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Abstract—The boost of mobile devices and internet technologies has led to
the development of new content geared to enhance the learning experience of
students while simultaneously ensuring the economizing of the teacher’s time.
The era of industrial revolution 4.0 transformed many aspects of life including
the basic approaches towards teaching and learning. The needs and demands of
students and teachers are changing in line with the revolution of emerging tech-
nologies. However, even with the advent of technology, STEM subjects are yet
to fully grasp the attention of students. Learning especially in secondary schools
and higher education intuitions needs to be redesigned to improve students' learn-
ing experience, especially in STEM subjects which involve complex concepts
and processes that are difficult to visualize and require students to be fully en-
gaged. Accordingly, this paper discusses the design and development of a learn-
ing experience model aimed at improving the teaching of Biology subjects. The
model emphasized on three factors; content, pedagogy and interaction. Multime-
dia elements such as 2D graphic, video, AR with 3D object and gamification
concepts were included in the design. A prototype called m-BioP was developed
based on the designed model and heuristic evaluation was performed to ensure
the application’s usability. It was verified by six experts and it is identified that
19/24 (79%) items are well designed and some changes (8/24 items) require im-
provement. Future studies need to be conducted to approved the designed model.

Keywords—biology animal development, interactivity, m-learning, 3D objects,
emerging technologies, visualization, heuristic evaluation

1 Introduction
Traditional teaching and learning (T&L) is limited to specific locations such as class-

rooms and laboratories where teachers moderate the T&L process from beginning to
the end, with students required to be physically present to participate in the T&L activ-
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ities. Past research has examined traditional T&L methods and found latent dysfunc-
tions [1 - 3] such as limited stimulation to students’ interest and motivation. With stud-
ies having proven that young people are more inclined to digital and online content and
they are able to earn higher marks through online learning [2] with promising signs
especially for technical subjects such as Science, Technology, Engineering and Math-
ematics (STEM). Therefore, educators have to take the opportunity of the technological
capabilities to develop digital content that suit students need in order to motivate and
engage students.

The learning experience in the classrooms are undergoing major changes due to
emerging technological trends in education [4]. The demand for experiential learning
drives learning outcomes with emerging technologies including gamification, 3D Ob-
jects, Augmented Reality (AR) and video. Learning becomes more interactive than tra-
ditional approaches as students need to be proactive in navigating various features in
learning apps. For example, feature of AR with 3D objects provide more immersive
material that students able to interact by zooming and rotating the image from various
angles [5]. The use of emerging technologies can explain complex concepts that cannot
be explained to students through normal diagrams.

The design of the learning experience should not only focus on students but also
emphasize on the delivery of content according to the current learning ecosystem. Fail-
ure in T&L should not be blamed solely on individual weaknesses but it may be due to
poor learning experience design. According to [6], there are three main factors to con-
sider in designing a learning experience; (i) reduce additional cognitive load, (ii) create
content that supports all types of students, and (iii) develop a supportive learning envi-
ronment. The design of student learning experiences should consider subject, peda-
gogy, user experience and interaction [7].

In line with the Fourth Industrial Revolution (4IR) driving the emergence of today’s
learning scenarios, many technological approaches are applied in learning. Among
them are virtual learning approaches using specific devices, with 2D and 3D graphics,
gamification concepts, and AR. There are studies that combined several elements sub-
ject to compatibility with the topic and the learning style of the students. However, most
learning materials overemphasize one element such as games or AR only. For example,
a research conducted by [8] produced a prototype of learning gamification. Although it
focused on gamification, prototype evaluation resulted an increase in motivation and
interest in programming. A study by [9] that combined gamification and storytelling
elements in AR applications delivered positive effects on student performance. This
suggests that more diversity of elements combined can produce better results in the
T&L process.

This study aims to design and develop a model of learning experience that may be
able to enhance students’ learning experience that was validated through a mobile learn-
ing prototype which was further evaluated by appointed experts. Animal Developmen-
tal Biology was chosen as the subject content because it contains complex information
that can be visualized in various forms such as in 2D and 3D graphics and video. The
objective is for students to have better learning experience by highlighting the unique
processes of animal development from gametogenesis to the stage of animal develop-
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ment that occurs either inside or outside the female reproductive system. The integra-
tion of gamification, 2D graphics, video and AR elements may be able to enhance the
learning experience by better attracting and retaining students’ interest in the subject.
Prototypes included learning modules that utilized AR technology, video and in-
fographics while reinforcement activities such as training and assessment through gam-
ification technology with reward points, scoreboards, timers and dashboards were in-
corporated as suggested by [10].

This paper discusses previous studies of similar work in Section 2.0. Section 3 dis-
cuss the use of methodologies for designing, developing and validating models. Section
4.0 discusses the evaluation results and the updated model. The last section summarizes
the results of the study and the limitations of the research as well as implications for
future work.

2 Related works

M-learning or mobile learning is now a feature in life as this approach provides bor-
derless access for learning as opposed to face-to-face methods. Learning can take place
without immense physical infrastructure, providing opportunities for those who are un-
able to be physically present in a specific area and time. With the convenience of mobile
devices, information can be accessed anywhere and at any time. Moreover, high speed
internet help m-learning applications work wonders via mobile devices. According to
a government survey in 2020, internet users spend more time online as compared in
2018 [11]. Thus, proving that the application of m-learning significantly concurs with
the objective in improving the quality of T&L.

One of the factors to improve T&L quality is by encourage active participation of
students in learning activities. In traditional classes, students who are active in the learn-
ing activities normally show excellent performance in terms of learning attitude as well
as the score [2], while being unconducive to students with introvert character and low
self-esteem who are urged and motivated to actively participate under incompatible
T&L methods. This type of students can regularly compensate for their lack of face-to-
face interaction with online interaction [12]. Therefore, the design of m-learning appli-
cations must incorporate interactivity features as such features adequately compensate
for the lack of face-to-face interaction among inactive students. In m-learning, interac-
tivity can be in a form of freedom of letting students decide what to do or via user
control which opposes the method applied in traditional classroom in which the deci-
sion is made by the teacher. It is also necessary to offer a variety of learning activities
such as watching videos, browsing notes, viewing 2D and 3D graphics or even playing
games as part of interaction and pedagogy media. The students can start, break and
continue their learning at their convenience. Furthermore, most applications can keep
track users’ activities; successfully mirroring teachers’ monitoring in traditional class.

Gamification concepts that are frequently applied to current applications can be seen
as one of emerging technologies. Applications for learning, shopping, entertainment,
bill payment apps have been designed and developed for their specific purposes using
game elements implanted in the design. For example, points will be awarded to the
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students if they able to accomplish certain activities, which replicates in-game reward
systems. Some learning applications use rank to categorize users based on their activi-
ties and assessments’ marks. These are the concept of gamification (rewards, rank, etc.)
that were applied in non-game applications which are believed to increase students’
engagement and loyalty [8]. Despite that, AR technology is also considered as a factor
to increase the engagement. It is proven that AR feature in learning able to improve
student understanding by visualizing complex or spatial structures [13]. The goal is to
presents class material and assessments in a more interactive, engaging and convenient
way directly to improve quality of T&L.

Research done by [7] reported that learning application should consider good design
of pedagogy and interaction to design specific content to enhance student learning ex-
perience. Students exhibit better performance when they enjoy their learning. [14] and
[15] emphasize on gamification to enhances learning experience and concluded that
their design contributed to student-centered learning. In a similar study, [16] identified
that students’ learning experience improved and as proven by improved academic re-
sults as they achieved better scores in practical assignment and overall score. [16] also
focused on embedding gamification in the T&L application.

2.1  Learning experience model

There are many studies investigating on the factors that influence learning experi-
ence. Those factors are evaluated based on various grounds and approaches, even so
the main intention is remaining the same; to enhance student learning experience. Stu-
dent learning experience refers to knowledge and skill that an individual gained in
learning activities that can be assessed through tests, interviews, survey and observa-
tions. The aim of this study is not only assessment but on identifying key factors in
designing a model of learning experience. [17] emphasized multiple factors including
interaction: it was discovered that technology plays a big role in producing active in-
teraction between peers and teachers. This interaction is associated to building reliable
social relationships that enhance the learning experience. [18] conducted a similar study
that further discussed two factors: interaction and technology simultaneously focusing
on designing a conceptual model of interactive learning experience. The evaluation of
their model proved that interactive factor fosters good relationships between users and
the product (application) factors that lead to meaningful learning experience. Methods
used to deliver the content and the aesthetical standard is highly significant in ensuring
the approval from students.

The emerging technologies like AR, gamification concept, expressive video and 2D
as well as 3D graphics are some of the approaches to deliver the e-content. [13] proved
that AR technology engage the students to the designed application as they presented
notes and assessment interactively. [19] stated that even some students have difficulties
in using AR technology, but highlighted the main advantage of learning gain which
directly related to learning experience. [20] concluded in their synthesis research study
that AR has a moderate impact on learning gains and the success of AR was also influ-
enced by other pedagogical approaches and environmental factors. For instance, [18]
incorporated reward elements into gamification concepts when designing the model of
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learning experience. They determined that gamification concepts should be included in
education products (applications) designed for youngsters. The comparison study done
by [14] showed a significantly higher performance of students who participated in the
application with gamification concept compared to those who engaged with normal
learning concept.

Aesthetic design of video and graphics in form of 2D and 3D able to retain students’
attention and divert the tediousness of dull lengthy text into audio and visual materials
to look at and understand. The transition from text to graphics and video is not an easy
task but the visualization proved to be very much appreciated by the students. These
approaches were frequently utilized and recognized by many research studies [14, 18,
20-21].

3 Methodology

The study applied Agile development methodology due to its flexibility and adap-
tivity towards technological changes. In mobile software engineering, this method is
regularly used because application requirements are constantly changing and evolving
according to user needs [21]. The processes involved in the development are 1) require-
ments analysis, 2) design, 3) development and 4) testing. A heuristic checking instru-
ment was developed to test the usability of the application. Table 1 shows the detail
approach of this study.

Table 1. Methodology

Agile Phase Approach Output
Requirement Interview Scope of the study
quire Panel: Biology teachers and lecturers in the field of animal [ Problems

analysis . .

development Specifications of user needs
. Conceptualization . .

Design Design conceptual model based on literature review Model of learning experience
Develop prototype (based on model)

Development Interfaces and interactions m-BioP

Content
Programming and database

. Heuristic Evaluation .
Testing Panel: Experts in application and game design Verified Model

31 Document content

The interview session with Biology teachers and lecturers (panel) was conducted in
Malay language and attended by one expert and one interviewer per session. The ex-
perts were selected based on their experience in teaching Biology. Three experts were
appointed for the requirement analysis as stated by [23] mandating small sample size
of experts that involve more contact time are enough to identify problem and basic
requirements. The interviewer explained the purpose of the study followed by questions
related to STEM subject issues. Table 2 shows the list of question that is adapted from
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[24] and the following guidelines of interview study by [25] and [26]. Since the inter-
view was conducted in Malay language, the questions are translated accordingly.

Table 2. Methodology

Num Question

Do you think current method/ tool is helpful in teaching and learning?

Do you think student are able to learn topics has to be taught? How do you know?
What are the topics that students find difficult?

How do student learn and how can they learn better?

How can a teacher/ lecturer contribute to students learning?

AN~ |[W|N|—

What affects teaching and learning?

3.2 Conceptualization

Conceptualization method aims to integrate important elements that influence learn-
ing experience based on similar studies. This method synthesized outcomes of past re-
search that may suitable for the scope of the study. Several studies applied the method
to create their research models or frameworks [7-8, 27]. Figure 1 shows the suggested
learning experience model generated through the conceptualization method.

(Ag) X

STEMS subject Delivery media

Fig. 1. Suggested learning experience conceptual model

LS D4
AL

User controls

3.3  Prototype development

The prototype called m-BioP was developed using multiple software including
unity, visual studio, phpMyAdmin, vuforia, Figma, Canva, blender and Adobe XD.
This software was used for creating multimedia including 3D and 2D objects, database,
algorithm and coding. The development of m-BioP was based on the learning experi-
ence model and spanned about 15 weeks with 4 cycles of meeting with designers, pro-
grammers and research’s team.

3.4 Heuristic evaluation method

There are numbers of evaluation methods developed by usability researchers to
measure usability problems. Heuristic evaluations are one of the most effective and
frequently used methods in the field of human computer interaction [28]. Heuristic
evaluation aims to identify usability problems related to the design of user interfaces
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through experts’ judgements. Usability refers to the quality of a user’s experience when
they interact with the interface of a product such as a website, software, device or ap-
plication. Experts are given an instrument as a guideline to evaluate the design of user
interfaces. The selection of experts is one of the important factors to ensure the legiti-
macy of usability problems discovered. Another factor that must be considered in heu-
ristic evaluation is the reliability of the instrument itself. Heuristics instruments built
by [28] called Nielsen’s 10 heuristic principles have gone through a content validation
process that are frequently applied in the studies of [29 -31]. However, some argue that
the heuristics generated by Nielsen are too general to properly identify specific usability
problems [32]. Moreover, it is argued that evaluation criteria or sub-heuristics should
be generated based on the study domain. Therefore, in accordance the purpose of the
study, heuristic instrument was adapted from [28] and some items are added to the in-
strument. Then, instrument validation was conducted in a group involving three experts
in the field of e-learning, multimedia, and gaming. Although the instrument has been
validated in the past studies, this process is to ensure that the instrument is easily un-
derstood and able to measure the research’s aim. The descriptions of ten heuristic cri-
teria were explained in heuristic form and each principle has one to five sub-heuristics.
Finally, the instrument can be used for measuring the user interface design of m-BioP.
The total of heuristics are 28 items in Malay Language as shown in Appendix.

Six experts with prior experience in application’s evaluation were appointed to eval-
uate the applicability of M-BioP. At the beginning of the evaluation study, seven ex-
perts were invited to evaluate M-BioP. Six of the experts agreed within the allotted
time. An expert declined the invitation due to time constraints. A minimum of five
experts was sufficient to obtain usability problems for a developed application [28].
These six appointed experts are regularly involved in designing and developing new
applications. Therefore, the main criteria for the selection of experts required two spe-
cific expertise: 1) prior experience in evaluating the usability of applications and 2)
Prior experience designed and developed learning applications. According to Nielsen
multiple expertise criteria allow 85% of usability problems to be identified. Through
this heuristic evaluation method, experts were invited to critique the M-BioP through
the evaluation documents provided. The evaluation document contained 1) Usability
heuristics 2) marker cards for augmented reality and 3) M-BioP application installer.
Experts were required to install M-BioP to their respective android devices and are
asked to explore M-BioP before making an assessment.

The evaluation was based on five main scales to measure the severity of the usability
problems as shown in Table 3. Experts were also asked to provide suggestions for im-
provement for the usability problems found.

Table 3. Severity scale of usability problem

Scale Usability Problem
Usability Problem not exist.

Cosmetic problem, no compulsary modification

Simple usability problem, low priority in modification

Main usability problem, high priority in modification.

NN VS SN I )

Critical usability problem, modification is a must.
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4 Result and discussion

This section discusses the result for the agile phases of the methodology as described
in Table 1 and followed by a brief discussion of each result.

4.1 Requirement analysis and conceptualization

Each interview session for requirement analysis ranged from 40 minutes to 90
minutes. Based on the analysis of panels’ responses, Animal Developmental Biology
was identified as one of the topics that contain complex information requiring more
time to deliver. All panels having difficulties showing detail figures due to limited ac-
curate yet appealing material. Two of the interviewees highlighted inadequate interac-
tion among students especially those of low self-esteem and introverted personalities.
Similar findings were reported by [12] in which individuals with low self-esteem were
uncomfortable interacting in a face-to-face context and compensated by using online
interactions. One of the ways to have an effective T&L is by providing a learning plat-
form that is able to encourage students to actively participate in the learning activities.
Hence Animal Development Biology was selected as the main content of the prototype.
Four sub-topics of Animal Development Biology were also identified based on panels’
suggestions namely Reproduction, Animal development, Chicken development and
Frog development. Table 4 shows the summary of findings from the requirement anal-
ysis phase while Figure 2 shows the updated learning experience model with detailed
elements.

Table 4. Requirement analysis result

Scope Animal Developmental Biology

Limited clear yet appealing material

Problem . .
oble Inadequate interaction

Mobile, clear and interesting presentation of topic, encourage
interaction, active participation

Specification

R 4 oI Y () o
; Scan marker mT.
Reproduction 3D object/ AR |  Watch 3D object — S
Animal development Video Navigate AR
Chicken development Infographic Control Video
Frog development Text Scroll text
\ Gamification Browse infographic )

Fig. 2. Learning experience model
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4.2  Prototype design and development

This section discusses the design of the application prototype. The prototype is called
m-BioP and was designed as an Android compatible mobile application. Android op-
erating system was chosen since 83.17% of mobile user population use android devices
[33]. Animal Developmental Biology’s notes were presented in the form of 2D or 3D
objects through AR as well as video. The reinforcement of learning through gamifica-
tion was employed especially on the assessments. Various user interactions were in-
cluded to reduce the cognitive load of students and support various learning styles of
students, further enhancing the user experience [34]. Figure 3 to Figure 6 shows the
designs of m-BioP.

v

Fig. 4. Augmented reality page
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1. Berikut adalah jenis persenyawan internal dan eksternal. Apakah Z ?

A) Mamalia C) Serangga Markah
B) Amfibia D) lkan 5

Fig. 5. Assessment page

Fig. 6. Score board page

Users needed to log in using a registered name and password. The registration was
necessary to keep track of users’ records and progress. Once users logged in, they were
able to the see list of topics and they were allowed to immediately answer questions in
quizzes. Figure 3 shows the homepage of m-BioP. Since interactivity is one the main
elements of the model, full user control of m-BioP was required. Thus, users could
choose any learning activity to participate: watching video, viewing infographic, an-
swering quizzes or browsing the 3D models through augmented reality feature. Figure
4 shows one of the example of augmented reality page in m-BioP while Figure 5 shows
the assessment page that contains example of a quiz. Figure 6 shows the personal score-
board button detailing the individual scores earned in each level. Students could also
view their scores in each level on the dashboard. This dashboard is intended for players
to identify weak points based on the number of points earned. Players can re-attempt
these low scoring quizzes after reviewing the topic.

4.3  Heuristic evaluation result

The feedback received from the six appointed experts was analyzed by calculating
the mean score for each item. Based on the mean scores, three action categories were
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identified as shown in Table 5. For items with a mean score of less than 1.34, the inter-
face design and features could be maintained, while items with a mean score between
1.34 to 2.67 could be improved and scores between 2.67 to 4.00 necessitates further
improvement to avoid users facing critical usability issues.

Table 5. Improvement actions based on mean scores

Score Action

0.00 - 1.33 Design is maintained

1.34-2.67 Design can be improved

2.67 - 4.00 Design must be improved

Analysis of mean scores and action categories on the 28 sub-heuristics displayed 19
items that were categorized as “Design maintained” and 9 items categorized as “Im-
proved”. However, based on the mean score, no item was categorized as "must be im-
proved". Table 6 shows the mean and action scores for all 28 sub-heuristics and Figure
6 shows the total number of sub-heuristics categorized into three Actions.

Table 6. Severity levels for sub-heuristics

Item | Score Mean Action Item | Score Mean Action
1 0.83 Design is maintained 15 2.17 Design can be improved
2 0.83 Design is maintained 16 1.00 Design is maintained
3 0.33 Design is maintained 17 0.50 Design is maintained
4 1.33 Design can be improved 18 0.17 Design is maintained
5 1.17 Design is maintained 19 0.50 Design is maintained
6 1.33 Design can be improved 20 0.83 Design is maintained
7 0.50 Design is maintained 21 0.67 Design is maintained
8 2.00 Design can be improved 22 1.50 Design can be improved
9 0.17 Design is maintained 23 0.33 Design is maintained
10 1.33 Design can be improved 24 1.33 Design can be improved
11 0.50 Design is maintained 25 0.33 Design is maintained
12 0.67 Design is maintained 26 1.00 Design is maintained
13 0.33 Design is maintained 27 0.67 Design is maintained
14 1.33 Design can be improved 28 1.33 Design can be improved
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Total item based on action

0

Design is remained Design can be Design must be
improved improved

Fig. 7. Action categories based on mean scores for 28 items

The nine sub-heuristics categorized as “Improved” were the 4th, 6th, 8th, 10th, 14th,
15th, 22nd, 24th and 28th sub-heuristics. Table 7 shows the frequency of expert evalu-
ation based on the severity level scale for the 9 sub-heuristics. The priority for improve-
ment was given to sub-heuristics 8, 15 and 24 because over 50% of experts found crit-
ical usability problems on these three sub-heuristics. Based on expert comments, these
three sub-heuristics referred to the video features (buttons on the video) and images
found on the M-BioP.

Table 7. Frequency of expert evaluation for each scale

Severuty Level Scale
Sub-Heuristic
0 1 2 3 4
67% 0% 0% 0% 33%
17% 50% 17% 17% 0%
8 17% 17% 33% 17% 17%
10 33% 33% 0% 33% 0%
14 33% 33% 0% 33% 0%
15 17% 17% 33% 0% 33%
22 17% 50% 0% 33% 0%
24 33% 17% 33% 17% 0%
28 50% 17% 0% 17% 17%

All experts stated that improvements needed to be made on the video especially spe-
cifically technical problems on the where several videos play simultaneously, interfer-
ing with the learning process. On average the experts gave a rating of 2.17; which expert
1 gave a scale of 4 (Critical usability problem) on sub-heuristic 15 i.e. related to video
handling. In terms of language, three experts found that the use of two languages; The
English and Malay language in the videos displayed were inconsistent and suggested
exclusive use of Malay.
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Apart from video, experts also stated that audio needs to be improved to make it
easier for users to better understand the content of the modules presented. Expert 2
stressed that the intonation of the narration and frequency should be consistent and
added that the volume of the background noise (music, sound effects, etc.) be lowered
so as not to disturb the voice of the narrator. Expert 3 also agreed that the narration was
unclear and needed improvement. Background noise and the voice of the narrator are
important to convey information effectively. A clear narrator’s voice makes it easier
for users to understand the information presented and good background noise can in-
fluence users ’interest in continuing learning [35].

Three out of six experts suggested that a search button should be placed on the in-
terface to give users the option to search for the desired topic without having to browse
the topics provided one by one. In addition, two experts argue that documentation or
usage instructions should be provided if users need a reference.

5 Conclusion and future research

In line with 4IR in the field of education, this study adapted teaching methods from
emerging technological developments. Studies relating to the use of Augmented Reality
(AR) technology and gamification technology is an innovative effort that can improve
the user experience and student engagement, especially for the subject of Biology [36].
The study resulted with the M-BioP mobile application that combined elements of gam-
ing or gamification with the latest AR technology. Applications were tested for inter-
face usability through heuristic checks by interface design experts. Application inspec-
tion results can be improved. This application makes learning interesting and interac-
tive which in turn provide interesting learning experience that improves the level of
understanding and academic results of students. Nowadays, teaching staff are not the
sole communicators of information to students. Therefore, instructors need to adapt
new teaching methods in accordance with the rapid development of technology in order
to provide new generations with creative, innovative as well as competent use of tech-
nology to meet the challenges of the latest revolution. In the future, an evaluation of m-
BioP will be carried out involving Biology students and teachers. Their feedbacks are
important to validate the learning experience model.
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