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Abstract—Augmented reality is one of the technologies that will impact teaching and learning. When augmented reality is applied in
an educational setting, it can provide a superior learning environment because educators can add specific virtual information to
enrich the existing learning materials or to create new learning materials that integrate the environment. Therefore, discussions on
augmented reality applications for learning can be vastly found in the literature. Each application utilizes the resources available by
using approaches appropriate for the learning outcome in question. The key problem with achieving learning outcome in analyzing
group one elements in a periodic table is that some students have difficulties in visualizing an atom and what more to relate them with
reactivity. The objective of this paper aims to design and develop a learning application that supports science, technology,
engineering, and mathematics (STEM) education based on guided discovery learning to assist the students through questions based
on exposure to various evidence via augmented reality. This application incorporates the use of a 3D model of atoms and video of real
experiments. Action research is used to solve an existing problem in a selected school. The application was evaluated by 25 students
aged 16 years in a secondary school in Malaysia and has proven to be useful to improve the students’ marks in tests conducted at the
end of the application usage. The students can get many benefits from using the augmented reality based application because it
supports Education 4.0 like flexibility in teaching and learning where learning is freed for the limitation of time, place, and pace of
study.
Keywords— augmented reality; inquiry-based learning; periodic table; chemistry; STEM education.

the identification of halal products [12], support the
translation of printed texts [13], support assembly tasks [14]
and also works best as the solution to replace the
conventional approach in learning [15]. The utilization of
AR in learning as reported in [15], for instance, has
effectively resulted in enhancing the enjoyment during the
lesson while at the same time raising the level of
engagement among the students [16]-[18]. As an example, in
learning computer organization, mobile AR is applied to
acquire knowledge on complex materials such as central
processing unit (CPU) [19], but the contextual relationships
among virtual and real objects need to be considered
deliberately to support the understanding of complex
phenomena.
Although AR has been reported to be useful for learning
abstract and complex concept [11]-[20], the complexity of
the learning materials, however, presents challenges for apps
developer to design a practical application based on AR or
mobile AR (MAR). In such situation, the key problem with
creating an advantageous application to learn complex
materials is how to design the superimposition of virtual

I. INTRODUCTION
Among the most significant steps in developing mobile
augmented reality, (AR) application is to mix the elements
of reality in such a way that the reality is added with digital
information to be viewed on a mobile phone screen. Unlike
virtual reality, AR does not immerse the user entirely inside
a synthetic environment, but instead, it combines the virtual
objects via superimposing with real life to allow the user to
see the real world while using the digital application [1]. For
mobile AR, the composition between the virtual and real
object is viewed using the mobile phone screen using the
phone camera when an input is detected. To name a few, the
input can be an image target [2],[3] an object target [4] or
location [5],[6]. The interaction in the AR environment can
also be added with speech [7],[8] gesture [9] or a
combination of both [10].
Based on the fact that AR can be used to combine virtual
and real information. It is not only adequate for
demonstration of spatial and temporal concepts [11], but it
can also be used in other implementation such as to support
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information over real objects in order to ensure the
beneficial interaction of users with the content that leads to
active learning. Some existing approaches addressed the
problem [21]-[23]. However, at current, there are still
minimal studies conducted in regards to learning group one
element in a periodic table using a learning theory.
Form four students in Malaysia learn the topic of the
periodic table in chemistry subject in Topic 4.3 that
specifically analyze group one elements which include
lithium (Li), sodium (Na) and potassium (K). In retrospect,
the topic is interesting but the experiment to investigate the
chemical properties of the metal in the topic cannot be done
by students because of the reactivity of the metals.
Unfortunately, this situation contributes to failure in exams
related to this topic as the students find it difficult to relate
the chemical properties of group one elements, which cause
them to be weak in explaining the reactivity of the elements.
The above circumstances together with wrong interpretation
about the structure of an atom have led to difficulty in
raising the students’ engagement in gaining knowledge on
the topic. Regrettably, all these cause the decrease in the
students’ test score.
Due to the awareness of situation mentioned above, some
approaches have been developed to enhance the learning
process of the periodic table, including using educational
games [24], QR code [25] and AR [26]. For instance, the
usage of card games as educational games to learn periodic
table received positive feedbacks regarding facilitating the
students’ learning about the periodic table. More advanced
development to the approaches was also done by adding
more multimedia element to the periodic table, whereby
audio had been added to the periodic table via the usage of
QR code [25]. However, there are drawbacks in learning
using QR code because it lacks an immersive environment.
Based on these evolutions in applications advancement, the
use of AR is seen as a viable option because the periodic
table can now be mixed with 3D models to give immersive
experience by surrounding the learning object with digital
information. Remarkably, based on a study by [26], the
implementation of AR has changed the attitude of students
positively, which resulted in the improvement in their grades.
AR does not only provide an immersive experience, but it
also has the potential to facilitate complex learning.
However, in order to attain that, the goal to facilitate the
complex learning can only be achieved if only the platform
that supports the learning is understood and carried out
totally [22]. As demonstrated in a research conducted by [27]
in learning the basic principles of electricity, an AR-based
application was proven to be a useful learning tool by using
it as a simulator to support discovery learning.
To ensure that students gain adequate information on
specific subjects, the discovery of new knowledge is the
ultimate goal in using an AR application, but how to design
a mobile app that expertly guides the students to obtain
discovery learning should be investigated. Therefore, the
objective of this study is to develop a new MAR application
based on guided discovery learning for a periodic table. The
aim of this research is to demonstrate that the usage of MAR
is effective in improving students’ performance in learning
chemistry topics, specifically the group one element in the
periodic table by using guided discovery learning.
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II. MATERIAL AND METHOD
The research design of this study uses the approach of
action research as explained below:
A. Steps in Action Research
The main steps involved in the action research according
to the Somekh model [28].
1) Problem Identification: At current, the students'
existing knowledge of the atom is inconsistent with the
theory. Most of the students imagine that the atom is a
rounded particle whereas, in fact, the shape of the atom is
something that has a nucleus and an electron-filled gas. In
cases such as this, teachers are in the position to correct the
misunderstandings about the atom. Apart from the
knowledge on the shape, the student should understand that
reactivity of group one (alkali metal) is influenced by atomic
size. However, the students are found to be unable to
elaborate the reactivity of group one elements with atomic
size, as the students cannot imagine the electron arrangement
diagram for the group one elements. In order to do so, the
students should first draw the arrangement of elements,
which normally consume the time taken during a class.
Other than that, it was also observed that the students were
not able to memorize the observation of the metal reacts with
water. This is because they did not experiment themselves.
Furthermore, the reaction was so fast that the resulting flame
color could not be carefully observed. In summary, the
problems faced by the students in the current situation are; it
is hard to relate between the chemical properties of group
one elements with electron arrangement and difficult to
describe the reactivity of this group.
2) Data Collection: The study was conducted at SMK
Taman Nusa Jaya consisting of 25 students aged 16 years as
participants of this research. There were altogether 6 male
students and 19 female students of form four who study the
subject of Pure Chemistry in their class. A pre-test was
conducted on the students who had problems in answering
questions related to group one reactivity. In action research,
data can be collected using four methods, which are
observation, interview, pre-test, and questionnaire. In this
research, students were given a pre-test in order to identify
the main understanding of the students towards the main
topic. Before the pre-test, all of the students involved had
learned the topics in order to provide an unbiased evaluation
of their understanding of the subject.
3) Data Analysis: The collected data from the pre-test
were evaluated based on the scores achieved by students.
The analysis aims to identify the current understanding of
the students toward the selected topic. The analysis helped to
make the problem clearer based on the identified evidence.
4) Planning Action Plan: Based on the analysis of the
collected data, action plan is then created in order to solve
the problem. In specific, this research’s primary action is to
develop a new mobile application called AR Kimia Kit. This
study focuses on the effectiveness of using the AR Kimia Kit
in learning and facilitating the class, in which the AR Kimia
Kit is used to describe the chemical properties for group one
metal with a captivating and interactive approach. In this
research, the application allows the students to experience

the electron arrangement diagram of the Li, Na and K atoms
directly in front of their eyes. Other than that, they can also
scale the 3D models of the electron by merely using the
touchscreen of the mobile phone to react with the 3D models.
Unlike the conventional method of teaching through books
and notes, now the students can see the experiments of each
metal independently by viewing experimental videos
repeatedly according to their demand. By allowing them to
do so, eventually, the students could feel and understand
through the experimental videos. The students could now
conclude that group one metal reactivity increases as the
group decreases. Lastly, to assess the level of understanding
of the students on the subject, the AR Kimia Kit also
provides interactive questions to be answered by the students.
The design of the AR Kimia Kit is further explained in
Section B.
5) Implement Action Plan: This step discusses about
implementing teaching and learning using MAR application,
namely the AR Kimia Kit. In the first activity, the students
were divided into a group of three people. The students were
then required to use the YES phone (phone provided to
public schools in Malaysia) to scan the provided learning
object. The steps in using the application are given below:
Install a downloadable application from https://ar-kimiakit.en.aptoide.com. After the installation, click the icon in
Figure 1.

In the second activity, students are required to answer
questions in the AR Kimia Kit quickly. As shown in Figure
3, a group of students was trying to get answers by scanning
associate markers to get digital information. If the students
give a wrong answer, a hint will be given. The students can
only proceed to the next question if they answer the given
question correctly.

Fig. 3 A group of students tried to answer a series of questions using
periodic table cards

6) Data Collection (Identify Changes): After the students
have used the application, a post-test was given to the
students. The results from the post-test were collected in
order to identify the changes of scores before and after using
the application.
7) Analysis and Evaluation: The data collected from the
pre-test and post-test were then analyzed. This stage is
important in order to identify whether the selected action
works to improve the current situation. The frequencies of
students who obtain grade A, B, C, D and E for both tests
were compared between the two cases. Both results reflect
the impact of using the proposed mobile application and
were used to plan the next action plan.

Fig. 1 Icon for the AR Kimia Kit in a mobile phone

After clicking the icon, the first user interface of the
application is as appeared in Figure 2. Click the Mula button
to start the activity.

8) Next Cycle: Based on the analysis and evaluation of
the results, the next cycle involves the improvement of
teaching and learning approach. The teaching plan might be
added according to the appropriate judgment of the situation,
for example adding the extra module in order to ensure the
students to obtain a better understanding of the subject and at
the same time improve their results.
B. The Design of AR Kimia Kit
With the aim of achieving more engagement in the
learning process and promote analytic learning, guided
discovery learning theory has been used as the learning
theory while designing the AR Kimia Kit application. Since
the main component of guided discovery learning is to
impose questions, the application consists of a set of
questions to be answered by the students. In order to
evaluate the students’ understanding of complex materials,
the questions were designed in such a way that need to be
answered based on the analysis of several resources.
Incorporating analytic learning into the application is done
by adding several evidence based on multi-targets using AR.

Fig. 2 The first screen for the AR Kimia Kit

The learning objects, which are the targets, are printed
because it will be used as markers for the second activity.
These markers are called as periodic table cards as shown in
Figure 3.
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By doing so, the application provides support to the students
who need to seek information from more than one resource.
Therefore, the learning process is eventually guided by using
a series of questions whereby the students are exposed to
various evidence using AR since each target adds virtual
information such as 3D model, images, or videos. For more
assistance in the learning process, also, the hints are given as
scaffolding if the selected answer is not yet correct. In short,
the AR Kimia Kit application is designed based on guided
discovery learning, where the learning process is guided
with the help of questions that allows students to be exposed
to various evidence while utilizing the AR application.
The primary architecture of the MAR application for
guided discovery learning is illustrated in Figure 4, which
consists of four main steps. The first step is to read the
questions where the students will start the discovery learning
by firstly understanding the question given in the initial page.
Two options are provided to answer the given question. In
order to answer the question, the student needs to proceed to
the second step. The second step is about using AR to
expose to various evidence. In this step, the students are
required to use some cards as targets (T1, T2, …, TN) for
the application to overlay virtual information (V1, V2, …,
VN). The evidence in this step is crucial in allowing the
students to select the correct answer for the current question.
After that, the next step, which is step three, is to select the
best answers based on the conclusions gathered from all of
the collected evidence. However, in cases where the selected
answers are incorrect, the students will be guided through
step 4 for scaffolding where hints for the questions will be
given.

introduction in using a single target, Part II for core topics
using multiple targets and Part III for exercises. The key
components for Part I are illustrated in Figure 5. In the
introduction phase demonstrated in this figure, questions are
organized for a single target only which intends to introduce
to the students the main idea for group one in a periodic
table.

Fig. 5 Introduction part using a single target with the image

After the introduction phase, the main elements in-group
one that is Li, Na, and K, are used as targets in the second
part as shown in Figure 6. During this phase, for the same
question that requires a comparison between the three said
elements, the visualization of complex material such as a 3D
model of an atom or real lab experiments is going to be
observed to which the analyses are expected to be made
based on more than one targets.

Fig. 6 Core material part using multiple targets with 3D models and videos

In addition, in the exercise part for the AR Kimia Kit, as
shown in Figure 7, multi-targets for the three elements are
used as options for answers. During this process, the student
should scan the selected target to be checked by the
application. An image of a right arrow is displayed if a
student selects the correct target. On the other hand, an
image of a wrong arrow is shown for an incorrect answer.

Fig. 4 Architecture of the MAR for guided discovery learning

Since the aim of this study is to provide the MAR guided
discovery learning for students to learn reactivity of group
one in the periodic table, three parts of learning materials
have been designed for the AR Kimia Kit. Part I as an

Fig. 7 Exercise part using multiple targets
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the tests are shown in Table 1. It can be observed that there
is an increase of frequency for grade A, B and C. For
example, in grade A score, there are 10 students who
managed to obtain A for the post-test compared to only one
student who scored A in the previous test during the pre-test
session. As seen in the table, there is also a decrease for
grade E, from 16 students during the pre-test to only one
student at the post-test stage.

The AR Kimia Kit was developed for the Android
platform using the Vuforia Augmented Reality
(https://developer.vuforia.com) combined with Unity 3D
(http://unity3d.com/). Vuforia was chosen to be used in this
application as it provides a library for AR and place to
upload associate markers related to the periodic table. The
user interfaces for Part I (Introduction) is shown in Figure
8(a). During this part, the single target is used where an
image that explains the three elements in-group one is
overlaid on top of the card. Figure 8(b) demonstrates the
user interface for Part II (Core Materials). Based on the
previous explanation, this user interface uses multiple targets
for 3D models. As can be seen in the figure, the students can
observe evidence from two cards. The videos for real
experiment are overlaid on top of the card based on multiple
targets as shown in Figure 9.

TABLE I
RESULTS FOR THE PRE-TEST AND POST-TEST

Grade
Pre-test
A (100 %-80%)
B (79%-65%)
C (64% - 50%)
D (49%-40%)
E (39% - 0%)

1
1
3
4
16

Frequency
Post-test

10
4
9
1
1

Figure 10 shows that the average student score has
increased from 4.25 to 8.08. Every student was found to
perform better after using the application although all of the
students who participated in this experiment have already
learned the topic in their class before using the application. It
is also observed that one student (student H in Figure 10)
who only obtain grade E even after the post-test at least
showed improvements and managed to gain an increase
regarding accumulated marks from 18 to 36. By using the
AR Kimia Kit application, the students have to make efforts
to learn the virtual information related to each element in
group one of the periodic table in order to give correct
answers. This leads to knowledge discovery and in the
fortunate event may help students in knowledge retention.
Visualizing the 3D model of each atom allows the
students to gain more understanding about the chemical
properties for group one metals. The improvement regarding
scores shows that complex materials can eventually be
learned by using a MAR application based on guided
discovery learning. This application considers the
differences in electron management for each element by
designing the application with multiple targets. The results
show that the consideration of the analytic learning with the
use of some questions can help to guide the students in
problem solving. This also supports the finding that MAR is
effective to be used in this situation because it provides an
immersive experience that combines real and virtual data to
help the learners visualize difficult material conditions [7].

(a)
(b)
Fig. 8 User interface for (a) Part I (Introduction) using single target for
image and (b) Part II (Core Materials) using multiple targets for 3D model

Fig. 9 User interface for Part II (Core Materials) using multiple targets
(Lithium) for experiment video

III. RESULT AND DISCUSSION
A. Pre-Test and Post-Test
Pre-test and post-test were conducted in this application to
assess the effectiveness of the AR Kimia Kit. The results for
Fig. 10 Comparison between pre and post-tests for 25 students

1498

can now be learned via mobile application based on AR that
supports multiple pieces of evidence. This AR Kimia Kit
application is seen as an essential role in assisting the teacher
in engaging students in learning hard materials in chemistry.
The combination of virtual and real data can spark the
excitement of the students to stay focus allowing them to
engage in discovering knowledge by answering a series of
questions given in the application. This application has
shown positive responses from the students and has
improved their scores on the topic. This demonstrates
another example of the positive impact of MAR based
applications. Educators are keen to look forward towards a
future that increases AR usage in the education in the hope
that this technology can enrich the learning environment. It
is indeed a challenge for all educators to transform their
learning materials that suit the current generation who prefer
visualization in order to understand the topic of study.

B. Satisfaction Factor
The satisfaction level of the students in this experiment
was positive. As shown in Table 2, 100 percent of students
provided the answer “Yes” on all of the items in the
questionnaire given to them. This shows that students were
satisfied in using the AR Kimia Kit in which they hope it can
be applied to other subtopics. After the completion of the
experiment, the students also asked their teacher to allow
them to do the exercise on the topic given using the AR
Kimia Kit at home, which subsequently leads to flexibility
learning where learning is freed for the limitation of time,
place, and pace of study. This also supports the finding that
AR helps to encourage positive learning and enhance the
student’s motivation towards gaining knowledge [28]-[29].
As can be seen in Figure 11, a group of students was
engaged in a discussion while solving a problem. Discussion
as such can encourage students to learn and experience
various ways of learning.
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