic Text, audio, animation, colour, layout, video

Cognitive Learnability, memorability, complexity, discoverability

5 Results and Discussion

The findings identified the important elements for each of the four dimensions of the
EduMobile UX model. The emotional dimension claims to be the first dimension to be
designed because the user experience will be conceived here [20]. The most individ-
ual and often idiosyncratic of human phenomena are probably emotions [21]. Overall
interaction with mobile application is the focus of the study and the experience should
be re-created, modified and amplified in real world. This dimension focuses on the
user interactivity which enhances users’ motivation through better participatory activity.
Children’s helping behaviour emerges early in concrete operational stage, suggesting
that pro sociality is rooted deeply in human nature [25].
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5.1 Emotional

For the emotional dimension, the data collection activities demonstrate the participant’s
emotion towards using the educational mobile application. The application “Environ-
ment Current Affairs 2018” does not give the participants the utmost user experience.
Participants believed that the user interface was not attractive due to the style of the
content being presented to them. Participants did not feel the enjoyment from using the
application because they feel that the content is dull with lack of interactionwith the user.
This affects the motivation of the user to continuously use the application for learning
as participant 3 from Case Study 2 stated.

“The colours are also very like not so attractive or like dull cause it uses only one
colour and too small words makes me hard to read so I don’t get motivated to read
more” [19:45 CASE_2 INTERVIEW 3].

The emotional aspects seem to be related with other dimensions. For example, aes-
thetic dimension elements such as content layout, use of colours, animation and others
could impact the emotions of the user.The two case studies indicate the use of colours
affect the participant’s emotion. Colours have been seen as a source of attraction for the
students to use the application in both case studies. The use of colours in the application
impacts the participants somehow. For example, participants of Case Study 1 felt that
colorful design delivers enjoyable experience to them whereas participant in Case Study
2 commented that colours motivates them in using the application. Both case studies
show similar findings on the impact of colours and content design towards user expe-
rience. The findings from the Case Study 1 and Case Study 2 indicated that interesting
and multiple content style with colorful design provide pleasure in using the educational
mobile application.

The findings from the two case studies also indicates the elements of interactivity
and engaging experience in delivering meaningful knowledge brings satisfaction the
participants. This can be seen from the two case studies in which the participants felt that
interactive feedbacks and designwould satisfy themas it enhances their learning abilities.
Interactive activities in the application provides enjoyment feeling to the children. The
study by [28] corroborate this finding. The study, despite not using in any specificmobile
application, indicates that the experience of using educational mobile application should
be fun and motivating. This could be achieved through activities with good usability
factors.

5.2 Functional

The functional dimension concerns with the features and functionality of the application
and the usage of the application itself by the user. Mobile application needs to operate
fast, provide reliable content, contain all workable user interface elements, enables the
user to personalize learning, provide both open and secured access, able to adjust the
content according to the new settings and perform all relevant task or functions without
any manner of interference. As one participant stated,
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“Here there is only one icon back button so, it is nice and clear. The size is also
just nice for the button not so big and not so small so with this size is just nice to
see it clearly” [18:1 CASE_2 INTERVIEW 2].

Moreover, educationalmobile application should be delivering highquality standards
to keep pacewith the growingmobile technology. The navigation of the application needs
to be economical and convenient. The findings indicated that children find touch/gesture
interaction of the mobile application to be easily detected and performed softly. This is
due to children prefer performing gesture using their own method rather than follow-
ing instructions [29], which delivers accurate single/multitouch gestures since, they are
regularly using smart gadgets at home.

The findings of the two cases have shown that the school children prefer mobile
application that is laden with the latest features which would help them in completing
a task easily and faster. The participants of this study are regarded as Gen Z which
has been exposed to mobile devices and applications. Thus, designers should be aware
of all the technological features which are necessary to be included in designing the
application for children. Nonetheless, the mobile application design for school children
cannot to be too complicated. A less complicated design makes the application more
effective. Participants in Case Study 1 and Case Study have different views regarding the
effectiveness of the “Environmental Current Affairs” mobile application. Participants in
Case Study 1 defines effectiveness as when all the interface elements are easily visible.
Participants in Case Study 2 views speed, responsiveness and non-interfered task as
the elements that makes an application to be effective. The efficiency of the mobile
application, however, relates to how convenient the user performs a task in the mobile
application. Participants for Case Study 1 focus on gesture interaction on how easy
for them to navigate the application. Thus, the mobile application should consist of all
the latest gesture interaction as children are aware of all the available gestures and can
performwithout any assistance. Participants for Case Study 2 commented further that the
efficiency of an application is depending on how organized the layout of the application
is. An application with an organized layout design would ease the children in navigating
the application and perform any tasks within the application faster. Overall, children
mobile application designers should take into consideration the layout design of the
application to enhance the children’s experience in using the application. The designers
should ensure the mobile application is designed to produce responsive, errorless, and
fast tasks but with simple as well as highly noticeable presentation. The challenge in
developing mobile application for learning is on how to balance between information
and the display size, navigation, and storage [30].

5.3 Aesthetic

Aesthetic dimension contributes all visual attributes of the interface such as colours,
texture, images, and graphic composition. This aesthetic dimension represents the other
two dimensions of UX. Picturing the concept and functionality may interest the user for
experiencing the design [22]. In this paper, it is important that visibility, text, colour,
images, audio and animation can contribute a big portion to interactivity since, human
respond better to visual arrangements. Research has confirmed that images prove to
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interest, create emotion, and stimulate curiosity. Text needs to integrate with images
since text create the meaning of the image. The use of colors and audio not only enhance
the mobile application aesthetically but also improves student’s overall satisfaction in
using the application [31]. The use of appropriate font size and colours is crucial for
delivering clear readability. Thus, the two case studies have uncovered that fontwhich are
big and clear would be easy to read and understand the content. The animation is useful
believed to catch the users’ attention. The use of animation could eliminate boredom
when using the application but in Case Study 2, the participants claimed that too many
and animation in reading content would distract children. However, in Case Study 1
animation are appreciated as it contributes to the content awareness more seriously.
Moreover, participants in Case Study 2 find animation which are used for guidance
interest them in using the application more. Participant from Case Stud 1 stated,

They should present (the information) the animation in way where the water is
like clean and beautiful but suddenly changes to dirty and polluted. (The use of)
animation will make us realize that the nature is getting polluted. [2:9 | 2 CASE_1
INTERVIEW 2]

Therefore, inclusion of animation should be done carefully as its misplacement and
amount could disrupt children’s loyalty towards the application. Nonetheless, it can be
agreed that animation plays an important role in sustaining their fun while maintaining
their seriousness in understanding the content.

The use of sound helps in setting the mood of the user however, it should appropriate
and not overused as it could affect the users focus on learning. The use of colors affects
the student’s interest in using the application. Colours play an important role in content
visibility as found from Case Study 2. On the other hand, children in Case Study 1
believed that colours play a role of excitement which intrudes them in choosing bright
colours. As the following participants commented,

That loud music will make me irritated, and I will get distracted” [1:26 CASE_1
INTERVIEW 1].

Sound is a tool thatwill keep us alert. Like examplewhenweare pressing something
like button, with the help of soundwewill be aware of what we are pressing” [17:33
CASE_2 INTERVIEW 1].

It can also be seen that the participants are prefer objects such as icons, pictures,
and others to be well-organized. A well-organized layout allows user to find information
more easily. From Case Study 1, the participants prefer layout arrangement that focus on
the visibility of the interface elements. Participants from Case Study 2 mentioned about
a well-organized layout that contributes to effectiveness of the application. Therefore,
mobile application designers should ensure the layout are best to fit with mobile appli-
cation screen that ensures clear visibility, help in doing task correctly and could provide
comfortable environment. Pictures should be included in the application to contribute in
relevant visual information. The pictures and text should be presented clearly as these
contributes to learning and avoiding misinterpretation of information.
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5.4 Cognitive

The cognitive dimension is the learning dimension of the model. The findings from Case
Study 1 and Case Study 2 indicate that school children could use mobile application for
learning if the content is aligned to the student’s level of understanding and compre-
hension. Children could learn better if the derived knowledge is easily understandable.
The participants feel that the content of the application is too complex for them. Thus,
it is important for an educational mobile application to have content that suited the
user’s level of capabilities. Content complexity affects the student’s learnability. One
participant stated,

This information is not for my age kids can understand and work. So, better like in
our textbooks they show and then which I can do like in book I got read that there
must be 3 bins to throw rubbish so this I can do at home also” [18:50 CASE_2
INTERVIEW 2].

One of the approaches to make the content less complex is to make it bite-sized
which means avoiding long sentences or presenting the content using mind maps. The
aesthetic dimension affects the cognitive dimension. The use of animation, videos and
sounds in education mobile application impact student’s learning. According to [28], the
excitement created through animation, virtual objects, sound, and video could improves
children memory. The use of technologies such as 3D animation, multimedia are able
to enhance student’s understanding on science subjects [32]. Reference [31] studied the
use of mobile application with augmented reality capabilities in learning of the topic
Solar System called AR-SiS. Their findings show that students perceived could improve
their understand and knowledge on the solar system using augmented reality mobile
application. Interactive activities promote memorability in children as discovered from
Case Study 1 and Case Study 2. Additionally, these two case studies have also uncovered
that child tend to remember content betterwhen it is highlighted using colours and unique
fonts.

6 Conclusion

This study proposed a UX model called the EduMobile UX for education mobile appli-
cation for school children. The dimensions of the model were proposed based on the
Experienced-Centered Web Design model and Piaget’s Theory of Cognitive Develop-
ment. The model consists of four dimensions namely emotional, functional, aesthetic,
and cognitive. The elements for each of the model were identified through a single
case study. This study presents this model as the first step towards developing a UX
guideline for education mobile application. Overall, this study contributes to the mobile
application industry, children, and the education system. From a practical standpoint,
the EduMobile UX model can be adopted by mobile application designers to design
education mobile application for school children using UX principles.
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