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ABSTRACT
Simulation-based learning (SBL) is effective for EKG interpretation training in the advanced 
cardiac life support (ACLS) context, enhancing motivation, confidence, and learning out
comes. However, research on the psychometrics of assessment rubrics for ACLS skills 
among pre-clinical students is limited. This study investigates the validity and reliability of 
assessment rubrics for ACLS skills, including EKG interpretation, scenario and pharmacological 
management, and teamwork. An SBL course that integrates basic EKG interpretation into 
ACLS Stations was conducted at Phramongkutklao College of Medicine, utilizing high-fidelity 
mannequins to simulate realistic scenarios, enrolling 96 medical students. The course con
sisted of five independent stations, and each student was assessed once by two raters using 
ten-item assessment rubrics. The rubrics included three domains: (1) EKG and ACLS algorithm 
skills, (2) management and mechanisms of action, and (3) affective domains. Validity evidence 
on the content was gathered, and construct validity was confirmed with confirmatory factor 
analysis (CFA). Inter-rater and internal consistency reliability were calculated. Generalizability 
theory was utilized to analyse the data. Three expert reviews yielded an item-objective 
congruence index of 0.67–1.00, with iterative validation through alpha and beta tests. The 
CFA demonstrated a good fit, but two questions with loading factors below 0.30 were 
removed, resulting in an eight-item assessment form. An inter-rater correlation of 0.70 (p <  
0.001) and a Cronbach’s alpha of 0.76 was demonstrated. To achieve a Phi-coefficient ≥0.80, 
three raters and at least 10 items are required in a p×i×r crossed design. With eight items, r: 
(p×i) nested design reliability was 0.69, 0.79, and 0.83 for one, two, and three raters, 
respectively. While a single rater with 10 items achieved a Phi-coefficient of 0.74. The rubrics 
for assessing ACLS skills among pre-clinical students demonstrated acceptable validity and 
reliability. A condensed eight-item rubric with acceptable reliability is proposed as a practical 
tool for optimizing assessment in future evaluations relevant to the pre-clinical context.
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Introduction

Simulation-based learning (SBL) is a key component of 
pre-clinical medical education due to its provision of 
a safe and controlled environment for learning and 
practicing clinical skills. Moreover, SBL enables medical 
students to broaden their experience and enhance their 
confidence and decision-making abilities [1]. SBL 
incorporation into medical curricula has the potential 
to enhance the quality of medical education and better 
prepare students for careers as medical practitioners in 
the future [2]. However, there are still concerns regard
ing the reliability and validity of simulation-based per
formance assessment scores for practising physicians, 
both individually and as team members.

Advanced cardiac life support (ACLS) is a critical 
skill for healthcare providers, particularly physicians, 
encompassing electrocardiogram (EKG) interpretation, 
pharmacological management, and effective teamwork. 

In the medical field, SBL using high-fidelity manne
quins has been obtained to study ACLS [3]. While 
ACLS training has been shown to improve EKG inter
pretation skills, most medical students undergo this 
training in their late clinical years [4]. Moreover, SBL 
has demonstrated benefits not only in EKG learning but 
also in pharmacological therapy within the ACLS con
text [5,6]. Consequently, Phramongkutklao College of 
Medicine (PCM) has recently developed a pre-clinical 
course to enhance students’ skills within the context of 
ACLS station simulation-based scenarios.

Recognizing the benefits of SBL in the ACLS 
context, PCM designed a specialized course incor
porating high-fidelity mannequins to simulate rea
listic ACLS scenarios. These simulations 
encompassed history taking, heart and lung sound 
assessments, EKG monitoring, scenario manage
ment, and evaluation of pharmacological knowledge. 

CONTACT Anupong Kantiwong anupongpcm31@gmail.com Department of Pharmacology, Phramongkutklao College of Medicine, Bangkok 
10400, Thailand

MEDICAL EDUCATION ONLINE
2025, VOL. 30, 2479962
https://doi.org/10.1080/10872981.2025.2479962

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article 
has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0002-9349-2088
http://orcid.org/0000-0003-1353-3650
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/10872981.2025.2479962&domain=pdf&date_stamp=2025-03-22


The course enrolled third-year pre-clinical students, 
all of whom were required to learn EKG interpreta
tion and pharmacological concepts related to cardiac 
life support. While these topics were previously taught 
through a traditional learning approach, paper-based 
methods often lack the realism necessary to fully cap
ture the essence of ACLS. Although EKG interpreta
tion and pharmacological knowledge are also assessed 
through multiple-choice and constructed-response 
questions, this SBL course was developed to assess 
students across cognitive, psychomotor, and affective 
domains, offering a more comprehensive and realistic 
approach. Furthermore, medical students at the PCM 
are admitted directly from high school and enrolled in 
a six-year curriculum. Incorporating SBL in their 
third year could facilitate a smoother transition into 
the clinical phase of their education. This approach 
also offers early clinical exposure to pre-clinical stu
dents, which has the potential to enhance their learn
ing outcomes and increase their motivation [7].

Despite the increasing use of SBL, there are still con
cerns regarding the reliability and validity of simulation- 
based performance assessment scores [8]. Prior research 
has extensively studied computer simulations and stan
dardized patients for assessment purposes [8–10]. 
However, reliable tools for assessing SBL with high- 
fidelity mannequins are limited, particularly for pre- 
clinical students. Thus, specific assessment tools for SBL 
in a realistic ACLS context to capture not only cognitive 
skills but also psychomotor and affective skills are 
needed.
Rubrics are valuable tools for assessment, as they 
define explicit performance criteria and expectations 
across multiple domains, including cognitive, affec
tive, and psychomotor while ensuring consistency in 
grading [11]. Aligned with outcome-based education, 
rubrics are designed to reflect the competencies out
lined in learning objectives [12]. The rubric develop
ment process in this study follows an analytical 
framework based on Association for Medical 
Education in Europe (AMEE) guidelines, ensuring 
detailed competency delineation across cognitive, 
psychomotor, and affective domains. Sub- 
competencies, such as EKG interpretation and com
munication skills, are aligned with the learning objec
tives [13], allowing each rubric criterion to be tailored 
to the expected level of expertise.

SBL assessment can assess knowledge, technical and 
clinical skills, communication, decision-making, 
patient safety, and teamwork skills, as well as higher- 
order competencies [14,15]. Assessment in SBL is 
widely utilized for formative and summative assess
ment [14], with summative assessment used for deter
mining whether students have achieved the course’s 
learning outcomes. However, utilizing SBL requires 
multiple raters and is resource-intensive, making it 
time-consuming [16]. Therefore, it is crucial to 

establish assessment tools’ reliability, validity, and gen
eralizability across varying numbers of raters and 
items.

Generalizability theory (G-theory) is a statistical 
method utilized to assess the reliability and validity of 
assessment tools in medical education. It is a theory that 
evaluates various assessment sources of variance, such 
as the rater, item, and student, and estimates how much 
of a contribution each makes to the overall variability in 
scores. Furthermore, a decision study (d-study) can 
help locate assessment error and inefficiency causes 
and forecast the best assessment layouts and scoring 
criteria [17]. It is beneficial for difficult tests, such as 
those involving several domains or skills like SBL [18]. 
G-theory has been extensively employed in medical 
education research to assess the quality of assessments 
and enhance their design and implementation.

Most G-theory studies focus on the number of 
occasions and raters as facets. However, at PCM, the 
high learner-to-teacher ratio and the limited number 
of Doctor of Medicine instructors pose unique chal
lenges, resulting in only a single assessment occasion. 
Furthermore, SBL is an expensive and resource- 
intensive learning method [19]. Herein, the current 
study aims to determine the validity and reliability of 
the assessment rubrics design for assessing ACLS skills 
of pre-clinical medical students enrolled in the incor
porating basic EKG interpretation into the ACLS sta
tion SBL course. Additionally, it aims to identify how 
we can generalize the medical students’ overall scores 
in SBL across raters and assessment tool items. Thus, 
identifying the minimum number of raters and items 
would remarkably benefit resource management in 
SBL learning courses in the future.

Methods

Study design and subjects

The present study utilizes a G-theory analysis to 
determine the reliability of the assessment scores for 
incorporating basic EKG interpretation into the 
ACLS station course. A sample size of 43 was 
required for an effect size of 0.63 with 80% power 
at a significance level of 0.05 for a Pearson correla
tions test using G*Power 3.1.9.7 [20,21]. The SBL 
course was conducted during the cardiovascular sys
tem block at PCM, with 96 third-year pre-clinical 
students participating as part of their designated cur
riculum. The cardiovascular system block spanned 
four weeks. The first week focused on foundational 
basic science knowledge, including the anatomy and 
physiology of the cardiovascular system. The second 
and third weeks covered history taking, physical 
examination, pathology, and pharmacology related 
to the cardiovascular system. These weeks also incor
porated team-based learning (TBL) and problem- 
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based learning (PBL) sessions centered on essential 
clinical cases. In the final week, project-based learn
ing activities and the SBL class, along with examina
tions, were conducted. However, due to limited time 
and resources, students attended the SBL class only 
once during this block. The class aimed to achieve 
three objectives: (1) interpreting common EKGs 
within ACLS situations; (2) providing appropriate 
management based on the ACLS algorithm (verbally); 
and (3) understanding the mechanism of action of 
pharmacological treatments utilized in the ACLS 
algorithm and other common cardiac diseases, 
including ST-elevated myocardial infarction.

Preparations

The students were divided into ten groups, each consist
ing of two teams of four to five students. Prior to the 
class, students were provided with a briefing and 
assigned self-directed learning tasks on the relevant 
topics. They also completed e-learning assignments, 
which included exercises on interpreting common 
EKGs as outlined in the ACLS algorithm and studying 
the guidelines and steps for EKG interpretation within 
the algorithm. Additionally, a lecture on pharmacological 
management and EKG interpretation within the ACLS 
context was delivered before the SBL session.

Simulator and equipment

The simulations employed high-fidelity mannequins to 
facilitate basic physical examinations and create a realistic 
learning environment. Following the ACLS algorithm, 
the simulations covered themes such as tachyarrhythmias 
with and without pulse, bradyarrhythmias, asystole, and 
pregnancy-related arrhythmias. Life-size simulators, 
including the Laerdal SimMan 3 G for adult cardiac 
arrhythmias and the Laerdal SimMom for obstetric 
arrhythmias, were used. The simulated clinical scenarios 
were designed to replicate acute conditions, requiring 
both diagnosis and initiation of treatment within 
a 5-minute period.

The simulators were operated through software pro
grammed to mimic acute medical conditions, with man
nequins connected to monitors displaying continuous 
electrocardiographic tracings. Additional parameters, 
such as 12-lead EKG, blood pressure and oxygen satura
tion, were available upon the trainee’s request. All 
equipment used during the simulation, including defi
brillators, syringes, and endotracheal tubes, was authen
tic and sourced from the clinical environment, enabling 
participants to retrieve and use it in real time.

Simulation-based learning process

Five stations were set up, each presenting two consecu
tive scenarios. Each station had two teams of four to five 

students, and each team underwent testing in each sce
nario and the team leader’s performance was evaluated 
under exam conditions, constituting 4% of the summa
tive assessment. Each station lasted approximately 30  
minutes, consisting of a 5-minute introduction and sce
nario briefing, 15 minutes of scenario engagement, and 
10 minutes of debriefing. Each student was once assessed 
as a team leader and rotated through other roles within 
the ACLS team. Each group of students went through all 
stations, and all students took turns in the role of team 
leader. their performance was assessed solely when acting 
as the team leader within a different given scenario. All 
students were evaluated using the same evaluation form, 
with two raters stationed at each ACLS station (instruc
tors from PCM). The raters included eight Doctors of 
Medicine and two healthcare professors. The study flow 
is presented in Figure 1.

Rubrics development and assessment

The performance of students during the course was 
assessed using scoring rubrics adapted from the 
AMEE guide framework and pertinent literature 
[13,22,23]. The rubric underwent content validation 
and rigorous scrutiny by all raters and was approved 
for use. Before the class, three professors performed 
content validation of the assessment form using the 
item objective congruence (IOC) method. The IOC 
revealed scores above 0.50 for all items, ranging from 
0.67 to 1.00. Subsequently, the authors revised the 
form accordingly. An alpha test, comprising two 
internists, and a beta test, involving a group of five 
fourth-year medical students, were conducted to vali
date and gather feedback on the scenarios and assess
ment forms. Finally, all raters participated in 
a meeting to standardize the assessment process and 
comprehensively understand the study’s objectives 
and assessment form. All raters unanimously agreed 
upon the amendments to the assessment form.

The assessment form included three domains: (1) 
EKG and ACLS algorithm skills, (2) management and 
mechanisms of action, and (3) affective domains. It com
prised a total of 10 questions, each assigned a maximum 
score of 10 points. The following were the questions in 
the assessment form: (1) order of EKG interpretation, (2) 
accurate EKG interpretation, (3) EKG diagnosis, (4) 
ACLS algorithm order, (5) scenario management, (6) 
correct pharmacological treatment, (7) pharmacological 
mechanism of action, (8) interpersonal skills, (9) com
munication skills, and (10) learning responsibility. The 
complete assessment form is displayed in Figure 2.

Statistical analysis

Reliability analysis
The data analyses were carried out using IBM SPSS 
Statistics for Windows, Version 29.0 (Armonk, NY: 
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IBM Corp). Categorical data were presented as percen
tages, and continuous variables were presented as means 
and standard deviations (SD). Inter-rater reliability was 
calculated using Pearson’s correlation. Cronbach’s alpha 
was utilized to identify the assessment instrument’s inter
nal reliability.

In order to test the reliability of the assessment 
instrument further, a G-theory analysis was carried 
out using a three-way ANOVA or p×i×r design, 
allowing for a fully crossed person (P) by question
naire items (I) by raters (R) design. This analysis 
estimated the various aspects of measurement var
iance attributed to the study facets [24]. Estimate 
variance components were calculated [25]. In addi
tion, a two-facet crossed design decision study was 
utilized for testing how the absolute G coefficient 

(Phi-coefficient) can change under various facet con
ditions and how to optimize the measurement. A Phi- 
coefficient above 0.80 indicates good reliability. 
Furthermore, a two-facet nested design (r:(p×i)) was 
employed [17]. Figure 3 reveals the sources of varia
bility for the r:(p×i) design adapted from Brennan 
[17], where each person (N = 96) is evaluated by all 
items (N = 10). However, the subset of the raters (5 
subsets of 2 raters) is different for each combination 
of persons and items. Person is crossed with items. 
Raters are nested within the combination of persons 
and items.

Validity analysis
CFA using maximum likelihood extraction was 
performed using StataCorp, 2021, Stata Statistical 

Figure 1. Study flow of integration of basic EKG interpretation into ACLS stations course.
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Software: Release 17 (College Station, TX: StataCorp 
LLC) to identify the construct validity. The current 
study employed six indices to assess the model fit, 
including (1) the chi-square test, represented as χ2; 
(2) the chi-square test over degree of freedom (df), 
indicated as χ2/df; (3) the comparative fit index, 
denoted as CFI; (4) the Tucker – Lewis index, also 
known as TLI; (5) the root-mean square error of 
approximation, or RMSEA; and (6) the root-mean 
square residual, referred to as SRMR. A good fit 
between the data and the hypothesized model was 
indicated by a χ2/df value less than 2, a CFI value 

greater than 0.95, a TLI value greater than 0.95, an 
RMSEA value less than 0.05, and an SRMR value 
less than 0.05 [26,27].

Results

Reliability analysis

Inter-rater reliability and internal consistency 
reliability
A total of 192 ratings were completed by two raters 
assessing 96 students, with average scores of 9.53 ± 0.49 
and 9.42 ± 0.47 for raters 1 and 2, respectively. The inter- 
rater correlations for each domain are presented in 
Table 1. An inter-rater correlation of 0.70 (p < 0.001) 
was observed, indicating a good correlation between 
the two raters.

For the internal consistency reliability, the overall 
Cronbach’s alpha of the assessment form is 0.76, 
indicating acceptable internal consistency reliability. 
When assessing specific domains, Cronbach’s alpha 
for the ‘EKG and ACLS algorithm skills’ domain was 
0.70, which would increase to 0.78 if the ‘order of 
ACLS algorithm’ item was removed. Similarly, for the 
‘management and mechanism of action’ domain, 
Cronbach’s alpha was 0.62. However, removing the 
‘mechanism of action’ item would result in 
Cronbach’s alpha of 0.99. In the affective domain, 
Cronbach’s alpha was 0.66, and all items had a total 
item correlation ranging from 0.44 to 0.50.

Figure 2. English version assessment form used in integration of basic EKG interpretation into ACLS stations course.
I had uploaded a higher quality version of this figure. Please replace it for me.

Figure 3. Sources of variability of nested r:(pxi) design. Each 
person (N = 96) is evaluated by all items (N = 10), but the 
subset of the raters (5 subsets of 2 raters) is different for each 
combination of persons and items. Person is crossed with 
items. Raters are nested within the combination of persons 
and items.
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Generalizability study
Table 2 presents the findings of the two-facet G study 
for p×i×r and r:(p×i) designs for the overall score of 
the integration of basic EKG interpretation into the 
ACLS station using SBL. The findings reveal that the 
variance percentage attributable to the universe score, 
students (P), is 20.33% of the total variance. The 
effect of the variance component, including students 
(P) and the number of assessment tool items (I), is 
12.69%. In the nested design, the variance compo
nents for students and items are 22.05% and 4.92%, 
respectively. The variance percentage of the interac
tion between students and items is 10.19%, whereas it 
is higher in the residuals (62.83%). These results 
suggest that the variation in the overall score is pri
marily due to the students themselves, with 
a relatively small contribution from the number of 
assessment items.

Table 3 presents the D study of p×i×r design, pre
dicting the reliability of the instrument using various 

combinations of assessment items and raters. The table 
displays the phi-coefficient, ranging from 0.47 to 0.67 
for one rater, 0.60 to 0.78 for two raters, and 0.66 to 0.82 
for three raters, indicating that at least three raters are 
required to achieve a reliable assessment. However, 
Table 4 demonstrates the D study of r:(p×i) nested 
facet design, correlating with the course design of the 
present study. The results illustrate that a combination 
of 10 items and 2 raters is sufficient to achieve a reliable 
evaluation, with a Phi-coefficient of 0.83. While for 
three raters, only 8 items are needed (Phi-coefficient =  
0.83). Figure 4 displays the G coefficient for the absolute 
decision for both p×i×r and r:(p×i) designs.

Validity analysis

Confirmatory factor analysis
The Kaiser-Meyer-Olkin test gave a value of 0.675, 
and the chi-square for Bartlett’s test of sphericity 

Table 1. Inter-rater reliability for the assessment of integration of basic EKG interpretation into the ACLS station by 
using simulation-based learning.

Domain

rater 1 rater 2

r p-valuemean±SD mean±SD

EKG and ACLS algorithm skills 9.36 ± 0.66 9.32 ± 0.64 0.492 <0.001
Scenario management and mechanism of action 9.61 ± 0.69 9.55 ± 0.58 0.458 <0.001
Affective domain 9.67 ± 0.60 9.41 ± 0.66 0.492 <0.001
Total 9.53 ± 0.49 9.42 ± 0.47 0.700 <0.001

SD: Standard deviation EKG: Electrocardiogram ACLS: Advanced cardiac life support. 

Table 2. G-study for p × i × r and nested r:(p × i) design for the assessment form of integration of basic EKG interpretation into 
the ACLS station by using simulation-based learning, among 96 pre-clinical medical students, 10 items and 2 raters.

Source of Variation 
p×i×r design df SS MS

Estimated Variance 
Component

% of Total 
Variance

Source of Variation r: 
(p×i) design

Estimated Variance 
Component

% of Total 
Variance

Student (P) 95 359.225 3.781 0.147 20.33 Student (P) 0.159 22.05
Item (I) 9 66.771 7.419 0.031 4.31 Item (I) 0.036 4.92
Rater (R) 1 5.002 5.002 0.004 0.50
PI 855 513.129 0.600 0.092 12.69 PI 0.074 10.19
PR 95 62.498 0.658 0.024 3.34
IR 9 11.290 1.254 0.009 1.21 Rater (R):PI 0.453 62.83
Residual (PIR, e) 855 356.210 0.417 0.417 57.62
Total 1919 1374.125 0.723 100.00 0.721 100.00

SS Sum of squares, MS Mean of squares, df Degree of freedom 

Table 3. D-Study of p×i×r design for assessment form of integration of basic EKG interpretation into the ACLS station by using 
simulation-based learning among pre-clinical medical students.

Effect

Estimate variance Components In D-Study

nr’ 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3
ni’ 4 6 8 10 12 4 6 8 10 12 4 6 8 10 12

σp
2 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147

σi
2 0.008 0.005 0.004 0.003 0.003 0.008 0.005 0.004 0.003 0.003 0.008 0.005 0.004 0.003 0.003

σr
2 0.004 0.004 0.004 0.004 0.004 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001

σpi
2 0.023 0.015 0.011 0.009 0.008 0.023 0.015 0.011 0.009 0.008 0.023 0.015 0.011 0.009 0.008

σpr
2 0.024 0.024 0.024 0.024 0.024 0.012 0.012 0.012 0.012 0.012 0.008 0.008 0.008 0.008 0.008

σir
2 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000

σpir
2 0.104 0.069 0.052 0.042 0.035 0.052 0.035 0.026 0.021 0.017 0.035 0.023 0.017 0.014 0.012

σ̂2
δ 0.151 0.109 0.088 0.075 0.066 0.087 0.062 0.050 0.042 0.037 0.066 0.046 0.037 0.031 0.027

σ̂2
Δ 0.165 0.119 0.096 0.083 0.073 0.098 0.070 0.056 0.047 0.042 0.075 0.053 0.042 0.036 0.031

Eρ2 0.493 0.575 0.626 0.662 0.689 0.628 0.703 0.748 0.777 0.799 0.691 0.760 0.799 0.825 0.844
Φ 0.471 0.552 0.604 0.640 0.667 0.601 0.678 0.725 0.756 0.778 0.661 0.734 0.776 0.804 0.824

nr’: Number of raters; ni’: Number of rubric items; Eρ2: Relative G-coefficient; Φ: Absolute G-coefficient (Phi-coefficient). 
Bold indicates acceptable reliability of 0.80 and above. 
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was significant (χ2 = 1225.87, df = 45, and 
p < 0.001), denoting a sufficiently large sample 
size for analysis (N = 192 ratings). The CFA of 

the complete assessment form was done and 
revealed acceptable goodness of fit, as displayed 
in Figure 5(a). Furthermore, in order to improve 

Table 4. D study of two-facet r:(p × i) nested design for the assessment form of the integration of basic EKG interpretation into 
the ACLS station using simulation-based learning among pre-clinical medical students.

Effect Estimate variance Components In D-Study

p×i×r r:(p × i)

nr’ 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3

ni’ 4 6 8 10 12 4 6 8 10 12 4 6 8 10 12

σp
2 0.153 σp

2 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159
σi

2 0.035 σi
2 0.036 0.009 0.006 0.004 0.004 0.003 0.009 0.006 0.004 0.004 0.003 0.009 0.006 0.004 0.004 0.003

σr
2 0.005

σpi
2 0.088 σpi

2 0.074 0.018 0.012 0.009 0.007 0.006 0.018 0.012 0.009 0.007 0.006 0.018 0.012 0.009 0.007 0.006
σpr

2 0.023
σir

2 0.007 σr:pi
2 0.453 0.113 0.076 0.057 0.045 0.038 0.057 0.038 0.028 0.023 0.019 0.038 0.025 0.019 0.015 0.013

σpir
2 0.471

σ̂2
δ 0.132 0.088 0.066 0.053 0.044 0.075 0.050 0.038 0.030 0.025 0.056 0.037 0.028 0.022 0.019

σ̂2
Δ 0.141 0.094 0.070 0.056 0.047 0.084 0.056 0.042 0.034 0.028 0.065 0.043 0.033 0.026 0.022

Eρ2 0.547 0.644 0.707 0.751 0.784 0.679 0.761 0.809 0.841 0.864 0.739 0.809 0.850 0.876 0.895
Φ 0.531 0.629 0.694 0.739 0.772 0.655 0.740 0.791 0.826 0.850 0.710 0.786 0.830 0.859 0.880

nr’: Number of raters; ni’: Number of rubric items; Eρ2: Relative G-coefficient; Φ: Absolute G-coefficient (Phi-coefficient). 
Bold indicates acceptable reliability of 0.80 and above. 

Figure 4. Decision study (D study) results for the pre-clinical medical students (n = 96) scores in integration of basic EKG 
interpretation into ACLS station course. Students were scored using two raters and ten assessment items. The coefficients are 
the projected phi-coefficient for different combinations of raters and assessment items. (a) r:(pxi) nested design (b) pxixr design.

Figure 5. Confirmatory factor analysis of the full assessment form (a) and abbreviated assessment form (b) used in the 
integration of basic EKG interpretation into the ACLS station course. (a) The goodness of fit was tested, revealing the normed 
Chi-square value (χ2/df) was 1.36, CFI = 0.99, TLI = 0.98, RMSEA = 0.05 and SRMR = 0.07, indicating an acceptable fit for the data. 
(b) The goodness of fit was tested, revealing the normed Chi-square value (χ2/df) was 1.33, CFI = 1.00, TLI = 0.99, RMSEA = 0.04 
and SRMR = 0.04, indicating a good fit for the data.

MEDICAL EDUCATION ONLINE 7



the construct validity of the assessment form, 
questions with a loading factor below 0.3 were 
excluded. Consequently, a shortened eight- 
question assessment form was created with 
a goodness of fit index of normed chi-square 
value (χ2/df) of 1.33, CFI = 1.00, TLI = 0.99, 
RMSEA = 0.04, and SRMR = 0.04, indicating 
a better fit for the data in comparison with the 
full 10-question form (Figure 5(b)).

Discussion

This study demonstrated the validity and reliability of 
assessment rubrics for evaluating students’ overall 
performance in the ‘Integration of Basic EKG 
Interpretation into ACLS Station’ course. Both inter- 
rater and internal consistency reliabilities were accep
table, with values exceeding 0.70. Additionally, 
a generalizability study was conducted to determine 
the optimal number of items and raters required for 
reliable assessment, addressing constraints such as 
limited time and equipment in the SBL setting. The 
study revealed that a minimum of two raters are 
needed to attain acceptable reliability (Phi- 
coefficient ≥0.80). Moreover, the Phi-coefficient is 
relatively higher when evaluating only a subset of 
scenarios with two raters (a nested r:(p×i) design). 
Furthermore, this study shows that eight assessment 
items are sufficient to achieve good reliability with 
three raters. Thus, items with low loading factors 
were removed and left with an abbreviated form 
comprising eight questions. Using three raters on 
the abbreviated form resulted in good validity and 
reliability.

Reliability of the assessment rubrics

The overall inter-rater reliability in this study was 
0.70, which is considered acceptable. However, the 
reliability within individual domains was compara
tively lower, likely due to the challenges of assessing 
performance-based tasks as raters may struggle to 
provide consistent scores across different criteria 
[28]. To address this issue, it is crucial to develop 
detailed descriptors for each criterion in the rubric to 
enhance consistency and reliability. Providing good 
and poor performance examples for each criterion 
can enhance raters’ understanding and improve eva
luation accuracy and consistency. For instance, 
a previous SBL course to evaluate anesthesiology 
skills among residents employed a rater training pro
gram including calibration through independent 
video scoring until a consensus is reached, resulting 
in good inter-rater reliability across domains [29].

To our knowledge, this is the first study to apply 
G-theory analysis to evaluate ACLS simulation-based 
scenario scores among pre-clinical students, making 

direct comparisons with similar studies challenging. 
However, resource allocation challenges are not 
unique to this study. For instance, previous studies 
have utilized G-theory to optimize human resource 
allocation in pre-clinical Problem-Based Learning 
(PBL) programs and transthoracic echocardiography 
workplace-based assessments for physicians [30,31]. 
Additionally, G-theory analysis has been applied in 
SBL contexts where resources were extensively uti
lized [8,32,33]. While prior studies primarily focused 
on facets such as occasions or the number of scenar
ios, the current research addressed unique con
straints, including a single assessment occasion per 
student due to a larger cohort and limited resources. 
To optimize these resources, this study focused on 
two key factors: the number of items and the number 
of raters.

Similar to other studies on performance-based assess
ments using scoring rubrics, the present study identified 
significant unexplained residual variance [8,30,32–34]. 
Moreover, the present study employed SBL in the 
ACLS context among pre-clinical students, which is rela
tively new for students and instructors, even with prior 
training. As a result, assessments, particularly in non- 
cognitive domains, may pose challenges, leading to 
slightly higher unexplained residual variance than SBL 
studies conducted with residents or physicians [32,33]. 
To mitigate this, these factors could be evaluated during 
debriefing rather than within scenarios to address the 
difficulty of assessing domains such as interpersonal 
skills, communication, and learning responsibility. 
Individual and peer-to-peer feedback sessions provide 
opportunities for assessing interpersonal and communi
cation skills [35,36]. Additionally, refining the scale of 
assessment items could further enhance reliability, which 
will be explored in future studies.

The nested r:(p×i) design can exhibit higher reliability 
compared to a two-facet p×i×r crossed design in certain 
contexts. This is because having subsets of raters evaluate 
different students, rather than each rater assessing every 
student, can reduce potential rater fatigue and inconsis
tencies [24]. In the present SBL course, the design aligns 
with the r:(p×i) structure, where each rater evaluates 
specific scenarios for unique students. This alignment 
supports the expectation of higher reliability due to the 
focused assignment of raters to scenarios. Furthermore, 
in designing the SBL course, a nested design can help 
raters focus on a specific scenario, enhancing their exper
tise in assessing that scenario and potentially reducing 
the overall duration of the course. Therefore, a nested 
design should be considered when time or resource 
constraints are present.

Validity of the assessment rubrics

The rubric developed in this study is thoroughly 
aligned with the course learning objectives. Its 
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content validity was established through multiple 
approaches, including applying the AMEE guiding 
framework to inform rubric development and align
ment with the Thai Medical Competency Assessment 
Criteria. Three experts conducted a content review 
using the Index of Item-Objective Congruence (IOC) 
method. Furthermore, alpha and beta testing were 
performed to ensure the rubric’s reliability and 
robustness.

Regarding construct validity, a CFA was per
formed on the assessment form, which measured 
three different domains: EKG and ACLS algorithm 
skills, management and mechanism of action, and 
affective domain. Despite an acceptable fit of the 
overall model, two questions indicated low loading 
factors below 0.30. Nevertheless, these questions were 
retained in the G-theory model as they aligned with 
the learning objectives and literature review. 
However, in the nested design, we found that an 
eight-item assessment form with three raters achieved 
acceptable reliability. The present study suggested 
that employing an 8-item form could improve con
struct validity and obtain acceptable reliability, with 
the study’s Phi-coefficient for the 8-item form with 
two raters being 0.79. Therefore, in practice, the 
questions with low loading factors could be removed 
to enhance construct validity and still achieve good 
reliability, resulting in an abbreviated eight-question 
form. Moreover, by reducing the number of items, 
the raters might be able to concentrate more on each 
item, thus reducing their burden [37].

Strategies to improve reliability

This study offers valuable insights into applying G-theory 
analysis for assessing pre-clinical SBL using high-fidelity 
mannequins. Limitations arose due to the high student-to- 
resource ratio, including mannequins, raters, and time, 
allowing only one assessment occasion per student. The 
findings indicate that achieving valid and reliable assess
ments requires either two raters for a ten-item rubric or 
three raters for an abbreviated eight-item version. 
However, the practicality of this approach is limited, as 
the simultaneous presentation of five scenarios would 
demand 10 to 15 raters. Consequently, strategies to 
enhance the reliability of the current rubrics are essential.

A previous study on SBL in anesthesiology suggested 
shortening scenarios to allow for the collection of addi
tional performance samples and making scenario con
tent more generic [8] to enhance reliability. However, 
since the current course is designed for pre-clinical stu
dents, who are relatively new to the ACLS context, this 
approach should be considered with caution. The present 
study integrated EKG interpretation with ACLS station 
mega codes, employing consecutive realistic scenarios to 
provide pre-clinical students with early clinical exposure. 
Alternatively, practice rounds or peer-led mock 

examinations could be introduced to enhance students’ 
expertise and familiarity with the content before sum
mative assessments. Including formative evaluations to 
assess students’ achievement of learning outcomes has 
also been shown to improve satisfaction, as demon
strated in a study involving 218 undergraduate nursing 
students in clinical simulation learning [14].

Peer assessment through a multisource feedback 
process has been recognized as a reliable and valid 
method for evaluating the competencies of profes
sionals and trainees [25]. In addition to instructor 
assessment, self- and peer assessment could be con
ducted. Moreover, it is crucial to give raters adequate 
training on how to utilize the assessment form and 
apply the criteria consistently. Conducting regular 
calibration exercises and providing feedback can 
help ensure that the raters consistently apply the 
criteria [38,39]. Additionally, conducting a formative 
assessment prior to the summative evaluation could 
benefit students. In the context of formative assess
ments, a Phi-coefficient of 0.70 is considered accep
table. The results of the present study indicate that 
only one rater is needed to achieve this level of 
reliability for the course’s formative assessment.

Another approach to increase reliability is to provide 
a more detailed scoring system for each domain in the 
assessment form [39]. Previous research on the assess
ment of fourth-year medical students using a checklist 
exhibited good reliability in evaluating EKG interpreta
tion skills [23]. The use of checklists has also demon
strated high reliability in objective structured clinical 
examination (OSCE) evaluation [39]. Moreover, 
detailed scoring checklists used during ACLS certifica
tion exams have been shown to have good validity and 
reliability [40]. Nevertheless, rubrics offer clear guide
lines and expectations for student performance, pro
mote grading and evaluation consistency, provide 
specific feedback on students’ strengths and weak
nesses, and can be utilized as a teaching tool to help 
students understand task or assignment expectations 
and develop self-assessment skills [11]. Therefore, inte
grating a checklist within each evaluated domain may 
improve the assessment’s reliability and validity.

Limitations

The current study has some limitations that need to be 
acknowledged. Firstly, the study sample only included 
third-year pre-clinical students in a specific educational 
setting (i.e., PCM). Therefore, further research is 
required to determine the generalizability of our findings 
across various educational settings and multiple study 
years, as well as the clinical environment and different 
cultures. Secondly, the present study exclusively assessed 
students’ EKG interpretation skills within the context of 
ACLS. Therefore, caution may be necessary when pro
ceeding with the external validation of the study results. 
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Thirdly, the limited duration of the course restricted the 
time available for a comprehensive evaluation of the 
reliability and validity of the assessment scale. Future 
studies with extended timelines may provide more 
robust evidence for blueprinting, standard setting, con
sequences, quality control, and prediction of later perfor
mance. Finally, the nested model used in the 
Generalizability study was not capable of capturing the 
potential effect of other variables, including the number 
of scenarios, occasions and the order in which the stu
dents were tested, on the overall score. Moreover, the 
variation in scenario difficulty might have affected the 
results. In addition, while increasing the number of items 
is known to enhance reliability, this study required addi
tional raters to achieve similar reliability levels due to 
constraints on item quantity. However, relying on more 
raters is less feasible and highlights a limitation of the 
study. Hence, given the current findings, caution should 
be exercised when using the assessment tool as a single- 
occasion high-stakes summative assessment.

Conclusion

The present study contributes to the evidence on the 
validity and reliability of the developed rubrics for asses
sing cardiac life support skills among pre-clinical students 
and investigates the optimal number of items and raters 
required for reliable assessment using generalizability 
theory. The findings suggest that employing two raters 
to evaluate single-occasion student performance is neces
sary to achieve good reliability. Assigning a unique set of 
raters to each student within a nested design may 
enhance reliability while also reducing the time required 
for assessments. To optimize resource utilization, enhan
cing the level of detail in the assessment form or incor
porating peer assessment may be beneficial. Additionally, 
we propose a condensed assessment form with eight 
items, demonstrating good validity and acceptable relia
bility, as a feasible option for future evaluations.
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