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ABSTRACT

INTRODUCTION: Nowadays, simulators have become part of most medical universities’ educational strat-
egy. In recent years, Medical University of Varna has been equipped with the most modern medical simula-
tors, aiming to meet the practical training needs of all specialties taught at the university.

AIM: The aim of this study is to perform an initial assessment of the effectiveness in the use of simulators, 
as well as simulation-based training provided at the Medical University of Varna.

MATERIALS AND METHODS: We developed a set of criteria to evaluate the effectiveness of the simula-
tion training including: simulators accessibility, complexity and safety, as well as training environment and 
trainers’ preparedness. Based on these criteria, a questionnaire was developed and a survey conducted to 
study the students’ opinion on the training quality with two medical simulators: dental and anesthesiology.

RESULTS AND CONCLUSION: Two groups of medical students - 73 students in dental medicine and 186 stu-
dents in anesthesiology and intensive care, were enrolled in the study. The results showed a strong relation-
ship between the students’ specialty and simulation training in all evaluation criteria except one. The re-
sults revealed that medical simulators play an essential role in the practical training of medical students, 
and may substantially improve their future medical performance. Medical University of Varna effectively 
integrates simulation medicine into its educational program.
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INTRODUCTION
The production of simulation equipment has 

been developing rapidly over the last two decades. 
Medical training simulators occupy a significant 
share in this sector. Nowadays, simulators have be-
come part of most medical universities’ education-
al strategies. In recent years, Medical University of 
Varna (http://www.mu-varna.bg) has been equipped 
with the most modern medical simulators, aiming 
to meet the practical training needs of all special-
ties taught at the university. According to Gaba (1), 
those working on the development and use of sim-
ulation in healthcare largely share a common vision 
for a future revolution in healthcare organizations, 
with simulation as a key enabling technique. As an 
educational strategy, simulation-based training pro-
vides an opportunity for effective learning and de-
velopment of professional experience. Thus, to im-
prove student education and ultimately improve pa-
tient safety, healthcare professionals use simula-
tion in many forms, including simulated and vir-
tual patients, static and interactive dummy simula-
tors, training instructors, on-screen (computer) sim-
ulations, etc. (2). A major concern about simulation 
training is the lack of concrete evidence of its effec-
tiveness in improving patient outcomes. Therefore, 
there is an urgent need to evaluate and quantify the 
benefits and effectiveness of simulation training in a 
systematic way (3).

We conducted a literature review on this top-
ic, which included 42 articles published over the last 
20 years and referenced by keywords as follows: sim-
ulators’ effectiveness, medical simulators, education, 
universities, dental, anesthesia training simulators, 
etc. The search was carried out in referenced data-
bases such as SCOPUS, Web of Science, PubMed, Li-
brary of Congress, LISTA (EBSCO), etc., as well as in 
the research organizations, annual universities jour-
nals, and websites in Bulgarian language. As a result 
of the literature review, four main approaches to sim-
ulation assessment have been differentiated: content 
analysis, comparative analysis, questionnaire survey, 
and evaluation framework. 

Content analysis is a method used by several 
authors to evaluate the effectiveness of simulation-
based training in medicine. In fact, this method is a 
literature analysis of publications, which evaluate the 

effectiveness of simulation-based training in com-
parison to other teaching or non-teaching methods 
(3-6). 

Comparative analysis is a method for compar-
ison of knowledge and skills between students who 
have undergone simulation training and those who 
attended only lectures is another method of analyz-
ing the performance of simulators. For the purpos-
es of the study presented by Knudson et. al., surgery 
trainees are randomly divided into two groups (7). 
One half go through a theoretical training course in 
a 5-part program. The other half are trained in the 
same program including the use of a simulator. The 
assessment of the knowledge of the trainees is based 
on a test (7-8). 

Survey research is a widely used method of 
evaluating effectiveness - ranging from university-
specific research to large-scale studies conducted by 
international medical organizations. For instance, 
Agha et. al. (9) published the results of a study of sat-
isfaction with simulation-based learning among 3rd 
and 4th year medical students. One of the strengths of 
the survey is the ability to conduct an online survey 
that covers a wider range of respondents (10). 

For the purposes of analyzing the performance 
of simulators, the authors use different criteria. Some 
authors discuss the technical qualities of simulators 
in terms of reliability and validity. For example, com-
puter simulations are complex and time-consuming, 
and it may be that a small number of simulation tests 
can be implemented in the time available for data 
collection (11). In 2015, Lioce et al., using the “de-
sign” criterion, take a similar approach. Simulation 
design promotes core processes and results that are 
consistent with program objectives (12).

AIM
The aim of this study is to perform an initial as-

sessment of the effectiveness in the use of simulators, 
in a simulation-based training provided at the Med-
ical University of Varna in the education of medical 
and dental medicine students. 

MATERIALS AND METHODS
The evaluation framework applied in this study 

covers the following five criteria: simulator acces-
sibility; complexity of simulator training features; 
work safety; training environment and trainers’ pre-
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paredness (see Table 1). It aims to evaluate the effec-
tiveness of simulation-based training organization as 
well as to determine the extent to which the related 
goals of the university’s strategy are fulfilled.

Based on the above criteria, a questionnaire was 
developed and a survey was conducted to assess the 
students’ opinion on the effectiveness of the simu-
lators and simulation-based training. Two groups 
of students who had undergone simulation training 
were invited in the study – all of the 98 third-year 

students from the dental medicine (DM) program 
and all of the 400 fifth-year students from the med-
icine (M) program. Those groups were selected as 
simulation-based education is first introduced in the 
3rd year of dental medicine training and the availabil-
ity of modern simulators for anesthesiology and in-
tensive care training ensures good access to simula-
tors to medical students in their 5th year of education.

We performed descriptive statistical analy-
sis with estimating percentages for qualitative vari-

Evaluation 
Criteria Questions University Objectives

A
cc

es
si

bi
lit

y

During the simulation-based exercise, does each student have 
the opportunity to work with a simulator?

well organized practical training 
with the simulators 

In your opinion, is there a need to provide additional simula-
tors at MU-Varna in order to increase the accessibility of stu-

dents to simulation training?
sufficient  number of simulators 

Do you think that simulator-based exercises are sufficiently 
integrated into the curriculum?

increased availability of standard-
ized processes; enhancing expe-
rience; protecting real patients 
from procedures performed by 

inexperienced interns

C
om

pl
ex

it
y Do the simulators used in your training recreate different 

clinical conditions?
possibility for realistic training in 

a variety of case studies

Does simulation-based training help you develop different 
medical skills and competencies?

good educational and material 
facilities that enable students 

to develop their knowledge and 
skills

Sa
fe

ty

Do the trainers at the simulators give you enough initial in-
structions before working with a new, unfamiliar simulator?

ensuring safety working condi-
tions and training

Do you have a trainer to monitor your work with the simula-
tors during the exercises?

mastering the safety and techni-
cal expertise

Tr
ai

ni
ng

 
en

vi
ro

nm
en

t

Do you think that the simulators used in your training could 
be placed in a more realistic, i.e. close to clinical conditions, 

environment?
mastering routine medical skills

In your opinion, does building a specialized Simulation Cen-
ter (with halls with realistic clinical environment; control 

rooms for simulator management; observation and discussion 
halls) would increase the effectiveness of simulation training?

quality education with innova-
tive tools

Tr
ai

ne
rs

’ 
pr

ep
ar

ed
ne

ss Is the number of trainers enough to provide you with simula-
tion-based training?

more efficient management of all 
types of resources and reduced 

training time
Do you think that well-organized simulation training re-
quires a team of two trainers - a simulator maintenance / 

training engineer and a medical practitioner to conduct the 
exercise?

utilizing the full capabilities of 
the simulators - for example, stor-

ing and analyzing performance 
data

Table 1. Evaluation framework
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ables. Association between the medical specialty and 
the simulation-based training evaluation criteria was 
tested with χ2 test. The level for statistical signifi-
cance was set at α = 0.05. Analysis were performed 
with statistical package IBM SPSS version 19.

RESULTS AND DISCUSSION
A total of 259 students - 73 students in dental 

medicine and 186 medical students, responded to 
the invitation and were included in this study. They 
completed the questionnaire at the end of their 
practical exercises with simulators. 

The analysis showed a significant association 
between the studied specialty (M or DM) and all 
simulation training evaluation criteria, except for 
Trainers’ Preparedness. 

With respect to the first criterion Accessibili-
ty, 48 units of DSE Expert simulators are provided 
to 3rd-year dental medicine students for their practi-
cal training. For 5th-year medical students, the Uni-
versity equipped practical exercises with two differ-
ent simulators – iSTAN and APOLLO adult patient 
simulator, each with its own advantages. Students 
(M and DM) spent 2 working hours with simulators 
per week. The adequate provision is the cause for the 
very high proportion of students from both special-
ties to report that they have access to a simulator dur-
ing their practical exercises – 92 % for medical and 
85% for dental medicine students (χ2=2.012, p=0.156) 
(Fig. 1). Despite the higher number of simulators in 
DM education, a smaller percentage of DM students 
declare an opportunity to practice on a simulator 
during their exercises. The comments given by the 
dental medicine students at the end of the question-
naires explain this contradiction. Students mention a 
limited number of provided materials: forceps, sector 
rings, borers, matrices, wedges, gloves, etc., which re-
sults in slower execution of the exercises. As a result, 
some DM students are not able to complete their ex-
ercises on the phantom heads in the time available. 
The higher percentage of medical students report-
ing good accessibility to simulators is due to the fact 
that: (a) medical students’ groups are twice as small 
as those of DM students, (b) teams of two or three 
medical students work together with a simulator, (c) 
simulators for medical students do not need addi-
tional supplies, and different patient conditions are 
easily simulated. 

Despite the above results for wide access to sim-
ulators of medical students, 65% of them recommend 
additional simulators to be provided, against 37% of 
DM students (p<0.05). 

The answer on the third aspect of the criteria 
Accessibility indicates that simulators are better in-
tegrated in the medical students’ curriculum and 
their education in the discipline anesthesiology and 
intensive care with greater number of exercises than 
those provided to dental medicine students. Almost 
half of the medical students (42%) think that simula-
tor-based exercises are well integrated into their edu-
cation as compared with less than one-fourth (24%) 
from DM (p<0.05). Students’ opinion regarding the 
Accessibility criterion is shown on Fig. 1.

Regarding the next criterion of the simula-
tor training features - Complexity, a lot has been 
achieved at the Medical University of Varna in the 
recent years. Sophisticated, complex simulators with 
comprehensive technical features are provided and 
used by medical students. Both iSTAN and APOL-
LO simulators are equipped with additional applica-
tions supporting different clinical cases, scenarios, 
and conditions. The DSE Expert simulators provid-
ed for dental medicine students are freely combin-
able with jaw simulators, face masks, and face bows. 
The available up-to-date simulation technique for 
both specialties has a potential for constant upgrade 
characterizing it as highly complex. All this is sup-
ported by the positive answers of both specialties to 
the question: “Do the simulators used in your train-
ing recreate different clinical conditions?” - 96% for 
medical and 75% for DM students. 

Fig. 1. Students’ opinion regarding the Accessibility 
criterion
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Almost 100% of the respondents appreciate the 
various skills and competencies developed with the 
simulation training (Fig. 2). Such a result suggested 
that simulation-based training boosts a university’s 
objective to provide good educational and material 
facilities that enable students to advance their knowl-
edge and skills.

Work safety should be a leading characteristic 
and factor in any university and healthcare activity 
and involves the protection of students, all employ-
ees, and visitors of the institution. Safety effective-
ness assessment should never be compromised, and 
the criterion underlies the university’s quality man-
agement policy. The Safety component of the simu-
lation training effectiveness was evaluated with two 
questions. The results are very much self-explanato-
ry (Fig. 3). 

Initial instructions regarding work safety are 
provided according to almost all students, both med-
ical (88%) and dental medicine (92%). The presence 
of an instructor during the simulation training is re-
quired and provided according to 97% of medical 
students as compared with 90% of dental medicine 

students (p<0.05). As mentioned above, medical stu-
dents practice by working in a team, which allows the 
trainers to monitor, control and ensure safety dur-
ing their work throughout the exercise. In compari-
son, dental medicine students work individually, and 
trainers monitor their safety while working from 
aside and guide them if/when needed.

The fourth evaluation criterion, Training Envi-
ronment, is also an important aspect in the ensur-
ing of simulation training effectiveness. It is consid-
ered especially valuable in the present study in the 
context of a forthcoming planned construction of a 
dedicated simulation center at the Medical Univer-
sity of Varna. 

The lack of realism experience (physical resem-
blance and functional task alignment) of the respon-
dents is a barrier for linking the importance of fidel-
ity of the training simulation environment with a 
quality learning experience. 

Although a quarter of the medical (25%) and 
one-third (34%) of the dental medicine students find 
it difficult to assess the environment, many respon-
dents believe that the environment and, respectively, 
the quality of simulation training can be improved 
by building a specialized simulation center (60% for 
medical and 47% for DM students) (Fig. 4).

More than three quarters (78%) of the DM stu-
dents and 92% of the medical students believe that 
well-known environment reduces stress and eas-
es adaptation to the clinical setting, thus increasing 
concentration on patient care (p<0.05). The most re-
cently established university simulation training sec-
tor is the one for dental medicine students. Extreme-

Fig. 2. Students’ opinion regarding the Complexity 
criterion

Fig. 3. Students’ opinion regarding the Safety criterion

Fig. 4. Students’ opinion regarding the Training Environ-
ment criterion
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ly well-designed learning environment for these stu-
dents as well as state-of-the-art dental simulation full 
treatment workstation have provided the defined dif-
ferences in the response rate given by both group of 
students.

Environmental assessment questions are a good 
basis for further analysis and comparison of opin-
ions taken before and after the actual building of the 
simulation center.

The last criterion Trainers’ Preparedness to 
work as instructors concerns the required qualifica-
tion of instructors and the quality of education, re-
spectively. It is the only criterion that showed no sig-
nificant association with a student’s specialty. The 
tests have revealed adequate preparedness of the in-
volved academic staff according to students’ opin-
ion from both specialties (p=0.099) (Fig. 5). Students 
agree that better training results will be achieved un-
der the guidance of a team of trainers with medical 
and technical expertise (p=0.754).

CONCLUSION
This paper presents an evaluation framework 

using five criteria for the effectiveness of the simu-
lation-based training delivered at the Medical Uni-
versity of Varna, Bulgaria. The criteria in this frame-
work are subject to change with each successive eval-
uation according to the objectives, which measure 
the effectiveness.

In general, expressed as a percentage, the re-
sults of the analysis show that all set up by the Med-
ical University of Varna goals linked to simulation-
based training and its organization have been met 

effectively. The only unsatisfactory results concern 
the volume of practical training in the curriculum. 
In this regard, the current project of Medical Univer-
sity of Varna related to developing a dedicated Sim-
ulation Center is considered developed on time and 
would improve effectiveness in terms of: (a) accessi-
bility by better organization and exercise manage-
ment, (b) complexity by providing a video recording 
of the exercises for analysis and discussion, (c) more 
realistic training environment, (d) advanced skills 
and experience of the trainers.

On the other hand, the SPSS analysis deter-
mined half of the examined variables as associated 
with the student specialty, which must be taken into 
account in the subsequent effectiveness evaluation 
framework development.

The future work includes: (a) actions to explore 
the managerial experience of other simulation cen-
ters in order to improve the organization of practical 
training, (b) selection of different evaluation criteria 
according to the specificity of the specialty, (c) a com-
parative analysis of students’ opinions taken before 
and after the construction of the Simulation Center 
at the Medical University of Varna.
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