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Development and Validation Instrument for Assessment of
Competence in Electrocardiogram Rhythm
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ABSTRACT

OBJECTIVE: This study aimed to develop and assess three instruments to evaluate student competence
in interpreting electrocardiograms (ECGs).

METHODOLOGY: The study was conducted within a nursing education program in Indonesia in 2022,
involving a sample size of 73 participants. This research employs a research and development
framework utilizing the Tessmer Method. Three assessment instruments were developed to evaluate
students' ECG interpretation knowledge, skills, and self-confidence. These instruments underwent
psychometric analysis, which included Evaluation of face validity, content validity, structural validity,
and reliability assessments focusing on internal consistency and stability.

RESULTS: The findings indicated that the interpretation competency instruments denoted as 3 ECG
were valid, as they effectively measured the intended constructs, achieving an average validity value of
0.87. The instruments assessing knowledge, skills, and self-confidence exhibited a Content Validity
Index (CVI) value of 1 or greater. Furthermore, these instruments demonstrated reliability, with
Cronbach's alpha coefficients recorded as follows: Knowledge: 0.913, Skills: 0.855, and Attitude: 0.904.
CONCLUSION: The three instruments for evaluating nursing student's knowledge, skills, and
self-confidence effectively assess their competency in interpreting ECGs. Knowledge evaluates
theoretical understanding; Skills measure practical ability to analyze ECGs; Self-Confidence assesses
students' belief in their skills, influencing performance in clinical settings. Together, these tools offer a
comprehensive framework to gauge nursing students' proficiency in this critical healthcare area.
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INTRODUCTION 315 million cases in 2022*. Consequently, it is crucial
for nurses to promptly recognize arrhythmias, thereby
ensuring that patients receive timely treatment to avert
serious outcomes, such as death or disability’.
Despite the significance of this issue, there remains a
notable deficit in nurses' ability to identify heart

An electrocardiogram (ECG) is a vital diagnostic tool
for evaluating patients with heart rhythm disorders,
particularly in emergency scenarios and for disease
screening. All nurses must be competent to identify
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therefore tasked with designing and developing valid
and reliable instruments that comprehensively
measure this competency.

The research utilizes Bloom's taxonomy approach, a
well-regarded educational framework highlighting the
significance of knowledge, attitudes, and skills in
shaping an individual's actions toward achieving
optimal results. Confidence is critical, enabling
individuals to perform tasks effectively, particularly
under pressure. These three elements-knowledge,
attitudes, and skills-are interrelated and collectlvely
contribute to an individual's competence'. The
assessed attitude in this context concentrates on
students' self-confidence regarding their ECG
interpretation capabilities, with the affective aspect
focusing on their confidence levels in this skill.

While Hernandez-Padilla et al. have designed a
comprehensive instrument for assessing ECG
interpretation competence, encompassing knowledge,
skills, and attitudes, it has been deemed overly
complex for third-semester nursing students. There is
a pressing need for a new assessment tool specifically
de3|gned to focus on arrhythmias related to ischemia/
infarction'’ Developing a novel assessment
mstrument is necessary to evaluate the competencies
associated with ECG learning, a vital skill within the
adult nursing curriculum, particularly concerning the
cardiovascular, respiratory, and hematological
systems. Based on the above data, this research
endeavors to design and create a valid and reliable
assessment tool, comprehensively measuring nursing
students' proficiency in interpreting ECGs.

METHODOLOGY

Study Design

This research is classified as a study focused on
research and development. It employs a cross-
sectional study design, allowing for simultaneously
examining a specific population. This design facilitates
the collection and analysis of data to understand
various factors and relationships within the research
context.

Population and Sample

This study targets students enrolled in a Nursing
faculty in Aceh Province. It employed a convenience
sampling method, with specific inclusion criteria, to
select all active 2022/2023 academic year students
who had yet to undergo ECG training during the
preceding year. Ultimately, a sample size of 73
participants was achieved. The research activities
were conducted from August to September 2022.
Instrument

This instrument was developed utilizing the Tessmer
method, a framework frequently implemented within
educational contexts. This model is appropriate for
developing and assessing media and learning
resources. According to the Tessmer model, the
evaluation process is categorized into two distinct
phases: preliminary and formative evaluation'

The initial stage entails identifying various theories
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and references underpinning the instrument's
development to evaluate undergraduate students'
competencies in interpreting ECGs. The formative
evaluation phase encompasses self-evaluation, expert
reviews, one-to-one testing, small group testing, and
research with larger sample sizes. Revisions will be
made to each testing stage based on the feedback
received'?

Figure I: Tessmer Formative evaluation stages

Expert
Reviews
cvise
Small
Group

—
The self-evaluation stage commences with examining
the curriculum and learning outcomes pertinent to the
Adult Nursing course, explicitly focusing on the
cardiovascular, respiratory, and hematologic systems.
This initial analysis aims to enhance instrument
development and delineate the characteristics of
participants  constituting the research sample.
Formative Evaluation entails several methodological
stages, specifically:

1) Expert Review engaging subject matter experts to
provide critical insights and collaborate with
researchers;

2) One to One Evaluation, where an individual student
collaborates with experts to assess the developed
instrument;

3) Small Group Assessment conducted trials involving
students in small cohorts and

4) Field Testing—executing trials on a larger group
corresponding to the research subjects

While an initial focus group discussion among experts
was anticipated, logistical constraints due to some
experts undergoing training necessitated substituting
this method with in-depth interviews centred on
competencies in ECG interpretation. Subsequently,
thirty-five questions were formulated in the Indonesian
language, encompassing three components of
competence: knowledge, skills, and self-confidence.
Moreover, the instrument was reviewed by four
experts, including two faculty members from the Adult
Nursing department with extensive academic and
professional experience in ECG interpretation. The
remaining two evaluators are faculty and nursing
professionals training students in cardiac wards and
intensive coronary care units. Concurrently, the
instrument was trialed with three students to identify
potential difficulties or ambiguities in responding to the
questions. Experts and students were solicited for
evaluations regarding the mstrument‘s clarity,
conciseness, and comprehen3|blllty

Experts rigorously assessed the mstrument‘s content
validity using a relevance scale ranging from 1 (Not
Relevant) to 4 (Very Relevant). Instrument questions
achieving an acceptable Item Content Validity Index (I
-CVI) value of 1 were retained for the study, whlle
those with an I-CVI value below 1 were discarded '
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Validity and reliability assessments of the knowledge,
skills, and self-confidence instruments were executed
on a singular occasion. The validity analysis employed
Pearson correlation to establish the relationship
between each item's score and the cumulative score
of the questionnaire, operating at a significance level
of a = 0.05, with a corrected ITC threshold of > 0.3,
denoting validity. The instrument's reliability was
evaluated via Cronbach's Alpha, wherein an a > 0.70
indicates reliability, a score between 0.80 and < 0.90
reflects good reliability, and a > 0.90 signifies
excellent reliability. A higher Cronbach's Alpha score
infers a more substantial internal consistency
reliability™.

Data Analysis

Pilot study

The pilot study involved ten respondents who were
not included in the subsequent primary research. This
phase was run to evaluate students' competencies in
ECG interpretation, and a comprehensive
questionnaire  comprising 30 questions was
developed. The validity assessment results revealed a
Pearson correlation coefficient of less than 0.05.
Conversely, the reliability analysis indicated by
Cronbach's Alpha demonstrated that the instruments
possessed high reliability values (knowledge: 0.933,
skills: 0.932, and self-confidence: 0.956). Therefore, it
can be concluded that the three instruments are both
valid and reliable.

Final data analysis

Data analysis is performed on a computer system to
evaluate the assessment tool's validity and reliability.
Below is the description of the ECG interpretation
competency assessment instrument designed for
students:

Instrument for ECG interpretation knowledge

This part comprises ten multiple-choice questions,
each featuring five answer options with a singular
correct response. The questionnaire evaluates
fundamental concepts of electrocardiography,
including the characteristics of ECG waves and
abnormalities associated with P, Q, ST, and T waves,
as well as the features indicative of sinus rhythm ECG
and conditions involving ischemia and infarction. The
assessment results provided by four experts are
deemed valid if the item-level content validity index (I-
CVl) equals 1, the ITC value exceeds 0.3, and
Cronbach's alpha is more significant than 0.85,
indicating that the overall score would not significantly
increase upon removing any items. Data analysis of
the ten questions evaluating knowledge has yielded
an I-CVI score of 1. Furthermore, Pearson correlation
results indicate a significance value lower than 0.05.
The reliability assessments demonstrate an ICT
greater than 0.3 and a Cronbach's alpha of 0.913,
suggesting that all questionnaires are suitable for
retention.

ECG interpretation skills instrument

The Evaluation of ECG interpretation skills comprises
ten questions that participants are required to answer.
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Each question includes a specific ECG strip identified
as 1 ECG and shall consist of six sub-items that
participants must complete. These sub-items include
the assessment of rhythm, duration, and amplitude of
the P wave, duration of the QRS complex, PR interval,
heart rate, and an overall conclusion. Notably, this
assessment tool necessitates that students formulate
their responses without providing answer choices,
thereby eliminating the possibility of scoring by
random guessing. Furthermore, all sub-items must be
thoroughly addressed and analyzed in the context of
the presented ECG strip. This research aims to
validate this instrument's effectiveness in gauging
students' competencies in ECG interpretation. The
data analysis outcomes for the ten skill assessment
items yielded an Item Content Validity Index (I-CVI)
score of 1 for all items. However, three items received
[-CVI values below 1, excluding them from the
analysis.

Conversely, the data about knowledge assessment
similarly recorded an I-CVI score of 1 across all ten
questions. The Pearson correlation results indicated a
statistically significant relationship with a p-value less
than 0.05. Additionally, the reliability analysis reflected
an Intraclass Correlation Coefficient (ICT) exceeding
0.3 and a Cronbach's Alpha coefficient of 0.855, thus
affirming the retention of all questionnaires.
Self-confidence assessment instrument

The self-confidence assessment tool comprises
statements about students' confidence levels in
interpreting ten displayed ECG images, evaluated
using a Likert scale ranging from 1 to 5. Twelve ECG
images were prepared, requiring students to gauge
their confidence regarding interpreting these images.
Data analysis results for the ten confidence-related
questions indicated an |-CVI score of 1 for all items;
however, two questions exhibited I-CV values below
1, necessitating their exclusion from the analysis.
Additionally, Pearson correlation results demonstrated
statistical significance with a p-value of less than 0.05.
Reliability testing yielded an ICT greater than 0.3 and
a Cronbach's alpha of 0.956, confirming that the
questionnaires are suitable for retention. Further
descriptions of the ECG images utilized to evaluate

confidence in ECG interpretation are detailed in
Table 4.
Ethical Statement

This study was undertaken following the approval from
the Faculty of Nursing ethics committee at Syiah
Kuala University, reference number 113088050922.
Before the commencement of the research,
participants were given comprehensive information
regarding the research design, objectives, and their
rights as respondents. Those who consented to
participate were required to sign an informed consent
form.

RESULTS

Characteristics of Respondent
The data on the characteristics of the respondents in
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this study are:
Table I: Characteristic Respondents
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instruments. According to the results displayed in
Table 5, the validity tests confirm that all items are
valid, as evidenced by the table's r value of 0.2303,

Characteristics F % . .
> which exceeds the required r value. The elevated
Gender Cronbach's Alpha and |-CVI scores further underscore
Female 68 93 the consistent and accurate nature of the instrument.
Male 5 7 Table lll: Psychometric statistic of ECG Skill
Age (Years) Assessment tool
Topi Corrected-ltem Cronbach's Alpha I-CVI
19-20 (Late Teenage) 73 100 opic total correlation _Ifitem deleted '~
Education Inferior Infarction 0,530 0,844 1
Bachelor Nurse 73 100 Asystole 0.715 0,830 1
Table | indicates that most respondents are female, Sinus Tachycardia 0.813 0,890 !
comprising 93% of the sample. Furthermore, all Sinus Arrhythmia 0,764 0,824 1
respondents (100%) fall within the age range of 19 to Pulseless Electrical 0.645 0.845 ]
20 years, and 100% hold a Bachelor's degree in Activity i i
nursing. Ventricular Tachycardia 0,692 0,836 1
The results of _the test of the three_ instruments of Right Bundle Branch 0576 0.645 ]
knowledge, attitude, and self-confidence are as Block ’ ’
follows: Electrolyte Imbalance: 0.776 0.837 1
Table II: Psychometric statistic of ECG knowledge Hyperkalemia
questionnaire tool Sinus Arrest 0,770 0,844 1
Ventricular Fibrillation 0,776 0,837 1
Corrected- ¢,/ hach's
Topic Item Alpha I-cvI . L
to:aI. If ltem Deleted Table IV: Psychometric statistic of ECG
correlation self-confidence assessment tool
Identification of ECG sinus v
rhythm 0.699 0,904 1 . Corrected-ltem Cronblach s
Topic total correlation Alpha if Item 1-CVI
Calculating heart rate 0,555 0,914 1 deleted
o ) | feel.....when interpreting the following ECG...
Identifying ST Segment in 0,726 0,904 1 . p g g
STEMI Anterolateral infarction 0,598 0,898 1
Identifying T Wave abnormalites 0,590 0,910 1 Inferior Infarction 0,700 0,892 1
Identifying P wave abnormalities 0,708 0,903 1 Atrial Flutter 0,639 0,895 1
Characteristics of anterior 0.591 0.910 1 Sinus tachycardia 0,640 0,895 1
infarction ' ' Sinus Arrest 0,618 0,896 1
Identifying Q Wave and QRS Sinus Bradycardia 0,586 0,899 1
haracteristics 0.671 0,905 1 i
Cc Third-degree AV block 0,594 0,899 1
Identifying PR interval 0,726 0,902 1 Sinus Arrhythmia 0,791 0,855 1
g\r}agﬁ)cgsristics of First-degree 0,839 0,895 1 Asystple __ 0,702 0,891 1
Ventricular Fibrillation 0,738 0,889 1
Identifying atrial fibrillation 0,786 0,898 1 . .
ying Table V: Validity Test of 3 instruments: Knowledge
Tables II, lll, and IV present the validity and reliability ~ (K), Skill (S), and Self-Confidence (S.C.)

analysis results of the three instruments utilized to
evaluate the ECG interpretation capabilities of nursing
students. The reliability assessment, determined by
Cronbach's Alpha, yielded the following coefficients
for the instruments: knowledge (0.913), skills (0.855),
and self-confidence (0.904), indicating a high level of
reliability. The obtained ITC values for knowledge
ranged from 0.555 to 0.839, skills from 0.530 to 0.813,
and self-confidence from 0.586 to 0.791. All item ITC
values surpassed the 0.3 threshold, demonstrating
that every test item adheres to the criteria for internal
consistency, with higher scores indicating greater
internal consistency reliability. Regarding the validity
of the instruments, an analysis conducted by four
experts revealed an [-CVI value of 1 for the three
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r calculation (0,2303)

K S SF
0,758 0,606 0,679
0,661 0,769 0,761
0,773 0,876 0,711
0,669 0,884 0,718
0,778 0,726 0,698
0,672 0,703 0,675
0,735 0,599 0,690
0,789 0,760 0,839
0,876 0,746 0,766
0,838 0,760 0,798
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DISCUSSION

Current literature indicates that nurses and nursing
students need more competency when interpreting
ECGs. This shortcoming has the potential to affect
patient recovery outcomes15-17 adversely. This
situation underscores the imperative for nursing
educators to promote safe clinical practices, which
can be accomplished by developing robust and
trustworthy assessment instruments to evaluate ECG
interpretation  competence holistically 1820 The
competency assessment encompassing three critical
components-knowledge, skills, and confidence - has
been formulated and subjected to empirical testing for
validity and reliability by Hernandez-Padilla et al. Upon
thorough analysis, it has been determined that the
assessment tool presents significant complexity when
employed to evaluate nursing students' ECG
interpretative capacities, specifically within adult
nursing courses, mainly focusing on the
cardiovascular, respiratory, and hematological
systems. Furthermore, there is a pressing need for
more targeted inquiry to recognize ischemia or
infarction in the educational curriculum accurately.
This necessity is the foundation for developing a
revised assessment instrument, incorporating
strategic modifications predicated on the above three
competencies, skills, confidence, and desired learning
outcomes’".

Knowledge is the bedrock of understanding and is
pivotal for the adept execution of clinical skills. The
synergy of well-established knowledge and honed
skills is significantly enhanced when underpinned by
high levels of self-confidence, allowing nursing
practltloners to perform their tasks effectively and
correctly Therefore, ensuring a comprehensive
evaluation of nursing students' competencies in ECG
interpretation is essential. This Evaluation must
include the assessment of the tripartite and
mterdependent constructs of knowledge, skills, and
confidence'. The assessment instruments currently
employed to gauge students' competencies in ECG
interpretation need more completeness and continuity
in their application. Consequently, there is a
pronounced need to create and validate instruments
that accurately assess students' competencies in this
critical area. Historically, methods for evaluating ECG
interpretation competency have primarily focused on
knowledge and skills; however, it is essential to
integrate components of self-efﬁcacy and self-
confidence into these assessments®?%?®

This study employed the judgment of four experts to
ascertain content validity, which measures the extent
to which an assessment tool corresponds with a
specified research focus as evaluated by field experts.
The resulting Item-Content Validity Index (I-CVI) was
scored at 1. According to established guidelines, an |-
CVI of 1, given the Evaluation by three to four experts,
indicates that the instrument is of high quality and
suitable for research purposes. This approach aligns
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with previous studies, which sup;z)ort the conclusions
reached regarding content validity?*

Validity testing evaluates the accuracy of a measuring
instrument in capturing the intended constructs.
Content validity evaluates the instrument's relevance
and appropriateness through expert analyses. By
engaging experts in the content validation process,
researchers can ensure that the developed instrument
reflects the theories or concepts it aims to measure.
The greater the instrument's alignment W|th the entire
construct, the higher the content validity ™

Additionally, this study assessed rellabllity by
measuring internal consistency utilizing Cronbach's
Alpha coefficient. The computed values from this
analysis (K=0.913, S=0.932, SF=0.956) indicate
internal consistency levels well above 0.8, concluding
that the instruments developed are of excellent
quality. This conclusion is further corroborated by
research conducted by Srivastava et al. and
Meanjung, et al., which also reported Cronbach's
alpha values exceedlng 0.9, further valldatlng the
reliability of the assessment instruments?’

A significance level of 0.05 (a=0.05) was applied
within this study, which stipulated that an inter-
correlation coefficient above 0.3 (= 0.05) reflects the
validity of the three assessment instruments, and
these findings align with earlier validity assessments
2421 |nternal consistency is critically evaluated by
determining how uniformly the items or components of
the instrument correlate with one another. An inter-
correlation coefficient of 0.30 is considered adequate
for satisfactory dlscrlmlnatlve power at a 0.05
significance level % .

The three developed instruments are intended for
educators to foster enhanced, comprehensive ECG
interpretation competencies among nursing students.
They will equip them with the skills necessary to
provide exemplary care for patients suffering from
heart rhythm disorders, positively impacting patient
health outcomes. Despite the established validity and
reliability of the three assessment instruments, certain
limitations persist. Notably, the sample size utilized
during testing could have been bigger, necessitating
subsequent validation with more extensive sample
populations. Furthermore, the reliability assessment
was confined to a singular period; thus, implementing
test-retest reliability assessments during pilot and field
tests remains vital. Future research should focus on
conducting randomized instrument evaluations among
students and practicing nurses in clinical hospital
settings.

CONCLUSION

Following comprehensive validation, the instrument
designed to evaluate competencies in ECG
interpretation has exhibited exemplary psychometric
quality. The associated questionnaire, which
encompasses knowledge, skills, and self-confidence,
is particularly noteworthy for its validity, reliability, and
conciseness. It offers a holistic assessment framework
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for educators to evaluate nursing students'
competencies in ECG interpretation.

Evaluating learning outcomes emphasizing three
competency dimensions is paramount, as it thoroughly
appraises an individual's knowledge, skills, and self-
confidence proficiencies. Such Evaluation s
instrumental in equipping students with the requisite
competencies in ECG interpretation during their
academic tenure. Furthermore, this instrument
facilitates a detailed assessment of students'
capabilities, explicitly allowing for effective practice
with patients experiencing arrhythmias, ensuring
patient safety and security during their subsequent
professional engagements.
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