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ABSTRACT

Education in today's era needs new methods that can teach the subject in
less time and with more depth. The aim of the present study was to
investigate the effectiveness of augmented reality education on learning and
retention of chemistry lesson. The statistical population of the present
study included all female students of the 11th grade of secondary school in
Arak city in the academic year of 2022-2023, which were randomly selected
from two schools, and the method of replacing classes in the experimental
and control groups was random. The number of people in two classes was
59 subjects, 30 subjects were in the experimental group and 29 subjects
were in the control group. Accordingly, the research design was a pre-test-
post-test design with a control group. Two tests were used to measure the
learning and retention of the subjects. It should be mentioned that
Elements 4D augmented reality software was used to teach the
composition of chemical elements. In order to analyze the research data,
descriptive statistics indicators (prevalence, mean, standard deviation) were
used, and covariance analysis and repeated measurement tests were used to
check the hypotheses. The findings showed that the learning and retention
of the augmented reality group was significantly higher than the group that
was trained by the traditional method (p>0.05). According to the findings,
it can be concluded that the correct use of augmented reality in the learning
environment allows users to learn more effectively and forget less.
Therefore, it is recommended to use the potential of this technology in
teaching different subjects.
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Introduction

The information age has transformed many areas of life (Foroghinia and Seyed
Mirzapour, 2014). One of the most important areas in which the influence of
technology is undeniable is the education sector. The rapid advancement of
technology has brought about new developments in education. The occurrence
of progress begs the question whether these technologies might work or not.
Augmented reality is one of the new technologies that have been widely used
and there are concerns about its efficiency.

The term augmented reality was first proposed by Thomas Kadel in 1991 at
the Boeing Company. Augmented reality is a new interactive method that adds
a virtual object (it can be a text or a two-dimensional image or a three-
dimensional model) to the real-time image (Benbelkasem et al., 2011).

The three main features of an augmented reality system are: 1- combining the
real and virtual worlds, 2- interactivity in the real world, 3- recording and
showing in three dimensions (Van Krevelen & Poelman, 2010). Today, many
augmented reality applications are available on smartphones. Augmented reality
based on mobile phones offers valuable educational opportunities and
significantly improves the learning environment and increases the attractiveness
of the learning process.

Chemistry education should be based on observation and experience; it
creates a sense of curiosity for learning more in the learner and provides more
concrete views and attitudes toward chemistry. In addition, familiarizing the
learner with practical techniques will create creativity and practical skills in him
(Ahmadi and Khodayi, 2019).

School curricula are usually presented in classrooms or lecture halls, which
form a large part of students' learning experiences (McCaskey et al., 2005;
Ganguly, 2010). The lack of time in classes makes teachers present intensive
content and knowledge in a short time, and this causes difficulties for students
to understand subjects and transfer new pieces of information and knowledge
to their long-term memory (Ganguly, 2010).

In order to integrate augmented reality technology in the fields of education
and to check its effectiveness, experimental research is needed. Based on this,
augmented reality programs should be investigated in different fields and levels
of education. Therefore, the aim of the current research was to investigate the
effect of augmented reality on learning, memorization in the chemistry lesson of
11th grade female students of Arak Secondary School in the academic year 2022.
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Literature Review

The results of the research of Gharibi et al. (2019) in their research entitled the
effect of augmented reality training on learning, memorization and cognitive
load in the biology course showed that the learning and retention of the
augmented reality group were significantly higher than the group that was trained
in the traditional method were trained Other findings indicated a significant
decrease in the cognitive load of the augmented reality group compared to the
control group. According to the findings, it can be concluded that the correct
use of augmented reality in the learning environment allows users to learn more
effectively and forget less. Therefore, it is recommended to use the potential of
this technology in teaching different subjects.

Lah et al (2024) in research titled Mobile Augmented Reality in Chemistry
Learning: An Evaluation of Science Discovery showed that Augmented Reality
is a powerful tool that can be used in both teaching and learning and can
motivate students in learning and considering its positive effects in promoting
interactive learning, increasing students' interest in learning, increasing students'
progress in learning, and improving the quality of teaching and learning, it has a
high potential to improve learning in secondary school.

Some research showed that augmented reality is useful for effective learning
of phenomena that cannot be accessed by students in the real world, such as
mechanical machines, astronomy, or the spatial configuration of human organs;
Either they cannot be seen without a specialized device, or abstract subjects of
geometric shapes, chemical structures, are very fruitful (Chen et al., 2017, Maro
et al., 2017).

Heinz, Bittner & Rocker (2019) used augmented reality in research to
familiarize users with the performance of complex automatic industrial systems;
The result of their research showed that the application of augmented reality
provides a better understanding and experience of automatic systems.

The research conducted in relation to augmented reality on the one hand
shows that its use in educational systems is conceivable in terms of achieving
goals, and on the other hand, the lack of studies related to the results of the
application of this technology in pre-university education courses.

Methodology

The method of the present research was semi-experimental. The statistical
population of the present study included all female students of the 11th grade of
secondary school in the city of Arak in the academic year of 2021-2022, which
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were randomly selected from two schools, and the method of replacing classes
in the experimental and control groups was random. The number of people in
two classes was 59 subjects, 30 subjects were in the experimental group and 29
subjects were in the control group. Accordingly, the research design was a pre-
test-post-test design with a control group. Two tests were used to measure the
learning and memorization of the subjects. These tests covered the content
presented in the educational program. The second post-test (retention) was
parallel in terms of the number, concepts and levels of learning with the
questions of the first post-test (learning) in order to minimize the effect of
practice and transfer from the immediate test (learning) to the delayed test
(retention). The week after the learning test, this test was taken. In order to check
the validity and reliability of the post-test, after the preparation of the post-test
questions, in order to eliminate possible deficiencies and problems, the questions
were given to two chemistry experts (two experienced teachers in this field). And
after correcting the existing problems, the test questions were approved by them.
And to determine the reliability of the questions, the internal reliability method
(Cronbach's alpha) was used and its reliability coefficient was 0.79. Also,
Elements 4D augmented reality software was used to teach the composition of
chemical elements. In order to analyze the research data, descriptive statistics
indices (frequency, mean and standard deviation) were used, and covariance
analysis and repeated measurement tests were used to examine the hypotheses.

Conclusion

The present study was conducted with the aim of investigating the effect of
augmented reality on the learning and retention of students in the 11th grade
chemistry lesson. The results of the hypotheses test showed that there was a
significant difference between the learning rate of the students who were trained
with the augmented reality method and the traditional method, and the learning
rate of the students in the augmented reality group was more than that of the
traditional group.

It seems that one of the factors that makes the augmented reality method
superior to other methods is having advantages such as stimulating students to
learn and increasing students' motivation and engaging students in learning
topics that they cannot learn for the first time. To experience the real world,
increasing cooperation between students and teachers, as well as increasing
cooperation between students, increases the power of creativity and imagination
in students. Also, augmented reality learning environments give students an
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opportunity to see two-dimensional objects in three dimensions in the real
environment (Wu et al, 2013, Cheng and Tsai, 2012). The integration of
augmented reality with the real environment provides a new level of experience
for learners, especially in areas where there may be limitations for learning certain
subjects. Sensory experience and interaction with the environment in real time
can provide learning satisfaction and enable students to structure their
knowledge and complete learning tasks (Albrecht, Folta-Schoofs, Behrends, &
Von Jan, 2013).

Also, another finding of this research showed that using the augmented
reality method in the chemistry lesson had a positive effect on the memorization
rate. In other words, the experimental group had less forgetfulness than the
control group. This research finding is consistent with the research result
(Kigtk, Kapakin, & Goktas, 2016). What seems to be related to this result is
that teaching chemistry through augmented reality programs leads to a more
objective presentation of concepts and processes to the learner and increases
their attention to the learning topic (Acosta et al., 2019). Therefore, students will
understand the relationships between phenomena much more easily, and as a
result, more durable learning will be achieved, which will stabilize learning and
increase the permanence of learned concepts. Augmented reality also enables
learners to analyze objects from different perspectives and learn through
experience. In this way, a more permanent and effective learning occurs with
more active students.

Some of the most important limitations of the present study included the
failure to generalize the results to other courses and levels of education and the
failure to control some disturbing variables such as the amount of study and
effort to learn in the two groups. In the end, according to the findings of the
research, some suggestions are made: considering the high potential of
augmented reality technologies, taking into account the fact that many teachers
and students have access to smart phones, and creating new learning
opportunities By using these new technologies, we should provide them with
appropriate training courses to introduce teachers to the use of these
technologies in education, prepatre and produce appropriate educational content
for each lesson using augmented reality technologies. Also, according to the
findings of the research, it is suggested that considering the fact that this research
was done in the chemistry lesson, it should be done in other courses as well. The
feasibility of using new technologies of augmented reality in education should
be done at the national level and the effectiveness of the augmented reality
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method should be done in research with other variables such as academic
motivation, academic vitality, etc.
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