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Abstract
Introduction  Since learning with high educational quality requires an advanced intervention. This study seeks 
to answer how many puzzles game-based training can improve knowledge and cognitive function of surgical 
technology students in CABG surgery and its sequence, as well as the tools and equipment used in each stage of 
surgery and the sequence of their preparation.

Materials and methods  This study was carried out as a quasi-experimental single-group pre-test-post-test, during 
which, after designing a puzzle game including various stages of surgery (from the preparation of the patient for 
surgical sutures and the necessary equipment to perform each stage), 18 people from third-year surgical technology 
students who met the inclusion criteria were entered in the study by convenience sampling method and based 
on the sample size determined using a similar study and they participated in the test of knowledge and cognitive 
function, that the validity and reliability were measured, before the intervention and 14 days after the intervention 
(using a puzzle game). Data were analyzed using descriptive and Wilcoxon statistical tests.

Results  After the withdrawal of 2 people, 15 person (93.80 per cent) of the students were female, the average age of 
students was 21.87 ± 0.71 years, and 50% (8 people) of them were 22 years old. Also, the average score of the end-of-
semester exam of the heart surgery technology course was 15.19 ± 2.30 (the lowest score was 11.25, and the highest 
score was 18.63), and the score of 43.80% (7 people) of them were in the range of 15.01–17.70, and their average of 
grade point average was 17.31 ± 1.10 (the lowest grade point average is 15 and the highest grade point average is 
19.36) and grade point average 75% (11 people) of students were 16–18. The average scores of knowledge(5.75 ± 1.65 
vs. 2.68 ± 0.79) and cognitive performance(6.31 ± 2.57 vs. 2.00 ± 1.09) of students in the post-intervention phase were 
significantly higher than the pre-intervention phase (P < 0.0001).

Conclusion  The results of the present study showed that the use of puzzle games in CABG surgery training led to a 
significant improvement in the knowledge and cognitive performance of surgical technology students regarding the 
stages of CABG surgery and its sequence, as well as the tools and equipment used in each stage of surgery and the 
sequence of their preparation.
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Introduction
Performing surgery requires a combination of cognitive 
and clinical skills. Cognitive skills can be thinking and 
problem-solving processes and require clinical skills [1, 
2]. Clinical training has a decisive role in the process of 
acquiring cognitive, psycho-motor, and emotional skills 
[3, 4].

One of the areas of clinical education is the operat-
ing room, which is the primary environment for acquir-
ing skills such as patient preparation and drape, setting 
up the environment. Surgical sterility and the arrange-
ment of the surgical table with the use of surgical tools 
in the order of the procedures and their use are for sur-
gical technology students [5]. In this environment, con-
ducting training in surgeries such as CABG surgery faces 
limitations due to its sensitivity and complexity, patient 
safety concerns, insufficient training time, stressful envi-
ronment, and special regulations in the cardiac operating 
room [6–9]; Therefore, quality cognitive training out-
side the operating room is critical so that students can 
be sufficiently prepared to acquire clinical skills in this 
environment.

Knowledge, the lowest level of Bloom’s cognitive skill, 
refers to maintaining specific and separate pieces of 
information, such as the sequence of performing skills 
[10]. Following the research of the last few years to justify 
the cognitive performance of students who had problems 
showing their capabilities and were considered weak stu-
dents, the importance of cognitive performance in aca-
demic performance was determined [11].

Education is necessary for the development of people’s 
cognitive performance. In the effective learning process, 
learners’ understanding and cognitive abilities such as 
fast thinking (processing speed), keeping the information 
in mind (working memory), flexible response to work 
goals (cognitive control) and dealing with new problems 
(argument) were promoted [12–15].

Lo-Cariaga et al.‘s study (1996) showed that non-cog-
nitive characteristics were strengthened when they expe-
rienced problem-based learning [16]. In the traditional 
method of education, there has been less interaction 
between the learner and the educational content, which 
has led to the loss of the learner’s interest in learning 
concepts [17]. Since traditional training methods have 
not been able to provide adequate training for surgical 
technology students [18], and due to the advancement 
of technology and educational technology, high-quality 
learning requires an advanced training program and 
intervention [19]. Since humans can learn and under-
stand 50% of what they hear and see, and 30% of what 

they see, learners need tools to visualize training content 
for effective learning [19]. When training is visual, the 
spatial awareness of learners is increased and leads to a 
better and deeper understanding of concepts, increasing 
reasoning skills and cognitive performance; Also, “the 
learning process is facilitated when it is done in an enter-
taining method” [20, 21].

Furthermore, since games can involve a wide range of 
people in individual and social learning activities, learn-
ers can learn and practice essential skills and basic knowl-
edge through them [23–31]. In addition to providing a 
context for learning knowledge and skills, educational 
games can also play the role of a coach and professor 
[32]. Piaget and Vygotsky each considered playing impor-
tant for learning and development. However, theories 
differ somewhat on specific details. For example, Piaget 
describes play as the primary motivation for pleasure, 
but Vygotsky points to a broader range of motivations 
for engaging in play. Also, according to Piaget, play is 
an opportunity to reflect and reinforce what has already 
been learned, while according to Vygotsky, play is a vital 
tool for learning new concepts. Piaget’s and Vygotsky’s 
ideas about play, although somewhat different, point 
to the same great potential of games as tools to support 
learning and development [31]; Therefore, digital games 
were proposed as a valuable tool for learning, increasing 
cognitive and perceptual skills and motivating students 
[20, 21, 33–40, 80].

Puzzle game-based learning has many applications 
in the education and learning of computer [41], chem-
istry [42], anatomy [43], pharmacy [44], physiology [20, 
45], pathology [21, 36], neurosurgery [46] and math-
ematics [47]. The Institute of Decision-Making Sciences 
considers puzzle-based learning as an introduction to 
critical thinking and problem-solving [48]. According 
to Michalewicz, puzzles should meet at least one of the 
criteria of generality(providing the player with the ability 
to solve real problems in the future), simplicity (the puz-
zle and its solution are quickly recorded in the player’s 
memory), entertainment (encouraging the player’s inter-
est in solving the puzzle) and Eureka (each piece must be 
placed in its place, and after placement, the player must 
be given immediate feedback and reward) [49].

The benefits of puzzle game-based education include 
turning passive learners into active ones, improv-
ing interest, satisfaction, and academic performance, 
improving critical thinking and problem-solving skills 
in other real-life areas instead of covering content and 
encouraging analogical and clinical reasoning. Compre-
hensive stimulation to the practical application of learned 
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knowledge with their combination. Increasing concen-
tration and stimulation of comprehensive memory to 
consolidate and better understand concepts. Highlight-
ing the main concepts, acquiring cognitive skills, and 
improving executive performance(due to the need to 
formulate strategies, rearrange and planning), pointed 
out the transformation of the education process from 
instructor-oriented to learner-oriented [17, 19, 21, 36, 37, 
49–52, 48, 81].

Cardozo et al. (2021) found that, according to stu-
dents, the online digital version of the heart cycle puz-
zle is helpful for their learning [21]. Coelho et al. (2020) 
knew that the craniosynostosis surgery puzzle might be 
a complementary tool for education because it allows the 
possibility of observing complex surgeries with a three-
dimensional, dynamic view and in a realistic environment 
without causing any risk to the patient gives to students 
[46, 54, 56]. Nouchi et al.'s study (2013) showed that the 
Tetris puzzle game improves executive functions, work-
ing memory, and processing speed in healthy young peo-
ple compared to the brain training game [53].

If the duties of a surgical technologist in a specific sur-
gery be taught to the student in a step-by-step, visual way 
and in an environment that promotes problem-solving 
skills and executive function, he/she will be able to men-
tally visualize of the surgical steps in the clinical environ-
ment and retrieval of classified image information, have 
shown good performance and will become an efficient 
force for the operating room in the future; therefore, this 
study seeks to answer how many puzzles game-based 
training can improve knowledge and cognitive function 
of surgical technology students in CABG surgery and its 
sequence, as well as the tools and equipment used in each 
stage of surgery and the sequence of their preparation.

Materials and methods
Study design
This study was conducted as a semi-experimental single-
group pre-test-post-test during three phases of the puz-
zle game scenario design, puzzle game construction, and 
determining the effectiveness of the puzzle game on the 
level of knowledge and cognitive performance.

Ethical considerations
First, the code of ethics was obtained from the regional 
ethics committee in medical science research. Then, the 
process of conducting the study and its objectives were 
explained by the researcher through WhatApp messen-
ger to each of the third-year undergraduate students of 
surgical technology who met the criteria for entering the 
study—completed the online informed consent form (in 
WORD file format) for each of them. It was completed 
and delivered to the researcher through App messenger 
as a WORD file.

Sample size
Considering that to evaluate the effectiveness of this 
intervention, at least 15 volunteer surgical technology 
students would be needed(calculated using formula 1), 
and based on result of similar study[54] and estimated 
losses(20%), a sample of this size would allow us to detect 
a somewhat large effect size, on the order of 2.07(d), with 
a confidence interval of 95%(z1) and power of 80%(z2), 
with a standard deviation of 2.27 score for pre-interven-
tion phase(s1) and standard deviation of 1.74 score for 
post-intervention, this sample size would allow us to find 
mean differences of 4.72 scores.

	
n =

(Z1 + Z2)2(S12 + S22)
d2 = 15

Formula 1: calculation of sample size

Study phases
Puzzle game scenario design
At first, the research team (consisting of a cardiac sur-
geon with 20 years of experience in coronary artery 
bypass graft surgery (CABG), an assistant professor in 
the surgical technology department, an assistant profes-
sor in the medical education department, a master’s stu-
dent in surgical technology with a history of presence 
and clinical activity in coronary artery bypass Graft sur-
gery) studied the educational curriculum and authorita-
tive books [5, 55–57] to investigate the educational needs 
of surgical technology students and then a 10-member 
panel of experts consisting of professors from the depart-
ment of surgical technology of the university of medical 
sciences (with at least 5 years of experience teaching the-
oretical and clinical courses in CABG surgical technol-
ogy, at least a bachelor’s degree in surgical technology), 
surgical technologists working in specialized cardiac hos-
pitals with at least 10 years of activity in CABG surgery 
as a scrub surgical technologist, cardiac surgeons with at 
least 20 years of experience in CABG surgery, professors 
of the medical education department of the university of 
medical sciences and surgical technology students (with 
a history of presence and clinical activity in coronary 
artery bypass graft surgery), was formed and during the 
holding of 2 sessions, the theoretical and clinical educa-
tional needs of surgical technology students in the topic 
of CABG surgery, the problems in the effective educa-
tion of students and the results of the educational needs 
assessment conducted by the research team were dis-
cussed and based on the results of the expert panel meet-
ings and also using reliable surgical technology books [5, 
56–58], the research team designed the coronary bypass 
graft surgery puzzle game scenario.

In the scenario, different stages of CABG surgery 
use the on-pump method, which includes primary 
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preparation, secondary preparation, patient drape, and 
preparation of sterile cardiopulmonary pump tubes. The 
harvest of the great saphenous vein, the harvest of the left 
intrathoracic artery (LIMA), sternotomy, Pere cardiot-
omy, arterial and venous cannulation, distal and proximal 
anastomosis and intrathoracic artery to the left anterior 
descending coronary artery (LAD), patient separation 
from the cardiopulmonary pump and sternotomy clo-
sure, and the tools and supplies needed to perform each 
stage of surgery, was included.

In the next stage, the game scenario was provided to 
the experts panel for content validity and their opin-
ions were obtained regarding the compatibility of the 
designed scenario with the procedures of surgery in the 
operating room of Isfahan, Iran, and the content valid-
ity of the scenario was approved by all the members of 
the experts panel (10 person) arrived. The scenario was 
written in accordance with the sequence of CABG sur-
gery steps and the name of the surgical tools used was 
changed according to their standard names, including 
the opinions of the experts panel members regarding the 
CABG surgery puzzle game scenario.

Making a puzzle game
At first, an expert team with 3 years of experience in 
designing, programming and building high-quality online 
and offline educational games was added to the research 
team to create a CABG surgery puzzle game according to 
the scenario designed in phase 1–4.

This team designed the initial and trial version of the 
game within a period of 3 months and the trial version 
was given to the experts panel who were also present in 
phase 1–4 to check the content validity, and the panel 
members reviewed all the parts of the game in 3 sessions. 
Among the comments of the expert panel members, it is 
possible to mention improving the quality of the puzzle 
images, adding the heartbeat avatar, adding images to 
some puzzle pieces, and changing the background screen 
of the game, which have been applied in the game, and 
the edited version of the game is again available to the 
expert panel members and the puzzle game was approved 
by all panel members.

The designed online puzzle game includes 3 stages 
and 12 sections with a heartbeat avatar representing the 
duties and functions of a scrub surgical technologist in 
coronary artery bypass surgery (CABG). How to play the 
Coronary Artery Bypass Surgery (CABG) puzzle game: 
The player enters the CABG surgery game space (Fig. 1) 
and, in total, during three stages, with 183 image pieces 
arranged in order with the stages of CABG surgery and 
the supplies needed for each stage. He will face surgery, 
and he must put the pictures and pieces together and 
reach the end of the game within 28 min. The first stage 
of the game consists of 5 parts: primary prep (9 pieces), 
secondary prep (10 pieces), drape (9 pieces), arterial-
venous line (4 pieces), and harvest of the great saphenous 
vein (16 pieces). In the first stage, it is 7 min. The second 
stage of the game consists of 11 parts: Sternotomy (9 
pieces), pericardiotomy (3 pieces), harvesting of the left 
intrathoracic artery (LIMA) (14 pieces), cutting the lines 
(3 pieces), releasing the LIMA (5 pieces), and pericar-
dial traction. (5 pieces), arterial cannulation (11 pieces), 
venous annulation (7 pieces), placement of other cannu-
las (10 pieces), distal anastomosis (15 pieces), and LIMA 
to LAD anastomosis (8 pieces).

The first is 14 min. The third stage of the game consists 
of 4 parts of proximal anastomosis (16 pieces), removal of 
cannula (6 pieces), examination of the sternum bed and 
insertion of the chest tube and pacemaker electrode (11 
pieces), and sternotomy sutures (12 pieces). The game in 
the first stage is 7 min. The player must first click on one 
of the right pieces and then click on the right place so that 
the piece is placed in its place, and for every piece that he 
puts correctly in its proper place, he gets a positive point 
(Fig. 2).) and he can choose an image and piece wrongly 
or put it in the wrong and inappropriate place only once, 
and no points will be deducted from him (Fig. 3), but if he 
makes a mistake more than once, for every wrong choice 
again, One point will be deducted from him (Fig. 4).

Since the surgery includes a series of connected and 
consecutive actions, selecting parts is not the user’s 
responsibility. (for example, the user cannot first place 
the part corresponding to position number 6 and then 
the part corresponding to position number 3) could we 
put it in its proper place? The empty places should be 
filled in order with appropriate pictures.). The user can 
ask for guidance and help if needed, and in this part of 
the system, he is offered two types of guidance (the first 
and second type guidance). The user can choose any 
of them at each game’s stage, for 1 and 2 points will be 

Fig. 2  A positive point for the player

 

Fig. 1  CABG surgery game page

 



Page 5 of 15Khorammakan et al. BMC Medical Education          (2023) 23:241 

deducted from the user according to the selection order 
and the type of guidance given. In the first type of guid-
ance for the user, three pieces are colored green, of which 
the correct piece is one of them. The user can choose 
the correct piece from among them, and in the second 
type of guidance, the correct piece is colored yellow. The 
player places it in the position (Figs. 5, 6, 7 and 8). At the 
end of the game, the user’s score and rank among other 
players will be determined (Fig. 9).

Determining the effectiveness of the puzzle game on the 
level of knowledge and cognitive performance
At this stage, 18 students in the third year of surgi-
cal technology, who meet the criteria for entering the 
study, were selected by an easy (available) Convenience 

sampling method. After a full explanation of the pro-
cess of conducting the study and its objectives by the 
researcher through WhatApp messenger and completed 
the online informed consent form (in WORD file format) 
of the study was started.

The inclusion criteria included careful reading and 
signing of the informed consent form to participate. In 
the study, they had a computer, tablet, or mobile phone 
with the ability to connect to the Internet to play the 
CABG surgery puzzle game and have the Internet with 
a suitable speed to play the CABG surgery a puzzle game 
and study theoretical topics. The instructor expressed 
them of CABG surgery technology, absence in the CABG 
surgery technology theory classroom, lack of experi-
ence as a surgical technologist in CABG surgery, lack of 
viewing videos and images of CABG surgery procedures, 
currently studying in the third year of a continuous 
undergraduate degree in surgical technology and stan-
dards. Exclusion criteria included unwillingness to con-
tinue participating in the study for any reason and at any 
stage of the research, failure to complete the puzzle game 
at least two times, and game over in the CABG surgery 
puzzle game more than three times.

In coordination with the student’s representative, a date 
was set to perform online tests of knowledge and cogni-
tive function before the intervention (pre-test). The secu-
rity of the test by the maintain, the duration of the test 

Fig. 4  The player’s second wrong choice

 

Fig. 3  The player’s first wrong choice
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was reduced found that there were no question numbers 
and options for the examinees. The order of the options 
was also different for the students. After the pre-test, the 
researchers introduced the puzzle game and how to do 
it to all the students through WhatApp messenger, and 
then the students played the game for 14 days. They had 
to reach the end of the game successfully at least twice. 
To ensure students had reached the end of the game, 
each student had to send the researcher a photo of their 
score and leaderboard pages. The interval between the 
dates of the pre-intervention and post-intervention tests 

were two weeks to prevent recall bias [59–63]. After two 
weeks of the pre-intervention tests, all the students who 
had completed the CABG surgery puzzle game at least 
two times to the end, compared to performing the online 
tests of knowledge and cognitive function after the inter-
vention (post-test). The security of the online test by the 
maintenance, the duration of the test was reduced, and 
there were no question numbers and options for the 
examinees and the order of the options was also different 
for students.

Fig. 6  Using the first type of guidance for the second time

 

Fig. 5  Using the first type of guidance for the first time
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Data collection tools
In this study, a researcher-made test set includes a ques-
tion section to measure knowledge (including multiple-
choice questions) and a question section to measure 
cognitive performance (including puzzle scenario ques-
tions) of students in the role of a scrub surgical tech-
nologist in coronary artery bypass surgery. CABG) in the 
stages of primary prep, secondary prep, patient drape, 
preparing sterile cardiopulmonary pump tubes, great 
saphenous vein harvest, intrathoracic artery harvest, 
chest opening, pericardial opening and traction, arterial 

and venous cannulation, Distal and proximal anasto-
mosis and thoracic artery to the left anterior descend-
ing coronary artery, separation of the patient from the 
cardiopulmonary pump and star anatomy suture, and 
preparation of appropriate surgical instruments for each 
stage and their delivery to the surgeon in the appropriate 
sequence was used.

The students’ knowledge test consisted of 13 four-
choice questions and the students’ cognitive performance 
test consisted of 17 puzzle scenario questions. The cor-
rect answer to each question had a positive score and a 

Fig. 8  Using the second type of guidance for the second time

 

Fig. 7  Using the second type of guidance for the first time
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wrong answer or failure to answer each question had a 
zero score; therefore, the minimum score of the stu-
dent from this test was zero, and the maximum was 13 
and 17 points for knowledge and cognitive performance, 
respectively. The content validity of the knowledge test 
questions by the measure (13 four-choice questions) and 
cognitive performance (17 puzzle scenario questions) 
was given to 5 faculty members of the medical sciences 
universities in the country. The face validity and content 
of the questions were evaluated using the index Louche 
(CVR), and Waltz and Basel (CVI) were investigated. 
Validity results indicated that the value of CVR and CVI 
for 13 questions in the field of knowledge and 17 ques-
tions in the field of cognitive performance were 0.99 
and 0.79, respectively, and the content validity of the the 
instrument used in this study was confirmed.

Milkman’s checklist and Blueprint were used to mea-
sure the face validity of the questions of knowledge and 
cognitive function tests. The face validity results indi-
cated that the questions of both tests have appropriate 
face validity.

A preliminary study was conducted to measure the 
reliability of the test questions using Cranach’s alpha 
method. During that, test questions were given to 14 stu-
dents in the fourth year of the bachelor’s degree and the 
first year of the master’s degree in surgical technology.

Cornbrash’s alpha coefficient was calculated using the 
16 SPSS software. The obtained results showed that the 
Cornbrash’s alpha coefficient for the questions in the field 
of knowledge (13 questions), the field of cognitive perfor-
mance (17 questions), and the real test (30 questions) was 
equal to 0.787, 0.979, and 0.963, respectively, and showed 
the reliability of the questions.

Statistical analysis
The data were analyzed using descriptive statistical tests 
(prevalence and frequency percentage, mean and stan-
dard deviation), Shapiro and Wilcoxon, and SPSS soft-
ware version 16.

Results
After reviewing the data from 18 students, the data of 2 
students were removed due to playing the puzzle game 
once and incomplete completion of the demographic 
questionnaire. The data of 16 students were analyzed. The 
results of demographic variables (Table 1) showed that 15 
people (93.80 per cent) of the students were female, their 
average age was 21.87 ± 0.71 years, and 50% (8 people) of 
them were 22 years old.

Also, the average score of the end-of-semester exam of 
the heart surgery technology course was 15.19 ± 2.30 (the 
lowest score was 11.25, and the highest score was 18.63), 
and the score of 43.80% (7 people) of them were in the 
range of 15.01–17.70, and their average of grade point 
average was 17.31 ± 1.10 (the lowest grade point average 
is 15 and the highest grade point average is 19.36) and 
grade point average 75% (11 people) of students were 
16–18.

Table 1  Distribution of demographic variables
Demographic information Frequency (per-

cent frequency)
mean ± Stan-
dard 
deviation

Gender
Female
Male
Total

15(93.80)
1(6.20)
16(100)

Age
21
22
23
Total

5(31.30)
8(50)
3(18.70)
16(100)

21.87 ± 0.71

Heart surgery technology score
10-12.50
12.51-15
15.01–17.50
17.51-20
Total

2(12.50)
5(31.30)
7(43.80)
2(12.50)
16(100)

15.19 ± 2.30

grade point average
16–18
18–20
Total

11(75)
5(15)
16(100)

17.31 ± 1.10

Fig. 9  Score and rank of the player at the end of the game
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First, the normality of the data distribution was 
checked using the Shapiro test to compare the aver-
age scores in the field of knowledge before and after the 
intervention Wilcoxon test was used for the scores. The 
results showed that average scores of the knowledge 
domain before and after the intervention were 2.68 ± 0.79 
and 5.75 ± 1.65, respectively, and significantly, the average 
scores after the intervention were higher than before the 
intervention. P-value = 0.0001). (Table 2)

To co-first, the normality of the data distribution was 
checked using the Shapiro test to compare the average 
scores of the cognitive function domain before and after 
the intervention Wilcoxon test was used to compare the 
scores.

The results showed that the average cognitive function 
scores before and after the intervention were 2.00 ± 1.09 
and 6.31 ± 2.57, respectively, and significantly, the average 
scores after the intervention were higher. Intervention 
(P-value = 0.0001). (Table 3)

Discussion
This study sought to answer the question of to what 
extent puzzle game-based training can improve.

the knowledge and cognitive function of surgical tech-
nology students in CABG surgery. The results showed 
that surgical technology students’ knowledge and cog-
nitive function improved significantly after playing the 
CABG surgery puzzle game. This study was the first one 
that examined the effectiveness of using the puzzle game-
based teaching method in CABG surgery for surgical 
technology students.

Previous studies have shown that adding elements such 
as in-game advice and feedback, adding prompts for 
players to explain or reflect during the game, and creating 
competition (by showing the player’s score compared to 
other players) improves learning [64, 65]. In the CABG 

surgery puzzle game, elements such as a heartbeat avatar 
provide feedback to the player by providing positive and 
negative points, guidance, and explanation to achieve the 
puzzle.

the solution, showing the player’s score at the end 
game. Moreover, his rank among other players were used.

One of the main reasons for supporting the potential 
of digital games for learning are there ability to engage in 
cognitive interaction with learners [66, 82], in which the 
learner engages in cognitive processes during learning, 
including selecting relevant information from the game 
and mentally sorting it into a coherent structure. More-
over, integration is related to previous knowledge and 
improvement [64]. In the CABG surgery puzzle game, 
to solve the puzzle, the player must analyze in his mind 
different pieces of the puzzle. Each of them showed a 
stage of the CABG surgery and merged it with his previ-
ous knowledge about this surgery and chose the puzzle 
pieces correctly in He placed the right place.

The results of a semi-experimental single-group pre-
test-post-test study by Hannani et al. (2019) showed 
that the mean knowledge scores of surgical technology 
students in the post-intervention phase (spinal fusion 
surgery training using games) (17.47) were significant. 
It is more than the stage before the intervention (10.93) 
(P = 0.001) [66].

The semi-experimental study of Amir Alavi et al. (2016) 
The results showed the average scores of knowledge of 
tracheobronchial anatomy of anesthesiology resident stu-
dents of Gilan University of Medical Sciences. Before the 
intervention in the control group (traditional bronchos-
copy training), it was equal to 17.82 ± 55.83 in the inter-
vention group (bronchoscopy training). Using simulation 
web software) it was equal to 66.33 ± 13.71; The scores 
after the intervention in control and intervention groups 
were 90.83 ± 10.84 and 119.17 ± 14.43, respectively. There 
was a significant difference between the average scores of 
tracheobronchial anatomy knowledge of anaesthesia resi-
dent students after the intervention in the intervention 
group (bronchoscopy training using web-based software 
similar to compared to the control group (bronchoscopy 
training by traditional method) (P < 0.0001) [67].

In the semi-experimental study of Akbari et al. (2021), 
the results showed the average knowledge scores of surgi-
cal technology students in the intervention group (teach-
ing surgical table arrangement using games). (6.70 ± 0.72) 
were significantly higher than the control group (teaching 
surgical table arrangement using the speech method was 
(5.90 ± 1.71) (P = 0.040) [68].

In a systematic review by Tavares (2022), the results of 
a review of 17 articles examined interventions and top-
ics with increased educational complexity that required 
increased levels of knowledge retention and critical 
thinking, such as nursing theory and complex clinical 

Table 2  Average knowledge scores
Knowledge mean ± Stan-

dard 
deviation

Low-
est 
score

High-
est 
score

Shapiro-Wilk Wilcoxon

Before 
interven-
tion

2.68 ± 0.79 2 4 P < 0.05 P = 0.0001

After inter-
vention

5.75 ± 1.65 3 10

Table 3  Average scores of cognitive function
Cognitive 
function

Standard 
devia-
tion ± mean

Low-
est 
score

High-
est 
score

Shapiro-Wilk Wilcoxon

Before 
interven-
tion

2.00 ± 1.09 1 4 P < 0.05 P = 0.0001

After inter-
vention

6.31 ± 2.57 4 15
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skills. Furthermore, topics including game-based learn-
ing approaches, student experience and participation, 
the impact of game-based learning on students’ learn-
ing and knowledge retention, and the use of a wide range 
of learning assessment methods such as quizzes, escape 
rooms, and serious games, showed that, the game-based 
teaching method was accepted by the students. They 
confirmed its widespread use in the nursing curricu-
lum. Most studies reported increased student knowledge 
and learning when using game-based learning, although 
time-limited games can often increase student anxiety. 
In the end, the researchers concluded that game-based 
learning is an essential alternative to traditional teach-
ing methods; however, the frequent use of game elements 
and their limited long-term effects may limit their wide-
spread use in nursing education [69].

In a systematic review by Ozdemir et al. (2022), the 
results of the review of 46 articles showed that game-
based learning is used for many different subjects in 
nursing education. Simulation games are the most widely 
used type of game, and game-based learning facilitates 
the achievement of learning outcomes mainly in the 
cognitive domain (including knowledge, understanding, 
application, analysis, synthesis, and evaluation). In the 
end, the researchers concluded that game-based learn-
ing is a helpful method to achieve learning results, mainly 
in the cognitive domain, with some positive and negative 
aspects. Further research should investigate the effects of 
games on emotional and behavioural learning outcomes 
and the use of games to evaluate learning outcomes [70].

The results of Gudadappanavar et al.‘s study (2021) 
showed that the average post-test scores of second-year 
MBBS students in the intervention group (teaching 
using games) (33.17 ± 2.93) were significantly higher than 
the control group (teaching by lecture method) (2.82). 
±28.66) was (P < 0.001) [71].

In the study of McCarroll et al. (2009), the results 
showed that the average scores of the students in the 
intervention group (teaching muscle anatomy through 
lectures and games) that was 5.82% higher than those 
of the control group (teaching by lectures). However, 
the difference is that there is no statistical significance 
(P > 0.05) [72].

Huang et al. (2017) showed that mobile and computer 
video games improve undergraduate students’ cognitive 
performance, learning, and memory [73]. The results of 
Farzad et al.‘s study (2021) showed the average post-test 
scores of organizational performances (one of the areas 
of cognitive performance) of preschool children in the 
intervention group (teaching using Kiko’s Thinking Time 
game) (56.10) was significantly higher than the control 
group (teaching Russian to speak) (25.17) (P < 0.001) [74].

Using the puzzle game, as a new educational tool, 
aims to make creative decisions, create and improve 

self-confidence in solving problems, stimulate compre-
hensive memory to consolidate and better understand 
concepts, highlight the main concepts, and acquire and 
improve cognitive skills and functions [75].

The results of Padmaja et al.‘s study (2019) also showed 
that the average comprehension scores of students in the 
intervention group (teaching concepts of pathology using 
visual puzzles) (4.46) are significantly higher than the 
control group (teaching by traditional lecture method) 
(3.58). P = 0.001) [22], as well as the study of Haripriya et 
al. (2019), in which the average comprehension scores of 
students in the intervention group (teaching concepts of 
pathology using a bingo puzzle game) it was significantly 
higher than the control group (3.65 ± 0.85 vs. 2.64 ± 0.91) 
(P < 0.05) [37].

According to Mikhailovich, educational puzzles should 
include at least one of the four criteria of generality 
(through the puzzle and solving it, the reader can solve 
future problems and riddles in real life), simplicity (puz-
zles and their solutions are easy to remember) fixed and 
easy to remember), Eureka (the puzzle being exciting 
and having simple solutions so that solving the puzzle is 
interesting for the learner) and entertainment (the envi-
ronment of the puzzle and solving it should be fun and 
enjoyable) have an impact on applying comprehensive 
learning [49]. The CABG surgery puzzle game was also 
designed to have a fun environment and a simple solution 
for learners to fix the game the solution in their memory 
and use it in the future to help the CABG surgery team in 
the hospital environment.

The results of the present study also showed that edu-
cation based on the puzzle game has significantly led to 
the improvement of one of Bloom’s cognitive skill areas, 
that is, the knowledge of surgical technology students in 
CABG surgery, and with the study’s results by Plant et al. 
(2019) showed that anatomy education with a 3D puz-
zle in a virtual reality environment, it can be a valuable 
complementary tool for traditional anatomy teaching and 
learning because solving a 3D puzzle in a virtual envi-
ronment and receiving feedback from solving each part 
of the puzzle, the student can improve The level of self-
knowledge should help [43]; Patrick et al.‘s study (2018) 
in which the average knowledge scores of pharmacy stu-
dents who used the word puzzle game for self-learning 
the basics of pharmacy was 52.69 [44],

Cardozo et al.‘s study (2016) showed that the average 
knowledge scores of medical students in the intervention 
group (teaching the heart physiology cycle using puzzles) 
were higher than those in the control group. (teaching 
the heart physiology cycle using the lecture method) [45] 
and Barclay’s study and colleagues (2011) in which the 
knowledge scores of pharmacy students in the field of 
cardiac drugs (19.2 vs. 5.1 per cent) (P < 0.001). Infectious 
diseases (10.3 vs. 5.1 per cent) (P = 0.006) ) in the stage 
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after playing card games, Cardiology Go Fish and Infec-
tious Diseases Gin Rummy was significantly higher than 
the stage before playing the game [76].

Among the reasons for adaptation, visual education, 
along with the gasification approach, leads to a better and 
deeper understanding of learning. Students’ knowledge 
is improved by discovering the relationships between the 
components of each phenomenon (surgery, anatomy). 
The student is stabilized, and their recall is facilitated 
when applying the material in the natural environment 
and when taking the test. The concept of the brain’s cog-
nitive function has been the focus of neuroscientists and 
neuropsychologists. However, recently, researchers have 
been drawn to the function of the brain in the learning 
process. Studies have shown that learning takes place 
during the change in the organization of cognitive func-
tions of the brain, and Quality education leads to better 
cognitive performance and effective inclusive learning 
[12–15]. Cognitive performance has different dimen-
sions and scopes based on the level of complexity, includ-
ing feeling (multi-sensory), perception, movement, and 
construction skills (copying, drawing), and attention and 
concentration (selective attention, sustained attention/
awareness). Memory (working memory, episodic/declar-
ative memory, procedural memory, semantic memory, 
and prospective memory), executive function (critical 
thinking, reasoning, problem-solving), processing speed 
(mastery, encoding, and tracking), and language/ver-
bal skills (Naming, reading, and understanding [83, 84]. 
Cognitive performance is the second dependent vari-
able in the present study and the results showed that the 
use of the CABG surgery puzzle game has significantly 
improved the cognitive performance of surgical technol-
ogy students, and with the results of the study by Moly-
ana et al. (2022), which showed that 32 knowledge In the 
stage before the intervention (playing the puzzle game), 
the student had low cognitive performance, and eight 
students had sufficient cognitive performance, and after 
the intervention, One student had good cognitive per-
formance, 26 students had high cognitive performance, 
and 13 had very high cognitive performance. Students’ 
cognitive performance in the stage after the intervention 
(playing the puzzle game) was significantly higher than in 
the stage before the intervention. (P < 0.01) [12] a double-
blind, a randomized controlled trial study by Nunci et 
al. (2013) showed that the brain training game improved 
executive functions, working memory, and processing 
speed in young people and the Tetris puzzle game led 
to the improvement of attention and ability. It becomes 
auditory-spatial. Also, this study provided scientifically 
evidence that the brain training game has beneficial 
effects in improving cognitive functions, including execu-
tive function, working memory, and processing speed in 
young people.

The results of the study by Chang et al. (2021) showed 
that the bingo puzzle game had more effects on increas-
ing the learning motivation of 86 third-year undergradu-
ate students in the field of business, while the so creative 
mobile application promoted knowledge sharing and 
critical thinking. In addition, both teaching methods 
positively affected learning outcomes through common 
mechanisms, including focused attention, brainstorm-
ing, active participation, interaction, and logical thinking. 
There was a significant interaction between motivation, 
knowledge sharing, and critical thinking [77]. Kobal et 
al.‘s (2015) study showed that students who experienced 
the puzzle game course, they have developed their prob-
lem-solving strategies and basic reasoning skills. The 
average scores of their problem-solving and reasoning 
skills in the post-intervention stage (using a reasoning 
puzzle game) were better than the pre-intervention stage 
[78], Bruker et al.‘s study (2019) in which the average cog-
nitive performance scores of healthy people aged 50–93 
in all domains (reasoning, focused and sustained atten-
tion, information processing, executive function, working 
memory, and episodic memory) after playing the number 
puzzle game is significantly higher than before playing 
the game (P < 0.0004) [79]. 

Among the reasons for adaptation, visual educa-
tion, along with the principles of gamification, leads to 
improving reasoning, perception, cognitive and problem-
solving skills. The use of puzzle games for education, as 
a new visual educational method, can also Encourage 
learners to think critically. Improve this skill instead of 
covering the content, encouraging analogical reason-
ing and clinical reasoning, increasing focus on the topic 
and the concept of learning, encouraging the students 
to apply the knowledge learned in practice, improving 
problem-solving skills and improving organizational per-
formance (due to the need for Formulation of strategy, 
reorganization, and planning) help.

Overall, results of the study showed that the puzzle 
game-based training approach could be used in teaching 
sensitive and important surgeries such as CABG surgery 
for surgery and surgical technology students.

The strategy of the research team to reduce the effect 
of eight factors that threaten the internal validity of the 
quasi-experimental study is as follows:

History
Lack of history of attending and working in the CABG 
operating room and not watching the CABG surgery 
video were among the inclusion criteria for our study. 
Also, the students in our study did not receive any train-
ing about CABG surgery except for the intervention of 
our study (puzzle game); Therefore, the history factor as 
a threatening factor for the internal validity of the quasi-
experimental study has been controlled in our study.
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Maturation
Since the interval between the pre- and post-tests in our 
study was short (14 days) and the students in the study 
did not receive any training about CABG surgery except 
the intervention of our study (puzzle game); Therefore, 
the maturation factor as a threatening factor for the 
internal validity of the quasi-experimental study has been 
controlled in our study.

Instrumentation
Since we used a type of test with similar questions to con-
duct pre- and post- tests; Therefore, the instrumentation 
factor as a threatening factor for the internal validity of 
the quasi-experimental study has been controlled in our 
study.

Testing
Since we did not provide the students with the score 
of the test before the intervention and also the correct 
answers to the questions of this test, as well as the inter-
val between the test before and after the intervention, in 
order to reduce the possibility of remembering the con-
tent of the questions of the test before the intervention 
(Recall Bias) was 14 days; Therefore, the testing factor as 
a threatening factor for the internal validity of the quasi-
experimental study has been controlled in our study.

Selection bias
Since we conducted a single-group study without a con-
trol group, there is no problem of differences between 
study groups in terms of study variables; But we have 
used a non-random sampling method (because our sta-
tistical population was limited and all students did not 
want to participate in the study, and according to the 
principles and rules of ethics in medical research, we 
were able to force students to attend We were not in the 
study); Therefore, the current research team has done as 
much as possible to control the selection bias factor as a 
risk factor of quasi-experimental study.

Regression to the mean
This factor did not exist in our study, because we did not 
consider a specific score as a criterion in the analysis 
of the results of the students’ tests before and after the 
intervention, as well as the score of each student from the 
test after the intervention compared to the test before the 
intervention had increased.

Social interaction
We had stated in the study contract with the students that 
after entering the study and until the end of the study, the 
student cannot read the CABG surgery training mate-
rial and share it with others, and also the students can-
not play the puzzle game and answer the questions get 

guidance and advice from others on the questions of the 
tests before and after the intervention and raise any prob-
lems in playing the game or answering the questions of 
the tests before and after the intervention only with the 
research team; Therefore, the social interaction factor 
as a risk factor for the validity of the quasi-experimental 
study has been controlled in our study.

Attrition
18 students participated in the test before our interven-
tion, and during the study period, 2 students who met 
one of the exclusion criteria (unwillingness to continue 
cooperation and play the puzzle game for 1 time), were 
withdrawn from our study, and 16 students participated 
in the post- test. In order to avoid the effect of the Aus-
trian factor, the effect of the scores of the two students 
who were excluded from the study on the average scores 
of the pre-test was controlled using the covariance test so 
that it does not have a confounding effect on the results 
of our study; Therefore, the Austrian factor as a risk fac-
tor for the validity of the quasi-experimental study has 
been controlled in our study.

Study implications
Based on the results of this study, the CABG surgery puz-
zle game can be used as a complementary tool for con-
ventional training of CABG surgery principles. Since this 
game is online and can be used at any time and place and 
on Laptops, tablets and mobile phones are included and 
have the lowest cost. Therefore, a wide range of universi-
ties and students can use it to train surgical students and 
surgical technology as well as novice surgical technolo-
gists and establish educational justice to a large extent 
in the country. Also, this game can be used in situations 
where it is impossible to be present in the clinical envi-
ronment, such as the Covid-19 pandemic. However, stud-
ies to evaluate the generalizability and the effect of using 
the CABG surgery puzzle game on the skills and clini-
cal performance of students and comparing the puzzle 
game-based training method with the traditional training 
method in acquiring knowledge and skills, as well as the 
amount of consolidation of the learned material in the 
memory Learners are needed.

Study strengths
Among the strengths of the present study are the use of 
the puzzle game-based training method and gamification 
in CABG surgery to train the scrub surgery technologists’ 
duties in each stage of the surgery mentioned above and 
the use of a particular standardized researcher-made test 
to measure knowledge and performance. The knowledge 
of surgical technology students about the clinical of scrub 
surgical technologists in each of the stages of CABG sur-
gery, the use of a new, low-cost, online training method 
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that can be used at any place and time and with any smart 
device (laptop, tablet and mobile phone) ) Cited.

Study limitations
Among the study’s limitations, we can mention the lack 
of a control group, the small sample size due to limited 
access to students and the use of virtual exams due to 
the closure of universities due to the Covid-19 pandemic 
(despite the creation of virtual exam security).

Conclusion
The results of the present study showed that the use of 
puzzle games in CABG surgery training led to a signifi-
cant improvement in the knowledge and cognitive per-
formance of surgical technology students regarding the 
stages of CABG surgery and its sequence, as well as the 
tools and equipment used in each stage of surgery and 
the sequence of their preparation.

It is possible to use puzzle game-based learning and 
gamification principles to prepare surgical technol-
ogy students before entering the actual operating room 
and clinical environment were used as a supplementary 
training tool so that students could have a more effective 
presence in the CABG surgery room and learn supple-
mentary material in that environment.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-023-04156-w.

Highlights: Puzzle game-based learning: a new approach to promote 
learning of principles of coronary artery bypass graft surgery

Acknowledgements
This article is the result of a master’s degree thesis with the number 340147 
and the authors of the article feel it necessary to express their sincere thanks 
and appreciation to the respected officials of Isfahan University of Medical 
Sciences, Isfahan, Iran and the respected teaching and research assistants who 
helped us in the implementation of this study.

Author contribution
Reza Khorammakan: Data curation, Project administration, Writing – original 
draft. Athar Omid: Scientific director, Writing – review & editing. Mohsen 
Mirmohammadsadeghi: Scientific director, review & editing. Ahmad 
Ghadami: Funding acquisition, Investigation, Methodology, Formal analysis, 
Project administration, Writing – review & editing.

Funding
This study was funded and supported by the Research Vice-Chancellor of 
the Faculty of Nursing and Midwifery, Isfahan University of Medical Sciences, 
Isfahan, Iran. (Grant No. 56560).

Data Availability
The datasets used during the current study available from the corresponding 
author on reasonable request.

Declarations

Competing interests
The authors declare that they have no known competing financial interestsor 
personal relationships that could have appeared to influence the work 
reported in this paper.

Ethical approval and consent to participate
The Regional Research Ethics Committee of Faculty of Nursing and Midwifery, 
Isfahan University of Medical Sciences, Isfahan, Iran, approved the study 
(Approval ID: IR.MUI.NUREMA.REC.1401.041). The researcher explained this 
to the participants and obtained their informed and voluntary consent. We 
confirmed that all methods were performed in accordance with the relevant 
guidelines and regulations.

Consent for publication
Not applicable.

Author details
1Student research committee, School of nursing and midwifery, Isfahan 
university of medical sciences, Isfahan, Iran
2Associate professor, Medical Education Research Center, Department of 
Medical Education, Isfahan University of Medical Sciences, Isfahan, Iran
3Associate professor of cardiac surgery, Isfahan university of medical 
sciences, Isfahan, Iran
4Department of operating room, Nursing and midwifery research center, 
School of nursing and midwifery, Isfahan university of medical sciences, 
Isfahan, Iran

Received: 13 November 2022 / Accepted: 13 March 2023

References
1.	 Raîche IHS, Gofton W, Balaa F, Dionne É. Cognitive challenges of junior 

residents attempting to learn surgical skills by observing procedures.The 
American Journal of Surgery2018:1–15.

2.	 Shafiei.S HA, Guru.Kh. Cognitive learning and its future in urology: surgical 
skills teaching and assessment.Wolters Kluwer Health. 2017; 27(4):342–7.

3.	 Mathias BTB, Palmer C. Sensory, cognitive, and sensorimotor learning effects 
in recognition memory for music.J Cogn Neurosci. 2016:1111–26.

4.	 Spruit.EN KL, Band.GP, Hamming.JF. Varied practice in laparoscopy training: 
beneficial learning stimulation or cognitive overload? Psychology. 2016;7:685.

5.	 Frey. B RT. Surgical technology for the surgical technologists. 4 ed. USA: 
Association of Surgical Technologists, Inc; 2014.

6.	 Tozzi P, Ferrari E, Reuthebuch O, Matt P, Huber C, Eckstein F, et al. Humanoids 
for teaching and training coronary artery bypass surgery to the next genera-
tion of cardiac surgeons. Interact Cardiovasc Thorac Surg. 2022;34(2):185–92.

7.	 Feins RH, Burkhart HM, Conte JV, Coore DN, Fann JI, Hicks GL Jr, et al. Simula-
tion-based training in cardiac surgery. Ann Thorac Surg. 2017;103(1):312–21.

8.	 Fann JI, Calhoon JH, Carpenter AJ, Merrill WH, Brown JW, Poston RS, et al. 
Simulation in coronary artery anastomosis early in cardiothoracic surgical 
residency training: the Boot Camp experience. J Thorac Cardiovasc Surg. 
2010;139(5):1275–81.

9.	 Fann JI, Feins RH, Hicks GL Jr, Nesbitt JC, Hammon JW, Crawford FA Jr. Evalua-
tion of simulation training in cardiothoracic surgery: the Senior Tour perspec-
tive. J Thorac Cardiovasc Surg. 2012;143(2):264–72. e9.

10.	 Adams N. Bloom’s taxonomy of cognitive learning objectives. J Med Lib 
Assoc. 2015;103(3):152–3.

11.	 Denckla M. Executive function: binding together the definitions of attention-
deficit/hyperactivity disorder and learning disabilities. Meltzer. L. editor. New 
York: Guilford Press; 2007.

12.	 Mulyana ANN. The Effect of the Puzzle Playing Method on Improving the 
Cognitive Development of Children Aged 4–6 Years. The International Virtual 
Conference on Nursing; KnE Life Sciences2022. p. 542-8.

13.	 Guerra-Carrillo. B KK, Bunge S. Does higher education hone cognitive func-
tioning and learning efficacy? Findings from a large and diverse sample. PLoS 
ONE. 2017;12(8):1–17.

http://dx.doi.org/10.1186/s12909-023-04156-w
http://dx.doi.org/10.1186/s12909-023-04156-w


Page 14 of 15Khorammakan et al. BMC Medical Education          (2023) 23:241 

14.	 Bayrami MMY, Movahedi AA. Comparing cognitive brain functions of medical 
students with high and low academic performances. J Educ Dev Zanjan Med 
Sci. 2015;8(19):5–15.

15.	 Sadock. B.J SVA. Kaplan & Sadock’s Synopsis of Psychiatry behavioral science. 
10 ed. Ed: Lippincott Williams & Wilkins; 2007.

16.	 Cariaga-Lo L, Richards B, Hollingsworth M, Camp D. Non‐cognitive charac-
teristics of medical students: entry to problem‐based and lecture‐based 
curricula. Med Educ. 1996;30(3):179–86.

17.	 Htwe T, Sabaridah I, Rajyaguru K, Mazidah A. Pathology crossword competi-
tion: a playful and easy way of learning pathology in undergraduate medical 
education. Singapore Med J. 2012;53(2):121.

18.	 Sadati.L HS, Sarraf.N, Azadi.N. Comparison of Task-Based Learning and cur-
rent method of teaching on the knowledge and practice skill of surgical 
technologists in Iran University of Medical Sciences. Educ strateg Med Sci. 
2020;13(3):213–9.

19.	 Vakani F, Jafri W, Ahmad A, Sonawalla A, Sheeran M. Task-based learning 
versus problem-oriented lecture in neurology continuing medical education. 
JCPSP: J Coll Physicians Surgeons–Pakistan. 2014;24(1):23.

20.	 Fathoni K, Zikky M, Nurhayati AS, Prasetyaningrum I, editors., editors. Applica-
tion of K-Nearest Neighbor Algorithm for Puzzle Game of Human Body’s 
System Learning on Virtual Mannequin. 2018 International Conference on 
Applied Science and Technology (iCAST); 2018: IEEE.

21.	 Cardozo LT, Sarinho VT, Montrezor LH, Gutierrez LLP, Granjeiro ÉM, Marcondes 
FK. Cardiac cycle puzzle: development and analysis of students’ perception 
of an online Digital Version for Teaching Cardiac Physiology. J Interact Syst. 
2021;12(1):21–34.

22.	 Padmaja SBMP. Use of picture puzzle in understanding pathology – a com-
parative study. Drug Invent Today. 2020;14(1):201–197.

23.	 Adams. D.M CDB. Integrating self-explanation functionality into a 
complex game environment: keeping gaming in motion. Comput Educ. 
2014;73:149–59.

24.	 Clark DB, SP BC, Martinez-Garza M, Killingsworth S. Disciplinary integration in 
digital games for science learning. Int STEM Educ J. 2015;2(2):1–21.

25.	 Habgood MJASE. Motivating children to learn effectively: exploring the value 
of intrinsic integration in educational games. J Learn Sci. 2011;20(2):169–206.

26.	 Ketelhut DJ, NBC CJ, Dede C. Multi-user virtual environment for build-
ing and assessing higher order inquiry skills in science. Br J Edu Technol. 
2010;41(1):56–68.

27.	 Spires MelusoAZM, Lester HA. Enhancing 5th graders’ science content 
knowledge, and self-efficacy through game-based learning. Comput Educ. 
2012;59(2):497–504.

28.	 Wouters PvNC, van Oostendorp H, van der Spek. E.D. A meta-analysis of 
the cognitive and motivational effects of serious games. J Educ Psychol. 
2013;105(2):249–65.

29.	 Graesser HalpernDMK, Operation A. A computerized learning game that 
teaches critical thinking and scientific reasoning. Think Skills Creativity. 
2012;7(2):93–100.

30.	 Connolly TM, BEA, MacArthur.E HaineyT, Boyle. J.M. A systematic literature 
review of empirical evidence on computer games and serious games. Com-
put Educ. 2012;59(2):661–86.

31.	 Martinez-Garza MCDB, Nelson. B.C. Digital games and the US 
National Research Council’s science proficiency goals. Stud Sci Educ. 
2013;49(2):170–208.

32.	 Plass JL, MRE, Homer BD. Handbook of game-based learning. Cambridge: MIT 
Press; 2019.

33.	 Squire KKE. Augmented reality simulations on Handheld Computers. J Learn 
Sci. 2007;16(3):371–413.

34.	 Oliveira Neto AAd, Ribeiro SAB. Um modelo de role-playing game (RPG) para 
o ensino dos processos da digestão. 2012.

35.	 Machado RS. Fator diversão Na produção de um jogo eletrônico educativo. 
SBC–Proceedings of SBGames. 2014:550–9.

36.	 Bueno F. Jogo educacional para ensino de Estatística. Proceedings do 
SBGames. 2010; 2010.

37.	 Haripriya R. Effect of bingo puzzle game in understanding pathology. Int J 
Clinicopathological Correlation. 2019;3(1):26.

38.	 Oei AC, Patterson MD. Playing a puzzle video game with changing require-
ments improves executive functions. Comput Hum Behav. 2014;37:216–28.

39.	 Oei AC, Patterson MD. Enhancing cognition with video games: a multiple 
game training study. PLoS ONE. 2013;8(3):e58546.

40.	 Boot WR, Blakely DP, Simons DJ. Do action video games improve perception 
and cognition? Front Psychol. 2011;2:226.

41.	 Dasgupta D, Ferebee DM, Michalewicz Z, editors., editors. Applying puzzle-
based learning to cyber-security education. Proceedings of 2013 on InfoS-
ecCD’13: Information Security Curriculum Development Conference:2013.

42.	 Ajayi VO, Ogbeba J. Possibility of improving students’ Engagement and 
Academic Performance in Chemistry using Three-Dimentional puzzle-
based Instructional Strategy: a Field Report. Kogi J Educ Pedagogy. 
2021;1(1):142–52.

43.	 Poland D, Preim B, Saalfeld P. Supporting anatomy education with a 3D 
puzzle in a virtual reality environment. Mensch und Computer 2019-Tagungs-
band. 2019.

44.	 Patrick S, Vishwakarma K, Giri VP, Datta D, Kumawat P, Singh P, et al. The useful-
ness of crossword puzzle as a self-learning tool in pharmacology. J Adv Med 
Educ Professionalism. 2018;6(4):181.

45.	 Cardozo LT, Miranda AS, Moura MJCS, Marcondes FK. Effect of a puzzle 
on students’ learning about cardiac physiology. Adv Physiol Educ. 
2016;40(3):425–31.

46.	 Coelho G, Rabelo NN, Adani LB, Cecilio-Fernandes D, Carvalho FRS, Pinto FG, 
et al. The craniosynostosis puzzle: a new simulation model for neurosurgical 
training. World Neurosurg. 2020;138:e299–e304.

47.	 Irawan A, Febriyanti C, Kencanawaty G, Rangka IB, editors. The Design and 
Development of Android-Based “Puzzle Games” Mathematics Learning Media. 
1st Progress in Social Science, Humanities and Education Research Sympo-
sium (PUSHERS 2019). Atlantis Press:2020.

48.	 Institute DS. 2010 [Available from: http://www.decisionsciences.org/Deci-
sionLine/Vol42/42_5/dsi-dl42_5_instructinno.asp.

49.	 Michalewicz Z, Michalewicz M. Puzzle-based learning:Hybrid Publishers 
Australia; 2008.

50.	 Falkner N, Sooriamurthi R, Michalewicz Z. Teaching puzzle-based learning: 
development of basic concepts. Teach Math Comput Sci. 2012;10(1):183–204.

51.	 Falkner N, Sooriamurthi R, Michalewicz Z. Teaching puzzle-based 
learning: development of transferable skills. Teach Math Comput Sci. 
2012;10(2):245–68.

52.	 Jelle BP. Reviewing the Learning Process through Creative Puzzle Solving. 
2017.

53.	 Nouchi R, Taki Y, Takeuchi H, Hashizume H, Nozawa T, Kambara T, et al. Brain 
training game boosts executive functions, working memory and process-
ing speed in the young adults: a randomized controlled trial. PLoS ONE. 
2013;8(2):e55518.

54.	 Arabkhazaie.A ArabkhazaieA, Sadati L, Hannani S. The Effect of Education 
based on the spinal Fusion surgery Simulation on the level of knowledge and 
practical skills of the 8th students. Tehran: Iran University of Medical sciences; 
2018.

55.	 Nemitz R. Surgical instrumentation. 3 ed. Ed: Elsevier; 2019.
56.	 Rothrock. J MD. Alexander’s care of the patient in surgery 15. Ed: Elsevier; 

2015.
57.	 Phillips. N HA. Berry & Kohn’s operating room technique 14. Ed: Elsevier; 2021.
58.	 DeVon HABM, Moyle Wright P, Ernst DM, Hayden SJ, Lazzara DJ, et al. A 

psychometric toolbox for testing validity and reliability. J Nurs Scholarsh. 
2007;39(2):155–64.

59.	 L S. Reliability and validity research methods in clinical psychology1984.
60.	 L G. A basis for analyzing test-retest reliability. Psychometrika. 

1945;10(4):255–82.
61.	 Knapp TRBJ. Ten measurement commandments that often should be broken. 

Res Nurs Health. 1995;18(5):465–9.
62.	 Mohammadbeigi.An MN, Algol M. Validity and reliability of the instruments 

and types of measurement in health applied researches. Rafsanjani Univ Med 
Sci. 2015;13(12):1153–70.

63.	 Plass.J.L HBD, Kinzer.C.K. Foundations of game-based learning. Educ Psychol. 
2015;50(4):258–83.

64.	 Mayer.R.E. Computer games for learning: An evidence-based approach. 
Cambridge, MA: MIT Press; 2014.

65.	 Mayer.R.E. Computer games in education. Annu Rev Psychol. 2019;70:531–49.
66.	 Hannani.S, Arabkhazaei.A, Sadati.L, Arbkhazaie.A. The Effect of Education 

based on the Spinal Fusion Surgery Simulation on the Level of Knowledge 
and Practical skills the 8th Students. J Nurs Educ. 2019;7(5):10–4.

67.	 Amir-Alavi C, Dadgaran I, Aghajanzadeh M, Alavi S, Dehghan A, Nemati M, et 
al. Comparison Of The Effectiveness Of Web Based Bronchoscopy Simulator 
Versus Traditional Educationon On Knowledge Of Tracheobronchial Anatomy 
Of Anesthesia Residents. Res Med Educ. 2016;8(4):52–60.

68.	 Akbari F, Nasiri M, Rashidi N, Zonoori S, Amirmohseni L, Eslami J, et al. 
Comparison of the effects of virtual training by serious game and lecture on 

http://www.decisionsciences.org/DecisionLine/Vol42/42_5/dsi-dl42_5_instructinno.asp
http://www.decisionsciences.org/DecisionLine/Vol42/42_5/dsi-dl42_5_instructinno.asp


Page 15 of 15Khorammakan et al. BMC Medical Education          (2023) 23:241 

operating room novices’ knowledge and performance about surgical instru-
ments setup: a multi-center, two-arm study. BMC Med Educ. 2022;22(1):1–9.

69.	 Tavares N. The use and impact of game-based learning on the learning 
experience and knowledge retention of nursing undergraduate students: A 
systematic literature review. Nurse Educ Today. 2022;105484.

70.	 Ozdemir EK, Dinc L. Game-based learning in undergraduate nursing 
education: A systematic review of mixed-method studies. Nurse Educ Pract. 
2022;103375.

71.	 Gudadappanavar AM, Benni JM, Javali SB. Effectiveness of the game-based 
learning over traditional teaching–learning strategy to instruct pharmacol-
ogy for Phase II medical students. J Educ Health Promot. 2021;10.

72.	 McCarroll ML, Pohle-Krauza RJ, Martin JL. Active learning in the classroom: 
a muscle identification game in a kinesiology course. Adv Physiol Educ. 
2009;33(4):319–22.

73.	 Huang V, Young M, Fiocco AJ. The association between video game play and 
cognitive function: does gaming platform matter? Cyberpsychol Behav Soc 
Netw. 2017; 20(11):689–94.

74.	 Farzad F, Behrozy N, Shehnai Yailagh M, Omidian M. A game-based cognitive 
intervention (Kiko’s thinking time) to promote Cold executive function to 
develop early learning skills for School Readiness Preschool Children. Biquar-
terly J Cogn Strategies Learn. 2022;10(18):35–58.

75.	 Ambrus.A. Puzzle based learning: An introduction to critical thinking, math-
ematics and problem solving. Teach Math Comput Sci. 2009;6(2):415–20.

76.	 Barclay SM, Jeffres MN, Bhakta R. Educational card games to teach pharma-
cotherapeutics in an advanced pharmacy practice experience. Am J Pharm 
Educ. 2011;75(2).

77.	 Chang W-L, Yeh Y-c. A blended design of game-based learning for motiva-
tion, knowledge sharing, and critical thinking enhancement. Technol 
Pedagog Inf. 2021; 30(2):271–85.

78.	 Kubal MS. An investigation of sixth-grade students’ problem-solving strate-
gies and underlying reasoning in the context of a course on general puzzles 
and games: Middle East Technical University; 2015.

79.	 Brooker H, Wesnes KA, Ballard C, Hampshire A, Aarsland D, Khan Z, et al. The 
relationship between the frequency of number‐puzzle use and baseline 
cognitive function in a large online sample of adults aged 50 and over. Int J 
Geriatr Psychiatry. 2019; 34(7):932–40.

80.	 Kristjánsson Á. The case for causal influences of action videogame play upon 
vision and attention. Atten Percept Psychophys. 2013;75(4):667–72.

81.	 Mohan B, Nambiar V, Gowda S, Arvindakshan R. Crossword puzzle: a tool for 
enhancing medical students’ learning in microbiology and immunology. Int J 
Res Med Sci. 2018;6(3):756.

82.	 Gee.J.P. What video games have to teach us about learning and literacy. 2 ed. 
New York: Palgrave Macmillan; 2007

83.	 Harvey.Ph.D. Domains of cognition and their assessment. Dialogues Clin 
Neurosci. 2019;21(3):227–37.

84.	 Al-Aidroos N SC, Turk-Browne NB. Top-down attention switches coupling 
between low-level and high-level areas of human visual cortex. Proc Natl 
Acad Sci U S A. 2012;109(36):14675–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Puzzle game-based learning: a new approach to promote learning of principles of coronary artery bypass graft surgery
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design
	﻿Ethical considerations
	﻿Sample size

	﻿Study phases
	﻿Puzzle game scenario design
	﻿Making a puzzle game
	﻿Determining the effectiveness of the puzzle game on the level of knowledge and cognitive performance

	﻿Data collection tools
	﻿Statistical analysis
	﻿Results
	﻿Discussion
	﻿History
	﻿Maturation
	﻿Instrumentation
	﻿Testing
	﻿Selection bias
	﻿Regression to the mean
	﻿Social interaction
	﻿Attrition
	﻿Study implications
	﻿Study strengths
	﻿Study limitations

	﻿Conclusion
	﻿References


