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ABSTRACT The purpose of the study is to examine the application of augmented reality (AR) as an interactive
and exciting means of creating real-time and real-world experiences in teaching biology lessons. The primary
objective of this study was to investigate the impacts of the Anatomy 4D app and (AR) software on student
performance in biology. A quasi-survey was used to assess the impact of using Anatomy 4D, an AR mobile
application, to improve student performance in biology as well as trigger their interest to pursue medical-related
university courses in the future. Sixty students were randomly (30 boys and 30 girls) selected from secondary
schools in the Northern Borders region of Saudi Arabia. The outcome of the study revealed that Anatomy 4D was
significantly related to higher motivation, student achievement, and the desire to pursue biology courses in the
future. The study recommends for educational stakeholders to implement beneficial application to enhance

student participation, learning, and performance.
INTRODUCTION

Augmented Redlity (AR) isaninteractiveand
exciting meansof creating real-timeand red world
experiences. The study by Mertoglu and Kurt
(2017) reported that even though several differ-
ent definitions of thetechnology exist, itiscom-
monly accepted that AR uses applications to
project real-time images. Gerardo and Marisol
(2018) define augmented reality asatechnology
that involves ‘augmenting’ objects or materials
existing in the real-world across several sensory
modalities (olfactory, visual, somatosensory, hap-
tic, and auditory) using computer-perceptional
information. Sural (2017) addsthat it isatechnol-
ogy that overlays orsuperimposes computer-cre-
ated images on perceptions or views of people of
the true or real-world, which leads to a compos-
ite/merged insight. The overlaid or superimposed
information can either be destructive (masks or
camouflages the real environment) or construc-
tive (adds to the natural environment).

Augmented reality technology has been in-
fluential in anumber of fieldsin recent years. In
particular, Perez-L.opez and Contral (2013) believe
that its entry into the education sector signifi-
cantly improved the learning experience espe-
cialy for students. AR has significantly changed
experimental |earning experiences classroom set-
tings by being able to project or superimpose

digital itemsonto real-world surfaceslike holo-
grams. According to Khan et al. (2019), several
augmented AR applications can potentially im-
prove learning activities better than traditional
and cumbersome textbooks and/or whiteboards.
These new applications such as Sky Map and
Anatomy 3D can allow learnersto animate and
actively interact with difficult lessonsusing their
devices.

According toAlshumaimeri (2011), academ-
ic performance in Saudi Arabia and other Arab
nationsisusually low versustheir western coun-
terparts because of the persistent use of tradi-
tional reading and learning techniques. Even
though AR isanew ideain the education sector
in Saudi Arabia, recent successesin other coun-
tries have opened doors for its potential wide-
spread applications in coming years - not only
in the country but other parts of theworld. Sim-
ilar to advertisements and cinematography
where AR has successfully given real objects
(usually captured on video or cameraleading to
computer-generated or virtual outlook), aug-
mented reality can potentially changethelearn-
ing experience in education. Trelease's (2014)
study reportsthat with new, high-tech software,
it isincreasingly easier to overlay reality with
animagined world and offer awiderange of pos-
sibilitiesfor tutorsto improve thelearning expe-
rience. Introducing augmented education in
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Saudi Arabia can significantly boost the teach-
ing experience in anumber of ways (Hou et al.
2013). It can motivate and inspire learning expe-
rience in the traditionally monotonous class-
room environments. According to Khan et al.
(2019), augmented reality can transform each
session into a new exciting experience for stu-
dents and can potentially keep them inspired,
excited, and encouraged. Each lesson can turn
into anew-fangled ride or expedition for learn-
ers especially in subject areas previously con-
sidered difficult to understand such as mathe-
maticsand sciences (Hou et a. 2013). For exam-
ple, the use of Anatomy 4D can improve student
memory of the biological parts of the body in-
cluding the heart, blood vessel s, lungs, and many
others. Besides, augmented reality can create
more participatory and interactive learning en-
vironments in contrast to the dull and teacher-
centered education currently utilized. Based on
Hou et al. (2013) argument, most importantly,
AR offers modern and high-tech ways of con-
tent presentation that can enhance student col-
laboration and deepen student-teacher engage-
ment. Notably, higher learning involvement can
potentially improve satisfaction among students
and foster deep learning, which increases the
chances of learners memorizing concepts (Alfi-
anita2014). With improved long-term memory,
students will likely excel not only in examina-
tions but also in the field of practice. Finally,
more motivated and engaged learnersare likely
to learn and grasp ideas faster compared to dis-
couraged and uninterested students because
their concentration and effort are primarily fo-
cused on acquiring knowledge. Based on Alfi-
anita’'s (2014) findings, augmented technology
can maintain this concentration by making les-
sons and learning materials more attractive, en-
gaging, and attention-grabbing. Furthermore, AR
can enhance education in classrooms by pro-
viding learners with a more practical approach
to knowledge acquisition. The old-fashioned
style of teaching hasfailed to improve learning
in sciences and mathematics- these are some of
the most technical subjectsin Saudi Arabia. This
might be because of its dependence on the the-
oretical model only. The inclusion of AR tech-
nology can break this norm by introducing a
more hands-on approach that iscritical to mem-
orize concepts. In particular, the AR technology
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can generate real-time simulationsthat learners
can useto build their practical knowledge (Hou
et al. 2013). Anatomy 4D is a software applica-
tion that uses the Android operating system. It
usesAR technology and featuresto allow learn-
ers to freely interact with the anatomical fea-
tures of the human body. The application re-
quires learners to first draw a blueprint image
(4D) of the heart or the human body from the
software’slibrary. The application then utilizes
the camera mounted on the device (tablet or
phone) to create athree-dimensional image that
isvirtualy (Rea Educational Pasturen.d.). There-
fore, thiswork is critical to creating awareness
among stakehol ders of the need to create amore
interactive, exciting, approachable, and enter-
taining learning environment. Augmented reali-
ty presents this opportunity by allowing stu-
dents to interact with computer-generated im-
agesinreal-time. Thisismorelikely toimprove
their memory and performance in examinations
and later in practical fields. Thus, these results
suggest that embracing Anatomy 4D AR tech-
nology is a necessity to boost student perfor-
mancein biology.

Research Questions

This research aims to answer the following
questions:

1 What are the primary benefits of AR in
education?

2 What are the effects of Anatomy 4D app
on biology student learning experience
and performance?

3. Can the use of the Anatomy 4D app im-
prove student performance and memory
in biology?

4. What is the impact of Anatomy 4D AR
technology on student interest to pursue
future biology-related medical courses?

LiteratureReview
AR Technology

According to Gerardo and Marisol (2018),
AR isamodern technology that allowsthe mod-
ification of real-life events using computer-gen-
erated applications that include the addition of
visual or sound content. Mobile applications
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arethe most recent and common application of -
fer. This technology overlays or superimposes
computer-created images on perceptions or
views of people of thetrue or real world; hence,
it gives a composite/merged insight. The over-
laid or superimposed information can either be
destructive (masks or camouflages the real en-
vironment) or constructive (adds to the natural
environment).

According to Perez-Lopez and Contero
(2013), the concept of augmented reality iscur-
rently widespread and applicablein all sectors—
perhaps because of the increased innovation
and need to improve human interaction with the
environment. Perez-Lopez and Contero argue
that AR technology has been prominent and in-
fluential in different sectors years especialy in
entertainment advertisement whereby compa-
nies are designing modern waysto bring images
and videos into real-time scenarios. They fur-
ther suggest that AG ispresently making agrand
entry into the education sector with the poten-
tial to create a more interactive experience be-
tween students and teachers. The two research-
ers argue that the ability of AR to superimpose
digitally generated videos and images onto real -
time and observabl e platforms has considerably
transformed experimental |earning experiences
in classroom settings.

Sirakaya (2018) added that modern augment-
ed AR applications-especially applications spe-
cifically structured for training- are currently
changing student learning experiencesin apos-
itiveway. Thisisbecause of the ahility of these
techniques to introduce learning activities that
aremoreinteractive and better than the conven-
tional and cumbersome textbooks or whiteboard
teaching tools. These modern software tools
such as Sky Map and Anatomy 3D can help stu-
dents understand difficult concepts faster and
more easily; these can often take several weeks
or monthsto master with conventional learning.
To demonstrate the impact and influence of AR
technology on student self-efficacy and perfor-
mance, Sirakaya (2018) developed a Hardware
AR application to test the ability of IT students
to remember computer hardware assembly pro-
cedures. Hardware AR isasoftware program that
gives information about the features and char-
acteristics of computer hardware ports, assem-
bly, and other components. L ater, Sirakayaused
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aquasi-experiment model to test the ability of 46
computer students pursuing a degree coursein
computer science to assemble computer com-
ponents. Each participant was given aquestion-
naire to test their motherboard assembly skills
and efficacy and computer course achievement.
The researcher also used unstructured obser-
vation formsto collect all necessary data.

For comparison, the study required the con-
trol group to learn all the motherboard assembly
skills theoretically using written manuals and
textbooks. The experimental or treatment group
used the developed hardware (a practical ap-
proach) to master the motherboard assembly
skills. The outcome of the survey revealed that
the use of augmented reality technology was
directly connected with student achievement-
motherboard assembly abilitiesand skills. Learn-
ers who used AR technology completed their
task in 20 percent less times than those who
used paper manuals. They also committed 50
percent fewer errors. Hsao (2010) also designed
asimilar experimental survey to determine the
influence of AR on access and learning efficacy
among students. Here, the researcher used a
modern idea of designing CARLS (Chemistry
Augmented Reality Learning System) by incor-
porating physical activity into the existing edu-
cation curriculum. Thethree physical exercises
introduced into teaching include flexibility fit-
ness, muscle strength, and aerobic fithess. Hsao
discovered that learners who incorporated all
the three physical exercises into their CARLS
program had improved performance versusthose
who only applied their ol d-fashioned Key-Mouse
technique (KM CAL). Studentswho used CARLS
demonstrated a more positive training attitude
towards science-related subjects than those that
stuck to their traditional KMCAI model.

Similar studieshavealso indicated acorrela-
tion between augmented reality technologiesand
improved learning abilities among students in
other parts of the world. For example,
Wojciechowski and Cellary (2013) discovered
that the use of AR technology draws student
interest and attention during lessons and im-
proves motivation. Furthermore, augmented re-
ality offersan opportunity for tutorsto give stu-
dent-focused training (Wu et al. 2013). Further-
more, researchers argue that AR is critical to
motivating students to pursue science-based
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subjects. To prove the aptitude of augmented
reality to increase learner’s interest in Science,
Technology, Engineering, and Mathematics
(STEM), Hsu et . (2017) recruited 32 high school
students from renowned senior high school in
Taipei City, Japan. Twenty-six female and twen-
ty-six malelearnerswere selected for the study,
and a majority of them hailed from middlie and
upper-class families. The learners were first
grouped into two parts using a simulator-load-
ed tablet. Each group was required to complete
two augmented reality lessons: cardiac cathe-
terization and |laparoscopic surgery. After fin-
ishing all theAR lessons, studentswererequired
to complete survey to gauge their sentiments,
perceptions, and feelings towards the AR tech-
nology simulators and experiences. The re-
searchers intended to use the outcome of the
experiment to design new training equipment for
teachers based on the suggested model of the
design-enact improve model that is often ap-
plied when science-based technologies are im-
plemented in education.

Hsu et al. (2017) discovered that the use of
AR in both cardiac catheterization and laparo-
scopic surgery increased student interest in all
STEM subjects. The perceptions of learners
stood at an overall mean of 4.1. Motivation and
engagement of studentswere also extremely high
with mean attainment of 4.3. Hsu et a. also re-
vealed that the AR lessonsinvoked some future
interest among learnersto pursue medical cours-
esin college. For example, 12 studentsindicated
a willingness to pursue STEM-related profes-
sions in university. This study establishes les-
sons specifically tailored to students with less
interest in sciences. Saudi Arabiaand other less
developed Gulf countries can embrace this new
technology to inspire high school learners to
pursue STEM courses, which are key economic
drivers. Thus, Saudi students can compete in
the highly competitive and high-tech world.

The Learning Approachesin Saudi Arabia

Even though Saudi Arabiais slightly above
other Gulf nations including the United Arab
Emirates in terms of improving learning ap-
proaches, other technocrats still feel that the
country performs poorly in science-based sub-
jects-especially those areas require the use of
English as second Language. Wiseman et al.
(2008) underscore the need to incorporate mod-
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ern learning technologiessuch asAR toimprove
the education interest of students in the region
particularly I'T courses. Intheir paper presented
tothe | EA body for international research, Wise-
man et al. exposed how a lack of resources in-
cluding modern technology is hurting thelearn-
ing environment in Saudi Arabia.

Their study was mainly aimed at establish-
ing the influence of resource indicators and so-
cioeconomic status in learning institutions in
the country. This indicated that national aver-
agesin science and math achievement werelow
versus other nations both globally and region-
aly inthe2003 TIMSS (Trendsin International
Mathematics and Science Study). TIMSSisan
international organization that majors in the
large-scale evaluation of science and mathemat-
icstoinform educational practice and policy in
these two subject areas. The three experts re-
quested that educational policymakersin Saudi
Arabiaidentify and implement clear educational
reforms and consider the importance of mathe-
matics and science in encouraging Socio-eco-
nomic reforms. Despite these persistent callsfor
reforms in Saudi Arabia, there are still gapsin
research to establish the actual benefit of ARIn
enhancing educational experiences among stu-
dentsinthe Gulf. Severa studieshave been con-
ducted in neighboring countries like Kuwait on
the potential of AR to improve student perfor-
mance, but Saudi Arabia has yet to assess the
effects of thismodern technology. For example,
Safar et al. (2017) discovered that AR mobile
applications had significant effect on English
learning abilities especially the English alpha-
bet letters among Kuwaiti kindergarteners.

These regional and global developments
were critical to shaping this particular study.
There search mainly targeted Saudi Arabiaasa
potential hub for augmented reality in teaching.
The researcher projected that using Anatomy
4D application to teach biology students can
significantly improve their performance and
memorization of the concepts and also create a
new interest to pursue medical courses in the
university.

METHODOLOGY
Participants

This quasi-based survey assessed the im-
pact of using Anatomy 4D, an AR mobile appli-
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cation, to improve student performancein biol-
ogy as well as trigger their interest to pursue
medical-related course sat the university level.
The quasi-based survey design was selected
since it allows comparison between Anatomy
4D and AR mobile application to identify how
they improve student performance in biology
subject. Sixty students (30 boys and 30 girls)
wererandomly selected from secondary schools
inthe Northern Bordersregion of Saudi Arabia.
The performance of students was assessed by
selecting atotal of 20 students from each of the
threelevels (year one, year two and year three).
The inclusion criteriainclude a score below 50
in biology in the previous examination, an indi-
cation that students are less motivated and less
interested in the subject, and the learners must
fall within one of the three-year learning pro-
grams offered by the school’s curriculum. How-
ever, to ensure that the research addresses the
main subject, other units and strands were ex-
cluded from the study.

Sudy Design and Data Collection

Thisstudy wasclassified into two main parts:
section one (administering lessons to the par-
ticipants) and section two (data collection us-
ing questionnaires on the performance and per-
ception of students about biology). However,
the researcher administered two learning ses-
sionsto effectively determinethe effects of Anat-
omy 4D in learning and memorizing anatomical
body structuresincluding the heart: the experi-
mental and the control. For the experimental ses-
sion, al 60 studentswere given a30-minutelec-
ture using the help of Anatomy 4D application
to guide their study. In particular, each student
was given atablet containing the Anatomy 4D
application to view all the structures and func-

tions of the heart. The students were split into
three groups of 20 students each based on their
year of study. For the control session, theteacher
was supposed to teach the same group of stu-
dentsfor 30 minutes using traditional chalkboard
and textbooks without AR technol ogy.

The second part of the experiment involved
giving students open-ended questionnaires:
Each was required to state their opinion on
whether they would pursue a biology-related
course at university in the future. A simple as-
sessment test about the functions and parts of
the heart was issued to the students. The stu-
dents were required to name the part and its
function and they wereranked on their outcome.
Notably, both the first and the second parts of
the experiment were administered to the experi-
mental and control groups. An example of the
guestionnaire that the researcher used to collect
data(seeTable 1).

FINDINGS

The findings of the study were divided into
three main parts: the performance, motivational
levels, and pursuit of higher education biology
courses in the future.

Performance

Tables 2 and 3indicate that amagjority of stu-
dents in each particular year of study scored
above 50 percent when Anatomy 4D was used
asapart of thelesson compared to the tradition-
al teaching techniques using a blackboard and
textbooks. For example, for year one, 16 individ-
uals scored above 50 when AR was used versus
only 8 when the technology was absent. Simi-
larly, on average, 43 students scored above 50
percent for the AR technology with only 17 scor-

Table 1: An example of the questionnaire that the researcher used to collect data

Parameter

Outcome

Student Name
Year Sudy

(Year 1, Year 2, or Year 3)

Marks scored (percentage) with the Anatomy 4D AR technology in place (percentage)

Marks scored using textbooks and chalkboard teaching techniques

Student motivation score

Student’s view on future plans to pursue biology-related courses

(percentage)

(1-highly motivated, 2-averagely
motivated, and 3-less motivated) for
both classes)

(Yes/No)

Int J Edu Sci, 26(1-3): 1-8 (2019)
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ings below. Contrarily, only 18 managed 50 per-
cent and above when the chalkboard and text-
books were used.

Motivational L evels

Tables4 and 5 show that studentswere more
motivated to participatein biology lessonswhen
Table 2: Thegeneral performance of students when

Anatomy 4D was used as well as chalkboard and text-
books

Year of
study

Marks Anatomy Chalkboard
Scored D and
(percentage) textbooks

1 Below 20
20-50
50-80
Above 80

2 Below 20
20-50
50-80
Above 80

3 Below 20
20-50
50-80
Above 80

=

P =
~oNRrRUITIoor B~ O
=

NOORMORRLRUTIOOON

Table 3: The total marks scored by students in all
classes in the two sessions

Marks scored Anatomy  Chalkboard

(percentage) 4D and textbooks
Below 20 1 11
20-50 16 29
50-80 30 18
Above 80 13 2

ABDULLAH ALENEZI

Table 4: The student motivation score in each study
year

Year Motivation Anatomy  Chalkboard
of levels 4D and textbooks
study (number  (number of
of students) students)
1 Highly motivated 16 4
Averagely motivated 4 14
Less motivated 0 2
2 Highly motivated 14 3
Averagely motivated 5 12
Less motivated 1 5
3 Highly motivated 18 7
Averagely motivated 2 10
Less motivated 0 3

the AR technology was introduced: 80 percent
of the students were highly motivated, 18 per-
cent had the average motivation, and 2 percent
was less motivated. Very few students werein-
terested in learning in the control experiments
using only chalkboard and textbooks. Only 23
percent was highly motivated.

ThePursuit of Biology-Related Higher
Educationin Future

Table6 presentsthe number of studentswill-
ing to pursue a biology-related course in the fu-
ture after receiving alecture using Anatomy 4D
AR technology. Thefourth and fifth column rep-
resents the number of students willing to pursue
a biology-related course in the future after re-
ceiving a lecture using books and chalkboard
(without AR technology). Similar to motivation-

Table 5: The total number and ages of students for each motivational level for the two groups

Motivation levels Anatomy 4D Percentage Chalkboard and Percentage
(student number) textbooks (student
number)
Highly motivated 48 80 14 23
Averagely-motivated 11 18 36 60
Less motivated 1 2 10 17

Table 6: Interest of students in taking biology-related courses

Year of study Anatomy 4D Chalkboard and
(number of students) textbooks (number of students)
Yes No Yes No
Year 1 15 5 10 10
Year 2 16 4 7 13
Year 3 12 8 5 15

Int J Edu Sci, 26(1-3): 1-8 (2019)
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al levels and performance, more students
showed awillingnessto pursueacoursein biol-
ogy in their future college education when AR
technology was used than when the traditional
chalkboard and textbookswere used. For exam-
ple, of theyear threelearners, 12 agreed to take
acourse, and 8 disagreed when technology was
used. On the other hand, only 5 expressed inter-
est in pursuing acourse in biology in the future
without AR.

DISCUSSION

AR is unquestionably changing the learn-
ing environment both regionally and globally.
Saudi Arabiacannot ignore the need to improve
its learning environment. Kesim and Ozarslan
(2012) believe that augmented reality technolo-
gies bring a more modernized and interesting
learning experienceto classroomsin contrast to
the dull traditional textbook-based educational
approach. Augmented reality involves the su-
perimposition of computer-generated videos or
images on anindividual’s perception of thetrue
or real work; thus, it offers a fused composite
view (Charles2012).

Anatomy 4 Duses Android OS to improve
visualization of the heart and other anatomical
organs. TheAR technology-based device allows
learners to freely interact with the anatomical
features of the human body. It improves their
memory and provokes interest in the subject
(Hou et al. 2013). Asdiscussed in the introduc-
tion, the application needs studentsto first draw
a blueprint image (4D) of the heart or human
body partsfrom the software’'slibrary; these are
mainly present in their phones or tablets. The
application then uses the camera mounted on
the gadget to create athree-dimensional virtualy-
real image (Educational Appstoren.d.).

This study shows that Anatomy 4D tech-
nologies offer a wide range of possihilities for
tutors to develop and advance the learning ex-
periences of students. Asstated by Sural (2017),
thethree primary benefitsincludeimprovement
of student performance, arisein motivation, and
an increase in interest to pursue the subject in
the future. Thus, AR can essentially inspire and
encourage learning experiencesin traditionally
monotonous classroom environments. For ex-
ample, approximately 80 percent of students
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were highly motivated when AR was used in
teaching, but only two percent was less moti-
vated. In contrast, only 23 percent was highly
motivated when the traditional chalkboard and
textbookswereused. Similarly, the performance
of students was exemplary when the technol o-
gy was used. For instance, 16 individualsscored
above 50 percent when AR was used compared
to only 8 when the technology was absent. On
average, 43 students registered 50 percent and
abovewhen Aras used; only 18 percent achieved
the 50 percent mark with traditional methods.
AR could also impact the career choices of stu-
dents. Similar toKhan et a. (2019) findings, most
expressed the desire to pursue biology-related
courseslikemedicinewhen introduced totheAR
technology in class. For instance, 12 year-three
students reported an interest in pursuing higher
studiesin biology in the future when exposed to
the AR learning technique. Only five were inter-
ested without AR. All of these outcomes point to
onefact: ARiscritical to educationinthe21%cen-
tury and will continuously shape student achieve-
ment, motivation, and interest.

CONCLUSION

The study reveals that the score of the ma-
jority of studentsin each particular year isabove
50 percent when Anatomy 4D is used as part of
the lesson, contrary to the traditional methods
such as blackboard and textbooks, where the
score was below average. The score was high
sinceAnatomy 4D technique motivates students
to participate in biology lessons to experience
the use of AR technology. Only 23 percent of
the studentswereinterested in learning biology
using chalkboard and textbooks compared to 80
percent motivated by Anatomy 4D. The find-
ings reveal that AR technologies such as the
Anatomy 4D can transform the education envi-
ronment in Saudi Arabiaand improveitscurrent
global rankings, particularly in mathematicsand
sciences. However, it can also transform each
session into anew exciting experiencefor learn-
ersand can potentially maintain their moraleand
enthusiasm. Besides just enhancing their class
achievement and memory, AR technologies can
change the attitude of the Saudi students to-
wards STEM subjects. The action promotes so-
cio-economic development in theregion.



RECOMMENDATIONS

The study reports that 80 percent of the stu-
dentswere motivated by Anatomy 4D to partic-
ipate in biology learning. Only two percent of
the tested population showed less interest in
using AR technology. When choosing teach-
ing methods and tools, it isimportant to consid-
er students‘interest to ensure that the technique
is effective. Therefore, the researcher recom-
mends that education stakeholders consider and
implement beneficial applicationssuch asAnato-
my 4D to increase student participation, learning,
and performance.
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