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Abstract. The purpose of this study was to develop online learning based on
augmented reality (AR) technology related to environmental pollution and its
effect on the mental model of students of the Chemistry Education Study Pro-
gram, FKIP University of Mataram. The results of this study are expected as a
first step to produce graduates who have a complete mental model, so that they are
able to analyze the problem of environmental pollution in everyday life in detail.
This research develops augmented reality-based online learning media using 4D
design (Define, Design, Develop, Disseminate). The media that has been devel-
oped is tested for validation by four validators. In addition, an effectiveness test
was also conducted through a field test. The effectiveness test was carried out
using a quasi-experimental method with a pre-test and post-test one group design.
Collecting data with a mental model description test that includes three levels of
representation in chemistry, namely macroscopic, submicroscopic, and symbolic.
Mental model tests were carried out before and after using AR media. Mental
model data are analyzed using t-test. In addition, the data collection method also
uses questionnaire to measure practicality of the product. The product is valid,
practical, and effective with a validity score of 0.81, a practicality score of 84.39%.
The product can develop students’ mental models from initial type to scientific
category. Based on the t test, AR media can significantly improve students’ mental
models with a significance value of 0.03.
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1 Introduction

In studying chemistry, students are required to have the ability to relate three levels of
chemical representation, namely macroscopic, submicroscopic, and symbolic [1]. This is
because complete chemistry must be studied through these three levels of representation.
The ability to represent the three levels of representation is termed a mental model [2].
A mental model is a representation of ideas in a person’s mind that is used to explain
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a phenomenon. Every chemical phenomenon that occurs in life can be explained using
three levels of representation [3, 4].

Vosniadou & Brewer [5] stated that students’ mental models can be categorized into
three types, namely initial models, synthetic models, and scientific models. The initial
model is a perception that is not in accordance with scientific knowledge. Synthetic
models are perceptions that are partially incompatible with scientific knowledge. The
scientific model is a perception that is in accordance with scientific knowledge.

Based on the results of previous research conducted by Supriadi, and co-workers
[4, 6], most still need higher mental models (initials) in explaining phenomena at the
submicroscopic level, and there are no students who have developed scientific mental
models. They only explain the process of chemical reactions occurring at the macroscopic
and symbolic levels. In addition, in the student’s mental model, there are pre-concepts
that can cause misconceptions or alternative conceptions [7]. This student’s mental model
is the cause of their low learning outcomes in each course.

Based on observations, the low mental model of students is due to learning in the
Chemistry Education study program at the University of Mataram that that still needs
to connect between macroscopic and submicroscopic representations. When studying
the submicroscopic level, students do not relate it to the macroscopic level, and vice
versa. When studying the macroscopic level (laboratory exercise), students do not relate
it to the submicroscopic level. This causes students’ mental models to be low and their
understanding of the material incomplete. To overcome the low mental model of students,
it is necessary to develop learning that connects the three levels of representation.

Three levels of representation can be visualized using modeling. According to Coll &
Treagust [8] chemistry learning can take place effectively if using modeling. There are
three important goals in chemical modeling, namely to create a simple form of an object
or concept, to provide stimulation in the formation of concepts during learning, thus
supporting the visualization of a phenomenon, and to provide an explanation of scientific
phenomena. One of the lessons that can be developed to model chemistry is learning
that uses augmented reality (AR) media. Behmke and co-workers stated that Augmented
reality-assisted learning can improve students’ mental models [9].

Ovens and co-workers explain that augmented reality technology is very good for
modeling the submicroscopic level of a substance so that it can connect the three levels
of representation [10]. This technology works based on image detection (image), and the
image used is a marker [11, 12]. The image can be a macroscopic level of a substance,
then the detection results will bring up the chemical formula and molecular shape of
the compounds present in the substance [13]. AR technology can be used as distance
learning if conditions do not allow for face-to-face learning [14].

The current pandemic condition causes learning to be carried out online to avoid
transmission of the coronavirus, so AR media must be used online. AR media can be
integrated with online learning developed by the ministry of education, namely SPADA
(Online Learning System). The media is very suitable for online learning [15]. AR media
which is integrated with the ministry of education SPADA can be used to teach students
from other universities in order to support the implementation of the MBKM program.
Learning media like this have yet to be widely developed in Indonesia.
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One of the topics that require augmented reality media in online learning is the
topic of environmental pollution. Students must know how a substance pollutes the
environment so that they are able to find solutions to overcome them. Students must
have a representation at the particulate level of substances that cause environmental
pollution and relate it to the macroscopic level [16]. Based on observations, students do
not yet have a submicroscopic picture of contaminants. Augmented reality media will
make it easier for students to imagine the submicroscopic level of a pollutant.

Therefore, researchers are interested in developing online learning media based on
augmented reality technology on the topic of environmental pollution and its effect on
the mental model of students of the Chemistry Education Study Program, University
of Mataram. This study aims to develop an online learning media based on augmented
reality technology on the topic of environmental pollution that is valid, effective and
practical.

2 Materials and Methods

This is a development research with a 4D development model (define, design, devel-
opment and dissemination). This research will develop AR-based learning on the topic
of environmental pollution. At the field trial stage, the quasi-experimental method will
be used with the research design of one group pre-test post-test design. This study used
79 students who took environmental chemistry courses in 2021. Students were given
pre-test and post-test. The pre-test and post-test used an instrument in the form of a
description test that measured mental models and interview guidelines.

The development of AR-based learning media in this study refers to the 4D model.
The definition stage is a stage that aims to determine and define the learning requirements.
Several activities at the definition stage are initial analysis, student analysis, task analysis,
concept analysis, and formulating learning objectives. The design stage is the stage that
aims to prepare drafts of AR-based online learning media. The development stage is
the stage that aims to produce AR-based online learning that has been revised based on
input from experts in the field of chemistry education.

In the development stage, field trials were carried out on odd-semester students for the
2021/2022 academic year at the Chemistry Education Study Program, FKIP, University
of Mataram. This test will see the effectiveness of AR-based learning through students’
mental models.

The research instruments used to collect data were feasibility validation sheets by
experts, practicality questionnaires, and mental model test instruments. The developed
AR media was tested for feasibility by 3 experts, consisting of material experts, lin-
guists, and presentation experts where the results of this assessment were used as the
basis for determining the feasibility level of the learning developed. The practicality
questionnaire was used to determine student responses to AR media on environmental
pollution materials. The mental model test instrument was used to determine the effec-
tiveness of AR-based learning on the topic of environmental pollution which contained
two description questions.

The data from the assessment of the feasibility of augmented reality-based learning
products were analyzed descriptively. Determination of the level of validity and product
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Table 1. Decision category based on kappa moment

Interval Kriteria Validitas

0.81-1.00 Very valid, can be used without revision

0.61-0.80 valid, can be used but need very small revision

0.41-0.60 quite valid, can be used but needs minor revision

0.21-0.40 less valid, it is not recommended to use because of major revisions
0.01-0.02 very less valid, should not be used

0.00 invalid, should not be used

Source: [17]

Table 2. Practicality category

No Percentage range Category

1 80% < x < 100% Very practical
2 60% < x < 80% Practical

3 40% < x < 60% Quite practical
4 20% < x <40% Less practical
5 0% < x <20% Impractical

revision is determined using the Kappa Cohen formula, which is to determine the level
of agreement from at least 2 validators [17]. The product validity criteria based on the
kappa moment are given in Table 1.

Practicality and effectiveness tests were carried out at the field test stage. Practicality
test was collected using a Likert scale questionnaire modified by Riduwan [18]. Practi-
cality data obtained in the form of a percentage of the questionnaire score. The rubric
of practicality criteria is given in Table 2. The effectiveness test was carried out using a
quasi-experimental method with a pre-test and post-test one group design. Mental model
test was given to 78 students before and after learning using augmented reality (AR)
media. Students’ mental models are determined using the rubric in Table 3. The data
obtained were analyzed descriptively and used the t test.

3 Results and Discussion

In this study, a four-stage 4D development model was used. A 4D model was also
used to describe the creation of the augmented reality app. To identify and specify
requirements, the augmented reality app development process’ needs analysis step was
used. This stage includes the phases of the initial analysis, learner analysis, task analysis,
concept analysis, and objective learning analysis. At this point, a discussion on the student
learning report and the instructional material utilized thus far took place in an interview
with two chemistry lecturers and a few students of University of Mataram.
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Table 3. Student mental model rubric

Mental model category | Rubric

Initial model All answers contain non-scientific descriptions and do not extend to
the submicroscopic level

Synthetic model Some of the answers are scientific and reach the submicroscopic level

Scientific model Draw all components from scientific imaging to submicroscopic level

Source: [19]

Environmental chemistry has a connection to life. The environmental chemistry
subject requires students to use real-life examples. The real-life examples are pollutants
and natural resources. Pollutants and natural resources are two examples from the actual
world. They must comprehend the three ways in which pollution and other environmental
toxins are represented. To explain the three levels of representation is still unproductive
and inefficient since learning media has never before used the term augmented reality.
These factors make it vital to create augmented reality-based environmental chemistry
learning materials in order to improve the learning experience [20]. The University of
Mataram has the necessary infrastructure for using augmented reality applications. Addi-
tionally, every student owns at least one Android phone, which is particularly beneficial
for using augmented reality apps during the learning process. The learner analysis fol-
lows, and it reveals that students were unable to make connections between the three
levels of representation. The three levels of representation were not connected in the
learning they received, which is why. The majority of student learning did not involve
augmented reality media. To connect the three levels of representation—macroscopic,
symbolic, and submicroscopic—they require augmented reality media [21]. Although
there aren’t many augmented reality learning resources, they will be crucial throughout
the epidemic. The vast majority of students have never used augmented reality. Next,
either individually or in groups, is the task analysis for the materials in the augmented
reality app. The concept analysis that follows aims to identify the most crucial learn-
ing material and arrange it so that it can be included in an augmented reality app. The
analysis of learning objectives, which is the stage’s last step, aims to identify the compe-
tencies and learning accomplishment indicators that students must attain. The analysis
of learning objectives, which has the aim of determining competency and indicators of
learning achievement that students must achieve, is the last stage in this stage.

The design phase, which comes after the first, is where researchers choose an aug-
mented reality multimedia design. Researchers mention the use of several programs,
including Android, Unity, Blender, Vuforia, and Blender, in the creation of augmented
reality apps. The researchers next determined the best media to use for disseminating
the knowledge, which will be presented in the media as a multimodal learning experi-
ence, whether it be in the form of images, text, audio, or video. In order to manufacture
the necessary components, researchers first take pictures of waste in a beaker to use
as markers, then use the blender program to create molecular animations. Then, utiliz-
ing Unity software and the fuvoria website, the production step of augmented reality
multimedia development was carried out. The app was created as a linear sequence of
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Navigation
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Fig. 1. Screenshot of the features of the app

CARA PENGCUNAAN APLIKASI ARID

Fig. 2. User guide

discrete learning modules that users could explore using navigation controls and included
three-dimensional animations and written explanations. This strategy was chosen since
it is simple to produce and apply. The researcher additionally creates a questionnaire
instrument at this step to evaluate the expertise of the design/media expert and the
material/content expert (Figs. 1, 2, and 3).

The development stage is the third stage. A media expert and a material expert
evaluated the educational medium they had created. Product development trials utilize
individual trials, small group trials, and outdoor testing. Researchers modify augmented
reality multimedia to correspond to the set specifications using the findings of expert
validation and development trials.
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OESKRIPSI

Fig. 3. Screenshot of Augmented Reality view with marker and its description

The stage that comes after is distribution. Because of time restrictions, researchers
only complete the third stage, which is the creation of an augmented reality multimedia
product.

Using the Kappa Cohen method, the app product’s validation by four experts was
examined. With a Kappa moment value of 0.81 and very valid criteria, it was determined
that revision was not required.

Further, 79 fifth-semester students from the Chemistry Education Department at the
University of Mataram participated in the Field Trial. The development of augmented
reality media was used to instruct students. By measuring students’ mental models
both before and after using the products for learning and by having them complete
questionnaires about practicality, field tests were done to ascertain the efficacy and
viability of augmented reality application products. Students are instructed to sketch the
molecular components of both liquid and gaseous pollution.

Effectiveness is seen from the changes in the types of students’ mental models before
and after learning using products that have been developed. There are three types of
mental models, namely initial, synthetic, and scientific. Based on pre-test and post-test
data, many students experienced an increase from initials to synthetic or scientific. In
addition, there is also an increase from synthetic to scientific. Based on data analysis,
it was found that there was an increase in the percentage of students who developed
synthetic and scientific mental models, while the percentage of students who developed
initial mental models decreased. The data on the change in the percentage of students’
mental models can be seen in Fig. 4.

Based on Fig. 4, it can be seen that there was a decrease in the percentage of students
who developed initial mental models from 71% to 35%, while the percentage of students
who developed synthetic mental models increased from 29% to 43%. In addition, the
percentage of students who developed a scientific mental model also increased, from
none to 22%. In this study, there were students who developed a scientific mental model.
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Change of Students Mental Model

I

inisial synthetic scientific

initial scientific

Fig. 5. An example of changing a student’s mental model from initial to scientific

This is different from the results of previous studies, which stated that there were no
students of Chemistry Education at the University of Mataram who had developed a
scientific mental model even though it was in the final semester [4, 6]. The results of
the t test showed that the developed AR media could improve students’ mental models
with a significance value of 0.03. It can be concluded that the use of augmented reality
application products in online learning is effective in improving students’ mental mod-
els. Changes in the description of the mental model of students can be seen in Fig. 5.
Before learning, all students considered sulfuric acid (H2SO4) and nitric acid (HNO3z)
not ionized in water. The development of AR technology makes it easier for students
because they can find a different atmosphere when learning, such as visualization in 3D
format [21]. The media can help students to see particulate (submicroscopic) level of
substances [22].

Some students do not experience an increase in mental models because they have a
difficulty in installing augmented reality applications. Due to the pandemic conditions,
researchers were unable to assist in the installation process.

In addition to the effectiveness test, a practicality test was also carried out by filling
out response questionnaires for students and lecturers. An augmented reality media of
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environmental pollution that is developed is included in the very practical category with
an average percentage of the practicality of 84.39%.

4 Conclusion

We have already explained the process of developing an environmental pollution AR
app product. The product is valid, effective, and practical with a validity score of 0.81,
and a practicality score of 84.39%. The product can develop students’ mental models
from initial type to scientific category. Based on the t test, AR media can significantly
improve students’ mental models. For further research, the comparison of learning using
AR with learning without AR will be investigated.
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