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Introduction
Virtual reality (VR) is being used in several sectors and contexts, 

from consumer applications and manufacturers, to the airlines industry. 
In airlines, VR offers great value in flight simulation applications, in 
combination with several other forms of technologies. The use of VR 
in manufacturing and other industries for which the term industry 4.0 
gets used now reality. It is constantly develop while this paper is written, 
and is poised to accelerate as benefits become increasingly clear, and as 
offerings, hardware and applications mature and move to the next level. 
Therefore, manufacturers increase their digital transformation efforts 
along strategic and staged paths, towards realizing industry 4.0 and the 
digital transformation of manufacturing.

The current trends evidence that the level of invention in VR’s 
application in surgical training is arriving at a plateau. However, progress 
is still slow, and the level of adoption and stories of high success are still 
not well reported [1]. Implementing VR is a complex exercise, and many 
adopters in the healthcare field have encountered problems in different 
phases. For instance, many studies have been suggested that simulator 
training is most successful if it is integrated with a systematic training 
curriculum [2-6]. In addition, risky obstacles stem from the lack of 
non-technical skills integrated into virtual reality simulators. This is the 
major cause of surgical errors, and also of the lack of validity evidence for 
many simulators, as indicated in the literature [7-9]. Once these factors 
and others are integrated and fulfilled, the re-purposing and sharing of 
system components, and the resultant high returns on investment, will 
encourage healthcare providers to adopt virtual reality-based training in 
the ophthalmology area. The lack of a high success rate in implementing 
of VR calls for a better understanding of process. In order to reduce the 
failure rate of VR implementation, a study regarding the identification of 
critical success factors (CSFs) in VR implementation is crucial.

Unfortunately there has been no intensive study of CSFs for VR 
success within the healthcare context, unlike a number of studies 
reporting CSFs for other areas, such as enterprise systems [10-12]. 
Therefore, with a particular emphasis on ophthalmology, this paper 
represents a first attempt to establish common CSFs for VR-based 

training for ophthalmology. This paper therefore seeks to answer the 
following research question: 

RQ: What are the critical success factors that influence the use of 
virtual reality-based training in the ophthalmology domain?

Taking this objective into account, the aim of this systematic 
literature review is to present the current status of research into VRT 
in ophthalmology. This study will be the first to explore the CSFs 
which influence the use of VRT. The study considers categories for 
analysing the current state and tendencies of VRT, such as the uses of 
VRT in the ophthalmology domain, as well as its challenges and levels 
of effectiveness. It will review the availability of adaptation and the 
personalization processes in VRT applications, as well as the use of VRT 
for addressing the special needs for ophthalmology residents within 
diverse contexts. The analysis of the different categories allows for the 
suggestion of trends, challenges, affordances, opportunities for further 
research, and a general vision towards the future.

This paper has been organized in the following way. Section 2 
presents the study’s background, section 3 describes its methodological 
design, and section 4 presents the results jointly with a discussion of 
findings. Section 5 follows with a discussion of trends and provides a 
vision towards the future. Finally, section 6 presents some conclusions. 

Background
Cataracts are a well-known disease in ophthalmology filed, which 
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train people’ (Merriam-Webster definition). Thomsen identified four 
different groups of simulation models, including animal, cadaver, 
inanimate, and virtual-reality models [9]. The development of a 
virtual reality surgical training tool has been engaged by the rapid 
development of electronics and computer technology. VRT has become 
an essential learning and practicing tool used for training and teaching 
skills applicable to various types of surgery. This fact shows how virtual 
reality simulators have remarkable potential advantages for improving 
the quality of surgical-skill, and should be integrated into training 
in order to reach ultimate goals including knowledge acquisition, 
skills transfer, improved patient safety, and surgical competency for 
ophthalmologist residents for the further years. 

There is a high interest in VRT within the ophthalmology domain. 
However, not a lot of work has been conducted in this area because 
VRT is an emergent technology. It is therefore important to establish 
a systematic review of the advances and real impact of its use within 
the ophthalmology context, describing how VRT has been used to 
create experienced surgeon-based training scenarios. In the ophthalmic 
training and learning context, where VR and simulation are notably 
relevant, VRT has not been fully successful [21]. Some reasons for this 
may be the lack of guidance, supervision, or comprehensiveness in the 
curriculum used for training. It is therefore significant for healthcare 
system management to understand what CSFs influence the use of VRT 
among surgeons and residents within the ophthalmology domain.

Literature in the 1980s saw the first use of the term CSFs, at a time 
when there was competition between organisations, and there was a 
need to identify reasons for why some companies were more successful 
than others [12]. Freund [22] defined CSFs as “those things that must 
be done if a company is to be successful”. Important characteristics of 
CSFs presented by Selim, are that they are few in number, measurable 
and controllable [12]. Although there are plenty of research articles 
focusing on VRT as a different discipline, none of them address the 
most important issue of CSFs related to VR-based training. This study 
explores and then suggests some critical success factors that can assist 
healthcare providers, educators and designers involved in developing 
the VR environment. The study aims to categorize VRT CSFs, and to 
specify critical factors within each category, using a systematic literature 
review. 

Review Method
In this study a systematic literature review has been conducted in 

order to answer research questions [23]. The variety of motivating factors 
is exciting when implementing a systematic literature, three of which are 
most applicable to this study. The first factor is the need to epitomize 
existing proof about technology or treatment, for instance to summarize 
the advantages and disadvantages of VR within the ophthalmology 
domain. The second factor is to determine current research gaps with 
the aim of proposing areas of research. The third factor is to propose 
a model for new research topics [24]. Therefore; the steps used by this 
methodology for carrying out SLR have been discussed in this section. 
The three main phases for a systematic review as outlined by Kitchenham 
are including planning the review, conducting the review and reporting 
on the review [25]. Therefore, the suggested procedure for a systematic 
review include identifying resources, study selections, data extraction, 
data synthesis, and report write-up [26]. 

Inclusion and exclusion criteria
The purpose of developing inclusion and exclusion criteria is to 

make sure that the researchers only use articles that are relevant to 

is the leading cause of blindness and impaired vision in the world [9]. 
The complexity of ophthalmic surgery remains a challenge for trainers 
to transfer their skills to a resident level [13]. For instance, teaching 
cataract surgery is challenging on a technical level, due to the high skills 
needed for psychomotor. Subsequently, it is costly and time consuming. 
One of the most important and difficult steps in cataract surgery 
creating capsulorrhexis (opening on the anterior capsule of the lens). 
Capsulorhexis is another step in cataract surgery requiring specific skills 
in which the new cataract surgeons struggle to master [14]. Wikipedia 
[15] defines ophthalmology as being “the branch of medicine that deals 
with the anatomy, physiology and diseases of the eyeball and orbit”, while 
an ophthalmologist is “a specialist in medical and surgical eye disease. 
Their credentials include a doctorate degree in medicine, followed by 
an additional four years of Ophthalmology residency training”. After 
intensive training, an ophthalmologist is authorized to perform various 
tasks including examining eye diseases and performing surgery as 
needed. Ophthalmologists do not only work in the operation room, but 
they are also involved in academic research related to eye diseases and 
ophthalmology [16]. It has been reported that due to the ever-growing 
aged population, as well as the aging of existing surgeons, the need for 
ophthalmologists is expected to become greater and greater in the near 
future [9].

According to Singh and Strauss there are various risk factors that 
impede the increasing number of cataract operations around the 
world, including high cost of equipment maintenance, the availability 
and training of surgeons, the poor quality of training equipment, and 
inadequate members of training faculties [17]. Resnikoff et al. [18] 
have reported that there are 204,909 ophthalmologists providing 
eye care worldwide. Unfortunately, this number is too small due to 
the fact that the amount of global blind people has been estimated 
to rise to 32 million by 2020. Ophthalmologists who have the ability 
to perform surgery in some nations are only 15%, especially in those 
countries which are socialist economies. The unequal distribution of 
ophthalmologist abilities is notable across developed and developing 
nations. Therefore, two-thirds of the global ophthalmic population is 
assembled in just fifteen countries worldwide. It has been noted that 
there is an average of one ophthalmologist per each million individuals 
in some sub-Saharan African countries [18]. Furthermore, the disparity 
and fluctuation in levels of surgeon training in developing nations also 
augment this inequality in distribution. Inappropriate training results 
in maladjusted unforeseeable outcomes [19]. In addition to these 
obstacles, there is the situation that the use of animal parts like pig 
eyes do not simulate the same anatomy as human beings, but their 
cost and non-renewability are usually their most exciting feature. 
Although correct anatomy is possessed by human corpses, surgeons 
still face difficulties in using them due to many reasons, including the 
difficulty faced in obtaining them, their price, and the prominence 
of tissue disintegration problems [20]. Nonetheless, limitations also 
arise in conventional training using animals and human cadavers. 
Additionally, as the cases of blindness and impaired vision caused 
by cataracts continue to rise; new surgeons are required [9]. Despite 
the fact that inverse events and substandard patient-related outcomes 
have been linked by several risk factors which are unchangeable or 
unavoidable, evidence suggests that the VR-based training of surgeons 
has the potential to offer significant levels of skills transfer to novice 
ophthalmic surgeons [9]. In the ophthalmology field, Eyesi (VRmagic, 
Holding AG, Mannheim, Germany), PhacoVision (Melerit Medical, 
Linköping, Sweden), and MicrovisTouch (ImmersiveTouch, Chicago, 
Illinois) are three commercially-available virtual reality (VR) eye 
surgery simulators used currently for training [17]. Simulation can be 
described as being ‘something that is made to look, feel, or behave 
like something else especially so that it can be studied or used to 
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the study. For this study, the researchers considered studies that were 
published between 2006 and 2017 in the English language, and that 
focused on the use of VRT related journals and conference proceedings. 
The researchers included articles that firstly clearly related to VRT in 
ophthalmology domain, mentioning relevant key words such as VRT or 
simulation training in ophthalmology, secondly, that directly answered 
the research question, and thirdly, that indicated any CSF related to 
study domain. Furthermore the researchers excluded studies that were 
in languages other than English, that focused on VRT but not within 
healthcare area, that did not use VRT as their main focus, that did not 
answer the research questions, that were opinion pieces or viewpoints, 
or that were in the form of books, editorial notes, editorials, prefaces, 
poster sessions, panels and tutorial summaries, interviews, or news 
items. 

Study selection process
The six stages of study selection for SLR, following Kitchenham’s 

guidelines [25,27] has been presented in Figure 1. At the first stage set of 
keywords were used, such as ‘virtual training’ and ‘surgical simulation’, 
on six scientific databases. These included SAGE, Wiley Online Library, 
IEEE Explore, Springer Link, Google Scholar, and Science Direct. As a 
result, 698 primary studies were selected. In the second stage, duplicated 

studies were excluded using Mendeley, a tool used for storing citations, 
managing bibliographies, and compiling searches from each database. 
Subsequently, stages 3-4 were undertaken twice, during both the first 
iteration and the second one. Meanwhile, in the second iteration, a 
manual search was used to extend the review and, thereby, additional 
studies were included. This helped establish a broad perspective as 
recommended by Kitchenham and Charters [24]. 

Automatic iteration 

In this iteration, the researchers started with 698 papers found 
on databases, and undertook stages 2, 3 and 4. During stage 2 the 
duplicated papers were eliminated, with 18 papers being removed, 
leaving 680 papers. In stage 3 the criteria of exclusion were applied 
only to titles, and were then applied to both abstracts and conclusions. 
569 papers were excluded in this stage, leaving 111 papers. As of stage 
4, in some cases it was needed to examine the full text to be able to 
exclude irrelevant studies, leading to 63 papers being excluded, leaving 
48 papers. As a result of these exclusions in stages 3 and 4, 48 studies 
had been gathered by the first iteration. Alongside the automatic search, 
the authors conducted a manual iteration in order to determine if they 
had missed any relevant studies, and in order to increase the search’s 
comprehensiveness. The authors went through all references contained 

Figure 1: Research Design (Adapted from [28,29]).
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in the primary studies, with 1841 articles resulting from this approach. 
This process is referred to as snowballing, involving pursuing references 
of references [27], and was implemented in both steps 3 and 4.

Manual iteration

In this round, the 1,841 references contained within 48 papers, 
gathered from the first iteration, were analysed at the iteration’s end. 
Meanwhile, stages 3 and 4 were carried out again. First of all, stage 
3 resulted in the exclusion of 1,794 papers based on their titles and 
abstracts. 44 papers remained. 

Finally, 35 papers were excluded based on their full-text, leaving 
11 relevant papers. Overall the systematic review identified 59 relevant 
papers, 48 in the first iteration, and 11 in the second iteration. Among 
the 59 papers found, 47 were journal papers and 7 were conference 
proceedings. 

Quality assessment (QA)

The main purpose for using QS is to assess the quality of primary 
studies [24]. Therefore, in order to determine the strength of inferences, 
with guide recommendations for further research and analysis of 
findings have been included in studies, the subsequent quality criteria 
were used to evaluate the selected studies:

QA1: Are the critical success factors described in the paper?

QA2: Are the topics addressed in the paper, as related to our review?

QA3: Is the context of the current research, as described in the 
paper?

QA4: Are there recommendations for overcoming challenges 
evidently explained in the paper?

QA5: Are the gaps for further research clearly mentioned in the 
paper?

Therefore, 59 selected studies were assessed by the five QA criteria, 
in order to fulfil the authors’ confidence in the trustworthiness of a 
specific identified study. This six QA schema were inspired by Nidhra et 
al. and Balaid et al. [28-30]. Three values, specifically high, medium and 
low, were all included in the schema. Therefore these scores determined 
the quality of each particular study. A score of two was given to those 
studies that fulfilled a criterion. Giving a score of two detailed that a 
study partially filled a criterion. Finally, a study was given a score of 
zero if it did not fulfil the criterion. Greater scores were given to those 
studies that scored equal or more than seven, while a medium score 
was given to studies if they scored six. A low score was considered to be 
on below six. The outcomes of applying the quality assessment criteria 
have been detailed in Appendix A.

Data analysis 

Figure 2 presents the process conducted to attain this study’s 
results. An initial list of 200 factors which motivated residents to use 
VR was identified, based on concepts and terms provided by the studies 
paper. Duplicated factors were excluded. Then the factors that have a 
same meaning were merged as well, after definitions and descriptions 
from the extracted publications were reviewed. For example, ‘realistic 
tissue mechanics’ was one factor that peaked the physician’s intention 
to use VR, as examined in Mednick et al.’s work [31]. Based on the 
definition the authors proposed for realistic tissue mechanics, “the 
extent to fantastic preparation for a real patient” for which surgeons can 
utilise VR as a real operation, was a factor that the authors merged with 
‘realism’. These techniques reduced the list of appropriate factors from 

a total of 200, to 86 conceptually different factors. In order to make 
more sense of the factors, the researchers moved onto the next stage 
of grouping them into significant clusters. Therefore, the researchers 
went through different sources in different disciplines such information 
systems and IT, in order to obtain the right category label for each set of 
factors. As with the first round, the researchers categorised the factors 
into clusters, and then sent the first draft to judges in order to ensure 
the content made sense to them. Overall the researchers identified 
six main categories, including HCI/VR Features, Learning Outcome, 
Usability, Control and Active Learning, Student and Limitation Factors. 
The first categories were based on Lee et al. [32]. However, the last one 
was based on an article by Bacca et al. [33]. Also, in order to make more 
sense to the factors, the researchers then sought to create sub-categories 
for each of the six main categories, as based on literature from various 
disciplines. Furthermore, both the categories and sub-categories were 
further sent for inter-judge agreement, as the second round. Finally, 
after satisfaction and validation had been fulfilled the taxonomy was 
ready for publishing. As a result, Figure 3 presents this section’s findings.

Results
In this section, some significant statistics result and tables regarding 

the extracted studies have been presented. With respect to the source, 
the extracted factors and citation statuses are also provided and 
described. The detailed results have been presented in the subsequent 
sections.

Citation status
Taking into account the citation rates, it can be determined that the 

primary studies are high quality. This is an effective way of determining 
the quality of extracted articles. Therefore, Figure 4 presents the 
overall citations of the included papers. The numbers of citations were 
extracted from Google Scholar.

 As can be seen from Figure 4 around 56 included studies have been 
cited by other sources. Overall, the 1-to-10 citation group contained 
the most articles. Meanwhile the groups with 30-40 and 40-50 times 
had the lowest numbers, with only three and two selected studies 
respectively. Additionally, the groups with 10-20 citations, and those 
with 50 or more citations, had similar numbers of studies, between 12 
and 11 respectively. Six studies were cited between 20 and 30 times. 
On the other hand, only four studies have not been cited by any other 
sources, due to the fact that most of them were just published one or 
two years before. The researchers roughly gave an overall view of the 
selected quality papers and the authors did not compare them. The 
outcomes of the citation number have been given in Appendix B.

Categories of taxonomy

This paper has investigated the CSFs that have motivated 
ophthalmologists to use VRT through a systematic review approach. 
The result of the authors’ systematic review has been depicted in (Figure 
3). After arriving at 86 distinguishable CSFs determined as being the 
main reasons which influence surgeons to adopt VR as a learning and 
training tool in their workplaces, this paper classified them into six 
main categories. These include HCI/VR features, usability, learning 
outcomes, student, control and active learning, and limitation factors. 
The following section offers a detailed explanation of each category and 
their related factors. 

HCI/VR feature factors

 HCI/VR feature factors describe technology features that could 
affect skill transfer to surgical novices, and ultimate training outcomes 
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[32]. They are further arranged into four sub-categories. The first sub-
category is realism, or the degree of realism of scenarios depicted in the 
VR domain, such as visual realism and haptic realism. The second sub-
category is control, which refers to the user’s ability to control activity 
events in the VR environment, such as the 2-hand and 2-feet surgical 
technique, and movement patterns. The third sub-category is software, 
using visualization model, or a haptic model. The fourth sub-category is 
hardware, including visual hardware, sensory and motor information. 
The sample determination for each factor from the extracted studies 
have been illustrated in Table 1, in order to provide valuable insights 
into how each CSF affects VRT use. As Table 1 shows, the 22 HCI/
VR feature factors motivate resident cataract surgeons to use VR as a 
training or assessment tool. Realism factors, such as haptic feedback, 
devices and realism, are critical to VRT success which is the most cited 
factors from literature. To a lesser extent, the 2-hand and 2-feet surgical 
technique, anatomical similarity and the greater economy of motion, 
could be also be critical success factors that influence the surgeon’s 
intention to use.

Usability factors

The usability determinants the inspire ophthalmologist to use VRT 

are related two aspects, specifically quality and accessibility. The first 
aspect is evaluated through perceived usefulness, which covers items 
such as the ability to work more quickly, ability to increase productivity, 
the item’s importance, relevance, usefulness and efficiency at work, and 
its value [37]. However the second one is assessed through the perceived 
ease of use, covering such items as convenience, controllability, ease, and 
unburdening [32]. This category is composed of two sub-categories. The 
first is perceived usefulness, for instance cost reductions and teaching 
several surgeries. The second is perceived ease of use, for instance low 
stress environment and reduced complexity. Sample conclusions for 
each factor, extracted from studies, have been presented in (Table 2). 
This table highlights the 13 usability-related factors that impact resident 
trainees’ use of VRT, validity, cost reduction, and provide formative 
feedback which are cited as the most important critical success factor. 
To a smaller extent a safe learning environment, reliability, efficacy, 
low stress environment and reduced complexity, as all indicated in 
literature, could also encourage surgical doctors to utilize VRT.  

Learning outcome factors 
The learning outcomes factors which affect the use of VR as a 

training tool for surgical ophthalmology, are those related to action 

Studying the definitions and 
 explanations used by  
 researchers 

Extracted publications  

Studying the terminology 
 used by researchers 

Initial extracted factors (n= 200) Revised factors (n= 86) 

Exploring categories for each set 
of CSF factors, using literature 
from different domains, such as IT 
and information systems 

Finding the categories 

No 

Agree? 1ST Round inter-judge 
agreement 

Yes 

Exploring sub-categories for  
each set of categories using 
 literature in different domains 
 (e.g.  IT, information system) 

Finding the subcategories 

? 

No 

?  2ed Round inter-judge 
       agreement 

Agree? 

Yes 

Publish 
 

Figure 2: The Data Analysis Process (Adapted from [29]).
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Table 1: HCI/VR Feature factors.

Factors Sample of Conclusion 

A physics-based computer 
model

“A physics-based computer model, which utilizes 
the best existing data along with HMS test data to 
produce high-fidelity simulation of eye geometry, 
tissue properties,  cutting,...• A visualization model, 
which will use data, including high-definition video of 
cataract surgeries, to create high-resolution,  real-
time visual images of eyes,..• A haptic model, which 
will simulate the feel experienced by the surgeon 
during actual surgeries to deliver a realistic force 
feedback response.” [34]

A visualization model
A haptics model

 Graphics "Through the combination of human--computer 
interfaces, graphics, artificial intelligence, high-end 
computing, and networking, current virtual-reality 
systems allow the user to become immersed in and 
interact with an artificial environment…"[2] 

Artificial intelligence
Networking

Human-computer interfaces

Computers, “Computers, visual hardware (e.g., microscopes, 
visual image generators), haptics devices (haptics 
refers to the science of touch in real and virtual 
environments), surgical equipment, and operator/
mentor stations “. [34] 

Visual hardware 
Haptics devices 

Surgical equipment
Operator/mentor stations

 Surgical instruments "functional features, such as sensory and motor 
information processing........we may conclude that 
instrument and anatomical similarity, as well as 
movement pat- terns, are important factors for skill 
transfer, corresponding to functional features of the 
tasks..." [9]

Movement patterns
Sensory

Motor information

User interface and guidance “The surgical platform consists of interactive 
user interface and guidance which reduces the 
complexity” [20] 

The 2-hand and 2-feet 
surgical technique

“Thus, simulating the phacoemulsification cataract 
2-hand and 2-feet surgical technique described in 
this paper. We believed that simulation training using 
4 extremities was key in our clinical experience as 
well as in the difference in surgical performance 
between the 2 resident groups” [4] 

Greater economy of motion "One study of 16 surgical trainees indicated 
that those who underwent virtual reality training 
were showed greater economy of motion when 
performing the surgery on patients compared with 
those who did not have the training " [35]

Visual and haptic user 
interface

“Advanced virtual reality involves visual and haptic 
computer--user interface, most often derived from 
the use of external props” [2] 

Haptic feedback “The combination of graphical interface with 
haptic device which consists of tactile feedback is 
able to provide precise representation on human 
physiology” [36]

Realism "It is important to note that successful skills transfer 
depends on both the realism of the simulation 
and the training curriculum used to support the 
simulator." [17]

and performance which result from learners [32]. Performance 
achievement such as improved ophthalmologic surgical performance 
and OR performance, and perceived learning effectiveness such as 
improved patient safety and the reduced rate of complication are sub-
categories of the learning outcome factor category. Table 3 illustrates 
the sample conclusion for each factor. As Table 3 presents, of the 
nine learning outcome factors that influence ophthalmologic surgery 
personnel’s intention to use VRT as alternative tool for acquiring skills, 
improved ophthalmologic surgical, phacoemulsification performance 
and patient safety, time savings and reduced rate of complications are 
the most frequently cited success factors by researchers. To a lesser 
degree improved OR performance and capsulorhexis wet-laboratory 
performance, improved surgical competency and reduced the rate of 

errant capsulorhexis are considered by the literature to also be CSFs as 
well (Table 3). 

Student factors

As the name proposes, student factors affect surgical novices 
personnel intentions to use VRT, are those which impact the 
learning outcomes which include communication skills, learning 
styles, problem solving styles, attitudes toward technology, cognitive 
needs, computer anxiety, and experience of technology [32]. Student 
factors can be further divided into student characteristics, which 
include the extent of pre-learning, inherent learning style. Table 
4 presents sample conclusions for each factor from the extracted 
studies. Table 4 shows that among the four student success factors 
that impact surgical novice personnel’s intentions to use, the inherent 
learning styles and opportunities for reinforcement are frequently 
studied in this category have identified as CSFs. To a lesser degree, 
the literature recommends that the type and nature of feedback, and 
the extent of pre-learning, could be other CSFs that influence novice 
surgeons to use VR as device for acquiring and measuring skills. 
Although the student factor receives less attention, its role could be 
significant in transferring skills to resident trainees during training 
sessions [7].

Control and active learning factors

The control and active learning factors are those related to 
learner control, referring to instructional designs. Here, decisions 
regarding learning path or events of instruction could be made by 
learners. Many items could be covered by learner control, such as 
learning pace, sequencing, content of instruction, and amount of 
practice in a learning environment [32]. This category is composed 
of one sub-category, specifically learner control which includes skill 
transfer, accelerated surgical training and learning, and shorter 
learning curves. The Table 5 shows the example conclusion for each 
factor from the primary studies. As Table 5 presents, of the 13 success 
Control and Active Learning factor affecting ophthalmologists 
to adopt VRT, training tools, assessment skills , skills transfer, 
accelerated surgical training and learning, shorter learning curves 
have been most CSFs studied in the literature. To a lesser extent, 
literature suggests that simulator design and functionality, and 
allowing repeated practice can also encourage resident trainees to 
use VRT as selected way for enhancing their skills

Limitation factors

The sixth category, limitation factors, is composed of three sub-
categories, including overall structure and content such as a lack of an 
integrated comprehensive training curriculum and unknown training 
amount, overall technical skills such as excess realism and complexity 
levels, and non-technical skills such as decision making, communication 
and team work. Table 6 shows sample conclusions for each factor from 
the extracted studies. As Table 6 highlights, of the 18 limitation factors 
which impact the surgical novice’s personal intentions to not use VRT, 
the lack of an integrated comprehensive training curriculums and non-
technical skills, such as decision-making, communication, teamwork 
and leadership, are the most frequently CSFs cited. This was followed 
by a lack of guidance and supervision. To a lesser degree, the literature 
suggests that a lack of teacher‘s effective feedback, unknown training 
amounts, high costs, and excessive realism and complexity, could all 
greatly impact a surgical novice’s personal intentions to not use VR as a 
training tool within their career.
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Figure 3: The Critical Success Factors of Virtual Reality- Based Training.
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Table 3: Learning outcome factors.

Factors Sample of Conclusion
Improved surgical 

competency
“For cataract surgery, surgical competency improves 
significant” [9]

Improved OR 
performance

“Eyesi results in improved resident performance of CCC in 
the operating room” [41]

Improved ophthalmic 
surgical

performance

“The EyeSi is a valid part-task training platform that may 
help develop novice surgeon dexterity to expert surgeon 
levels” [3]

Improved 
capsulorhexis wet-

laboratory 
performance

“The simulator improves wet-lab capsulorhexis 
performance” [42]

Improved 
phacoemulsification

performance

“Using this simulator, trainees can practice standardized 
phacoemulsification techniques and abstract tasks 
repeatedly with instant objective feedback of performance” 
[43],

Reduced rate of 
complications

“The study also showed that the simulator group had a 
significantly lower rate of complications in the cases” [44]

Improved patient 
safety

Patient outcomes

“…benefits for training programs and trainers, and, most 
importantly, improved patient safety and outcomes” [45]

Time saving “This yielded a maximum possible operating room time 
savings of $103 763 for a 9-person residency using the 
simulator for 10 years under our most optimistic scenario.” 
[46, p.1616]

Reduced the rate of 
errant capsulorhexis

“Eyesi reduces the rate of errant capsulorhexes.” [41]

Factors Sample Conclusions
The extent of pre-

learning
Inherent learning style
The nature and type 

of feedback
Opportunities for 

reinforcing learning

“Many factors determine whether skills can be transferred 
successfully, including the extent of pre-learning, inherent 
learning style, the nature and type of feedback, as well as 
opportunities for reinforcement of learning.” [7]

Table 4: Student factors.

Factors Sample Conclusion
Training tool “Surgical simulators have been widely used for training 

in neurosurgery, gastroentrology, laparoscopic surgery, 
orthopedics, and ophthalmology” [47]

Assessment skills “Surgical training using simulators have been adopted 
by many surgical specialties to provide training in a 
controlled environment and also to provide objective 
assessment of skills.” [42]

Skill transfer “Skill transfer is also an essential component for trained 
surgeons to maintain, update, and acquire new skills.” 
[6]

Nature
Intensity 
Stage 

Duration of training
Simulator's type

“Exactly how simulation-based training should be 
integrated into the training curricula in a cost-effective 
manner for different specialties, exploration of other 
important dimensions of skills transfer including the 
nature, intensity, stage and duration of training, and the 
type of simulator device required to deliver the greatest 
transfer effect”. [7]

Accelerated surgical 
training and

learning

“To deliver a virtual reality program that accelerates and 
augments surgical training and provides maximal skills 
transfer in the most timely and cost-efficient manner” 
[48]

Shorter learning curves “Moreover, utilization of VES simulators training has 
shown to be associated with improvements in wet-lab 
performance of capsulorrhexis, shorter learning curves, 
shorter phaco and median” [49]

Allowing repeated 
practice

“Expert surgeons showed a greater initial facility with 
all microsurgical tasks. With repeated practice, novice 
surgeons showed sequential improvement in all 
performance scores” [3]

Simulator design
Simulator functionality

“Many factors determine whether skills can be 
transferred successfully, including those that relate 
to simulator design and functionality, the way that 
simulators are used as a training tool” [7]

Table 5: Control and active learning factors.

Table 2: Usability factors.

Factor Sample of Conclusion
Offered a highly 

educational 
experience 

Offered a highly 
realistic experience

“Simulators are capable of providing a highly educational 
and realistic experience…” [38].

Provided a formative 
feedback

“There are several benefits of using virtual-reality simulators 
in surgical …., including the fact it is less time intensive 
for educators as the simulator also provides formative 
feedback.”[39] 

Cost reductions “Skills transfer there may be improved patient safety and 
procedure efficiency, associated with cost savings.” [7]

Validity     
 Efficacy
Reliability

“Using simulation models without knowledge of reliability, 
validity, and efficacy may compromise patient safety… ” [1]

Safe learning 
environment

“Involved training in real-time environments. Simulation 
training provides the benefit of creating a safe learning 
environment with no risk to patient safety.” [38]

Reduced trainees’ 
anxiety

“...can help to prepare and determine residents’ readiness 
to perform on live cases and thus serve to reduce trainees’ 
anxiety.” [5]

Teaching several 
surgeries

“Simulators have been designed to teach direct 
ophthalmoscopy, laser trabeculoplasty, goniotomy, 
retrobulbar anaesthesia, laser retinopexy, and vitreoretinal 
surgery.” [40]

Low stress 
Environment

“…Simulation allows learners to acquire skills in a controlled 
low-stress environment” [40]

Reduced complexity “The surgical platform consists of interactive user interface 
and guidance which reduces the complexity of getting used 
to the training tool.” [20]

Factor Sample of Conclusion
Lack of an integrated 

comprehensive
training curriculum

“As Gallagher stated, ‘their power can only be 
truly realized if they are integrated into a validated 
comprehensive curriculum.’ [50]

Unknown training 
amount

"However, the amount of training on a cataract surgery 
VRS before reaching proficiency remains uncertain." [51]

Get lost after training “Also, the constant training in with this equipment may 
cause the physician or student to forget the procedures 
and protocols developed to guarantee the safety and 
comfort of the examined patient”. [52]

Lack of guidance and 
supervision

“One factor that is, however, likely to be critical in 
whichever model emerges as most effective, is 
the involvement of a senior trainer offering guided 
supervision”. [20]

Lack of teachers’ 
effective feedback

“While one barrier to giving immediate feedback may 
be a teacher’s reluctance to criticize or upset a trainee, 
most residents state that they would like more feedback 
directly after performing a procedure”. [35]

High cost
Unavailable equipment

“Residency programs rely heavily on their existing surgical 
techniques and equipment because of obstacles such as 
high cost, …...and equipment availability associated with 
new innovations in surgical ophthalmology”. [6]

Excess realism level
Excess complexity 

level

“The quality level of the simulation must be controlled 
and adapted for each person, since the excess of realism 
and complexity can confuse the examiner when learning 
basic skills, as shown by medical students”. [52]

Visual cognition
Error detection,

Mental readiness
Anticipation

Forward planning
Cognitive flexibility

Situation awareness

“A variety of cognitive skills linked to success in surgery 
have been identified, including visual cognition, error 
detection, anticipation, forward planning, mental 
readiness, and cognitive flexibility”. [8]

Decision-making
Communication

Leadership

“In reality, a wider array of skills is fundamental to safe 
practice, including decision-making, communication, and 
leadership.” [9]
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nations have tried to design new training tools to speedily generate new 
expert surgeons in fast and cost-efficient manner. 

 There is a lack of meta-analyses and literature surveys on CSF, 
regarding the use of VRT in a variety of disciplines. With regards to the 
use of VRT in ophthalmology, it has been found in the literature that the 
big picture of CSF has not been examined in ophthalmology domain by 
any studies until now. Henderson et al. for example, conducted research 
into VRT in ophthalmology by undertaking meta-analysis through 19 
papers. They retested the effect of non-technical skills factors that could 
impact resident student’ intentions to adopt VR as an unconventional 
training tool [8]. 

Furthermore, Henderson et al. conducted a literature review on 
the evaluation of the Virtual Mentor Cataract Training Program. Their 
review was comprised of 19 papers, and they identified 10 factors 
regarding the major cause of surgical errors [8]. More importantly, 
Dawe et al. carried out an intensive literature review regarding the 
factors that influence the use of VRT through about 59 papers and came 
up with about 15 factors that directly or indirectly influence the use of 
VR [7]. Given that the more comprehensive the source of systematic 
review, the richer the result, this paper’s authors decided to carry out a 
systematic review in order to update the topic and to provide literature 
with a more inclusive “big picture” of critical success factors that 
motivate ophthalmology surgeons to use VR as a training or assessment 
tool in their workplace.

The taxonomy proposed in this study can be also viewed in terms of 
comparing external variables and internal variables for using VRT. It is 
very clear that the majority of users decide to use VR in their workplace 
for internal variables, which can have a positive effect on them, such as 
skill transfer, accelerating surgical training and learning, and improving 
ophthalmic surgical performance.

There are two types of CSF, as a result of internal reasons. In first 
type, VR is used in ophthalmic surgery as an alternative training device, 
with a higher utility that provides better learning’s conditions such as 
a safer learning environment, reduced trainee anxiety, teaching several 
surgeries, and a low stress environment. The second type happens 
when VR is utilized as an assessment tool that can predict and measure 
resident’ skills. Such internal reasons typically make the ophthalmology 
resident decide to use VR to improve patient safety and outcomes, or to 
reduce the rate of complication. 

Figure 5: Frequency of Research Papers by Year.
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The distribution of the extracted papers per year have been 
illustrated in Figure 5, which shows that over the last 10 years, the 
number of published papers covering VRT have increased. In particular, 
since 2007 the articles regarding VR in the ophthalmology domain 
have increased considerably, with a 2013 peak of 13 studies and two 
stables situations from 2009 to 2010 and 2015 to 2016 with 4 articles. 
However, the trend hit the bottom three times in 2007, 2011 and 2015, 
with 1, 2 and 3 extracted studies respectively. The researchers may 
explain that VRT has attracted the attentions of physicians, healthcare 
providers and academics researchers during that time. The increase in 
the number of studies since 2007 might have consistently depict VRT’s 
success, including that of the ophthalmology’s domain as well, and it 
might be a good indicator that VRT has been definitely adopted by 
ophthalmologist as an alternative learning and training tool.

On the other hand, the distribution of studies authored in different 
continents have been depicted in Figure 6 North America and Europe 
are the most dominant continents, with 46% and 42% of authors 
affiliated with Europe and North American universities, respectively. 
Therefore almost all factors indicated in this paper have been extracted 
from Europe and North America. The next most productive paper 
source has been Asia, with 7% of the studies, followed by Australia and 
South American with 2% and 3% of the papers, respectively. Asia stands 
up behind Europe and North America, in terms of research which has 
been recently conducted. Whereas it can be seen that Asian countries 
have increasingly began attempts to design VRT for two reasons. 
Firstly, they are seeking to reduce costs. It can be seen that cost is one 
limitation factor facing project managers in healthcare. While Liu and 
Hutnik has reported that because of some barriers such as the high 
cost and availability of equipment, ophthalmology residents fully rely 
on existing surgical methods and devices [6]. In the second place, the 
number of ophthalmologists in developing nations is too small when 
compared with those in developed states [17]. Due to this fact; Asian 

Teamwork “Benjamin reports that team working, leadership, insight, 
dexterity, decision making, prioritizing and empathy are 
all important and should be assessed.” [43]

Poor simulator scoring “Simulator scoring rendered unacceptably poor 
discrimination for both the hydro-manoeuvres and the 
phacoemulsification divide-and-conquer module.” [42]

Table 6: Limitation factors
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In some other cases, the ophthalmologist may not decide to take 
risks in order to select VR as a training tool due to external factors, 
such as a lack of an integrated comprehensive training curriculum with 
VR, an excess realism and complexity levels, a lack of guidance and 
supervision, a lack of teacher support and feedback, greater costs, and 
less focus on cognitive skills.

Recommendations 
Recommendations for practice

Learning outcomes, HCI/VR features, control and active learning, 
usability, student factors and limitations, all have practical implications 
on accepting VRT as a way to acquire, improve, maintain and measure 
skills, as such factors could at best lead to a learning environment that 
is tolerable for the ophthalmology resident, such as a safe learning 
environment, reduced trainees’ anxiety, reduced complexity, and 
transferable skills. Figure 7 and Figure 8 present the distribution of the 
frequently-cited learning outcome, HCI/VR feature, control and active 
learning, and the usability, student and limitation CSFs which impact 
the surgical novice’s use of VRT. These are the ones that have been 
studied by at least four publications, within the researcher’s systematic 
review source. 

Here, Figure 7 and Figure 8 show the percentage and number 
of publications for more frequently cited CSFs. 28 CSFs have been 
presented as features for any VR-based training environments. These 
include nine related learning outcomes, three related HCI/VR features, 
five control and active learning features, five usability features, and six 
limitations. Among these CSFs, training tool factor is the most often 
cited one, with 56 citations. This is followed by validity, assessment 
skills and providing formative feedback, within 27, 26 and 19 studies, 
respectively. The 59 studies suggested those are the highest cited CSFs. 
To a lesser extent, 16 and 17 studies indicated improved patient safety 
and shorter learning curves respectively, while improved ophthalmic 
surgical, improved phacoemulsification performance and cost 
reductions are similarly indicated by 14 research papers, as presented in 
Figure 7. Time savings and haptic feedback have equal indications, with 
13 times for each one. All these factors were cited by 13 studies or more, 
as CSFs affect VRT to be adapted. On the other hand, as according to 
Figures 7 and 8, some of them have less than 13 citations. These include 
accelerated surgical training and learning, the lack of an integrated 
comprehensive training curriculum, reduced rates of complications, 
skill transfer, realism, a lack of guidance and supervision, haptic 
devices, non-technical skills such as decision-making, communication, 
teamwork, leadership, safe learning environment, reliability and lack of 

Figure 7: Percentage of Publications for the more Frequently Cited Learning Outcome and Usability Factors.
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teacher’s effective feedback. These could still have an extreme impact on 
the process of adopting VR as a training tool.

 Although the student factor includes, the extent of pre-learning, 
inherent learning style, the nature and type of feedback, and 
opportunities for reinforcing learning, have all not been included 
in Figures 7 and 8. However they can still play an essential role in 
adopting VRT. It has been reported that this factor could successfully 
help to transfer skills to novices [7]. Therefore, this paper’s authors 
have suggested giving more attention to this factor, while avoiding any 
adoption’s failure of VRT during the implementation process. 

 This study looked into the CSFs of VRT within the ophthalmology 
domain, because of the practical relevance of this issue for training new 
surgeons. In light of the insights from this study, the researchers would 
like to pose several recommendations to designers and healthcare 
providers. The author’s recommendations can help ophthalmologists 
in two ways. Firstly, the authors can recommend ways of improving 
VRT to be excellent tool for transferring skills to residents. In addition, 
several CSFs are affecting VRT’s adoption within surgical performance, 
so understanding and overcoming these factors is significant for such 
healthcare providers. Secondly, these recommendations can assist with 
identifying which comprehensive training curriculums are more likely 
to be integrated with VR.

As the first issue, this paper seeks to offer insights for healthcare 
providers and designers that determine the reasons ophthalmologist 
apply to use VRT in a learning way, in terms of how high valued skills 
can be transferred, and how challenges can be overcome in order to 
eliminate the surgical risks. In the following paragraphs, the authors 
will introduce some frequently-cited limitations factors and provide 
a number of suggested strategies can be employed to motivate the 
ophthalmologist’s intention to use VRT during the learning stage. Lack 
of a comprehensive training curriculum [7], guidance and supervision, 
and non-technical skills [8] have all been cited as external keys that may 
impede surgeons from using VR as a device to enhance their learning 
experiences. Therefore, overcoming these factors can significantly 
contribute to maintaining the use of VRT. 

At the first, in order to overcome the lack of an integrated 
comprehensive training curriculum, the literature has proposed a 
number of strategies. Firstly, a cataract surgical training curriculum 

should consist of 3 parts. These include the pre-patient training program 
of theoretical education wet-lab training, virtual-reality, and training to 
proficiency, along with supervised practice on patients which involves 
supervised training on 25 patients, and the follow-up training program 
for surgeons operating independently-including virtual-reality training 
to a proficiency level and continued supervised practice on patients 
[39]. Secondly, Lorch and Kloek have suggested that surgical teaching 
guidelines regarding pre-procedure teaching can be used within the 
field of ophthalmology, to maximize a resident’s skill acquisition within 
a constructive learning environment. These guidelines can apply to pre-
procedure teaching, including knowing your learner, using simulation, 
and setting preoperative learning goals and expectations, the intra-
procedure which involves creating a safe learning environment, 
communicating during the procedure and introducing a procedure in a 
stepwise manner, and post procedure which gives immediate feedback, 
considers a video review of procedures, and keeps a competency 
checklist [35]. The above described strategies cover some critical 
limitation factors such as a lack of guidance and supervision, and a lack 
of teacher’s effective feedback. On one hand, a lack of guidance and 
supervision has been cited by eight studies. This paper’s authors believe 
this factor should get much attention by researchers, in order to avoid 
any failure for adapting VR as a training tool from users. The consultant’s 
supervision with the structured debriefing and the involvement of 
expert are the key feature, and can significantly offer help regarding 
skills transfer to resident trainees [21]. It has been broadly recognised 
that the simulator has been presented as being high-quality technology. 
Thereby, its use may result in medical students becoming discouraged 
and making many complaints, when they have not been supervised 
by the expert or have not given any detailed instruction how to use 
the technology in the right way [52]. On the other hand, the feedback 
provided was highly prominent within 19 research articles in the 
Usability category. This is proof that missing this kind of critical factor 
can have an extreme effect on the training process and can definitely 
bring risk to the OR and especially to the patient. Hull and his team 
have reported that feedback is a critical factor for non-technical skills 
[53]. This is why many residents mentioned they need more feedback, 
especially after performing any procedure. This is the result of a lack 
of feedback from teachers [35]. Therefore, by combining two strategies 
together, residents may probably reach required dexterity. 

Figure 8: Percentage of Publications for the more Frequently Cited control and Active Learning, HCI/VR Feature, and Limitation Factors.
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At the second goal, to overcome cognitive or non-technical skills, the 
literature has proposed a number of strategies. These include situation 
awareness (gathering information, understanding information, and 
projecting and anticipating future states), decision making (considering 
options, selecting and communication options, and implementing and 
reviewing decisions), communication and teamwork (exchanging 
information, establishing a shared understanding, and coordinating 
team activities , and leadership (Setting and maintaining standards, 
coping with pressure, and supporting others) [54]. Further work is 
needed to integrate all limitations into the VR environment. There 
is perhaps a need to borrow other tools or techniques, for example 
ontology, to ideally enhance the VRT environment. 

On the other hand, this paper’s authors have only found one study 
which reported that the virtual mentor for cataract training purposes 
can virtually allow the trainees to perform decision-making as non-
technical skills. Another study regarding the comprehensive training 
curriculum has indicated that CITC (Capsulorhexis Intensive Training 
Curriculum) on the Eyesi, reduces the rate of errant capsulorhexes. 
However, they were not confident that CITC is the main reason because 
there are many factors that could influence the reduction of such an 
ability of expert to guide resident when he or she needs it most [41]. 

Lastly, the haptic feedback factor has recently been attracted 
researchers’ attention. This paper’s authors can see from Figure 8 that 
haptic feedback was cited by 13 studies as CSF. Sikder and his colleagues 
stated that MicrovisTouch is the only available simulator that has 
incorporated haptic feedback with full virtual experiences, compared to 
other simulators like Eyesi which uses the physical eye and head. The 
authors further stated that the majority of participating ophthalmologists 
have approved such integration that could bring more realistic operation 
experiences. Therefore, designers should take into their account these 
key features [44]. Meanwhile, visual realism and haptic realism are 
essential parts of any real environment simulation [55].

 By enhancing these factors, the researchers believe that 
ophthalmologists will be reinforced by advanced training, the learning 
curve will be shortened, and they will be delegated to ideally and safely 
perform eye surgery with low costs and reduced complication rates. 

Recommendations for Theory
In general, the current study adapts the categories and sub-

categories used in a robust acceptance model TAM [32,56]. Therefore, 
the current study makes critical recommendations for future studies by 
creating a new model of CSFs for VR based training [57-60]. Proposed 
taxonomy in this paper provides a good starting point for both software 
designers and researchers interested in following up on one or more 
of the identified CSFs discussed in this paper [61-64]. The proposed 
taxonomy can be used to design a theoretical framework or model and 
can further predict behavioural intention to use VR based training 
prior to actual implementation. Moreover, this study contributes to the 
efforts to systematic literature review relating CSFs VR based learning 
in ophthalmology context. This is the first study in this domain. Most 
significantly, this study could benefit healthcare’s management staff in 
their future plans to adopt VRT technologies and could benefit designers in 
order to either design or redesign current simulators [65-68]. 

Conclusions and Limitations
VR-based training has been and will continue to be adopted 

by many healthcare providers. Therefore, a variety of CSFs must be 
carefully estimated before any implementing such technology. Creating 
a VR environment for a training purpose involves a very complicated 

process of establishing and developing an integrated information 
technology system [63-65]. This paper, in line with the systematic literature 
review, has identified six VRT critical success factor (CSF) categories that 
can guide healthcare mangers, designers and educators to effectively adopt 
VR technologies within the ophthalmology domain [69-72]. 

The specified six VRT CSF categories have been based on the number 
of citations of selected papers, and also on the authors’ perceptions. The first 
category is control and active learning, involving training tools, assessment 
skills, skill transfer, accelerated surgical training and learning, and shorter 
learning curves. The second is the HCI/VR feature which involves haptic 
feedback, realism, and haptic devices. The third is learning outcome, 
which involves improved ophthalmic surgical performance, improved 
OR performance, improved capsulorhexis wet-laboratory performance, 
improved phacoemulsification performance, reduced rate of complications, 
improved patient safety, better patient outcomes, time saving and reduced 
the rate of errant capsulorhexes [73-75]. The fourth is usability factors, 
which includes provided formative feedback, cost reductions, validity, 
reliability, and a safe learning environment. The fifth is the student 
factor, which contains the extent of pre-learning, inherent learning 
style the nature and type of feedback and opportunities for reinforcing 
learning and the sixth is limitation, including lack of integrated 
comprehensive curriculum training, lack of guidance and supervision, 
decision-making, communications, teamwork, and leadership. The six 
CSF categories impact the decision to adopt VR technology within the 
ophthalmology domain. Therefore this paper has presented a novel 
taxonomy for realising and maximising VRT benefits though a critical 
factor approach. The paper argues that VRT benefits are realised when 
the simulators have been redesigned, integrated and implemented 
within the indicated CSFs [76,77]. 

In this paper, as mentioned above researchers have identified many 
CSFs and categorised into six categories. Although the CSFs is not 
limited to what they have been reported in this paper, the proposed 
CSFs is important to give some guideline to adopt VR for learning 
or training purpose in domain of ophthalmology (in particular) and 
healthcare (in general).

Taking one of category such as Contents and Structure this factor 
obviously so important to ensure the successful of VR. Development 
of contents for VR involving capturing domain knowledge from 
subject matter experts (SME) including ophthalmologist doctors, 
nurse and medical student. Making tacit knowledge explicit from 
these SME is challenging. Further, lack of guidance and supervision 
factor is so critical as well. The recent high quality technology that has 
been embedded in VR such as excess realism level and new immersive 
technology make VR environment so big and complex. Therefore, it 
is so significant to make sure that how user, like medical student can 
navigate virtual environment without getting lost inside it. Indeed, 
addressing issues related to CSFs such as contents and structure, can 
be essential in ophthalmology domain in order to minimise any risks 
to patients or getting failure adoption from health committee [78,79].

Many limitations were encountered while performing this study. 
Firstly, the researchers faced challenges with regards to downloading 
more papers, due to limited open access to papers in some journals. 
The lack of an intensive study of CSFs for reported VR success was the 
second limitation the researchers struggled to deal with, particularly 
during the systematic literature review process, in terms of attaining 
more critical factors to support this study. Thirdly, factors extracted 
were limited to articles published between 2006 and 2017. Lastly, the 
proposed factors are mostly captured in the context of VR applications 
reported in domain ophthalmology. Therefore, it is not possible for the 
researchers to claim the comprehensiveness of the proposed CSFs. 
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Nevertheless, this study is a first attempt to highlight the importance 
of identifying CSFs for VR applications, mainly for learning purposes 
in healthcare, such as ophthalmology. Therefore, further research can 
be done and this can open more avenues for research into CSFs for 
VR based learning success in particular and VR applications success 
in general.

References 

1.	 Thomsen ASS, Subhi Y, Killgaard JF, Cour La M, Konge L (2015) Update on 
Simulation-Based Surgical Training and Assessment in Ophthalmology: A 
Systematic Review. Am Acad Ophthalmol 122: 1111-1130. 

2.	 Khalifa YM, Bogorad D, Gibson V, Peifer J, Nussbaum J (2006) Virtual reality in 
ophthalmology training. Surv Ophthalmol 51: 259-273. 

3.	 Solverson DJ, Mazzoli RA, Raymond WR, Nelson ML, Hansen EA, et al. (2009) 
Virtual Reality Simulation in Acquiring and Differentiating Basic Ophthalmic 
Microsurgical Skills. Simul Healthc 4: 98-103. 

4.	 Belyea DA, Brown SE, Rajjoub LZ (2011) Influence of surgery simulator training 
on ophthalmology resident phacoemulsification performance. J Cataract 
Refract Surg 37: 1756-1761. 

5.	 Le TDB, Adatia FA, Lam WC (2011) Virtual reality ophthalmic surgical simulation 
as a feasible training and assessment tool: results of a multicentre study. Can 
J Ophthalmol 46: 56-60. 

6.	 Liu EY, Li B, Hutnik CM (2016) Canadian ophthalmic microsurgery course: an 
innovative spin on wet lab–based surgical education. Can J Ophthalmol 51: 
315-320. 

7.	 Dawe SR, Windsor JA, Broeders JA, Cregan PC, Hewett PJ, et al. (2014) A 
systematic review of skills transfer after surgical simulation-based training: 
Laparoscopic cholecycstectomy and endoscopy. Ann Surg 259: 236-248.

8.	 Henderson BA, Kim JY, Golnik KC, Oetting TA, Lee AG, et al. (2010) Evaluation 
of the virtual mentor cataract training program. Ophthalmol 117: 253-258. 

9.	 Thomsen ASS (2017) Intraocular surgery–assessment and transfer of skills 
using a virtual-reality simulator. Acta Ophthalmol 95: 1-22.

10.	Al-mashari M, Al-Mudimigh A, Zairi M (2003) Enterprise resource planning: A 
taxonomyof critical factors. Eur J Oper Res 146: 352-364.

11.	Alias Z, Zawawi EMA, Yusof K, Aris AN (2014) Determining Critical Success 
Factors of Project Management Practice: A Conceptual Framework. Procedia 
Soc Behav Sci 153: 61-69. 

12.	Selim HS (2007) Critical success factors for e-learning acceptance: 
Confirrmatory factor models. Comput Educ 49: 396-413. 

13.	Serna-Ojeda JC, Graue-Hernández EO, Guzmán-Salas PJ, Rodriguez-Loaiza 
JL (2017) Simulation training in ophthalmology. Gac Med Mex 153: 111-115.

14.	Selvander M, Åsman P (2012) Virtual reality cataract surgery training: learning 
curves and concurrent validity. Acta Ophthalmol 90: 412-417. 

15.	Wikipedia URL https://en.wikipedia.org/wiki/Ophthalmology#Diseases 
(accessed 4.17.18).

16.	Am Acad Ophthalmol URL https://aapos.org/terms/conditions/132 (accessed 
4.17.18).

17.	Singh A, Strauss GH (2015) High-Fidelity Cataract Surgery Simulation and 
Third World Blindness. Surg Innov 22: 189-193.

18.	Resnikoff S, Felch W, Gauthier TM, Spivey B (2012) The number of 
ophthalmologists in practice and training worldwide: a growing gap despite 
more than 200,000 practitioners. Br J Ophthalmol 96: 783-787. 

19.	Rabiu MM, Kyari F, Ezelum C, Elhassan E, Sanda S, et al. (2012) Review of the 
publications of the Nigeria national blindness survey: methodology, prevalence, 
causes of blindness and visual impairment and outcome of cataract surgery. 
Ann Afr Med 11: 125-130. 

20.	Lam CK, Sundaraym K, Sulaiman MN (2013) Virtual Reality Simulator for 
Phacoemulsification Cataract Surgery Education and Training. Procedia Comp 
Sci  18: 742-748.

21.	Saleh GM, Lamparter J, Sullivan PM, O’Sullivan F, Hussain B, et al. (2013) 
The international forum of ophthalmic simulation: Developing a virtual reality 
training curriculum for ophthalmology. Br J Ophthalmol 97: 789-792. 

22.	Freund YP (1988) Critical success factors. Planning Rev 16: 20-23.

23.	Kitchenham B, Mendes E, Travassos GH (2006) A systematic review of 
crossvs.within-company cost estimation studies. Proc Empir: 81-90..

24.	Kitchenham B, Charters S (2007) Guidelines for performing Systematic 
Literature reviews in Software Engineering 45: 1051. 

25.	Kitchenham B (2004) Procedures for Performing Systematic Reviews. Keele 
University 33: 28. 

26.	Kitchenham B, Brereton P, Budgen D, Turner M, Bailery J, et al. (2009) 
Systematic literature reviews in software engineering - A systematic literature 
review. Inf Softw Technol 51: 7-15. 

27.	Jalali S, Wohlin C (2012) Systematic literature studies: Database searches vs. 
backward snowballing. ACM-IEEE Int Symp Empir Softw Eng Meas 29-38. 

28.	Balaid A, Rozan MZA, Hikmi SN, Memon J (2016) Knowledge maps : A 
systematic literature review and directions for future research. International 
Journal of Information Management. Int J Inf Manage 36: 451-475.

29.	Ghapanchi AH, Aurum A (2011) Antecedents to IT personnel’s intentions to 
leave: A systematic literature review. J Syst Softw 84: 238-249. 

30.	Nidhra S, Yanamadala M, Afzal W, Torkar R (2013) Knowledge transfer challenges 
and mitigation strategies in global software development: A systematic literature 
review and industrial validation. Int J Inf Manage 33: 333-355.

31.	Mednick Z, Tabanfar R, Alexander A, Simpson S, Baxter S (2017) Creation 
and validation of a simulator for corneal rust ring removal. Can J Ophthalmol 
52: 447-452. 

32.	Lee EA, Wong KW, Fung CC (2010) How does desktop virtual reality enhance 
learning outcomes ? A structural equation modeling approach. Computers & 
Education 55: 1424-1442. 

33.	Bacca J, Baldiris S, Fabregat R, Graf S, Kinshuk (2014) Augmented Reality 
Trends in Education: A Systematic Review of Research and Applications. J 
Educational Technology Society 17: 133-149.

34.	Broyles JR, Glick P, Hu J,  Lim YW (2012) Cataract Blindness and Simulation-
Based Training for Cataract Surgeons: An Assessment of the HelpMeSee 
Approach. Rand Health Q 3:7.

35.	Lorch AC, Kloek CE (2017) An evidence-based approach to surgical teaching 
in ophthalmology. Surv Ophthalmol 62: 371-377. 

36.	Lam CK, Sundaraj K (2015) Design and development of an eye surgery. 
Simulator  602-606. 

37.	Davis F (1989) Perceived Usefulness, Perceived Ease of Use, and User 
Acceptance of lnformation Technology. MIS Q 13: 319-340.

38.	Michael M, Abboudi H, Ker J, Shamim KM, Dasgupta P, et al. (2013) 
Performance of technology-driven simulators for medical students-a systematic 
review. J Surg Res 192: 531-543. 

39.	Thomsen ASS, Smith P, Subhi Y, La Cour M, Tang L, et al. (2016) High 
correlation between performance on a virtual-reality simulator and real-life 
cataract surgery.  Acta Ophthalmol 95: 307-311. 

40.	Rai AS, Rai AS, Mavrikakis E, Lam WC (2017) Teaching binocular indirect 
ophthalmoscopy to novice residents using an augmented reality simulator. Can 
J Ophthalmol 52: 430-434. 

41.	McCannel CA, Reed DC, Goldman DR (2013) Ophthalmic surgery simulator 
training improves resident performance of capsulorhexis in the operating room. 
Ophthalmology 120: 2456-2461. 

42.	Selvander M, Åsman P (2013) Ready for OR or not? Human reader supplements 
Eyesi scoring in cataract surgical skills assessment. Clin Ophthalmol 7: 1973-
1977. 

43.	Spiteri A, Aggarwal R, Kersey T, Behamin L, Darzi A, et al. ( 2010) 
Phacoemulsification skills training and assessment. Br J Ophthalmol 94: 536-541. 

44.	Sikder S, Tuwairgi K, Al-Kahtani E, Myers WG (2014) Surgical simulators in 
cataract surgery training. Br J Ophthalmol 98: 154-158. 

45.	Gillan SN, Saleh GM (2013) Ophthalmic surgical simulation: A new era. JAMA 
Ophthalmol 131: 1623-1624. 

46.	Lowry EA, Porco TC, Naseri A (2013) Cost analysis of virtual-reality 
phacoemulsification simulation in ophthalmology training programs. J Cataract 
Refract Surg 39: 1616-1617. 



Citation: Benferdia Y, Ahmad MN, Mustapha M, Baharin H, Bajuri MY (2018) Critical Success Factors for Virtual Reality-based Training in 
Ophthalmology Domain. J Health Med Informat 9: 318. doi: 10.4172/2157-7420.1000318

Page 14 of 14

J Health Med Inform, an open access journal
ISSN: 2157-7420 Volume 9 • Issue 4 • 1000318

47.	Roohipoor R, Yaseri M, Teymourpour A, Kloek C, Miller JB, et al. (2017) Early 
Performance on an Eye Surgery Simulator Predicts Subsequent Resident 
Surgical Performance. J Surg Educ 74: 1105-1115. 

48.	Gillan SN, Saleh GM (2012) Ophthalmic surgical simulation: a new era. JAMA 
Ophthalmol 131: 1623-1624.

49.	Gonzalez-Gonzalez LA, Payal AR, Gonzalez-Monroy JE, Daly MK (2016) 
Ophthalmic Surgical Simulation in Training Dexterity in Dominant and 
Nondominant Hands: Results from a Pilot Study. J Surg Educ 73: 699-708. 

50.	Palter VN, Grantcharov TP (2012) Simulation in surgical education. Can Med 
Assoc J 25: 156-165. 

51.	Thomsen ASS, Bach-Holm D, Kjaerbo H, Hejgaard-Olsen K, Subhi Y, et al. 
(2015) Simulation-based certification for cataract surgery. Acta Ophthalmol 93: 
416-421.

52.	Ricci LH, Ferraz CA (2014) Simulation models applied to practical learning and 
skill enhancement in direct and indirect ophthalmoscopy: A review. Arq Bras 
Oftalmol 77: 334-338. 

53.	Hull L, Arora S, Aggarwal R, Darzi A, Vincent C, et al. (2012) The impact of 
nontechnical skills on technical performance in surgery: a systematic review. J 
Am Coll Surg 214: 214-230. 

54.	Flin R, Yule S, Paterson-Brown S, Maran N, Rowley D, et al. (2007) Teaching 
surgeons about non-technical skills. Surgeon 5: 86-89. 

55.	Lam CK, Sundaraj K, Sulaiman MN (2012) Virtual Simulation of Eyeball and 
Extraocular Muscle Reaction during Cataract Surgery. (IRIS 2012) pp. 150-155.

56.	Alharbi S, Drew S (2014) Using the Technology Acceptance Model in 
Understanding Academics’ Behavioural Intention to Use Learning Management 
Systems. Int J Adv Comput Sci Appl 5: 143-155.

57.	Agus M, Gobbetti E, Pintore G, Zanetti G, Zorcolo A (2006) Real-time 
Cataract Surgery Simulation for Training. in: 4th Eurographics Italian Chapter 
Conference pp. 183-187.

58.	Baxter JM, Lee R, Sharp JA, Foss AJ, Interactive Cataract Training Study 
Group (2013) Intensive cataract training: A novel approach. Eye 27: 742-746. 

59.	Bergqvist J, Person A, Vestergaard A, Grauslund J (2014) Establishment of a 
validated training programme on the Eyesi cataract simulator. A prospective 
randomized study. Acta Ophthalmol 92: 629-634. 

60.	Alken A, Luursema JM, Weenk M, Yauw S, Fluit C, et al. (2017) Integrating 
technical and non-technical skills coaching in an acute trauma surgery team 
training: Is it too much? Am J Surg S0002-9610(17)30424-5. 

61.	Choi K-S, Soo S, Chung F-L (2009) A virtual training simulator for learning 
cataract surgery with phacoemulsification. Comput Biol Med 39: 1020-1031. 

62.	Coca A, Estevez H, Fernández C, Esteban G, (2013) Building 3D models for 
reconstructing a virtual cataract surgery haptic simulation. Proceedings of the 
First International Conference on Technological Ecosystem for Enhancing 
Multiculturality - TEEM ’13. pp. 43-48. 

63.	Dequidt J, Courtecuisse H, Comas O, Allard J, Duriez C, et al. (2013) Computer-
based training system for cataract surgery. Simulation 89: 1421-1435. 

64.	Henderson BA, Grimes KJ, Fintelmann RE, Oetting TA (2009) Stepwise 
approach to establishing an ophthalmology wet laboratory. J Cataract Refract 
Surg 35:1121-1128.

65.	Karim SMR, Ong CT, Sleep TJ (2010) A Novel Capsulorhexis Technique Using 
Shearing Forces with Cystotome. J Vis Exp 39: 1962. 

66.	Luo J, Kania P, Banerjee PP, Sikder S, Luciano CJ, et al. (2016) A part-task 
haptic simulator for ophthalmic surgical training. IEEE Symposium on 3DUI 
Proceedings. pp. 259-260. 

67.	Machuk RWA, Arora S, Kutzner M, Damji KF (2016) Porcine cataract creation 
using formalin or microwave treatment for an ophthalmology wet lab. Can J 
Ophthalmol 51: 244-248. 

68.	Mahr M (2008) The Eyesi Ophthalmic Surgical Simulator, Cataract & Refractive 
Surgery Today.

69.	Mahr MA, Hodge DO (2008) Construct validity of anterior segment anti-tremor 
and forceps surgical simulator training modules: attending versus resident 
surgeon performance. J Cataract Refract Surg 34: 980-985. 

70.	Podbielski DW, Noble J, Gill HS, Sit M, Lam WC (2012) A comparison of 
hand- and foot-activated surgical tools in simulated ophthalmic surgery. Can J 
Ophthalmol 47: 414-417. 

71.	Pugh C, Plachta S, Auyang E, Pryor A, Hungness E (2010) Outcome measures 
for surgical simulators: is the focus on technical skills the best approach? 
Surgery 147: 646-654. 

72.	Saleh GM, Theodoraki K, Gillan S, Sullivan P, O’Sullivan F, et al. (2013) 
The development of a virtual reality training programme for ophthalmology: 
Repeatability and reproducibility (part of the International Forum for Ophthalmic 
Simulation Studies). Eye 27: 1269-1274.

73.	Selvander M, Åsman P (2013) Cataract surgeons outperform medical students 
in Eyesi virtual reality cataract surgery: evidence for construct validity. Acta 
Ophthalmol 91: 469-474. 

74.	Shen X, Zhou J, Hamam A, Nourian S, El-Far NR, et al. (2008) Haptic-Enabled 
Telementoring Surgery Simulation. IEEE 15: 9907958.

75.	Silvennoinen M, Kuparinen L (2009) Usability challenges in surgical simulator 
training. in: Proceedings of the International Conference on Information 
Technology Interfaces, ITI. pp. 455-460. 

76.	Söderberg P, Laurell CG, Simawi W, Nordqvist P, Skarman E, et al. (2006) 
Evaluation of response variables in computer-simulated virtual cataract 
surgery. BMC Ophthalmol 16: 88.

77.	Spiteri AV, Aggarwal RK, Sira TL, Benjamin ML, Darzi AW, et al. (2014) 
Development of a virtual reality training curriculum for phacoemulsification 
surgery. Eye 28: 78-84. 

78.	Thomsen AS, Bach-Holm D, Kjærbo H, Højgaard-Olsen K, Subhi Y et al. (2017) 
Operating Room Performance Improves after Proficiency-Based Virtual Reality 
Cataract Surgery Training. Ophthalmology 124: 524-531. 

79.	Vergmann AS, Vestergaard AH, Grauslund J (2017) Virtual vitreoretinal surgery: 
validation of a training programme. Acta Ophthalmol 95: 60-65. 


