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Abstract

This research aims to: create instructional media on the basic anatomy of animals with
augmented reality technology 2) use teaching materials in biology instead of laboratory animals
3) assess learners' satisfaction with teaching materials. The study sample was Rajamangala
University of Technology Srivijaya students studying biology in the 2022 academic year. It was
divided into a control group of 26 people and a 24-person experimental group, randomly at
convenience sampling. Tools used in this study include 1) lesson plan incorporating the use of
instructional media 2) instructional media on the basic anatomy of animals with augmented reality
technology, 3) pre-test and post-test 4) satisfaction assessment form.

The results showed that the experimental and control groups had highly significant
differences in pre-and post-test scores (p = 0.00). The experimental and control groups had
difference scores of 12.31+3.84 and 7.58+5.42, respectively. There were highly significant
differences in scores when compared between the experimental and control groups in the case
of post-test scores and pre-and post-test difference scores (p = 0.00). The average post-test scores
of the experimental and control groups were 20.10+2.96 and 13.92+4.04, respectively. The
differences between the pre-and post-test scores of the experimental and control groups were
12.31+3.84 and 7.58+5.42, respectively. In addition, students were satisfied with the learning
materials (4.96 + 0.04). The basic anatomy of animal instructional media with augmented reality
technology attracts learners well and is appropriate for the current situation. However, there was
a limitation to this instruction media in terms of its usability by some mobile devices that do not

support augmented reality technology applications.

Keywords: Instructional media, biology, basic animal anatomy and Augmented reality technology

Introduction

Learning is a basic cognitive activity that occurs throughout a lifetime and affects both
mental and social development (Holzinger et al., 2005). Even though the world is three-
dimensional, teachers tend to choose two-dimensional media when teaching. The usage of virtual
technology made it easier and quicker to acquire the lesson since it helped spread and promote

learning (Aivelo & Uitto, 2016; Nuanmeesri et al., 2019). Augmented Reality (AR) technology plays
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a major role in education as it enables students to view the real world with digital information
(Azuma, 2001). Therefore, a new category of automated applications is created to improve the
efficiency of teaching and learning in realistic situations since it can excite and inspire students
(Budiman, 2016; Kesim & Ozarslan, 2012). The development of mobile augmented reality has a
huge opportunity for teaching and learning because learners can have better access to the
material regardless of place and time. AR technology leads to flexible learning, particularly in
higher education. (Jamali et al., 2015). Although this technology is not new, the potential influence
of augmented reality to enhance student learning has been the subject of a sizable number of
research investigations (e.g., Budiman, 2016; Jamali et al., 2015; Santos et al., 2016; Weng et al.,
2019). The application of AR technology can raise students' academic performance as well as
encourage them to develop categorization and observational abilities. It also engages learners by
using real examples in learning abstract and confusing concepts (Chang et al., 2013; Suwancharas,
2016; Yapici & Karakoyun, 2021). For educators and technology developers interested in enhancing
young children's minds with cutting-edge technologies, these several research initiatives can offer
important information (Radu, 2014). Moreover, the qualities of AR technology help students
understand difficult subjects, especially the subject of animal anatomy (Shelton & Hedley, 2002;
Weng et al., 2019). Animal body structure and internal organ systems are exposed as part of this
course's practical dissection laboratory component, which entails learning about animal anatomy.
Filled with complicated and technical jargons, the original teaching tool for this lesson was a live
or fixative-treated frog. The primary goal of employing augmented reality technology in teaching
materials for fundamental animal anatomy course is to allow students to visualize virtual reality
using augmented reality technology rather than real animals in line with the subject of
responsibility for considering options that is covered in "Ethics and Experiments on Animals'

(National Research Ethics Committees, 2019).

Materials and Methods

1. Research population and sample
The research population consisted of 50 first year students who studied biology at
Rajamangala University of Technology Srivijaya in the first semester of academic year 2022.
According to the research design, an example experiment is divided into a control group of 26
people and an experimental group of 24 people. A convenience sampling method was used to
collect the samples in this study.
2. Data collection procedures
To begin, students were informed of the risk information. Before instructing them, the pre-
test results were gathered. Then, the basic anatomy of animals using augmented reality

instructional media was taught in the experimental group. Fixative treat frogs were used as the
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teaching material for the control group (Figure 1). The post-test was administered to two groups
of learners. The experimental group assessed students' satisfaction toward AR teaching materials.
Finally, the data were calculated to obtain the mean differences between the experimental and
control groups.

3. Instruments
The following tools were utilized in this research:
1. Lesson plan incorporating the use of AR instructional media.
2. Using augmented reality technology, instructional media relating to animal anatomy were
provided for students in higher education.
3. Apre- and post-test was approved by three professionals. This form of test comprised five
multiple-choice questions, fifteen four-choice questions, and two subjective questions.
4. The satisfied evaluation consisted of five Likert scales, 12 questions, and one open-ended
question. This evaluation form was reviewed by three experts.

4. Satisfaction analysis
1. Means, standard deviations, and t-test were estimated to analyse the findings from the pre-
and post-test. An independent t-test was used to compare the outcomes of the pre- and post-
test scores between the experimental group and the control group.
2. Means and standard deviations were applied in statistical data analysis to obtain learners’
satisfaction toward the teaching materials. The interpretation pinpoints the following Likert criteria
(1967):

Score Interval (Mean) Evaluation Criteria

1.00-1.50 Very low level
1.51-2.50 Low level
2.60-3.39 Medium level
3.40-4.19 High level
4.20-5.00 Very high level
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Figure 1 Biology teaching materials: For the experimental group, augmented reality educational
materials were used. (A), Fixative treat frogs were employed as teaching medium in the control

group. (B).

Results
1. Basics Animal Anatomy Instructional Media by Augmented Reality Technology
This instructional media consists of 3 markers, each displaying content using AR
technology, covering three main topics: 1) external characteristics of frog 2) oral cavity of frog 3)
internal organs of frog. For each of these topics, the labels are provided in English to indicate the
names of the anatomical structures. When you press on a label, it will produce an audio narration
in English, followed by the Thai name, and an explanation of the function or role of that particular

structure.

2. Average pre- and post-test scores for the experimental and control groups

The control group was made up of twenty-six individuals. The total score for the test was
24. For the control group, the pre-test mean score was 6.35, with a standard deviation of 2.61,
and the post-test mean score was 13.92, with a standard deviation of 4.04. The growth in the
post-test score in the control group was 7.58, with a standard deviation of 5.42. The findings
showed that there was a statistically significant difference between the pre-test and post-test
scores (p = 0.00) (Table 1).

The experimental group was composed of twenty-four students. The exam's full score
was 24. For the experimental group, the pre-test mean score was 7.79, with a standard deviation

of 2.73, and the post-test mean score was 20.10, with a standard deviation of 2.96. The post-test
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growth difference in the experimental group was 12.31, with a standard deviation of 3.84.
Table 1 exhibits a statistically significant difference be-tween the pre-test and post-test scores
(p = 0.00).

Table 1 The number of average scores and standard deviations ( X + SD) of pre-test and post-
test scores, as well as the difference between pre-test and post-test scores of the control and

experimental groups.

Group Number  Pre-test score Post-test score Growth in post-test Sig
score

Control 26 6.35+2.61 13.92+4.04 7.58+5.42 0.00

Experiment 24 7.79+2.73 20.10+2.96 12.31+£3.84 0.00

Comparing between groups, the experimental group outperformed the control group in
the pre-test, post-test, and growth in the test score. The pre-test mean scores for the experimental
and control groups were 7.79+2.73 and 6.35+2.61, respectively. However, there was no significant
difference among means in the pre-test scores between the two groups (p = 0.06). The
experimental group had higher post-test mean scores than the control group, which were
20.10+£2.96 and 13.92+4.04, respectively. The difference was statistically significant (p = 0.00). The
growth differences in the pre- and post-test scores between the experimental and control groups
were 12.31+3.84 and 7.58+5.42, respectively. According to statistics, there were significant
differences (p = 0.00).

3. Satisfaction evaluation scores of AR teaching materials

Students are satisfied with the augmented reality instructional resources (X = 4.96 +
0.04). The following statements represent the highest degree of satisfaction for all inquiries: the
stereoscopic image is displayed; the narrative voice is clear; the labels are explicit; students’
vocabulary memorization is improved; lessons are learned according to their interest without
sorting; the lesson review is utilized at any time or location; the marker matches the content;
there was rapid and precise scanning; the AR is simple to re-use; the media is trendy and motivated
by novelty; learners' attention is drawn; and the AR is appropriate for the circumstances (Table 2).

Students in the experimental group who utilized media of fundamental animal anatomy
using augmented reality expressed their opinions for the teaching materials:
1. They are conducive to learning as they offer contemporary, convenient, quick com-
prehension and learning.
2. They are simple to learn and easy to comprehend since they provide a useful strategy for
remembering.

3. More animal models are something that students would like to see.
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4. Students wish them to be animated.

5. Students want them to work with any mobile phones.
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Table 2 Show the satisfaction level of the experimental group with the augmented reality technology teaching materials.

Category List X 45D Meaning
Content quality 1. The stereoscopic image is clearly displayed 5.00 + 0.00 Very high
2. The narrative voice is clear 5.00 £ 0.00 Very high
3. The labels are explicit 5.00 + 0.00 Very high
4. Improve student vocabulary memorization 492 + 0.28 Very high
5. Learn according to interest without sorting 4.96 + 0.20 Very high
6. Utilize the lesson review at any time or location 4.96 + 0.20 Very high
Media quality 7. The marker matches the content 5.00 + 0.00 Very high
8. Rapid and precise scanning 492 + 041 Very high
9. Simple to reuse 4.88 + 0.45 Very high
10. The media is trendy and motivated by novelty 4.96 + 0.20 Very high
11. Draw learners' attention 4.96 + 0.20 Very high
12. Appropriate for the circumstances 5.00 + 0.00 Very high
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Discussion
1. Basics Animal Anatomy Instrctional Media by Augmented Reality Technology
Based on the observations made by biology students of past generations, it was discovered
that frog phobia was present in some students. Real or fixative-treated frogs cannot be used for
operations. It impacted how this chapter was learned.

AR- based teaching resources are appropriate for teaching and learning in the
contemporary classroom since they are easily accessible to students. They are free to pursue
autonomous learning whenever and wherever they want. It is possible to translate abstract and
unintelligible concepts into tangible language (Santos et al., (2016); Suwancharas, 2016; Yapici &
Karakoyun, 2021). Universities may make the practice of online education public, especially in the
case of a coronavirus outbreak as it is not permissible for students to study in the classroom. As
a result, fresh frog or with fixative frog cannot utilize. Students may download the application and

print the marker from anywhere they are using AR technology.

2. Average pre- and post-test scores for the experimental and control groups

The degree of knowledge of learners who use augmented reality technology media is
statistically significantly greater than that of those who utilize other media (Budiman, 2016;
Nuanmeesri et al., 2019; Radu, 2014), particularly augmented reality technology in three
dimensions. (Godoy, 2020). In contrast to fixative treat frog media which require students to use
worksheets and look for the organs in a frog, this developed medium displays frog details on
labels, and when they press the label, a voice says the name of the structure in English and Thai

along with the function of the organ. This makes it simpler for students to comprehend the labels.

3. Satisfaction evaluation scores of AR teaching materials
It has been discovered that a lot of contemporary students utilize tablets rather than
notebooks (Fig 2A). Because of this, there is a lot of interest in AR education resources that allow
students to download applications on their own devices (Fig 2B) which course, students have a
very high satisfaction with AR teaching media.
However, AR technology teaching materials have some device limitations. The program
may not work on Android phones that do not support AR applications; however, iOS devices are

not affected by this problem.
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Figure 2 Students are drawn to the AR educational materials: Instead of using paper notebooks

(A), students utilize tablets to access AR technology resources (B).

Conclusion

The results of this study show that students who use augmented reality technology in
their studies achieve greater learning success than those who use traditional media. In terms of
the students’ opinions, they are satisfied with the displayed stereoscopic image, clear narrative
voice, explicit labels, vocabulary memorization improvement, learning without sorting by interest,
lesson review at any time or place, marker matching the content, rapid and precise scanning,
simplicity in reuse, media being trendy and motivated by novelty, increasing attention, and
appropriate media for the circumstances. In addition, learers have a positive opinion of the
teaching materials as they provide contemporary, convenient, and quick comprehension for
learning. However, some Android devices that do not support augmented reality applications

restrict the use of this type of media.

Suggestions
All students have access to basic animal anatomy teaching resources that use augmented
reality technology. They prefer to utilize AR technology rather than genuine or fixative- treated
frogs since some of them are afraid of real animals. As a result, this format is appropriate for
today's learners who prefer to utilize tablets instead of paper notebooks. Furthermore, AR teaching
resources are appropriate for learers during the pandemic conditions as laboratory lessons are
not available to them. This sort of material would be very beneficial for teaching and learning

inside and outside the classroom.
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