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Abstract—Biology is a science about living organisms. Organisms have
complex systems consisting of complex organs. Focusing on the human body, if
the organ or its structure is visually presented, the learners are more likely to
understand it and its function. This research aims to explore the bilingual (Thai
and English language), development of an augmented reality tool for use in
teaching students about the human heart. The augmented reality application was
evaluated by five experts, who analyzed its content consistency by using the In-
dex of Item Objective Congruence (I0C), Diffusion of Innovation (DOI), and
the content validity index (CVI), indicating that the augmented reality can be
used for publicizing. A sample of 30 subjects were evaluated after AR training.
It was determined that the learning result post AR obtained higher ratings when
compared with the ratings prior to the use of augmented reality tool. The before
and after augmented reality learning results were analyzed for statistical signifi-
cance at p value < 0.001 with the use of a T-Test. Afterwards, the effectiveness
of the tool was evaluated by users focusing on the acceptance of the augmented
reality tool to teach the anatomy of the heart; the evaluation of which was based
on the theory of Unified Theory Acceptance and Use of Technology (UTAUT)
in which the results of the arithmetic mean and the standard deviation were 4.65
and 0.48, respectively. This demonstrated that the users generally accepted the
augmented reality tool to teach about the heart at the highest level.
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1 Introduction

The educational management or the lesson planning for students in this era rely on
modern tools instructors to attract the attention of the learners and give the best
knowledge and learning experience to the learners. With the help of modern technol-
ogy, the production of media must consider the major objective of using media which
is to develop the learners’ proficiency in all aspects [1]). The learners tend to under-
stand the content via memorization of pictures and gain visual perception and real
understanding. This means less of a burden on the teachers while reducing the differ-
ence between the learners [2].
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Biology is a science that studies about living. The study of morphology, physiolo-
gy, growth, behavior, evolution, ecology, and so on, concerning the living organisms
at the cellular and organic levels, contain a wide range of content and detail which can
lead the learners to have a negative attitude towards the subject. Moreover, the teach-
ers might use media that does not promote learning. That tends to affect their under-
standing about biological principles. There is a lot of knowledge content, but the fun-
damental principle of biology (which is the closest to us) is the human body, and in
particular the ‘heart’. Humans are multicellular living organisms. It consists of multi-
ple cells in the form of tissues. The organs and their systems are complex. Further-
more, the heart is an important organ which plays a huge role in continuously circulat-
ing blood to other organs in the body. The human heart is located in the chest span
and slightly to the left. It is divided into four chambers: two on the top and the other
two at the bottom. If there is some abnormality happening within the heart, it can be
fatal. Heart disease is one of the main causes of death among Thai people as the aver-
age death rate is one person in seven, with the trend increasing annually. Due to its
importance, the heart as well as its structural characteristics and functions should be
well studied for better understanding about its function in order to protect and main-
tain it. In biology class, focusing on the human body, if the organ or its structure is
visually presented, the learners tend to understand it and its function better [3]. How-
ever, for the internal organs, it is difficult to see their shapes, sizes, structures, and
functions; even though there are figures and descriptions in textbooks, related docu-
ments or on the internet, as most of them are presented in the form of two dimensional
images in which their characteristics or functions cannot be clearly seen [4]. In other
words, this potentially affects the proficiency of the learners. In fact, the appropriate
form of instructional media is the ability to effectively enhance learners’ perception
towards the use of computers. Computer Software should be developed to promote
higher efficiency, facilitate the data processing system, and effectively present infor-
mation, pictures, sound, and messages. For example, the virtual technology (Aug-
mented Reality) is one of the innovations that can be applied to the area of education
to stimulate, support, and promote learning experiences [5]. Barsom et al. did a sys-
tematic review on the effectiveness of augmented reality applications in medical train-
ing. They reported that augmented reality applications support blended learning in
medical training and have gained public and scientific interest. In order to be of value,
applications must be able to transfer information to the user. While promising, sup-
porting evidence to date is lacking [6]. Wee et al. presented augmented and virtual
reality in surgery the digital surgical environment including applications, limitations
and legal pitfalls. A head mounted display (HMD) with either VR or AR (virtual or
augmented reality respectively), will have great potential in the field of surgery. Their
functionality has the potential for benefit in a range of clinical settings across the
MDT and in medical education. First generation devices like GG have given us a
glimpse of what AR can provide and despite its demise our appetite for new head
mounted devices has not diminished [7]. New innovations like the Microsoft Ho-
loLens and the emerging mass market of VR headsets would indicate that these tech-
nologies will become familiar to surgeons and inevitability we will find a way to
integrate them into our day to day practice. The challenge of identifying compelling
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and valuable experiences for these modalities now begins along with validation of
their benefits in all aspects of surgical care. The digital surgical environment is about
to drastically change. Joyce reported that augmented reality magnetically tracked
scalpels reduce tool switching though limitations in today's augmented reality tech-
nology fall short of creating an ideal immersive workflow by requiring the use of a
monitor [8]. While this technology catches up, we recommend focusing efforts on
enabling the easy creation of layered, complex reports, linking, and viewing infor-
mation across systems. Reflecting upon our results, we argue for digitalization to
focus not only on how to record increasing amounts of data but also how these data
can be accessed in a more thoughtful way that draws upon the expertise and creativity
of pathology professionals using the systems. There are also many companies that
have developed augmented reality to teach students about the human body. There are
no research studies on the development of augmented reality as a tool to teach the
human body using Thai language.

The research had developed the augmented reality tool to teach the human body,
especially the functioning of the heart in a bilingual setting (Thai and English lan-
guage), with the use of the Android operational system which is available on
smartphones and tablets. It can assist the students and interested people in studying
about the human body with visual aids and without limitations in location. The tool
can enable the students to gain more knowledge and understanding, and ultimately
increase their interest in the subject. This study also aims to increase the learning
potential for learners to catch up with the digital era. In addition, it can reduce the
long term expenses and contribute to the learning society that stimulates, supports,
and promotes education through media. It may also further expand the proficiency of
the learners.

2 Methodology

The research methods for studying the development of the augmented reality tool
to teach students about the heart, include the following steps:

2.1 Documentary Research

The analysis and data collection on human heart function was performed by the re-
search by reviewing related theories and previous studies on human heart function to
utilize data in developing the augmented reality tool. The human heart is comprised of
four chambers [9, 16]: 1) The chamber on the top right (Right Atrium) 2) The cham-
ber at the bottom right (Right Ventricle) 3) The chamber on the top left (Left Atrium)
4) The chamber at the bottom left (Left Ventricle).
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2.2 The Design of the Augmented Reality for Teaching Thai Students about
the Human Heart

Based on collected information about human heart function, the heart components,
heartbeat, and the blood circulation, the augmented reality model was constructed and
installed in the system. The subjects were able to use their smartphones or tablets with
the scanning application to scan the images used for enhancing the memorization
process on heart structure. After scanning, the heart structure showed up in the form
of three dimensional pictures.

2.3  The Development of the Augmented Reality for Teaching Thai Students
about the Human Heart

Based on the design of the augmented reality tool for teaching about the heart, the
information about the heart components, the heartbeat, and the blood circulation in
each chamber were used for constructing the model of the augmented reality tool to
teach heart anatomy. Subsequently, there was a construction of the contents promot-
ing memorization skills by linking pictures together into the model of a heart. The
users could use the augmented reality via smartphones or tablets with a scanning
application to scan the heart pictures for virtual memorization of the structure, the
heartbeat in each chamber, the blood circulation, and other functions of each chamber.
The subjects had a choice in displaying the Thai or English language. Augmented
Reality displays the blood flow with each heartbeat in each chamber as shown Figure
1 to Figure 3.
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Fig. 1. Interface of the augmented reality for teaching Thai students about the human
heart
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Fig. 2. Display Thai language in the augmented reality for teaching Thai students about
the human heart
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Fig. 3. Display English language in the augmented reality for teaching Thai students
about the human heart
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2.4  Evaluation of the Effectiveness of the Augmented Reality for Teaching
Thai Students about the Human Heart

The effectiveness of the augmented reality was evaluated by five experts who were
specialized in the field of information technology and biology. The evaluation used
the analysis of content consistency (Index of Item Objective Congruence: 10C) [10]
by which the experts to provide scores. If the criteria determined by the IOC value of
each indicator was higher than 0.5 (the highest IOC value is 1), it means the augment-
ed reality tool met the objective, possessed content suitable for education purposes,
and that the augmented reality tool worked effectively. The IOC value of each indica-
tor was 0.8, indicating that the developed augmented reality tool met the objective and
in content consistency and is suitable for use in education about the heart.

Subsequently, the experts also used the Diffusion of Innovation theory (DOI) to
evaluate five parameters [11]), being 1) more advantageous or have better perfor-
mance 2) usability, 3) noticeability, 4) consistency with the demand or experiences of
the learners who would potentially adopt the innovation, and 5) the result of which
could be shown in advance [12]. It is necessary to see if the innovation could be
adopted by the sample group. The data was analyzed to find the mean value and the
standard deviation value in order to assess the innovation dissemination of the aug-
mented reality tool to teach about the heart. The evaluation results of the DOI in all
five aspects evaluated by the experts were 1) the arithmetic mean and the standard
deviation of “more advantages or better performance” were 4.40 and 0.55, respective-
ly. It showed that this criterion was rated at a high level. 2) The arithmetic mean and
the standard deviation of “usability” were 4.40 and 0.55, respectively. It showed that
this criterion was also rated at a high level. 3) The arithmetic mean and the standard
deviation of “noticeability” were 4.40 and 0.55, respectively. It showed that this crite-
rion was rated at a high level. 4) The arithmetic mean and the standard deviation of
“the consistency with the demand or experience of the subjects who would potentially
adopt the innovation” were 4.20 and 0.45, respectively. It showed that this criterion
was rated at a high level. 5) The arithmetic mean and the standard deviation of “the
result which could be shown in advance” were 4.40 and 0.55, respectively. It showed
that this criterion was rated at a high level. The arithmetic mean and the standard
deviation of the overall image of the innovation dissemination were 4.36 and 0.49,
respectively. It showed that the augmented reality tool to teach about the heart was
accepted to be used at a high level.

2.5 The Dissemination of the Augmented Reality for Teaching Thai Students
about the Human Heart

The researcher tested the augmented reality to teach 30 subjects about the heart.
The subjects were students at elementary level. Permission to conduct the study was
obtained prior to the study the sample group was randomly selected from volunteers.
Training was provided via a lecture and workshop demonstrating how to use the aug-
mented reality tool to teach about heart function [13] as shown Figure 4.
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Fig. 4. Workshop demonstrating how to use the augmented reality tool to teach about
the heart

2.6 The Learning Results of the Sample Group after Learning with the
Augmented Reality Tool to Teach about the Heart

The research had developed the pre-test and post-test to obtain learning results.
The tests had passed the Content Validity Index (CVI), evaluated by the five experts
[15]. From the assessment of the Content Validity Index evaluated by all the experts,
it was determined that the CVI value was 0.83 as there were ten questions out of
twelve questions receiving the scores at 3 or 4. As the result was higher than 0.8 (the
highest CVI value was 1), the ten questions had passed the CVI. Before being trained,
the sample group had to finish the ten questions pre-test. Subsequently, they would
enter the training session with the augmented reality tool. It took three hours. After
the training, the subjects did the post-test which had the same questions as the pre-
test, but the order of questions and the answers were changed. After collecting the
post-test, the trainers provided the subjects with the correct answers. Completed tests
were assessed, scores recorded, and data analysis was performed by using the T-Test
to find comparisons between the pre-test and post-test learning results.
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2.7  Evaluating the Effectiveness of the Augmented Reality for Teaching Thai
Students about the Human Heart Based on the Unified Theory of
Acceptance and Use of Technology (UTAUT)

To evaluate the effectiveness of the augmented reality for teaching Thai students
about the human heart based on the UTAUT [14], the research developed a question-
naire on the acceptance of the augmented reality tool to teach the sample group about
the heart and evaluate the four aspects of the tool which are 1) anticipation on perfor-
mance, 2) anticipation on effort, 3) social influence, and 4) the condition of facilities
during the application. There were two questions for each aspect in the test. Subse-
quently, the data was analyzed to find the mean and the standard deviation values to
determine the assessment effectiveness on the acceptance of the augmented reality
tool.

3 Results

The results of the development of the augmented reality to teach Thai students
about the human heart, include the following.

3.1 The Test Results of the Augmented Reality for Teaching Thai Students
about the Human Heart

The pre-test and post-test results after the augmented reality training from thirty
subjects revealed that the post-test results of the sample group after training was better
than their pre-test results. The results were analyzed by comparing the number of the
subjects who could answer the questions correctly with their individual results. The
learning results showed that the subjects had more correct answers after the training.
From the comparative test results collected before and after the training, according to
the statistical test of the following hypothesis:

The hypothesis was assumed as followed:

HO: The learning result before and after using the augmented reality tool were not
different.

H1: The learning result before and after using the augmented reality tool was dif-
ferent.

Statistically tested by T-Test, the main hypothesis (H0) was rejected because the
significance value was lower than the significance level (o) which was previously
determined. In this study in which a = 0.05, the HO was rejected and the H1 was ac-
cepted. The efficiency of the developed model was different in their methods. From
the Table of Pair Sample Testing, the significance value was analyzed to consider
whether the mean values of the two groups were different. In fact, it was found that
the significance value was lower than the predetermined significance level. Therefore,
the mean values of the two groups were different. Considering the comparative differ-
ences of the learning results both before and after the use of the augmented reality, it
was found that there were differences at the statistical significance p value < 0.001.
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3.2 The Evaluation Results of the Acceptance and the Use of the Augmented
Reality for Teaching Thai Students about the Human Heart

The results of the acceptance and the use of the augmented reality were evaluated
in four aspects which are: 1) the anticipation of the performance; its arithmetic mean
was 4.65 and the standard deviation was 0.48. It showed that the acceptance of the
performance was rated at the highest level; 2) the anticipation of the effort; the arith-
metic mean was 4.63 and the standard deviation was 0.49. It showed the anticipation
of the effort was rated at the highest level; 3) the arithmetic mean and the standard
deviation of the social influence were 4.67 and 0.48, respectively. It showed that the
social influence was accepted at the highest level. 4) The arithmetic mean and the
standard deviation of the condition of facilities for the application were 4.63 and 0.49,
respectively. So, the acceptance of facilities in application was rated at the highest
level. The overall image of the evaluation effectiveness results on the acceptance of
the users in regard to the augmented reality tool had the arithmetic mean value of
4.65, and its standard deviation was 0.48. It showed that the users accepted the aug-
mented reality as a tool to teach about the heart at the highest level as shown in Table
1.

Table 1. The Evaluation Results of the Acceptance and the Use of the Augmented Reality for
Teaching Thai Students about the Human Heart

Items Mean SD Decision
1. The anticipation of the performance 4.65 0.48 The highest level
2. The anticipation of the effort 4.63 0.49 The highest level
3. The social influence 4.67 0.48 The highest level
4. The acceptance of facilities in application 4.63 0.49 The highest level

Total 4.65 0.48 The highest level

4 Conclusion

This paper presents the development of the augmented reality tool to teach about
the human heart in a bilingual setting (Thai and English language). It was evaluated
by the five experts who had the experiences in teaching and researching about the
virtual biological technology using the content consistency analysis (Index of Item
Objective Congruence: I0C). The IOC value of each content was 0.8. The results
indicated that the constructed AR was consistent with the objective and correspondent
with the anatomy of the heart and evaluated by using the Diffusion of Innovation
theory (DOI) in order to find out whether this innovation can be adopted by the sam-
pling group. The assessment results were the arithmetic mean valued at 4.04 while the
standard deviation was 0.35. This shows that the augmented reality as a tool to teach
about the heart was accepted for the dissemination at a high level. The system was
tested with a group of 30 subjects who learned from the system and an experiment
with a pre-test was conducted. The results of the study showed that the subjects who
used the augmented reality got better results for learning. Correspondingly, there are
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four aspects of the effectiveness evaluation focusing on the acceptance of the aug-
mented reality as a tool to teach about the heart measured by the theory of Unified
Theory Acceptance and Use of Technology (UTAUT). The overall image of the ef-
fectiveness assessment results on the acceptance of the users was rated at the highest
level as it the arithmetic mean and the standard deviation were 4.65 and 0.48, respec-
tively. To conclude, the development of the augmented reality as a tool to teach about
the human heart can contribute to the effective learning and better results in under-
standing.
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