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Introduction  

Cardiovascular Disease (CVD) remains the leading 

cause of death worldwide, accounting for an estimated 

19.8 million deaths in 2022, approximately 32% of all 

global mortality [1]. The global age-standardized death 

rate stood at 235.2 per 100,000 population in 2021 [2], 

and in Iran, cardiovascular disease accounts for roughly 

42% of all deaths [3]. Rapid recognition of acute 

coronary syndromes is central to reducing this burden; as 

outlined in the National Service Framework for CVD, 

timely diagnosis enables thrombolytic therapy and other 
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Background & Objective: Accurate ECG interpretation is a critical clinical competency for 

ICU nurses, yet conventional lecture-based training has shown limited efficacy in achieving 

durable skill acquisition. This study aimed to evaluate a gamification-based educational 

intervention for improving ECG interpretation competence among ICU nurses. 
 

Materials & Methods: This randomized controlled educational trial was conducted among 100 

ICU nurses at Shariati Hospital, Tehran, Iran. Participants were randomly allocated to a 

gamification-based intervention group (n = 50) or a lecture-based control group (n = 50). The 

intervention was delivered over two weeks. ECG interpretation competence was assessed using 

a validated 20-item multiple-choice questionnaire at baseline and four weeks post-intervention. 

The questionnaire was developed through content validation by an expert panel (I-CVI ≥ 0.83, 

S-CVI/Ave = 0.92) and pilot testing with item analysis (difficulty index: 0.35–0.75; 

discrimination index: 0.30–0.55). Data were analyzed using independent and paired t-tests. 
 

Results: Baseline ECG scores were comparable between groups (intervention: 14.34 ± 1.18; 

control: 13.75 ± 1.22; p = 0.064). After the intervention, the adjusted post-test mean score was 

significantly higher in the gamification group than in the control group (15.43 ± 1.16 vs. 14.84 

± 1.12; p = 0.042; Cohen’s d = 0.52). Prior experience with educational games was a significant 

predictor of post-test performance in the intervention group (β = 0.63, SE = 0.27, 95% CI [0.11, 

1.15], p = 0.019). 
 

Conclusion: Gamification-based education was more effective than traditional lectures in 

enhancing ECG interpretation competence among ICU nurses and may serve as a practical 

approach for continuing nursing education. 
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urgent interventions [4]. The electrocardiogram (ECG) is 

the primary tool for this purpose, and its accurate 

interpretation is central to early detection of ischemic 

patterns, minimization of myocardial injury, and 

improved patient outcomes [5]. Nurses in acute care 

settings are therefore expected to be proficient in 12-lead 

ECG acquisition and interpretation, as early 

identification of abnormalities directly shapes treatment 

decisions [6]. 

Despite this critical responsibility, ECG interpretation 

skills among nurses remain inadequate. A national study 

in China involving coronary and intensive care units 

found that nurses frequently performed poorly on ECG 

monitoring tasks [7]. Funk et al. similarly reported that 

nearly half of the nurses in their sample misidentified 

normal ECG tracings as signs of ischemia [7]. 

Collectively, these findings are consistent with broader 

evidence linking insufficient ECG interpretation 

competence to reduced quality of care and adverse 

clinical outcomes [8–10]. 

Various educational interventions targeting ECG 

interpretation among medical students and nurses have 

been reported [4, 11, 12], yet conventional approaches 

have not consistently produced the competency levels 

required in acute care settings. The healthcare 

environment is evolving rapidly, driven by technological 

change and shifting expectations of clinical practice [14, 

15]. Contemporary nursing education literature 

emphasizes developing autonomous, responsible, and 

patient-centered practitioners [16], and Felton and Royal 

argue that curricula must remain aligned with the 

advanced care demands of diverse clinical contexts [17]. 

These pressures underscore the need for instructional 

approaches that go beyond passive knowledge transfer. 

E-learning has emerged as an effective strategy for 

developing ECG interpretation skills, particularly as 

healthcare education shifts toward flexible, digitally-

based delivery [18, 19]. Blended formats combining 

computer-based modules with face-to-face instruction 

have shown improved learner performance, and 

computer-assisted learning offers advantages over 

traditional teaching through open access to digital 

content and immediate feedback [20]. Gamification 

extends this further by embedding game-like elements—

challenges, rewards, and interactive design—into the 

learning environment [21]. McCoy et al. highlight 

several benefits of gamified medical education tools, 

including enhanced motivation, realistic clinical 

problem-solving, and improved judgment; such 

platforms also support distance learning and generate 

performance data that can guide individualized feedback 

[22, 23]. 

Hosseini et al. demonstrated that gamification in nursing 

triage education significantly improved undergraduate 

students’ knowledge and performance beyond basic 

comprehension toward practical application [24]. A 

crossover study similarly reported enhanced learning 

outcomes in surgical instrument training through 

gamified methods [25], and converging evidence 

supports the utility of gamification as a pedagogical 

approach in nursing education [26, 27]. Nevertheless, 

few high-quality experimental studies have specifically 

examined ECG interpretation competence among ICU 

nurses, and instructional design in this area has rarely 

been grounded in explicit theoretical frameworks. This 

study therefore evaluates a gamified ECG training 

program designed according to the Fong instructional 

model. 

Materials & Methods 

Design and setting(s) 

This Randomized Controlled Trial (RCT) evaluated the 

effectiveness of a gamification-based educational 

intervention in improving Electro-Cardio-Gram (ECG) 

interpretation competence among Intensive Care Unit 

(ICU) nurses. The study was conducted at Shariati 

Hospital, a tertiary referral teaching hospital affiliated 

with Tehran University of Medical Sciences, Tehran, 

Iran, between June 26 and September 17, 2024. The 

intervention was implemented across 11 specialized 

clinical units, including two cardiac intensive care units, 

two internal medicine intensive care units, two surgical 

intensive care units, one emergency department intensive 

care unit, one neurosurgical intensive care unit, one 

coronary care unit, and the hospital’s affiliated 

laboratory. The study was designed and reported in 

accordance with the Consolidated Standards of 

Reporting Trials (CONSORT) guideline for randomized 

controlled trials. 
 

Participants and sampling  

The study population comprised registered nurses 

working in the ICUs of Shariati Hospital. Eligibility 

criteria included holding a bachelor's degree in nursing, 

having at least three months of ICU clinical experience, 

access to a smartphone and the internet, willingness to 

participate, and no participation in a similar ECG 

educational program during the preceding three months. 

Nurses who did not complete the educational 

intervention or failed to participate in the post-
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intervention assessment were excluded from the 

analysis. The required sample size was estimated using a 

power analysis based on findings from a previous study 

[28], assuming a significance level of 0.05 and a 

statistical power of 90%. The calculation indicated that a 

minimum of 41 participants was required in each group. 

To compensate for possible attrition, 50 participants 

were recruited per group, resulting in a total sample of 

100 nurses. Among 187 nurses assessed for eligibility, 

100 met the inclusion criteria, agreed to participate, and 

provided written informed consent. Following 

completion of the baseline assessment, participants were 

randomly allocated to either the gamification-based 

intervention group or the traditional lecture-based 

control group using a computer-generated randomization 

sequence prepared by an independent statistician. 

Allocation concealment was achieved through 

Sequentially Numbered, Opaque, Sealed Envelopes 

(SNOSE), which were opened by the principal 

investigator only after eligibility had been confirmed and 

informed consent had been obtained. The participant 

recruitment, allocation, follow-up, and analysis 

processes are presented in the CONSORT flow diagram 

(Figure 1). 
 

 

Figure 1. Flowchart diagram of the study 

 

Tools/Instruments 

Participants’ electrocardiogram (ECG) interpretation 

competence was assessed using a researcher-developed 

20-item multiple-choice questionnaire, entitled the ECG 

Interpretation Knowledge Questionnaire (ECG-IKQ). 

The instrument was specifically designed for this study 

following established principles of educational 

measurement and test development [29]. The complete 

questionnaire is provided as Supplementary Material 

1. The development of the ECG-IKQ began with a 

comprehensive review of the literature on ECG 

interpretation competencies required for critical care 

nurses [4, 5, 7]. Based on this review, five content 

domains were identified: ECG fundamentals and 

waveform analysis, supraventricular arrhythmias, 

ventricular arrhythmias, atrioventricular and bundle 

branch blocks, and junctional and pacemaker rhythms. A 

test blueprint was subsequently prepared to determine 

the proportional distribution of items across these 

domains according to their clinical importance and 

frequency in ICU practice (Table 1). In addition, the 

cognitive level of each item was mapped according to 

Bloom’s taxonomy, with questions targeting 

recall/recognition (40%), comprehension/application 

(45%), and analysis/synthesis (15%). An initial pool of 

35 multiple-choice questions was developed 

independently by two members of the research team 

(MMH and DA). Each item consisted of one correct 

answer and three plausible distractors and was 

constructed according to established recommendations 

for writing high-quality multiple-choice questions, 

emphasizing clarity, a single best answer, and the 

avoidance of negative wording or unintended 

grammatical cues [30]. 
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Table 1. Test blueprint for ECG interpretation knowledge questionnaire 

Content Domain Cognitive Level Items Weight (%) 

ECG fundamentals Recall/Comprehension 4 20 

Supraventricular arrhythmias Comprehension/Application 5 25 
Ventricular arrhythmias Comprehension/Application 4 20 

AV blocks/BBB Analysis/Application 4 20 

Junctional rhythms/pacemakers Application/Analysis 3 15 
Total — 20 100 

Note: This table outlines the test blueprint for the ECG knowledge questionnaire. 

Abbreviations: n, number of participants; ECG, electrocardiogram; AV, atrioventricular; BBB, bundle branch block. 

 

Content validity was evaluated by an expert panel 

comprising two cardiologists with subspecialty training 

in electrophysiology, three nursing faculty members 

specializing in critical care education, and three 

experienced ICU nurses with at least five years of clinical 

practice. Experts independently rated each item for 

relevance, clarity, and representativeness using a four-

point Likert scale. The Item Content Validity Index (I-

CVI) was calculated for each item as the proportion of 

experts assigning ratings of 3 or 4, and items with an I-

CVI of at least 0.78 were considered acceptable [31]. 

Scale-level content validity was assessed using both the 

average (S-CVI/Ave) and universal agreement (S-

CVI/UA) approaches. 

Of the initial 35 items, 26 demonstrated satisfactory 

content validity at the first evaluation. Six items with 

borderline ratings were revised according to reviewers’ 

comments and reassessed, whereas three items with 

inadequate content validity were discarded. The final 

questionnaire consisted of 20 items and demonstrated 

excellent content validity, with an S-CVI/Ave of 0.92 

and an S-CVI/UA of 0.80. Mean ratings for clarity 

ranged from 3.38 to 4.00, while representativeness scores 

ranged from 3.25 to 4.00 across all retained items. 

The psychometric properties of the final questionnaire 

were further examined in a pilot study involving 35 ICU 

nurses from a hospital not participating in the main trial. 

Item analysis was conducted according to Classical Test 

Theory principles [32]. Item difficulty was calculated as 

the proportion of participants answering each question 

correctly. Consistent with established recommendations, 

items with difficulty indices within the acceptable range 

were retained following review of their educational 

relevance [32, 33]. Item discrimination was assessed 

using the point-biserial correlation coefficient, with 

values of at least 0.20 considered acceptable and values 

of 0.30 or greater considered desirable [34]. Distractor 

effectiveness was also examined, and distractors selected 

by fewer than 5% of participants were considered 

nonfunctional and reviewed for possible revision. 

Pilot testing demonstrated satisfactory psychometric 

performance for all retained items. Difficulty indices 

ranged from 0.35 to 0.75 (mean ± SD: 0.54 ± 0.11), 

whereas discrimination indices ranged from 0.30 to 0.55 

(mean ± SD: 0.42 ± 0.07). All distractors functioned 

appropriately, with response frequencies ranging from 

8% to 42%; therefore, no further revisions were required 

(Table 2). 

 

Table 2. Item analysis results from pilot testing (n = 35) 

Item Content domain DI D Status 

1–4 ECG fundamentals 0.54 0.41 Retained 

5–9 Supraventricular arrhythmias 0.54 0.42 Retained 

10–13 Ventricular arrhythmias 0.51 0.43 Retained 

14–17 AV blocks/BBB 0.51 0.41 Retained 

18–20 Junctional rhythms/pacemakers 0.46 0.44 Retained 

Mean ± SD — 0.51 ± 0.04 0.42 ± 0.01 — 
Note: Item analysis was conducted to evaluate the difficulty and discrimination indices of the questionnaire items. 

Abbreviations: n, number of participants; DI, difficulty index; D, discrimination index; SD, standard deviation; ECG, 

electrocardiogram; AV, atrioventricular; BBB, bundle branch block. 

 

Internal consistency reliability of the ECG-IKQ was 

evaluated using Cronbach’s alpha, yielding a coefficient 

of 0.88 (95% CI: 0.82–0.93), which indicated excellent 

reliability [35]. Item-total correlations ranged from 0.31 

to 0.56, and no item demonstrated a negative or 

negligible correlation with the total score. Test-retest 

reliability was assessed in an independent sample of 20 

ICU nurses who completed the questionnaire twice at a 

two-week interval. The intraclass correlation coefficient 

was 0.84 (95% CI: 0.68–0.93), indicating good temporal 

stability. The same questionnaire was administered 

before the intervention and again four weeks after its 

completion. Using the same assessment instrument at 

both time points was considered appropriate because the 
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interval between assessments was sufficient to minimize 

recall bias, the questionnaire primarily evaluated 

knowledge application rather than memorization of 

individual responses, and participants were continuously 

exposed to routine clinical practice during the study 

period. Each correct response received one point, 

resulting in a total possible score ranging from 0 to 20. 

Total scores were categorized as weak (<10), average 

(10–15), and good (>15). 
 

Educational intervention (Gamification 

design) 
The educational intervention was developed using the 

three-layered thinking model for web-based educational 

game design proposed by Fong and Sheng [36]. This 

instructional framework integrates pedagogical 

objectives, game design principles, and achievement 

mechanisms to ensure that game elements support 

meaningful learning rather than serving solely as 

motivational features (Figure 2). 

The development process began with defining the 

educational objectives based on the competencies 

required for ECG interpretation in critical care practice. 

These objectives guided the design of learning activities 

and game mechanics to ensure alignment between 

instructional content and gameplay. The research team 

subsequently designed the game's core structure, 

including its progression system, scoring rules, and 

competitive elements. Educational objectives and 

clinical scenarios were reviewed and refined through 

consultation with cardiologists and nursing educators 

before the final version of the game was produced. 

 

 
Figure 2. Three-layered thinking model of web-based educational game design (Fong & Sheng, 2008) [36] 

 

Particular attention was given to maintaining an 

appropriate balance between task difficulty and reward 

mechanisms. Participants earned points by correctly 

completing progressively more challenging learning 

activities, while the sequence of tasks was designed to 

accommodate their existing knowledge and facilitate 

gradual acquisition of new competencies. 

The educational game was developed using Articulate 

Storyline 3 (Articulate Global Inc., New York, NY, 

USA). Programming and implementation were 

performed by the principal researcher (M.M.H.) without 

the involvement of external software developers. The 

completed program was deployed through an online 

learning management system, which enabled participants 

to access the educational content remotely and allowed 

the research team to monitor learning progress and 

engagement throughout the intervention. Representative 

screenshots of the game environment are presented in 

Figure 3. 
 

Data collection methods  

Data were collected at two time points: immediately 

before the educational intervention (pre-test) and four 

weeks after completion of the intervention (post-test). At 

both assessments, participants completed the ECG 

Interpretation Knowledge Questionnaire (ECG-IKQ) 

individually in a quiet environment under the supervision 

of a member of the research team. Participants were 

instructed to answer all questions independently without 

consulting external resources or discussing their 

responses with colleagues. Although the researcher 

remained available to clarify procedural questions or 
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ambiguities in the questionnaire, no feedback regarding 

the correctness of responses was provided during the 

assessment.  

Following completion of the baseline assessment, 

participants assigned to the intervention group received 

access to the web-based gamification program through 

the learning management system, whereas those in the 

control group participated in the conventional lecture-

based educational session covering the same ECG 

learning objectives. After four weeks, participants in 

both groups completed the post-test using the same 

questionnaire under conditions comparable to those of 

the baseline assessment. All completed questionnaires 

were collected immediately after administration and 

scored manually using a standardized answer key by a 

member of the research team. 

 

 

Figure 3. The game environments 

Data analysis  

Prior to inferential analyses, the normality assumption 

was assessed for all continuous dependent variables. This 

preliminary step involved the Shapiro–Wilk test, 

supplemented by visual inspection of quantile-quantile 

(Q–Q) plots for each group and time point. These 

diagnostic procedures confirmed that the data did not 

deviate significantly from a normal distribution. 

Consequently, parametric statistical tests were deemed 

appropriate for the primary analyses, as they offer greater 

statistical power when their underlying assumptions are 

satisfied. To examine differences in mean ECG 

knowledge scores between the gamification and 

traditional lecture groups, an independent-samples t-test 

was used. This test is suited for comparing the means of 

two independent groups on a continuous outcome 

measure. Its application was justified by the study design 

and confirmation that the data met the normality criterion 

and the assumption of homogeneity of variances 

(verified by Levene’s test). In addition to comparing 

group means, we calculated the effect size using Cohen’s 

d to quantify the magnitude of the observed difference. 

For within-group analyses, a paired-samples t-test was 

used to evaluate changes in participants’ ECG 

knowledge from pre-test to post-test. This repeated-

measures approach was selected because it assesses the 

 same individuals at two time points, controlling for 

inter-individual variability. For within-group analyses, a 
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paired-samples t-test was used to evaluate changes in 

ECG knowledge scores from pre-test to post-test. This 

repeated-measures approach accounts for inter-

individual variability and provides a direct estimate of 

learning gain within each educational condition. To 

explore the influence of potential confounding or 

moderating variables, additional analyses were 

conducted using linear regression. This method 

examined the relationship between several covariates—

including participants’ age, gender, years of work 

experience, and prior experience with educational 

games—and post-test scores, while controlling for 

baseline performance. This approach allowed us to 

assess whether specific learner characteristics moderated 

the effectiveness of the gamification intervention, 

providing a nuanced understanding of its impact across 

diverse subgroups. All statistical tests were performed at 

a significance level of α = 0.05. Effect sizes for between-

group comparisons were quantified using Cohen’s d. All 

data analyses were conducted using SPSS version 26 

(IBM Corp., Armonk, NY, USA). 

Results 

A total of 100 participants were enrolled, with 50 

assigned to each group. The mean age was 32.8 ± 5.0 

years, with comparable distributions between the 

intervention (32.4 ± 4.8 years) and control groups (33.1 

± 5.2 years). Females constituted the majority of 

participants (70%), with similar gender distributions 

across groups. More than half were married (60%), 

approximately one-third had prior ECG training (34%), 

and 44% reported previous educational game experience, 

with a slightly higher proportion in the intervention 

group. Mean work experience was 5.4 ± 2.0 years and 

mean ICU experience was 18.7 ± 6.9 months. No 

statistically significant between-group differences were 

observed for any demographic or professional variable 

(Table 3). At baseline, ECG interpretation scores did not 

differ significantly between groups (t(98) = 1.87, p = 

0.064). Following the intervention, the gamification 

group achieved significantly higher post-test scores than 

the control group (t(98) = 2.04, p = 0.042) (Table 4). 

Within-group comparisons revealed significant pre- to 

post-test improvements in both groups (p < 0.001 for 

each). To further characterize the intervention effect, 

linear regression was used to examine the relationships 

between post-test scores and in-game performance and 

the following covariates: age, gender, marital status, 

work experience, and prior educational game 

experience—analyzed separately within each group. 

 

Table 3. Demographic characteristics of participants (n = 100) 

Variable Intervention Group (n = 50) Control Group (n = 50) 

Age (years), mean ± SD 32.40 ± 4.80 33.10 ± 5.20 

Gender, n (%)   

Male 16 (32.00) 14 (28.00) 

Female 34 (68.00) 36 (72.00) 

Marital status, n (%)   

Married 28 (56.00) 32 (64.00) 

Single 22 (44.00) 18 (36.00) 

Prior ECG training, n (%)   

Yes 18 (36.00) 16 (32.00) 

No 32 (64.00) 34 (68.00) 

Educational game experience, n (%)   

Yes 24 (48.00) 20 (40.00) 

No 26 (52.00) 30 (60.00) 

Work experience (years), mean ± SD 5.20 ± 2.10 5.50 ± 1.90 
ICU experience (months), mean ± SD 18.30 ± 6.70 19.10 ± 7.20 

Note: Independent t-test was used to compare continuous demographic variables between groups. 

Chi-square test was employed to compare qualitative demographic variables between groups. 

Abbreviations: n, number of participants; SD, standard deviation; ICU, intensive care unit; ECG, electrocardiogram. 

 

Table 4. Comparison of pre-test and post-test scores between the intervention and control groups 

Comparison / Group 
Pre-test 

(Mean ± SD) 

Post-test 

(Mean ± SD) 
Statistical test t df p-value 

Intervention group (n = 50) 14.34 ± 1.18 15.43 ± 1.16 Paired t-test 4.00 49 < 0.0001 

Control group (n = 50) 13.75 ± 1.22 14.84 ± 1.12 Paired t-test 4.00 49 < 0.0001 

Between-group comparison at pre-test 14.34 ± 1.18 13.75 ± 1.22 Independent t-test 1.87 98 0.064 

Between-group comparison at post-test 15.43 ± 1.16 14.84 ± 1.12 Independent t-test 2.04 98 0.042 

Note: Values are expressed as mean ± SD. Between-group comparisons were analyzed using independent t-tests. Within-group comparisons 

(pretest to posttest) were analyzed using paired t-tests.  

Abbreviations: SD, standard deviation; df, degrees of freedom; p, probability value. 
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Discussion 

This study examined the educational impact of a 

gamified intervention on ECG interpretation skills in 

ICU nurses. The gamification group demonstrated 

significantly higher post-test scores than the control 

group, supporting the effectiveness of gamification 

relative to standard lecture-based education. Pre-

intervention equivalence between groups strengthens the 

internal validity of this comparison. Regression analyses 

further indicated that learner-related variables may 

influence outcomes: prior exposure to educational games 

was associated with higher in-game performance, and 

age was associated with pre-test scores. These findings 

suggest that gamified learning can build on existing 

competencies, and point to the value of learner profiling 

instructional design. 

These results corroborate Rosselli et al., who found 

enhanced ECG competency among nurses exposed to a 

gamified intervention compared to conventional 

approaches [38]. Similarly, Antit et al. reported greater 

gains in ECG interpretation competence with 

gamification than with flipped learning [39]. Although 

these studies differ in population, format, and 

measurement timing, the consistency of direction across 

findings supports the broader applicability of gamified 

ECG education. Conversely, some prior computer-

assisted interventions have not demonstrated superiority 

over lectures. Ghezelghash et al. found computer-

assisted self-learning to be less effective than other 

approaches for ECG interpretation [40]. This 

discrepancy may reflect differences in how the learning 

environment is structured. Exploratory or search-

dependent formats can increase cognitive load and 

expose learners to unveted material, whereas the current 

intervention delivered tailored content directly through 

gameplay. Features such as immediate feedback, 

progress tracking, and reward mechanisms likely 

enhanced engagement and error correction—elements 

consistently identified as central to gamification’s 

educational value [41]. Evidence from broader nursing 

education aligns with these findings. Tan et al. found that 

serious games enhance knowledge and confidence, 

though effects on performance outcomes were less 

consistent [42]. This distinction matters here because the 

primary outcome was knowledge acquisition, not clinical 

performance. Gamified environments can promote active 

learning through iterative challenges and rapid feedback 

loops [43], and several studies have reported 

improvements in post-test scores, motivation, and 

retention among nurses receiving gamified education 

[44–46]. The role of professional experience warrants 

consideration. Nurses with more work experience 

demonstrated more favorable post-intervention 

responses, potentially reflecting better contextualization 

of ECG patterns through prior clinical exposure. Prior 

research has suggested that age, gender, and prior 

experience may moderate motivational responses to 

gamification [44, 47–49]; however, in the current study, 

none of these variables reached statistical significance as 

predictors of primary outcomes. One possible 

explanation is that the direct clinical relevance of ECG 

interpretation for ICU nurses may have sustained 

engagement relatively uniformly across demographic 

groups. 

Several limitations of this study should be 

acknowledged. First, the absence of an active comparator 

in the control group precluded a comparative analysis of 

the efficacy of gamification against other active 

educational interventions. Second, this was a single-

center study conducted in specialist wards of one 

hospital, which may limit the generalizability of the 

findings to other settings. Third, no blinding was 

implemented; researchers and participants were aware of 

group allocation, which may have introduced 

performance bias. Fourth, the four-week follow-up 

period was relatively short and may not reflect long-term 

knowledge retention or the durability of the educational 

effect. Fifth, the outcome measure focused solely on 

knowledge (assessed via a multiple-choice 

questionnaire) without evaluating clinical performance 

in real-patient care scenarios. Consequently, whether the 

observed improvements translate to practical bedside 

ECG interpretation skills remains unclear. Future studies 

should incorporate longer follow-up periods, blinded 

designs, and direct assessments of clinical performance. 

Conclusion 

The results demonstrate that a gamification-oriented 

educational intervention significantly improves ECG 

interpretation competence among intensive care nurses. 

By incorporating structured game components into 

nursing education, educators can facilitate active 

learning and improve clinical skill acquisition. As a 

feasible and cost-effective resource, gamified learning 

can be integrated into continuing education courses to 

support professional development and enhance patient 

care outcomes. Further research is warranted to assess 

long-term knowledge retention and the potential 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

du
jo

ur
na

l.z
um

s.
ac

.ir
 o

n 
20

26
-0

8-
22

 ]
 

                             8 / 11

https://edujournal.zums.ac.ir/article-1-2638-en.html


27                                                                                                                GAMIFICATION FOR ECG TRAINING 

 

J Med Edu Dev                                                                                                                                             2026;19(3) 

 

application of gamification in diverse educational 

environments. 
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