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ABSTRACT  

Objective: This study was conducted to determine the effect of the 

use of web-based electrocardiography (ECG) simulation on 

paramedic students' rhythm diagnostic skills. 

Method: The study was conducted as a single-group pretest-posttest 

design study between 02.05.2021-01.09.2021. The study group of the 

research consisted of students studying in the last year in the 

paramedical department of a university in Turkey. The data of the 

study were collected person-to-person using the information form 

and the Basic ECG Rhythm Diagnosis Form. Participants were 

provided online ECG training for 3 hours per week over the course 

of 8 weeks. One month after the training, the participants were pre-

tested. After the pretest, the participants used a web-based ECG 

simulator for 4 weeks. Posttest was applied to the participants at the 

end of four weeks. 

Results: It was found that the rate of correct diagnosis of all rhythms 

in the Diagnosis of Basic ECG Rhythms Form of the students 

increased after the use of a web-based simulator. It was determined 

that there was a significant statistical difference between the pre-test 

and post-test scores of the students (t:-7.476, p<0.001). 

Conclusion: ECG is one of the subjects that individuals have 

difficulty in learning. Therefore, using different teaching methods in 

addition to the traditional teaching method can help facilitate ECG 

teaching. In this study, it was determined that the use of web-based 

electrocardiography simulation improved the rhythm diagnostic 

skills of paramedical students. 
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INTRODUCTION 

Cardiovascular diseases (CVDs) are among the leading causes of 

death in the world and approximately 17.9 million deaths occur every 

year due to CVDs [1]. In addition, some diseases constitute risk 

factors for arrhythmias [2,3]. Electrocardiography (ECG) is one of 

the diagnostic tools frequently used in the diagnosis of many 

cardiovascular diseases and in the detection of arrhythmias. 

However, it is necessary to have sufficient knowledge and skills to 

interpret the ECG correctly and quickly for diagnosis. 

While abdominal wall endometriosis (AWE) can be seen 

spontaneously, it usually develops secondary to a surgical operation 

such as a cesarean section (CS), hysterectomy, or laparoscopy [5–7].  

 

Occasionally AWE cases have also been reported after amniocentesis 

[8]. The most common subtype of AWE is cesarean scar 

endometriosis (CSE), approximately 85% of all AWEs, and the 

reported incidence is 0.03-0.45% [9]. Although several mechanisms 

have been proposed to explain the development of CSE, metaplasia 

and cell migration in association with direct seeding are most 

accepted [10]. The primary symptom is a painful (commonly cyclic 

but also can be noncyclic) mass located in the cesarean scar area [11]. 

Due to the rarity and similarity of symptoms, CSE can easily be 
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ÖZ 

Amaç: Bu çalışma web tabanlı elektrokardiyografi (EKG) 

simülasyonu kullanımının paramedik öğrencilerinin ritim tanılama 

becerisi üzerindeki etkisi belirlemek amacıyla yapıldı. 

Yöntem: Araştırma, 02.05.2021-01.09.2021 tarihleri arasında tek 

gruplu ön test-son test desenli çalışma olarak yürütüldü. Araştırmanın 

çalışma grubunu Türkiye’de bir üniversitenin paramedik bölümünde 

son sınıfta öğrenim gören öğrenciler oluşturdu. Araştırmanın verileri 

bireyi tanıtıcı bilgi formu ve Temel EKG Ritimlerini Tanılama Formu 

kullanılarak yüz yüze toplandı. Katılımcılara 8 hafta boyunca haftada 

3 saat olmak üzere online EKG eğitimi verildi. Eğitimi takiben bir ay 

sonra katılımcılara ön test uygulandı. Ön test sonrası katılımcılar bir 

web tabanlı EKG simülatörünü 4 hafta süresince kullandı. Dört hafta 

sonunda katılımcılara son test uygulandı.  

Bulgular: Öğrencilerin Temel EKG Ritimlerini Tanılama Formunda 

yer alan tüm ritimleri doğru tanılama oranlarının web tabanlı simülatör 

kullanımından sonra arttığı bulundu. Öğrencilerin ön test ve son test 

puanları arasında anlamlı düzeyde istatistiksel fark olduğu belirlendi 

(t:-7.476 p<0.001). 

Sonuç: EKG, bireylerin öğrenmekte zorlandıkları konulardan biridir. 

Bu nedenle geleneksel öğretim yöntemine ek olarak farklı öğretim 

yöntemlerinin kullanılması EKG öğretiminin kolaylaştırılmasına 

yardımcı olabilir. Bu çalışmada web tabanlı elektrokardiyografi 

simülasyonu kullanımının paramedik öğrencilerinin ritim tanılama 

becerisini geliştirdiği belirlendi. 

Anahtar Kelimeler: Elektrokardiyografi, Öğrenme, Paramedik, 

Öğrenci 

 

 

For timely and accurate diagnosis, not only physicians but also nurses, 

paramedics and other healthcare professionals should have the ability 

to diagnose basic ECG rhythms [4]. The diagnosis of cardiac rhythms 

and initiation of appropriate treatment and intervention in the early 

period by paramedics, especially those providing service in the pre-

hospital field, has an important position in reducing morbidity and 

mortality [5]. At the same time, correct interpretation of ECG can 

prevent unnecessary medical interventions [6]. 

 

 

 Occasionally AWE cases have also been reported after amniocentesis 

[8]. The most common subtype of AWE is cesarean scar endometriosis 

(CSE), approximately 85% of all AWEs, and the reported incidence is 

0.03-0.45% [9]. Although several mechanisms have been proposed to 

explain the development of CSE, metaplasia and cell migration in 

association with direct seeding are most accepted [10]. The primary 

symptom is a painful (commonly cyclic but also can be noncyclic) 

mass located in the cesarean scar area [11]. Due to the rarity and 

similarity of symptoms, CSE can easily be misdiagnosed. Hernia, 

lipoma, granuloma, sebaceous cyst, neuroma, hematoma, 

lymphadenopathy, abscess dermoid tumors, and sarcomas must also 

be considered at a differential diagnosis. Malignant transformation of 

CSE has also been sporadically reported [12-13]. In this study, we 
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Accordingly, in order to prevent delays in the diagnosis of cardiac 

rhythm disorders, it is necessary to develop the skills of healthcare 

professionals serving in the pre-hospital field to diagnose cardiac 

rhythms and interpret ECG [7]. The nature and timing of emergency 

treatment and intervention provided by paramedics is a critical 

determinant of survival in non-hospital cardiac arrests [8]. It has been 

reported that defibrillation performed within 3-5 minutes after collapse 

provides a survival rate of up to 50-70%; every minute that 

defibrillation is delayed reduces the survival probability of patients by 

10-12% [9]. In this context, it is an important requirement for 

paramedics working in the pre-hospital field to be able to diagnose 

cardiac rhythms quickly and accurately. 

Serious training should be provided to improve the ability to interpret 

ECG [4]. ECG is known as one of the skills that are difficult to teach 

due to its abstract nature, complex mechanism, and scattered content. 

Therefore, the use of various teaching methods in the education of 

students and health professionals can facilitate ECG teaching [6]. 

Students are unlikely to receive adequate bedside training on ECG 

interpretation in cardiology services or intensive care units. Therefore, 

ECG trainings should be provided to the students before clinical 

practice [10]. A single teaching method may not be sufficient for 

training all students. Therefore, in addition to the traditional teaching 

method, an effective learning environment should be created by using 

different methods such as role-play, model use, case discussion, web-

based training, and simulation use [11]. The use of these methods in 

ECG teaching may also support students' ability to interpret ECG. In a 

study examining the effect of the web-based teaching method on 

students' ECG learning compared to the traditional narrative method, 

it was detected that the ECG interpretation skills of the students in the 

web-based group were significantly better than the other group [12].  

In a pre-test / post-test study conducted with medical students, it was 

detected that a web-based ECG training program increased students' 

ability to interpret ECG [13]. In another study, it was reported that 

training software developed for ECG teaching positively affected ECG 

teaching [14]. 

The use of simulators in health education has been one of the most 

prominent teaching approaches in recent days. The use of simulators 

in ECG teaching is effective in acquiring and maintaining students' 

ECG interpretation skills and improving students' self-confidence and 

critical thinking skills [15].  In a study conducted on this subject, it was 

determined that the use of software-based simulators for cardiac 

arrhythmias was effective in the ECG learning of the participants [6]. 

In this context, it is thought that the use of various teaching methods 

such as the use of simulators before clinical practice will both improve 

students' ability to interpret ECG and facilitate ECG teaching. This 

study was conducted to determine the effect of the use of web-based 

electrocardiography simulation on the rhythm diagnostic skills of 

paramedic students. 

METHOD 

Research Type 

The study was conducted as a single-group pre-test/post-test study 

between 02.05.2021 and 01.09.2021.  

Research Population and Sample 

The population of the study consisted of students (N=103) studying in 

their last year in the paramedical department of a university. In the 

study, it was aimed to reach the entire population without choosing a 

sample. The study was completed with a total of 81 (participation rate: 

78.6%) students who voluntarily participated in the study. 

Data Collection  

In the study, the data were collected face-to-face using the information 

form prepared by the researchers by reviewing the literature and the 

Basic ECG Rhythms Diagnosis Form [16,17]. Online ECG training 

was provided to the participants by the researcher (A.K.) for 3 hours a 

week over the course of 8 weeks. One month after the training, data 

collection tools were applied to the participants for pre-testing 

purposes. After the pre-test application, the participants were asked to 

use a web-based ECG simulator called The Six-Second ECG for 4 

weeks. The Six-Second ECG is a free web simulator that includes 27 

basic heart rhythms [18]. In the ‘Explore Review' section under the 

'Learn’ tab in the simulator, you can click on any rhythm name and 

view the software rhythm and the features of rhythm.  In the ‘Explore 

Review Play’ section under the 'Game’ tab, users have the opportunity 

to evaluate their rhythm diagnostic skills by identifying randomly 

introduced rhythms. The students were reminded about the use of the 

ECG simulator three times a week over the course of 4 weeks via text 

messages and e-mail. The reminder e-mail and messages were sent by 

the researcher A.K. At the end of four weeks, the Basic ECG Rhythm 

Diagnosis Form was re-applied to the participants for post-test 

purposes. Nine students who completed the pre-test but did not 

complete the post-test were excluded from the study. The study was 

completed with 81 students who filled out the pre-test and post-test 

completely.   

Data Collection Tools 

The Participant Information Form: The participant information form 

included questions about the descriptive characteristics (age, gender, 

etc.) of the participants. 

The Basic ECG Rhythms Diagnosis Form: The Basic ECG Rhythms 

Diagnosis Form consists of 14 basic ECG rhythms (Normal Sinus 

Rhythm, Sinus Bradycardia, Sinus Tachycardia, Sinus Arrhythmia, 

Atrial Tachycardia, Atrial Fibrillation, Atrial Flutter, 1st Degree AV 

Block, 2nd Degree AV Block Type 1, 2nd Degree AV Block Type 2, 

3rd Degree AV Block, Ventricular Tachycardia and Ventricular 

Fibrillation). The rhythms that the participants answered correctly 

were calculated as 1 point and the rhythms that they answered 

incorrectly were calculated as 0 point. Accordingly, the highest score 

that those who answered all questions correctly can get from the form 

is 14. The Cronbach Alpha Reliability Coefficient of the Basic ECG 

Rhythms Diagnosis Form was found to be 0.68. 

Statistical Analysis 

The data obtained from the study were assessed in the IBM SPSS V20 

package program setting. The Kolmogorov Smirnov test was used to 

determine the suitability for normal distribution. Mann-Whitney U test 

and Kruskall-Wallis test were used for the comparison between the 

groups in the analysis of the data not demonstrating normal 

distribution. Wilcoxon Signed Rank Test was used to compare the pre-

test and post-test scores of the participants. Analysis results are 

expressed as mean±standard deviation, median (min-max) and 

frequency (percentage). In the study, the significance level was taken 

as 0.05. 

Ethical Approval 

Before starting the study, a study permit was obtained from the 

relevant institution and approval from The Clinical Research Ethics 

Committee of Ondokuz Mayıs University (No: 

B.30.2.ODM.0.20.08/510) in order to conduct the study. Permission 

was obtained from the institution where the study was conducted 

(No:15386878-044). In addition, the participants were informed about 

the purpose and process of the study with a volunteering form before 

the questionnaire forms were applied, and their written and verbal 

consents were obtained.  

 RESULTS 

It was determined that the average age of the students participating in 

the study was 20.19±1.18; 71.6% (n=58) were female, 63.0% (n=51) 

were Vocational Health High School graduates, and 93.8% (n=76) 

were satisfied with studying in the paramedic department. The answers 

given by the students to the questions about ECG diagnosis are given 

in Table 1.  
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It was found that 44.4% of the students considered the ECG diagnostic 

skill insufficient, 51.9% thought that ECG diagnosis was difficult but 

enjoyable, and 60.5% stated that conducting case studies related to 

ECG in the classroom environment was a method that would facilitate 

ECG diagnostic skill (Table 1). 

Table 1. Distribution of the answers given by the students to the 

questions related to ECG 

Question Answers n % 

How s/he 

evaluates the 

ECG diagnostic 

skill 

Highly insufficient 28 34.6 

Insufficient 36 44.4 

Neither good nor bad 17 21.0 

His/her 

thoughts on 

ECG diagnosis 

I think it is enjoyable to diagnose 

ECG. 
7 8.7 

I think ECG diagnosis is difficult but 

enjoyable. 
42 51.9 

I think it is difficult to diagnose ECG. 32 39.5 

His/her 

opinions on 

methods to 

facilitate ECG 

diagnostic skills 

** 

By listening to the lesson and 

participating in the lesson 
25 30.9 

By watching videos about ECG 17 21.0 

By studying books related to ECG 9 11.1 

By observing from the monitor at the 

bedside 
47 58.0 

By using computer-aided simulation 

programs related to ECG 
33 40.7 

By performing case studies related to 

ECG in the classroom 
49 60.5 

**More than one answer was given, ECG: Electrocardiography     

When the answers of the ECG rhythms diagnostic form applied to the 

students before and after the use of web-based simulator were 

examined, it was found that the correct diagnostic rates of all rhythms 

of the students increased after the use of web-based simulator (Table 

2).  A statistically significant difference was found between the pre-

test and post-test scores of the students (t:-7.476 p<0.001). 

When the pre-test / post-test scores and descriptive data of the students 

were compared, a statistically significant difference was found 

between the pre-test scores and the status of evaluating gender and 

ECG diagnostic skills (Table 3). 

DISCUSSION 

Electrocardiography is one of the most widely used and important 

diagnostic tests, and specialization in its interpretation requires 

considerable time and effort. It is important to provide ECG 

competence to healthcare professionals through training so as to meet 

their needs. This training begins during undergraduate education and 

should continue with vocational training [19]. The complex structure 

of ECG can force students to understand and interpret ECG. This 

situation can also reduce students' self-confidence in rhythm 

diagnostic skills. As a matter of fact, in our study, it was determined 

that 44.4% of the students evaluated their ECG diagnostic skills to be 

insufficient and 51.9% stated that ECG diagnosis was difficult but 

enjoyable. Similar to our study findings, in a study conducted by 

Viljoen et al. (2020) 53.7% of the students who received traditional 

education stated that ECG evaluation and interpretation were difficult 

[20]. In a study conducted in Australia, it was found that 96% of the 

students thought that ECG knowledge was useful in their future 

careers; only 15% trusted their knowledge about ECG rhythm 

interpretation; 73% stated that it was difficult to understand ECG [21]. 

It is thought that using the teaching methods that students are interested 

in will be effective in changing the students' views that ECG is difficult 

and their feelings of insufficiency in their ability to interpret ECG.  

In our study, the majority of the students defined the methods to 

facilitate ECG diagnostic skills as that "conducting case studies on 

ECG, making bedside observations and using computer-aided 

simulation programs on ECG". It was found that students expressed 

approaches such as "listening to the lesson/attending the lesson, 

watching videos about ECG and studying books about ECG" as 

facilitating methods to a lesser extent. This finding reveals that 

students prefer methods such as case studies, clinical practice, and 

simulation use, in addition to traditional education in ECG learning. 

When educators are aware of the various learning styles of the students 

and act in this direction in ECG teaching, it can be ensured that both 

an efficient learning environment is created, and their students are 

motivated to achieve academic success [11].  

ECG is a diagnostic tool frequently used in the pre-hospital field and 

its interpretation is an important skill for paramedics [16,22]. 

Immediate diagnosis and treatment of cardiac arrest rhythms 

(ventricular fibrillation, pulseless ventricular tachycardia, etc.), critical 

arrhythmias (sinus bradycardia, AV blocks, etc.) and ischemic changes 

(acute inferior myocardial infarction, etc.) in the pre-hospital field can 

significantly and rapidly affect patient results [16].  

Table 2. Frequency distributions of students' pre-test and post-test 

answers to the Basic ECG Rhythms Diagnosis Form 

ECG Rhythm  

Pre-test 

answers 

Post-test 

answers 

n % n % 

Normal Sinus 

Rhythm  

Incorrect 26 32.1 18 22.2 

Correct 55 67.9 63 77.8 

Sinus Arrhythmia  
Incorrect 59 72.8 53 65.4 

Correct 22 27.2 28 34.6 

Atrial Flutter  
Incorrect 52 64.2 19 23.4 

Correct 29 35.8 62 76.5 

Atrial Tachycardia  
Incorrect 64 79.0 45 55.6 

Correct 17 21.0 36 44.4 

Atrial Fibrillation  
Incorrect 55 67.9 30 37.0 

Correct 26 32.1 51 63.0 

Ventricular 

Tachycardia 

Incorrect 58 71.6 15 18.5 

Correct 23 28.4 66 81.5 

Sinus Bradycardia  
Incorrect 50 61.7 22 27.2 

Correct 31 38.3 59 72.8 

Sinus Tachycardia  
Incorrect 69 85.2 27 33.3 

Correct 12 14.8 54 66.7 

Sinus Arrest  
Incorrect 43 53.1 15 18.5 

Correct 38 46.9 66 81.5 

Ventricular 

Fibrillation  

Incorrect 57 70.4 16 19.8 

Correct 24 29.6 65 80.2 

1st Degree AV 

Block 

Incorrect 70 86.4 52 64.2 

Correct 11 13.6 29 35.8 

2nd Degree AV 

Block Type 2 

Incorrect 72 88.9 49 60.5 

Correct 9 11.1 32 39.5 

2nd Degree AV 

Block Type 1 

Incorrect 76 93.8 60 74.1 

Correct 5 6.2 21 25.9 

3rd Degree AV 

Block  

Incorrect 71 87.7 46 56.8 

Correct 10 12.3 35 43.2 

 Total 81 100.0 81 100.0 

ECG: Electrocardiography, AV Block: Atrioventricular Block 
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Table 3. Comparison of students' descriptive characteristics and pretest-posttest scores 

 Pre-test 

Mean±SD 

Pre-test 

Median (Min-Max) 

Post-test 

Mean±SD 

Post-test 

Median (Min-max) 

Age group 
18-20 3.88±2.72 3 (0-11) 8.28 ±3.18 8 (1-14) 

21-26 3.79±2.25 3 (0-9) 8.21±2.70 8 (3-14) 

Test value 
U=664.500 

p=0.839 

U=655.00 

p=0.763 

Gender 
Male  2.57±1.90 2 (0-8) 7.96 ±2.72 8 (3-12) 

Female 4.36±2.64 4 (1-11) 8.38 ±3.16 9 (1-14) 

Test value 
U=392.500 

p=0.004 

U=593.500 

p=0.438 

Satisfaction with studying 

in the department 

Satisfied 3.97±2.63 3 (0-11) 8.34±2.99 8 (1-14) 

Dissatisfied 3.22±2.05 3 (1-7) 8.44 ± 2.51 9 (4-11) 

Test value 
U=134.500 

p=0.271 

U=136.000 

p=0.286 

How s/he evaluates the 

ECG diagnostic skill 

Highly insufficient 2.89±2.13 2 (0-9) a 7.43±3.18 8 (1-12) 

Insufficient 4.28±2.74 4 (1-10) ab 8.53±2.83 9 (2-12) 

I'm undecided 4.53±2.55 4 (0-11) b 9.06±3.03 9 (3-14) 

Test value 
X2=7.483 

p=0.024 

X2=3.184 

p=0.204 

Mean: Average, SD: Standard deviation, U: Mann Whitney U test, X2: Kruskall Wallis Test, ECG: Electrocardiography, a-b: No difference between groups with the same letter

In a study conducted by Drew et al. (2011) it was reported that the 

duration of hospitalization decreased with the increase in the use of 

ECGs by paramedics in the treatment of patients with acute coronary 

syndrome (ACS) [23]. However, some studies in the literature 

emphasize that health-care personnel who serve in the pre-hospital 

field have low ECG usage and ECG interpretation competencies. In a 

retrospective study conducted on this subject, it was found that only 

1.941 of 7.098 patients with ACS who were transferred to the hospital 

by ambulance had their ECG taken before the hospital [24]. In a study 

conducted by Rahimpour et al. (2021) 41.5% of those working in the 

pre-hospital field stated their ECG interpretation competence as 

medium level [25]. In a study conducted in Sweden by Werner et al. 

(2016) it was found that only 35% of the health-care personnel working 

in the ambulance were able to diagnose ventricular tachycardia; 14% 

were unable to identify ventricular fibrillation [26]. Poor ECG 

interpretation skills of health-care personnel providing services in the 

pre-hospital field may cause misinterpretation of ECG, thus, improper 

planning and delay of treatment, and worsening of patient prognosis. 

In this context, it is vital to develop the ECG interpretation skills of 

paramedics and other health-care personnel starting from 

undergraduate education. The use of different teaching methods may 

be effective in improving students' ability to interpret ECG. It has been 

reported in the literature that the use of web-based ECG simulators is 

effective in developing students' active and self-reflective learning 

styles and increasing their motivation [15]. In this study, it was found 

that the correct diagnostic rates of the students increased in all ECG 

rhythms after the use of web-based simulators; and there was a 

significant statistical difference between the pre-test and post-test 

scores. Similar to our study finding, it was determined that the ECG 

competencies of the students who took the courses supported by an 

ECG web application showed a significant improvement compared to 

the students who only took traditional education [20]. In this context, 

in addition to the traditional ECG teaching method, the use of web-

based simulators can positively affect ECG teaching. 

Study Limitations  

Research results are limited to the sample studied, cultural and 

geographical changes may produce different results. It cannot be 

generalized. 

 

CONCLUSION 

In order to detect cardiac rhythm disorders and acute changes, it will 

be appropriate to improve the ECG usage and ECG interpretation skills 

of the people who will provide services in pre-hospital field starting  

from undergraduate education. In the development of ECG skills, the 

use of teaching strategies suitable for the learning style of the learner 

and the reinforcement of their knowledge-skills with rich teaching 

content may be effective. In this study, the use of web-based 

electrocardiography simulation improved rhythm diagnostic skills of 

the paramedic students who received ECG training with the traditional 

teaching method. In line with our study results, we think that the use 

of web-based ECG simulator in ECG training can provide benefits 

such as enriching the training content and facilitating ECG learning.  
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