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ABSTRACT 
 

Background and Purpose: Concerning the sensitive tasks of surgeons and nurses, nobody could overlook the need to use virtual reality 
techniques and serious games in the age of information and knowledge for training surgical cognitive skills in different fields of 
medicine. Game-based educational software with realism and high quality is a notable strategy to limit the high risk of traditional 
surgical training that can reduce medical errors and improve patient safety. Materials and Method: This was a semi-experimental 
research, that 30 surgical technologist students were selected by census method and trained with the simulation games. A practical 
simulation and a theoretical assessment tests were taken before and after the training to measure the participants’ amount of skills and 
basic knowledge. Findings: After passing the course in a simulated environment at the workshop, students' knowledge scores by 100% 
were at a good level, and their scores in cognitive skills of spinal fusion surgery by 100% were at the dominant level as well. 
Conclusion: Serious games are used mostly as education tools and supplements in learning and these pieces of software, that are 
designed with an educational purpose, provide opportunities to gain knowledge as well as cognitive, critical thinking, and problem 
solving skills in order to perform complex surgical exercises. 
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Introduction  

After about only thirty years since the commencement of 

neurological and spinal surgery, the surgery is one of the most 

commonly performed surgeries; about one or one and a half 

million neurosurgeries being performed annually around the 

world [1, 2]. Spinal surgery is a complex specialty that requires 

thoughtful clinical judgment, technical skill, and close attention 
[3]. Due to the close proximity of vascular and neurological 

structures and the lack of adequate anatomical vision, it poses 

various risks; therefore, it is necessary that the spinal surgery 

team to be well trained for the operation [4]. Surgical education 

has been in form of internship and apprenticeship since the 

inception of the field. In which, trainees with observation and 

work along with experienced practitioners acquired the 

necessary expertise and skills [5]. In the course of surgical 

progress due to the complexity and difficulty of spinal surgery, 

the inefficiency of traditional methods in training surgeons with 

adequate skill and competence and the safety risk of patients, 

new methods were invented for training in spinal surgery [5, 6]. 

One of these new methods is the learning based on serious 

games that are widely used in different areas of the health 

system [7]. In recent years, these types of games have become 

commonplace in the teaching of technical skills including 

surgery [8]. The use of game-based instructional techniques in 

medical education with the aim of preserving patient safety 

before the direct contact with patients is widely used in the 

education of residents and medical students. Although 

simulated systems are widely being used in the education of 

residents, it is not yet a common method for training the 

surgical technologists, especially the scrub that can play a role as 

an assistant surgeon. And they are still taught in the operating 

room environment in the form of internship and apprenticeship 
[9, 10]. The operating room is the main environment of clinical 

education for the surgical technologists [11]. That by preserving 

patient safety, the student should gain advanced psychomotor 

skills, the ability to make the right decisions, and teamwork 

skills at all critical and non-critical situations in this stressful 

environment. This stressful environment undoubtedly has a 

significant effect on the professional performance and decision-

making ability of the trainees during the operation [12, 13]. On the 

other hand, an increase in the number of students and a limited 
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period of internship, as well as a low number of clinical 

educators, different individual talent and abilities in acquiring 

skills at varying degrees, lack of procedures and clinical aspects 

for observation and the practice will lead to less learning 

opportunities for the students. The inadequacy of these clinical 

experiences throughout education may increase the level of 

anxiety, fear of the inability to do clinical work and thus 

reduces the amount of students’ learning and increases the 

medical errors [12, 14]. Several studies have shown that most of 

the errors occur during the initial learning in the operating 

room; and the primary reason for the medical errors is the 

insufficient knowledge of the trainees [15]. Activities based on 

the game provide an opportunity for learning experiences that 

the learners actively participate in their individual skills and 

become self-confidant and motivated enough to have practice 

and feedback, and eventually learn in a safe and non-threatening 

environment for patient safety [16]. By increasing the complexity 

of the operation in surgical games, they are used as an effective 

tool for training and to grant certification and university degrees 
[17]. Training via the simulation method seeks to make learning 

situations come pretty close to real situations so that they can 

employ the acquired knowledge in the real world [18]. Practice 

and rehearse in simulated environment can help the staff get the 

right skills, and so, facing the real patients in the clinical 

environment have proper performances on patients’ care. In 

fact, learners can gain experiences of situations they did not deal 

with in the true clinical setting in the simulated environment. 

This training method helps them develop communication and 

practical skills, critical thinking and clinical decision making 

ability, and their knowledge of surgery [19]. Although the 

training based on simulated surgical systems targets almost 

exclusively the role of the surgeon, since the technologist can 

play the role of first assistant surgeon in different surgeries as 

the residents do, training of the technologists using the same 

method could also be very valuable [20]. Undoubtedly, the 

training of technologists using this training method makes them 

act more than just a scrub or a circulator nurse and do more 

professional performances. 

Materials and Methods 

This was a semi-experimental research with pre- and post-

intervention. It was conducted on 30 eighth-semester 

undergraduate surgical technologists that were studying at Iran 

University of Medical Sciences and had passed their internship 

and neuroscience course during the years 2017-2018. In order 

to collect information in the field of knowledge, a researcher-

made questionnaire was used. That had two sections of 

demographic information and the test section. The test section 

contained 20 multiple choice questions based on the field’s 

references. And some topics on spinal anatomy, introductory 

radiographic image analysis, spine stabilization methods, causes 

of spinal fusion, understanding of tools and methods of using 

them, and arranging the surgeon's equipment that was 

theoretically assessed. The way of assessment was as follows. 

That any correct answer was scored 1 point and any wrong 

answer was scored zero. The maximum score obtained was 20 

and the minimum was 0. The content validity of the tool was 

designed according to the scores of the blueprint tables covering 

the educational content; the number of questions and the 

proportion of the question type concerning the main and 

essential goals of the course were examined by the experts’ 

panel; and the essential validity was obtained. In order to 

standardize the designed questions, in terms of the structure of 

items and choices for each question, the Milmen checklist was 

used. To evaluate the reliability of the questionnaire, Kappa 

coefficient was used. The Kappa coefficient corrects and 

standardizes the agreement percentage occurred by chance. 

Total Kappa coefficient was 0.942 that represented a high 

agreement among the respondents before and after the 

educational intervention. Instrument used to determine the 

cognitive skills of the subjects was an observation checklist that 

included 7 phases: 1. pedicle preparation; 2. pin marker; 3. 

screw insertion; 4. rod insertion; 5 provisionally tightening; 6. 

final tightening; 7. crosslink; and it was recorded and scored 

according to practical progress made in the simulated virtual 

world. The evaluation of each phase is done by the professors of 

the spine surgery and according to the degree of item difficulty 

and the student level. Phase 1 was one point; phase 2 was two 

points; phase 3 was three points; phase 4 was four points; phase 

5 was five points; phase 6 was six points; phase 7 was seven 

points. The scientific validity of this tool was also obtained 

through the content validity and the opinion of the field 

specialists in order to cover the surgical stages properly; and to 

confirm the reliability, the simultaneous testing was used by 

two evaluators. With Paramedicine College collaboration a 

one-day workshop was conducted. Before presentation the 

educational content, to determine knowledge level and 

cognitive skills of the subjects, theoretical and practical 

simulation test about spinal fusion surgery were taken. After 

completing the workshop, subjects were tested again in order 

to assess their knowledge levels. And to assess the cognitive 

skills of the subjects after simulation, they were taken a 

practical simulated test. The data were analyzed using 

descriptive and inferential statistics Wilcoxon, Man-Whitney, 

and Kolmogorov Smirnov Tests by SPSS-22. 

Findings 

According to data collected from 30 subjects participated in the 

research, 67% were females and 33% were males. Mean age of 

the subjects were 23.00±0.75 years of old. 

Table 1: Comparison of mean scores of students before and 

after simulation 

Variable 

Basic knowledge 

(pre- 

intervention) 

Basic knowledge 

(post- 

intervention) 

Cognitive skill 

(pre- 

intervention 

Cognitive skill 

(post-

intervention) 

Mean 10.93 17.47 3.6 23.7 

Probability 

value 
0.006 0.004 <0.001 <0.001 
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The results of this study showed that the mean scores 

concerning the basic knowledge, especially cognitive skills 

significantly increased after simulation, Table 1.  

To evaluate and compare the basic knowledge and cognitive 

skills of surgical technologist in spinal surgery before and after 

the educational intervention, non-parametric Wilcoxon signed-

rank test was used. The results of these studies showed that 

there was a significant difference between the basic knowledge 

and cognitive skills of the surgical technologist students 

regarding spine surgery before and after the educational 

intervention (P<0.001), Table 2. 

Table 2: The results of Wilcoxon signed-rank test 

Variable 
Basic knowledge 

(pre-post intervention) 

Practical Skill 

(pre-post intervention) 

Wilcoxon signed-rank −4.72 −4.79 

Probability value <0.001 <0.001 

Considering the basic knowledge scores of surgical 

technologists at the beginning of the study as a disturbance 

variable, the effectiveness of the educational intervention was 

examined by analysis of the covariance. The results are 

presented in Table 3. The results showed that there was a 

significant difference regarding the subjects’ scores in the two 

groups of males and females. 

Table 3: Comparison of basic knowledge of surgical 
technologists after the educational intervention in gender 

group by analysis of the covariance 

Variables 
Sums of 

squares 

Degree of 

freedom 

Mean 

squares 

Test 

statistic 
P-value 

Basic cognitive skill 1.11 1 1.11 0.415 0.525 

Gender 14.18 1 14.18 5.29 0.029 

Error 72.34 27 2.68   

After eliminating the impact of the basic knowledge of surgical 

technologist students at the beginning of the study, marginal 

averages, represented in Table 3, comparison between the two 

groups showed that the highest increase in the basic knowledge 

score of the subjects related to the group of females (17.84 vs. 

16.74).  

Similar to the above analysis, the cognitive skills variable was 

also analyzed. By considering the practical skill scores of the 

participants obtained at the beginning of the study as a 

disturbing variable, the effectiveness of educational intervention 

was examined by analysis of the covariance. Results represented 

in Table 4-22. The results showed that there was no significant 

difference between the subjects’ scores in both male and female 

groups (F (1, 27) = 0.29, P = 0.595).  

Table 4: Comparison of the cognitive skill scores of the 
surgical technologists after the intervention in the gender 

group obtained by analysis of the covariance 

Variables 
Sums of 

squares 

Degree of 

freedom 

Mean 

squares 

Test 

statistic 
P value 

Cognitive skill 149 1 149.11 2.42 0.131 

Gender 17.85 1 17.85 0.29 0.595 

Error 1661.84 27 61.55   

After eliminating the impact of the cognitive skill score of the 

surgical technologists at the beginning of the study, the 

comparison of the marginal averages in Table 4 in the two 

groups shows that the highest increase in the cognitive skills 

scores of the subjects related to the group of males (24.83 vs. 

23.14). 

Discussion  

The results of this study showed that the use of the game-based 

training method had a significant effect on knowledge and 

especially the cognitive skills of the surgical technologist 

students. In their study, Haghghani et al. indicated the positive 

impact of simulation on increase in students’ knowledge level, 

ability to diagnose patients' problems, the critical thinking and 

self-confidence that is consistent with the present study results 
[21]. Also, the findings of Madhavanprabhakaran et al. indicated 

that using the simulation increased knowledge level of students 

that is consistent with the present study results [22]. Besides, in a 

study by Amiralavi et al., simulation method increased 

assistants’ knowledge regarding the anatomy of 

tracheobronchial tree that resulted in an increased skill in 

performing bronchoscopy [23]; that is consistent with results of 

this research. Furthermore, the results of semi-experimental 

study by Lis et al., conducted on medical students in the 

Netherlands in 2014, showed that using simulation in the 

intervention group was effective in increasing the self-efficacy 

and improving clinical skills [24]. 

The next variable was the effect of game-based education on 

cognitive skills acquired by the surgical technologist students. 

The results of this study showed that students’ skills after spinal 

stabilization training increased dramatically with simulation that 

is consistent with results of a study by Gasco et al. The results 

of their study on the effect of training simulation in learning 

spinal fusion surgery in a group of residents showed that 

simulation is a valuable method for teaching professional skills 

such as pedicle screw insertion; that by precisely understanding 

how to perform, the order of using the tools and the anatomy of 

the body, leads trainees to lifelong learning [25]. The recent 

studies have shown that simulation based exercises improve the 

transfer of surgical skills to trainees. It contributes to a more 

structured way of teaching surgical techniques [26]. In the 

research by Khazaei Jalil et al. also working with educational 

software was effective in students learning, besides, their scores 

increased sharply in the practical test, and that is consistent with 

the results of the same study [27]. Likewise, the research results 

by Paige et al. confirmed the positive impact of using 

simulations on increase in learning opportunities, increased self-

esteem and improved standard of clinical performance [28]. The 

studies confirm the results of the present study and hence the 

importance of using simulation-based training methods to teach 

cognitive and practical skills is emphasized. 

The next research variable was the effect of gender on the 

outcome of training simulation; in the present study, gender 

had no direct correlation with knowledge and skill level. 

However, after eliminating the effect of the basic knowledge 
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scores of the surgical technologists obtained at the beginning of 

the study, as an intervening variable, the highest value of the 

basic knowledge scores belonged to females. Likewise, 

mentioned analysis was considered for the cognitive skills 

variable. The highest increase in practical skill scores was for 

male groups. The results of a research by Entezari et al. showed 

that male assistants had more knowledge and skill [29]. Also, the 

results of a research by Ahmadi et al. indicated that gender 

(male) has a direct correlation with performance [30]. 

Conclusion 

Based on the findings of this study, simulation method is 

recommended as an effective training method to teach cognitive 

skills to students especially to surgical technologist students; 

that takes place in a safe and non-threatening environment 

concerning patients’ safety. Moreover, this training method is a 

notable new strategy in case there is no suitable clinical 

education that could be in line with the educational aims. 

Research Limitations 
The limitation of student more experience during the internship 

period is controlled through group study and pre-post 

comparison. 
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