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ABSTRACT
Dental treatments are expensive, and dentist training is time-
consuming and involves processes that have risks associated with
them. The world is looking into alternate ways to train dentists.
This paper aims to address these challenges by proposing a virtual
reality-based training application that helps dentists gain initial
training in the risk-free virtual scenario. The application was evalu-
ated by 26 dental trainees, who carried out different tasks on dental
treatments in the virtual scenario. After testing, each participant
completed the System Usability Scale (SUS) questionnaire. The SUS
data analysis resulted in a score of 82.50, which indicates that the
participants like the virtual reality application and would recom-
mend it to their colleagues. The demographics analysis showed
female SUS score greater than males, and participants aged <=30
years had SUS scores more than those aged >30 years. However,
there is a need for more testing sessions to generalise the results of
this research.

CCS CONCEPTS
• Human-centred computing→ Human computer interaction
(HCI); Usability testing; Interaction paradigms; • Human-centred
computing → Virtual reality..
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1 INTRODUCTION
The recent World Health Organization (WHO) statistics show that
oral diseases are one of the biggest challenges in many countries
[1]. These diseases affect people’s lives and can result in unbear-
able pain, discomfort, and huge expenses. Dental treatments are
costly and are not covered under universal health coverage in many
countries. However, most dental diseases are preventable if treated
early. Dental treatments are often considered time and resource
consuming. The operations carried out during dental treatments
can be dangerous, and precautions must be taken to avoid spreading
diseases such as hepatitis and Covid-19. These operations require
specialised training and skills to fulfil the medical procedures in-
volved in dentistry properly. Traditional dental training involves
human models, trainers and training students.

In reality, dental training can only be performed on a limited
amount of teeth models. Each student will experience a limited
number of chances to have hands-on training during their course.

A recent study [2], which performed a comprehensive systematic
review of the literature on the use of Virtual Reality (VR) in dentistry,
has shown that VR applications are best suited for dental skill
training. This study further showed that although VR applications
are gaining particular interest from the dental industry, there is
still a lack of studies focused on VR use for safe dental therapy
procedures. More studies are needed to establish technological
standards for VR applications in dentistry.

Incorporating technological solutions is highly recommended in
the dental training process for new trainees. VR is believed to be one
of the best available technical solutions to assist trainees in a safe
environment with zero risk to life and helpmitigate time constraints
and financial burdens [3]. VR uses an artificial computer-generated
simulation that replicates a real-life scenario or situation. The main
features of VR are immersion and interaction, where immersion
represents the presence in the virtual world and interaction relates
to the user’s performance. The VR environment uses a simulation
of vision and audio to make the trainees feel they are experiencing
the situation in real life [4].

https://doi.org/10.1145/3549865.3549881
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1.1 Research problem
The Centre of Excellence in Mobile and Emerging Technologies
(CEMET) is a leading research centre for emerging technologies in
the United Kingdom. We continuously engage with industries to
offer them real-life technological solutions. Considering the impor-
tance of VR use in training, we contacted dental industry experts
to understand how VR can help in this profession. We encountered
issues that dental assistant trainee assessors regularly face through
our discussions. To grant qualification successfully, the dental as-
sessor must observe the trainee assist with specific procedures, one
of which is the Root Canal Treatment (RCT) procedure. However,
the RCT is not a particularly common treatment. Therefore, the
likelihood of an assessor being present to observe on a date that the
process is due and that the patient does not cancel the procedure is
low.

This leads to the problem that both trainees capable of com-
pleting their qualifications and assessors prepared to observe such
treatments must rely on circumstances beyond their control before
the assessment can be made.

With the aid of VR, the experts wanted to explore the possibil-
ities of developing a scenario whereby the trainee can virtually
assist in an RCT procedure. Initially, this is to aid training but with
an eventual goal of garnering the support of awarding bodies to
recognise the tool as a method of formally assessing the RCT pro-
cedure, and potentially other procedures in the future to reduce the
current issues faced and aid both trainees and assessors.

The academic research on this topic shows that trainees’ knowl-
edge retention and achievements from the training courses can be
increased by increasing their interaction in the training process [5].
Therefore, this paper proposes a VR based training application for
dental trainees. The virtual reality application was developed with
the aim of providing dental trainees with a close to reality training
opportunity by replicating the real world-training scenario in the
virtual settings. The dental trainees can repeatedly practise these
scenarios and learn from their mistakes without any real-life risk.

The use of VR in dentistry training not only improves the motor
skills of the trainees but also helps them to increase their hand-
eye coordination and intellectual skills and reduces the financial
burden involved in such training [6]. Therefore, it is anticipated
that Virtual Reality applications will help dental trainees increase
their practice and knowledge in a safe and risk-free environment.

This paper contains five sections. Section 2 gives insights into
related work. Section 3 highlights the research methodology used
for this study. Section 4 presents results and discussion. Section 5
outlines the conclusion and potential future research direction.

2 RELATEDWORK
The existence of VR is over half a century old. However, the recent
advances in the technology sector have boosted its importance
in many sectors. VR-based solutions are being applied almost in
different parts of social life, including processing industries, man-
ufacturing, marketing, education, entertainment etc. The use of
VR in dentistry is, therefore, no exception. The following studies
highlight the benefits gained by dentistry from VR in recent years.

In a prior study, the researchers tried to develop a virtual system
with a virtual patient. The virtual system was designed to operate

dental mirrors and handpieces in real-time. The system also had a
training facility for tooth crown shaping in the virtual space. Six
students tested the system and performed different tasks in the
virtual environment [7].

Another study presented an augmented reality (AR) based teeth
shade match system. In this prototype, a modified camera was
used to take a picture of a tooth, and then the AR system used a
virtual tooth to match the colouring of the teeth. This system can
potentially assist dentists in matching the shades of the teeth and
can help cosmetic dentistry accept the use of VR. However, the
system required further development before actual experiments in
dentistry could be performed [8].

A 3D haptic virtual reality simulation system was tried in China
in training for dental crown preparations. Experiments were carried
out with students who used the 3D haptic simulator to prepare ce-
ramic metal crowns. Although the experienced students performed
better than the novice students, the results indicated that the 3D
haptic simulator has the potential to help in dental training [9].
Another similar study experimented on new trainees versus ex-
perienced prosthodontics residents. They used a simulated caries
removal experiment with the help of a VR Haptic simulator. The
efficiency of both new trainees and experienced residents improved
over time using the simulator [10].

The training impact of a VR simulator MOOG in tooth prepara-
tion was analysed in the Netherlands. The experiments showed that
the group with a VR system and an experienced training instructor
performed better than the groups trained only via the VR system
or only by the instructor [11]. The study highlighted the need for
a combination of the VR system and training instructor presence
during the training process.

Another study examined the performance of students training in
virtual settings. The use of 3D vision in the virtual environment had
a positive impact on the students’ performance compared to the
training done through the 2D vision [12]. A joint venture between
NUS and Temasek Polytechnic developed a VR based application
for viewing dental Oral Keratocyst. The VR application visualises
a cyber-face and cyber-mouth environments. However, this study
did not report any user testing done with the system [13].

A portable VR application system was developed to train dental
trainees in emergencies during a root canal surgery. System evalu-
ation was performed with multiple trainees, and the impact of the
system was perceived as positive in their decision-making [14].

Other related work includes a dental anaesthesia training simu-
lator for the inferior alveolar nerve block [15]. A VR simulator for
orbital floor construction [16]. A basic VR training system for new
oral surgeons to help them practise the removal of submandibular
glands [17]. A virtual dental implant simulator to replace training
through cadaver parts and plastic artefacts [18]. Additionally, VR
based therapies have been applied to mitigate dental phobia among
dental patients [19].

The literature examples show that many researchers have tried
to use VR in dentistry in recent years. The previous studies used
VR in only performing dental procedures. No study focused on the
pre-dental treatment processes of patients waiting in the waiting
room, entering the treatment room and dentists preparing for the
treatment.
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Table 1: Demographic Information of the Participants

Demographic Group Distribution
Gender Female 20 77%

Male 6 23%
Age <= 30 14 54%

> 30 12 46%
VR Experience Yes 13 50%

No 13 50%

Additionally, the recent crisis of Covid-19 has changed the dy-
namics of every field, and dentistry is no exception. The VR systems
presented so far can train dental trainees in different areas, but they
have not been upgraded to include Covid-19 practices. Therefore,
this study proposes a novel VR training system for dental trainees
that provides training in in the use of Covid-19 preventive measures
whilst undertaking dental procedures.

3 RESEARCH METHODOLOGY
The research process used for this study is summarised in Figure
1. The research process started with a literature review to identify
research gaps and generate ideas for this study. The research team
designed and developed the virtual reality application at stage one.
A research questionnaire was created, and a pilot study with indus-
try experts and CEMET colleagues was performed. In the second
stage, participants (dental trainees) were recruited to conduct user
testing with the help of dental experts. They were exposed to a
VR experience in the virtual reality application and were asked
to fill the questionnaires after the VR scenario. The third stage
involved data analysis using thestandardSystemUsabilityScale(SUS)
data analysis tool, which helped understand the pros and cons of
the virtual reality application and identify potential future research
directions. The research ethics committee of the Faculty of Comput-
ing, Engineering and Science, University of South Wales, granted
the research ethics approval. The research team adhered to the
ethical considerations throughout the research process.

The following subsections provide details about the participants’
information involved in the user testing, an overview of the vir-
tual reality application, and the questionnaires and data collection
process.

3.1 Participants Information
As this study involved dental training application, the participants
were dental trainees. The summary of participants’ information is
presented in Table 1. 26 participants (6 male and 20 female) partici-
pated in the end-user testing. The age range for the participants is
from 24 to 45 years old. The mean age of the participants is 31.58,
with a Standard Deviation (SD) of 5.43. Based on their age, we dis-
tributed the participants into two different groups. The first group
consists of 14 participants aged (<=30) years, whereas the second
group consists of 12 participants aged (>30) years. Additionally, 13
participants had previous VR experience, and 13 did not have any
VR experience before this testing.

Figure 1: Research Process used for the study

3.2 Overview of the virtual reality application
The virtual reality application was designed and developed through
the co-design process [20], in which the research team collabo-
rated with experts from the dental industry. Based on their recom-
mendation and research gaps in the literature, the virtual reality
application was developed for dental assistant training through a
step-by-step process in the virtual environment.

The virtual scenario begins with an instruction screen explaining
the scenario and procedures to be carried out within that scenario.
The first scene is in the waiting room, where the patient is waiting
for his turn to be called in for RCT procedures. The dental trainee
can navigate the virtual scene with the help of the controller. The
controller navigation and positioning are shown in Figure 2.

Once the dental trainee calls in the patient, they appear in the
dental surgery room. Figure 3 shows the dental trainee entering the
dental surgery room. To carry out Covid-19 protocols, the dental
trainees will be wearing a facemask and first wash their hands in
the virtual scene with the help of tap water. The patient sits on the
dental seat and has some introductory conversations.

The dental trainee can use the pointer (through their controllers)
to control his movements in the virtual scene and perform different
activities, including opening and closing the draws, picking up and
putting down the dental equipment, adjusting the head position
of the patient, controlling light conditions, and inserting dental
equipment into the patient’s mouth, etc. The instruments used in
the dental RCT procedure are shown in Figure 4. The controllers

 standard System Usability Scale (SUS)
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Figure 2: Portal Position in the VR Environment

Figure 3: Dental Trainee in the VR Environment

further help the dental trainee perform RCT procedures one by one.
The patient model is shown in Figure 5. Once the dental trainee
finishes the procedure, they can view a result screen showing the
number of correct and incorrect steps they performed.

The dental trainee can repeat this training scenario as many
times as they like in a safe and risk-free environment. This dental
training scenario is developed to aid dental trainees; therefore, it
can be an addition to their current training programme.

3.3 Design of VR Application
Games engines are usually used to develop such projects as they
inherently understand and function to manipulate objects within
3D environments. They have graphical pipelines for interpreting
3D object model files and rendering them, provide physics simula-
tions, and can compile and publish projects to VR hardware. The
Unity games engine was used for developing the virtual reality
application because of its well-documented VR support, develop-
ment flexibility, and its use of the C# language for coding. The
Oculus Go standalone headset was used as it requires minimum
setup and offers a 3-Degrees of Freedom (3DoF) controller. It can
track rotations left/right, up/down and forward/backwards. For the
User Interface (UI), we used a pointer that can select objects and
interact with a menu to perform actions within the scenario.

The virtual reality application accesses user account authenti-
cation and stores interaction and evaluation data to cloud storage
so that data stored can be linked to user accounts set up remotely.
At a later date, the interaction and evaluation data can be accessed
online, either directly through the Firebase console or via an ap-
plication that can interpret and display the stored data in a form
that can be understood by admin users wishing to review the per-
formance and progress of the VR trainees. Google Firebase was
used as the cloud platform of choice due to Google’s availability,
reliability, and feature support.

3.4 Questionnaire and Data Collection
The researchers used the SystemUsability Scale (SUS) questionnaire
to evaluate the usability of the virtual reality application from the
end-users [21]. The SUS questionnaire has been popularly used
for system usability evaluation in different research areas for over
three decades. The SUS questionnaire is considered a reliable system
usability measuring instrument as thousands of studies have used
it already [22]. Primarily, it is regarded as a helpful tool when a
small sample size. It can accommodate a sample size of as low as
five [23]. Therefore, it was the best-suited tool for our research as
we only had a sample size of 26.

The SUS questionnaire is based on the following statements:
1. I think that I would like to use this system frequently.
2. I found the system unnecessarily complex.
3. I thought the system was easy to use.
4. I think that I would need the support of a technical person

to be able to use this system.
5. I found the various functions in this system were well inte-

grated.
6. I thought there was too much inconsistency in this system.
7. I would imagine that most people would learn to use this

system very quickly.
8. I found the system very cumbersome to use.
9. I felt very confident using the system.
10. I needed to learn a lot of things before I could get going with

this system.
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Figure 4: Instruments in the VR Environment

Figure 5: Patient in the VR Environment

The user testing of the virtual reality application was held in
multiple sessions. Each session started with introducing the appli-
cation, its functionalities and instructions on navigating the virtual
environment. The participants were asked to sign the consent forms.
After completing the virtual scenario, the participants completed
the SUS questionnaires

4 RESULTS AND DISCUSSION
This section outlines the data analysis, results, and related discus-
sion for the 26 participants’ questionnaires gathered for this study.
We followed the standard SUS data analysis process reported in
[24] for data analysis and results interpretations.

4.1 Data Analysis
For the SUS questionnaire, the participants were given five choices
on the Likert scale to choose from, namely: strongly disagree (1),
disagree (2), neutral (3), agree (4) and strongly agree (5). The SUS
scores are calculated using the following calculations:

SUS Score = (X + Y) x 2.5
X = Sum of the points for all odd-numbered questions – 5
Y = 25 – Sum of the points for all even-numbered questions
Table 2 presents details of the survey participants’ SUS scores,

along with SUS raw scores and SUS final scores. The academic
literature shows 68 as being an average SUS score. Any score above
this average indicates that the system under test has good usability,

whereas a score less than the average means that there is some
issue with the system’s usability under investigation [24]. Table 2
shows that 25 participants scored more than the average score of 68,
which indicates that they were satisfied with the system usability
for the virtual reality application. Only one participant with a score
of 62.50 was not satisfied with the system’s usability.

There is another criterion known as grading within the SUS
data analysis. If the participant has a score above 80.3, this will
be considered equivalent to an A grade. A score of 68.1 to 80.3 is
regarded as a B grade, 68 corresponds to a C grade, 51.1 to 67.9 is a
D grade and any score less than or equal to 51 is regarded as an F
grade [25]. These grades are equivalent to:

Grade A: Excellent
Grade B: Good
Grade C: Okay
Grade D: Poor
Grade F: Awful
The overall average score for this study is 82.50, which is equiva-

lent to grade A based on the criteria mentioned above. The SUS av-
erage score indicates that the participants enjoyed their experience
with the virtual reality application and are willing to recommend it
to other people.

4.2 SUS Scores for Demographics
We further explored the SUS scores based on the demographic
characteristics of the participants, as summarised in Table 3. The
average score for the female participants is high, 84.75 (grade A),
compared to the male participants’ score of 79.58 (grade B). Al-
though the male participants are also very close to grade A, we can
say that female participant enjoyed the virtual scenario more than
the male participants.

The SUS scores further indicate that both age groups of partici-
pants <= 30 years old and >30 years old have scores equivalent to
grades A. However, the younger participants enjoyed their experi-
ence more than the older participants. Similarly, the participants’
groups with and without prior VR experience scored grades A. The
group with previous experience scoring more than the group with
no previous experience indicates that the developed scenario for
the virtual reality application was of good quality. Otherwise, the
experienced VR users would have identified more issues within
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Table 2: Data Summary for the Participants

Participant Gender Age Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS Raw Score SUS Final Score
1 Female 38 4 1 4 3 4 1 5 2 5 2 33 82.50
2 Female 28 5 2 5 2 5 2 5 1 4 2 35 87.50
3 Female 31 5 3 5 1 4 1 4 2 4 1 34 85.00
4 Female 45 5 1 5 2 5 2 5 1 4 2 36 90.00
5 Female 37 5 1 4 1 5 1 5 1 4 1 38 95.00
6 Female 31 4 2 4 2 4 2 5 2 4 1 32 80.00
7 Female 26 5 2 4 2 5 1 5 1 4 2 35 87.50
8 Female 40 4 2 5 2 4 1 4 1 5 1 35 87.50
9 Female 29 4 5 4 1 5 2 5 3 4 3 28 70.00
10 Female 29 5 3 5 2 5 2 5 1 5 2 35 87.50
11 Female 26 5 1 4 2 5 2 5 1 4 2 35 87.50
12 Female 30 4 1 2 2 5 1 4 2 5 2 32 80.00
13 Female 28 5 3 5 5 5 1 5 1 5 1 34 85.00
14 Male 30 4 1 5 3 5 2 4 1 5 1 35 87.50
15 Male 32 4 2 4 5 5 2 5 2 4 2 29 72.50
16 Female 36 4 2 4 2 4 2 4 2 4 2 30 75.00
17 Female 25 5 1 5 2 5 2 5 1 5 2 37 92.50
18 Female 36 4 2 5 1 4 1 4 2 4 1 34 85.00
19 Female 28 5 2 4 2 4 2 5 2 4 1 33 82.50
20 Female 27 5 2 5 2 5 1 4 1 4 2 35 87.50
21 Female 40 4 2 4 2 4 2 5 2 4 2 31 77.50
22 Female 24 5 1 4 2 5 2 5 1 5 2 36 90.00
23 Male 33 4 1 4 2 4 1 5 1 5 2 35 87.50
24 Male 37 2 5 4 2 3 2 4 2 5 2 25 62.50
25 Male 28 5 3 4 2 4 2 4 2 4 2 30 75.00
26 Male 27 4 1 5 2 5 2 5 1 5 1 37 92.50

Average 33 82.50

Table 3: SUS Scores for Demographics

Demographics Group SUS Final Score
Gender Female 84.75

Male 79.58
Age <= 30 85.42

> 30 81.96
Previous VR
Experience

Yes 85.00
No 82.12

the virtual environment. We can conclude that although most of
the participants were satisfied with their experience in the virtual
scenario, younger participants with the previous expertise enjoyed
it more than other groups. These findings are consistent with some
other studies on VR-based training applications [3, 26, 27].

5 CONCLUSION AND FUTUREWORK
Considering the importance of technology-based training in the
recent years, this paper proposed a virtual reality-based dental
training application. The virtual reality application provides op-
portunities for dental trainees to learn about dental surgery proce-
dures and improve their skills in a risk-free virtual environment.
The virtual scenario begins with a patient waiting room scene and

allows the dental trainees to interact with the patient. Then they
go to the training room, and dental trainees carry out pretreatment
procedures and practice root canal treatment. The virtual reality
application offers several benefits, such as, reducing the cost of
building real-life dental training setups and equipment. It can also
help reduce potential risks involved in real dental treatment train-
ing when the trainee commits mistakes during the procedure. The
most significant benefit is that the dental training process can be
carried out as many times as the dental trainee wants.

The virtual reality application was evaluated from the system
usability point of view with the help of SUS questionnaires. The
combined SUS score for the 26 participants was 82.50, which cor-
responds to a grade A level score on the traditional SUS scale.
The grade A score means that the participants enjoyed their VR
experience, and they are willing to recommend the virtual real-
ity application to their colleagues. The demographic-based results
showed that female participants scored grade A with a score of
84.75, whereas the male participants scored just shy of grade A
with 79.58. The age group analysis showed that both age groups
scored grade A. However, the younger age group with ages (<=30)
years old scored higher than the older age group with ages (>30).
Similarly, the participants’ groups scored grade A with or without
previous experience. The participants with prior VR experience
scored better than those who were new to a VR experience.
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Overall, the survey results from the user testing are promising for
the virtual reality application system usability. However, we cannot
generalise these results due to the small sample size. There is a
need for more user testing and research on the long-term impact of
the virtual reality application on the training of the dental trainees,
which will help to generalise the findings.

The study limitations include a small sample size of user test-
ing participants, a limited dental training scenario and a limited
number of actions that a dental trainee can perform in the virtual
environment. The scenario is limited in scope as some users can ex-
perience dizziness or sickness if exposed to a more extended scene
in the virtual environment [28]. Future studies could investigate the
development of multi-user dental training platforms, where dental
training professionals can oversee and guide the dental trainees,
and work in teams.
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