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Abstract

Without a doubt, medical sciences have a significant effect on our lives. The medical sciences aid in
the diagnosis and treatment of diseases and ailments. According to studies, the majority of students
utilised conventional instructional methods in their practical classroom. Virtual reality is one of the
immersive technologies that aid the learning process by reducing cognitive load. According to Mayer's
12 Multimedia Principles, the learning process is enhanced when multimedia elements such as visuals
and audio are combined. This study presented the design and development of a VR anatomy medical
classroom by employing cognitive load theory and determining the acceptability of virtual reality
technology for the medical sciences. The combination of the ADDIE model and 12 Mayer's Principle
of Multimedia improved the learning method and research framework for the use of VR-based
technologies in medical sciences education. Utilizing a modified version of the Technology
Acceptance Model (TAM), the VMedTAAM is used to determine the acceptance of technology in
medical education. The result will serve as a guide for future VR developers to improve the design of
immersive technology in this area.

Keywords: CTL, technology acceptance model, VR anatomy, cognitive load, medical sciences.

INTRODUCTION

Virtual reality (VR) is one of the most well-known and rapidly expanding technologies that offers
enormous opportunities in numerous fields, including education, medical health, and sports. VR
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provides a superior three-dimensional (3D) learning visualization than other technologies, such as
audio-based and video-based learning. Also included is human-machine interaction, which has been
shown to improve learning methods, especially in the medical field. This tool allows instructors and
students to have a more realistic experience in the virtual worlds they explore. The utilization of VR
as a learning tool increases motivation among students, as stated by (Sattar et al., 2019).

According to the standard model of training facilities, not only is there a high price tag for the training
itself, but there are also high costs associated with the trainers' time and travel, the upkeep of the
physical space, and the training itself (Sattar et al., 2019). However, virtual reality is convenient
because it cuts down on time and money spent on travel and doesn't require any special training or
knowledge to operate. Challenges exist in the design and development of VR with appropriate
techniques and materials for use in the medical sciences. Furthermore, the instructional design must
be considered to ensure that students understand the VR tasks that must be completed. According to
Shen and Lai (2018), instructional design is the methodical process of planning, creating, testing, and
managing all teaching parts to ensure students learn.

In addition, when designing a VR anatomy classroom, students' working memory must be considered.
This is due to the fact that the more information loaded into working memory, the lower the learning
efficiency (Shirley, 2022). Furthermore, some students may need more time to process the theory they
learned in class when using the traditional method of learning it, which involves slides and video
presentations with a lot of words and information that needs to be processed. Zhang et al. (2021) agree
that using virtual technology in the classroom helps students better understand concepts that are
difficult to describe with words alone.

A major hurdle to the widespread implementation of VR in educational settings, particularly in the
medical sciences, is the level of acceptance of such technology among both students and educators.
This is due to the fact that the application of VR technology in the healthcare industry is still in its
infancy (Kassutto et al., 2021). For that reason, it is important to create an engaging and effective VR
for medical sciences education in order to alter the perspectives of both students and teachers. Thus,
the framework of the Technology Acceptance Model by Davis (1989) is adapted to form the Virtual
Medical Technology Acceptance Anatomy Model (VMedTAAM).

The following section will discuss related studies from prior research, such as virtual reality, cognitive
load, instructional design, and technology acceptance.

OVERVIEW OF THE STUDY
Virtual Reality in Medical Education
The use of digital gadgets in learning and education is quickly expanding (Zawacki-Richter &

Latchem, 2018). Several technologies, including augmented reality (AR), virtual reality (VR), mixed
reality (MR), and extended reality (XR), are used in the field of education (Radianti et al., 2020).
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However, according to Hsieh & Lee (2018), the usage of VR and AR in medical education has steadily
increased thanks to applications like VR exposure therapy, VR anatomy, and AR autism treatment.
Additionally, the utilization of immersive technology, particularly VR, may raise trainees' competence
levels to 95% (Samadbeik et al., 2018). Nonetheless, there are a number of instructional design factors
that must be taken into consideration in order to develop an effective instructional tool for this VR
anatomy classroom.

Meanwhile, VR is an immersive technology that creates an interactive 3D virtual environment Suh &
Prophet (2018) and allows users to become fully immersed in a manufactured environment through
dynamic engagement with the content (Nurul et al., 2019). Additionally, the "3I" design of virtual
reality is built on the three pillars of immersion, imagination, and interaction (Qingtao, 2020). These
three aspects of VR could raise attention (Zhao et al, 2020) and enhance instructional techniques (Hsich
& Lee, 2018). Despite this, it appears that the use of immersive technology, particularly in virtual
reality, is still in its early stages, as indicated by earlier research by Kassutto et al (2021) and Lin et al.
(2022). Thus, this study tends to fill in any gaps in the application of VR for medical education
specifically in the anatomy classroom.

Working Memory and Cognitive Load Theory

It is essential to concentrate on working memory in order to maximize the efficiency of the learning
strategy (Vesga et al., 2021). Working memory is a finite computational resource used for storing and
processing information simultaneously in one's brain (Anmarkrud et al., 2019). It is also essential in
cognitive load theory (CLT) due to its interconnectedness (Anmarkrud et al., 2019). Information is
more difficult to concentrate on, practice, and recall material when the brain is under a lot of cognitive
load (CL) or cognitive burden (Shirley, 2022). However, to improve the effectiveness of the learning
process, there are three subscales of cognitive load that require attention. The three subscales of CL,
according to Sweller et al (2019), are the intrinsic load (IL), extraneous load (EL), and germane load
(GL).

Intrinsic load is the term for the mental strain encountered when completing a learning assignment. It
depends on how challenging the task is and how effectively it integrates with other elements (Mutlu-
Bayraktar et al., 2019). The learner's knowledge determines the degree of intrinsic load (Anmarkrud
et al., 2019). Hence, the intrinsic cognitive load does not just depend on the learners’ prior knowledge,
it also depends on the instructional design and how the materials are presented. While the learner's
prior knowledge is undoubtedly a factor in effective IL, an instructional design strategy that is more
specifically focused is necessary for effective information presentation. This is because a superb
instructional design will lead to a great and wonderful product (Budoya et al., 2019).

One of the three components of CLT that can be influenced by the instructional approach is extraneous
load (Albus et al., 2021; Mutlu-Bayraktar et al., 2019). EL occurs when an unnecessary learning
process directly contributes to learning (White & Candidate, 2018). Text instructions on the task to be
accomplished, the use of unnecessary graphics as decorations for the virtual classroom, and the
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learning session’s erratic flow are examples of excess load, particularly in VR. Based on the preceding
instances, it will result in a larger working memory to analyze, store, and manipulate information
simultaneously. Therefore, the reduction of unnecessary elements in sequence tasks is needed for an
efficient instructional design for this VR anatomy classroom (White & Candidate, 2018).

Furthermore, the germane load is a strain that appears while managing and building mental structures
(Mutlu-Bayraktar et al., 2019). Since it results from student exertion, it is a type of "good" load that
has consequences for students' progress (Albus et al., 2021). The influence of an immersive
environment could make using VR more motivating Kavanagh et al (2017) to accomplish the task. By
bridging the gap between instructional information and student motivation, VR has the potential to
improve medical education. In other words, if students feel more motivated, they will exert more effort
to complete more assignments. These findings lead to the conclusion that apps with lower EL and IL
and higher GL lighten the cognitive load and improve learning efficiency.

Intrinsic Load
+ -+ Germane Load
Extraneous Load

_ Effective Learning
- Process

Figure 1: The illustration of the relationship between IL, EL, and GL and the effectiveness of the
learning process

Instructional Design and Mayer’s 12 Principles of Multimedia

It will be essential to use a combination of a high-quality instructional design model, a multimedia
framework guideline, and cognitive load in order to achieve the objective of minimizing cognitive load
in this application. The ADDIE paradigm is used for educational purposes in VR development the
majority of the time (77.42%) (Hamizi et al., 2022). Furthermore, according to Basu (2018), one sort
of instructional design that employs a systematic and iterative approach to guide developers in a way
that allows them to be both adaptable and innovative is the ADDIE model. Nonetheless, since Virtual
Reality features include multimedia components such as 3D, audio, video, and still images Kassutto et
al (2021), Mayer's 12 Principles of Multimedia should be incorporated into the construction of VR to
ensure maximum effectiveness.

Despite this, the ADDIE model consists of five development processes, which are analysis of the
problem and needs, design of activities and materials, development of the objective goals,
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implementation of training, and evaluation of the instruction and outcomes (Hamizi et al., 2022).
Moreover, a thorough examination of the difficulties and needs influences a great outcome. In this
analysis phase, several elements need to be taken into consideration such as targeted audiences,
characteristics of the targeted audiences Aldoobie (2015), appropriate software to be utilized, and the
supported hardware to use for the development of the application. In addition, designing learning
objectives and using a proper framework are among the other tasks that need to be completed during
the design process. The following step in developing performance aids is to incorporate content into
the layout (May, 2018). The application is then made available to the intended audiences, and during
the implementation and evaluation phases, the responses of the audiences are used to gauge the
application’s acceptance.

According to the previous studies, Mayer’s 12 Principles of Multimedia was applied in digital
presentation (Nurul Fadly et al., 2022), lowering CL in general (Ginns & Leppink, 2019) and
enhancing biology lectures using VR (Parong & Mayer, 2018). Studies examining the application of
Mayer’s 12 Principles of Multimedia in medical education are still lacking. However, Lauren (2021)
revised the list of Mayer’s 12 Principles which aids in the selection of the appropriate principles for
application in this study. The Coherence Principle (CP) is applied by keeping the content basic and
understandable in order to create a VR anatomy classroom by avoiding unnecessary load. The Spatial
Contiguity Principle (SCP) was also utilised in this application through direct instruction, which
involve putting together the related words and pictures. Additionally, Segmenting Principles (SP) helps
assist students by segmenting the content to increase their comprehension. Thus, these three principles
are suited to use in the development of VR anatomy classrooms.
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Figure 2: The implementation of Mayer’s 12 Principles of Multimedia in the ADDIE model

Technology Acceptance Model

Technology acceptance is one of the important factors in predicting the level of acceptance of the
audiences. The Technology Acceptance Model (TAM) by Davis (1989) is one of the most popular
models used to forecast the acceptance of technology. TAM is made up of four basic components
which are (i) perceived usefulness, (ii) perceived ease of use, (iii) behavioural intention use, and (iv)
actual system use. Early researchers have tweaked and altered TAM. Chau and Hu (2001) altered TAM
in 1996 by eliminating attitude because it doesn't seem to fully mediate the effect of perceived
usefulness and perceived ease of use on behavioural intention.

Surendran (2013) also discovered that Agarwal and Prasad in 1998, modified TAM by incorporating
the idea of compatibility. Ching & Roberts (2020) rearranged the timeline of TAM's changes and
discovered that Venkatesh & Davis' 1996 simplification of TAM by including just five factors (i)
external variables; The five factors which are: (i) the extent of the effect, (ii) the perceived usefulness,
(iii) the perceived ease of use, (iv) the behavioural intention, and (v) the usage behaviour.

However, the original TAM criteria which are perceived usefulness (PU) and ease of use (EOU) will
be adapted in this application. This study also eliminates another element by substituting with personal



Mohd Hamizi et al. | JICTIE | Volume 10, Issue 1 (2023)

intrinsic capability, intention to use, context, and trust of use to produce the Virtual Medical
Technology Acceptance Anatomy Model (VMedTAAM).

According to the VMedTAAM model depicted in Figure 3, technology acceptance will be measured
based on the extent to which students enjoy the context of the VR anatomy classroom, which is related
to their intrinsic capability (PIC) and is dependent on their confidence in using VR technology to
operate the immersive anatomy classroom in another virtual world. Students' confidence in their ability
to finish assignments and interest in the classroom's topic and materials make up the perceived
usefulness (PU). The PIC method leaves behind students who are confident using virtual reality
technology, who can read and comprehend instructions, and who finish their homework.
Consequently, the measurement of these two components of VMedTAAM, PU, and EOU, will indicate
whether or not students intend to employ technology in their classes. Acceptance of the technology in
this context is very dependent on all aspects of the VMedTAAM architecture.

Perceived of
Uszefulness

Context .| Personal Intrinsic Intention to use
¢ > Capability \ /"
A Ease of Use

k4

Trust of Use

Figure 3: The illustration of the VMedTAAM

METHODOLOGY

This study seeks to construct an instructional design using the cognitive load theory and develop an
immersive anatomy medical classroom using VR technology in response to the issues mentioned in
the introduction section above. This instructional design and cognitive load theory help to streamline
the stimulation content for an anatomy lecture in a new immersive environment. The quantitative
approach was used in this study. For the quantitative procedure, a quasi-experimental single-group
post-test was also employed. This quantitative method was used to address the research objectives.

The development phase, the implementation phase, and the evaluation phase were the three evaluation
phases of this study. 31 students took part in this study by utilizing the quantitative methodology. The
students are allowed to independently experience the VR anatomy classroom and get a sense of how
the virtual world differs from the actual environment. The students range in age from 19 to 25 years
old and primarily study at Universiti Sains Malaysia. The dependent variables are CT, PIC, TU, PU,
EOU, and IU.
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Before participating in the study, all 31 students were given a brief explanation of virtual reality
technology and the handling technique of the VR application. The students then started to experience
the VR anatomy classroom. Five to ten minutes were provided to each of the students to experience
the VR anatomy classroom. In this VR classroom, the students are given the task of placing the
anatomical organs on the table that has been labelled with each part of the body. The heart, respiratory
system, digestive system, and brain are the four components of the anatomy that must be correctly
positioned.

After completing the activity, students are given a set of questionnaires to answer. A questionnaire that
is adapted from TAM which consists of six dimensions including, usefulness, ease of use, trust,
context, personal initiatives, and intended use will be used as the instrument to access their technology
acceptance. The data will be collected by using a Google form and will be analyzed in SPSS Software
version 26 to measure the acceptance of this technology quantitatively. The reliability of the
questionnaires is 0.956 and it is an acceptable value as it is higher than 0.6 (Ahdika, 2021). In addition,
the reliability of each element of the VMedTAAM is shown in Table 2 below.

Table 1: The reliability of VMedTAAM

The reliability of VMedTAAM a value
VMedTAAM 0.956

Table 2: The reliability of each component of VMedTAAM by using Cronbach’s Alpha

The Components of VMedTAAM a value

PU 0.837
EOU 0.796
PIC 0.710
TU 0.589
CT 0.821
18] 0.700

RESULT

The following subsection will present the findings of the quantitative analysis. A questionnaire that
has been broken down into six sections which are perceived usefulness, ease of use, context, trust of
use, personal intrinsic capability, and intention to use is shown in Figure 4.
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Questions | Element
1. This application is useful for students PU
2. I would find the immersive anatomy classroom to be flexible to EOU
interact with
3.1 believe this immersive anatomy classroom is risk-free to use TU
4.1 am capable of using the application PIC
5. This VR application is easy to handle EOU
6. The VR technology 1s very relevant for medical and health education PU
7.1 have fun using the immersive anatomy classroom CT
8. The content of this immersive anatomy classroom 1s decreasing the CT
cognitive load
9.1 could use the application when 1t 1s published U
10. I could use the application 1f the application 15 widely acknowledged PU
11. 1 prefer to be the first one using the anatomy classroom with VR PIC
technology
12T like the interaction between the anatomy body and VR EOU
13. The wideo inside the classroom is very helpful to increase my PIC
knowledge
14 T feel fully immersed n the world of anatomy classroom TU
15. T will share with my friends the experience I gained 1n this virtual IU

anatomy classroom and recommend them to try this application also

Figure 4. The set of VMedTAAM questionnaires

The outcomes of the study have been examined by using SPSS software. The data is then separated
into various components. The first three questions (numbered 1, 6, and 10) are classified as PU whereas
the next seven (numbered 2, 5, and 12) are classified as EOU. In addition, questions 4, 11, and 13 are
associated with PIC, questions 3 and 14 are associated with TU, questions 7 and 8 are associated with
CT, and questions 9 and 15 are associated with IU. By classifying the questions into different

categories, it is easier for the researcher to conduct an analysis.

Table 3: The mean comparison among the elements of the VMedTAAM
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Elements N Minimum Maximum Mean Std. Deviation

PU 31 2 5 4.19 0.980
EOU 31 2 5 4.35 0.798
PIC 31 2 5 4.32 0.909
TU 31 2 5 423 0.884
CT 31 3 5 4.48 0.811
U 31 2 5 4.35 0.839
PU2 31 3 5 4.58 0.672
EOU2 31 2 5 423 0.990
PIC2 31 2 5 4.32 0.909
TU2 31 2 5 4.29 0.902
CT2 31 3 5 4.26 0.773
102 31 2 5 4.55 0.810
PU3 31 3 5 4.65 0.661
EOU3 31 2 5 4.39 0.844
PIC3 31 3 5 4.39 0.761

Based on the data, the average means are 4.043, while EOU2, which stands for question 5, has the
highest standard deviation with a value of 0.990. Despite this, the lowest standard deviation from PU3
is 0.661, which stands for question 10. It indicates that, in contrast to EOU2, where there are no
significant gaps between "strongly agree" and "neutral and disagree", the data distribution around the
mean is more concentrated. Based on the aforementioned interpretation of the results, the acquired
mean values for the questions that collectively reflect the VMedTAAM elements appear to range from
4.19 to 4.65. This shows that the majority of the students who experience this anatomy classroom are
comfortable with the incorporation of VR technology.

Additionally, the code element for question 10 (PU3) has the highest mean (4.65), followed by the
code element representing question 6 (PU2) (4.58), and the code element representing question 15
(IU2) with mean values of 4.55. Furthermore, the first two with the highest means are related to
perceived usefulness when compared to the ease of use. Contrarily, the VMedTAAM elements' total
mean is split into a three-item and a two-item dimension. The three-item dimension includes PU, EOU,
and PIC, while the two-item dimension consists of TU, CT, and IU. PU has a total mean of 13.42 and
is a dominant element for three-item dimensions followed by PIC and EOU with 13.03 in this
VMedTAAM as stated in Table 4 below. The result of the three-item dimension demonstrates that the
VR anatomy classroom is very useful to the students, followed by the capability of using it and its ease
of use. Nevertheless, for the element of the two-item dimension, IU has a higher total mean than CT
and TU, with a value of 8.90 versus 8.74 and 8.52, respectively as stated in Table 5. This proved that
the students intend to use the VR anatomy classroom in the future.

Table 4: The total mean of the VMedTAAM element with 3 items.

Elements Total Mean

10
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Perceived Usefulness (PU) 13.42
Personal Intrinsic Capability (PIC) 13.03
Ease of Use (EOU) 12.97

Table 5: The total mean of the VMedTAAM element with 2 items.

Elements Total Mean
Intention of Use (IU) 8.90
Context (CT) 8.74
Trust of Use (TU) 8.52

DISCUSSION AND CONCLUSION

The development of a virtual reality anatomy classroom marked the study’s end. An efficient learning
platform and products are produced by combining many theories. By looking at the theories of working
memory and cognitive load, the design and development of this immersive learning approach will be
improvised. As the ADDIE model serves as a complement to Mayer's 12 Multimedia Principles in the
development of an immersive virtual reality of an anatomy classroom, the ADDIE model can be seen
as a powerful supplement. It also ensures the effectiveness of the VR anatomy classroom in helping
students during the lessons. Additionally, based on a guideline from Davis's technology acceptance
model (TAM), this paper created VMedTAAM, a novel virtual reality technology acceptance model
for anatomy classrooms.

In addition, the VR anatomy classroom is seen to be effective when students can easily complete the
tasks given in this immersive virtual learning because of the help of pictures, videos, 3D models that
can be touched immersively, and clear instructions given. The students' attitudes show that the
combination of the ADDIE model and 12 Mayer’s Principles of Multimedia including CP, SCP, and
SP succeeded in reducing the cognitive loads. The quantitative results of the technology acceptance
proved the success of this design and development.

Moreover, by following the tenets of the aforementioned theories, this application effectively lessens
the cognitive load while referring to the study’s outcomes. This application is deemed appropriate for
usage because the mean value ranges between 4.19 and 4.65, which corresponds to "agree" responses
for all VMedTAAM questionnaire items. However, there are many things to undertake to investigate
the optimal framework architecture for developing immersive learning technologies. The integration
of numerous theories in this study will aid future researchers in VR technology, especially in the
medical science field. Recommendations for future research include employing mixed-method
approaches to investigate related technologies, such as the motivation and behaviour of students to
utilize VR technology in medical sciences, particularly for anatomy.

The government should take the results of this study seriously since, nowadays, the alpha generation

grows closely with gadgets. Moreover, the world is moving to Web 3.0, which consists of five main
components, including Metaverse. The Metaverse is a digital representation of the physical world and

11
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the Internet in three dimensions (Vermaak, 2022). Users can move around using their laptops, mobile
devices, or VR/AR headsets, creating a truly immersive experience that will push the bounds of reality
further and further apart. Thus, students and educators must be aware of Web 3.0 and the Metaverse,
which contain VR technology, such as giving exposure to this technology.
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