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Abstract: The quality of measurement instruments is an essential factor in
ensuring accurate and meaningful learning assessments. However, many test
instruments have not undergone empirical validation, which reduces their
reliability and accuracy. This study aimed to develop and empirically validate
a conceptual understanding test on dynamic electricity for high school
students. A quantitative descriptive design was employed involving 66
students who had studied the topic of dynamic electricity. Item analysis
included validity, reliability, discrimination index, and difficulty level tests.
The results showed that 11 multiple-choice items met the criteria for validity
and reliability with appropriate levels of difficulty and discrimination. These
findings indicate that the developed instrument has good quality and can
consistently measure students’ conceptual understanding. Therefore, this test
instrument can be used by teachers and researchers as a representative and
high-quality tool to evaluate students” conceptual mastery and improve the
quality of physics learning assessment.

Keywords: Conceptual understanding; Dynamic electricity; Empirical
validation; Test instruments

Introduction

Understanding physics is important for supporting
effective learning and learning objectives. Well-
internalized concepts help students apply them to
various problem contexts (Pramita & Putri, 2023;
Resbiantoro et al., 2022; Susilawati et al. 2022; Wang et
al., 2024). However, students frequently have difficulty
understanding physics (Pribadi et al., 2023). Students
have similar issues when studying dynamic electricity.
Rahmawati et al. (2023) discovered a significant
proportion of electrical idea misunderstandings based
on the findings of a four-tier diagnostic test. High-
quality instruments must be used while explaining the
issues that students encounter.

The quality of instruments as tools for measuring
students' conceptual understanding is an important
factor in the success of assessments. The use of high-
quality measuring instruments can increase engagement
and participation in learning (Basri et al., 2024; Irawan,
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Indraloka, et al., 2025; Susilawati et al., 2022). Creating
high-quality instruments requires a lengthy process and
significant time (Pratama & Istiyono, 2024; Sari, 2020;
Zhang et al., 2023). Another challenge in instrument
development is the limitation of resources and the ability
to analyze test instruments (Rismaulhijjah & Kuswanti,
2022). Basri et al. (2024) also emphasized based on their
observations that the conceptual understanding test
used did not meet the criteria for validity and reliability.

However, many test instruments have not
undergone empirical validation, which reduces their
reliability and accuracy, leading to inaccurate

assessments of students” conceptual understanding and
less effective learning feedback. Rigorous validation is
essential because assessment users must be able to trust
the results, and the proliferation of unvalidated
instruments poses a significant threat to the quality and
fairness of educational measurement (Kaigama &
Daniel, 2022; Rezai, 2022). Considering that case,
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research focused on developing high-quality concept
understanding test instruments is needed.

Empirical validation of instruments ensures the
technical quality of measurements and strengthens
confidence in the resulting assessments (Camacho-
Tamayo & Bernal-Ballen, 2023). In the context of physics
education, instruments that have undergone empirical
validation can serve as diagnostic tools, helping teachers
identify students' misconceptions and design targeted
learning interventions (Sukarelawan et al., 2024; Wardi
& Jauhariyah, 2025). The validation process includes
empirical testing using item response models or factor
analysis. Through this process, items that do not
represent the construct well can be revised or deleted,
resulting in more accurate measurement results
(Bashooir & Supahar, 2018; Kartini et al., 2019; Mardian
et al., 2023). Thus, empirical validation contributes to the
continuous improvement of assessment quality,
ensuring that student measurement practices align with
modern educational standards emphasizing evidence-
based evaluation and accountability.

This study aims to test the validity of the
instrument for assessing students' understanding of
dynamic electricity concepts. The validity test was
conducted to ensure that the resulting test instrument is
of good quality and can accurately provide appropriate
results (Bhakti et al., 2023; Faridah, 2021; Khasanah et
al., 2019). The validated test instrument is in the form of
multiple choice questions with five answer options.
Multiple-choice instruments were chosen because they
can present questions in a simpler and easier way
(Irawan et al., 2025; Irawan et al., 2025; Kusairi, 2020).
Thus, the results of this study are expected to produce a
high-quality conceptual understanding test instrument
that can be used by teachers and researchers in
measuring  students' conceptual understanding,
especially in dynamic electricity.

Method

This study applied a quantitative descriptive
approach with the aim of evaluating the validity of the
conceptual understanding test instrument. The
instrument was specifically developed to measure
students' understanding of Concept of Dynamic
Electricity. The research findings were used to assess the
quality of the instrument as a representative measuring
tool in identifying students' level of conceptual
understanding. The initial instrument consisted of 13
multiple-choice questions designed based on learning
outcome indicators for the topic of static electricity. The
analysis results showed that out of the 13 questions
tested, 11 questions met the validity criteria and were
suitable for use as a conceptual understanding test. The
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details of the indicators for each question are presented
in Table 1.

Table 1. Indicators of Conceptual Understanding Test
Items

Indicator Item No.
Analyze the relationship between current, charge, 1
and time in an electrical circuit.
Apply Ohm's law in analyzing the relationship 2,3,5
between electric current and potential difference.
Analyze resistance in an electrical circuit. 4,6
Apply Kirchhoff's first law in investigating the 7
current passing through a junction point.
Analyzing Kirchhof's second law using equations 8,9
Ye=YIXR
Analyzing the application of electrical power in 10
everyday life
Analyzing the application of electrical energy in 11
everyday life

The validation test for the conceptual

understanding test instrument was conducted on 66
students who had participated in learning about
dynamic electricity. The empirical validation process
covered four main aspects, namely item validity testing,
instrument reliability, discrimination index, and
question difficulty level (Phipps et al., 2009; Rashel &
Kinya, 2021; Rush et al., 2016). Prior to empirical
validation, the instrument first underwent expert
validation, which was conducted in January 2025. The
instrument, which was determined to be eligible by the
experts, was then empirically tested in February 2025 at
a private secondary school in Malang City. In the
implementation, students were asked to complete the
test instrument independently and without reference
(closed-book system) within 30 minutes.

Figure 1. Stages of empirical validation testing of conceptual
understanding test instruments

The analysis consists of four stages. The first stage
involves testing the validity of the instrument items. The
analysis criteria are determined based on the r-
calculated value obtained. If the calculated r value is
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greater than the critical r value, the conceptual
understanding test items are declared valid. The r-table
value for 66 respondents was obtained as r=0.242.

The second analysis was a reliability test of the
instrument. Instruments that had been pronounced
acceptable completed a reliability test to determine their
consistency as measurement tools. The Cronbach Alpha
value was used to determine the reliability test's
conclusion criterion. A higher Cronbach Alpha indicates
that an instrument is more dependable. The Cronbach
Alpha score criteria are shown in Table 2.

Table 2. Reliability Test Criteria
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Table 5. Validation Test Results (r-table=0.242)

Item No Pearson Correlation Category
1 .658 Valid
2 426 Valid
3 .506 Valid
4 633 Valid
5 .661 Valid
6 774 Valid
7 .386 Valid
8 .658 Valid
9 565 Valid
10 528 Valid
11 593 Valid

Cronbach Alpha Category
0.00<r<0.20 Unreliable
0.20<r <040 Less reliable
0.40 <r<0.60 Fairly reliable
0.60 <r<0.80 Reliable
0.80 <r <1.00 Very reliable

The third test was conducted to measure the
difficulty level of each conceptual understanding test.
The test also ensured that the test items had a difficulty
level appropriate to the indicators discussed. The criteria
for determining the difficulty level are presented in
Table 3.

Table 3. Difficulty Level Criteria

The Pearson Correlation value is used to represent
the results of the validity test of the test items for
conceptual understanding. Based on a total of 66
respondents, a critical r value of 0.242 was obtained. The
validity of each item was determined by comparing the
calculated r value with the critical r value. As shown in
Table 5, 11 items showed a calculated r value greater
than the critical r value, so all of these items were
declared valid in measuring students' conceptual
understanding of dynamic electricity.

Table 6. Instrument reliability test
Cronbach Alpha Category
816 Reliable

Difficulty Level Category
0.00<D <0.30 Easy
0.30 <D <0.70 Medium
0.70 <D < 1.00 Difficult

The next test was conducted using a discrimination
test. This was done to ensure that each test item had the
ability to show differences between respondents. The
criteria for drawing conclusions from the discrimination
test are presented in Table 4. All of the tests described
above were conducted using IBM SPSS 27.

Table 4. Discrimination Index Criteria

Discrimination Index Category
D < 0.00 Very low
0.00<D <0.20 Low
0.20 <D <0.40 Medium
040 <D <0.70 High
0.70 <D <£1.00 Very high

Result and Discussion

The results of the study are described based on the
testing stages, including validity testing, reliability
testing, discrimination index, and difficulty level.
Details are provided in Table 5.

Meanwhile, Cronbach's Alpha coefficient is used to
measure the reliability of the developed instrument. The
reliability value reflects the consistency and stability of
the instrument in conducting measurements. An
instrument is considered to have adequate reliability if
its Cronbach's Alpha value is above 0.60. Based on the
results shown in Table 6, the conceptual understanding
test instrument for dynamic electricity material
demonstrates the reliability criteria, so it can be
concluded that the instrument is effective in consistently
measuring students' conceptual understanding.

Table 7. Results of the Difficulty Level Test

Item No. Items Difficult Category
1 697 Medium
2 697 Medium
3 727 Difficult
4 545 Medium
5 .636 Medium
6 727 Difficult
7 485 Medium
8 .697 Medium
9 697 Medium
10 .636 Medium
11 515 Medium

In addition, the results of the difficulty level test
also support the feasibility of the instrument. The
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analysis shows that two items are classified as easy,
while the other nine items are classified as medium.
Overall, the results of the discrimination and difficulty
level analysis indicate that the conceptual
understanding test instrument on concept of dynamic
electricity is eligible and can be used as an effective

evaluation tool in measuring students' level of
conceptual understanding.

Table 8. Results of the Discrimination Index

Item No Corrected Item Category
1 634 High
2 .238 Medium
3 352 Medium
4 564 High
5 567 High
6 690 High
7 .266 Medium
8 634 High
9 430 High
10 470 High
11 491 High

The discrimination index of each item in the
conceptual understanding test instrument was analyzed
using corrected item-total correlation scores. Based on
the data presented in Table 8, eight items were classified
as having high discrimination index, while the other
three items were classified as having moderate
discrimination index. These findings indicate that each
item has a good ability to distinguish between students
with high and low conceptual understanding.

Discussion

The findings of the study indicate that the dynamic
electricity conceptual understanding test instrument
meets the criteria for validity and is acceptable for
implementation as an assessment instrument. The test
instrument consists of 11 multiple-choice questions with
five answer options. The questions are divided into
seven indicators in the concept of dynamic electricity. In
its application, students complete the instrument
independently to  measure their  conceptual
understanding. Test results are assessed by calculating
the percentage of correct answers provided by the
students.

The research findings also indicate that the
conceptual understanding test instrument is valid based
on Pearson correlation values. Eleven items were found
to be valid based on the criteria with calculated r >
critical r. Mujlli et al. (2023) and Ekawati et al. (2024)
emphasize that a valid instrument makes an important
contribution to the assessment system. These findings
indicate that the developed instrument has good quality
as a measurement tool for understanding. High-quality
instruments can provide more accurate information
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from the measurements conducted (Balta & Eryilmaz,
2020; Black & Wiliam, 2009; Ntuli, 2024). An example of
the developed conceptual understanding test is
presented in Figure 2.

From the expenment on the relationship between voltage (V) and
current (1) in a resistor, the V-1 graph shown below was produced
¥ (velt)
!
I

0 05 10 15

Based on the graph, the resistance valoe (R) 1s
A L50Q
B. 200
C. 2,500
D. 30Q
E 300

Figure 2. Display of questions on understanding dynamic
electricity concepts

The reliability of the instrument also showed good
results. This is because the Cronbach Alpha value
obtained was in the reliable category. According to the
report by Khidzir et al. (2018), instruments with a
Cronbach Alpha value >0.6 can be used as test
instruments. In another study, it was also reported that
test instruments should have a Cronbach's alpha of more
than 0.7 (Mulyana & Desnita, 2023). Reliable instruments
can explain measurement results consistently in each
measurement (Sukarelawan et al.,, 2021). In line with
previous research, the assessment process must use
reliable instruments (Afrizon et al., 2022).

The difficulty level of the instrument indicates that
most items fall into the moderate category. According to
Woulandari et al. (2022), the difficulty level can categorize
students based on their ability to complete each item.
These findings suggest that the instrument has an
appropriate level of difficulty for measuring students'
understanding of dynamic electricity concepts. Students
are not overwhelmed by questions that are too difficult
or too easy. This alighs with Kurniawan et al. (2024),
who state that high-quality instruments have an
appropriate level of difficulty. Therefore, the obtained
measurement results can accurately reflect the actual
outcomes (Ahmed & Ishtiaq, 2021; Danni et al., 2021).

Other findings suggest that most of the items in the
instrument are highly effective in distinguishing
between students with high and low abilities due to their
high discrimination index. Thus, this conceptual
understanding test of dynamic electricity is valid,
reliable, and has good measurement sensitivity,
enabling it to accurately identify students'
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understanding. Therefore, it is suitable for use as a
measurement tool in learning evaluations because it
provides meaningful information about students'
achievement in dynamic electricity.

Overall, this study provides an overview of the
empirical validation testing processes used to develop a
quality conceptual understanding test. Teachers can use
this instrument as a measurement tool when conducting
classroom instruction (Sharma et al., 2021). Additionally,
future researchers can use this instrument when
conducting studies on related topics. However, this
study has limitations, primarily the small number of
respondents. Further testing with a larger sample size
and respondents from diverse school backgrounds is
needed to draw more accurate conclusions.

Conclusion

The study explains the results of the empirical
validation testing of the conceptual understanding Test
of Dynamic Electricity. It concluded that the 11 multiple-
choice questions designed to measure students'
understanding of dynamic electricity concepts passed
the test. The test instrument has been proven to
demonstratE validity and reliability criteria and have
appropriate levels of difficulty and discrimination index.
Therefore, future researchers can use this instrument as
a representative, high-quality tool to evaluate students'
conceptual understanding of dynamic electricity.
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