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Abstract — Conceptual understanding is a vital component in physics education, particularly for static fluid
concepts, which are often sources of misconceptions among students. Common misunderstandings include
incorrect interpretations of hydrostatic pressure and Pascal's law. This study aims to develop and analyze
a conceptual understanding test instrument for static fluid materials using the Rasch Model. A descriptive
quantitative research design was employed, involving 75 eleventh-grade students from three high schools
in Lumajang and Malang, selected through cluster random sampling. The instrument comprised 16
multiple-choice questions based on eight conceptual indicators and underwent expert validation by two
physics teachers. Data were analyzed using the Winstep application to assess validity, reliability, difficulty
level, and item discrimination. The results revealed that 12 out of 16 test items met the validity criteria,
with an expert validation score of 98.3% categorized as "very valid." Item reliability was rated at 0.96
(very good), while person reliability was 0.47 (very poor), indicating significant variations in student
responses. The difficulty levels were balanced: 2 very easy items, two easy items, five moderate items, one
difficult item, and two very difficult items. Discrimination analysis grouped respondents into two categories
and items into seven distinct groups, showcasing the instrument's effectiveness in identifying variations in
student understanding. In conclusion, the developed instrument is valid and reliable for assessing students’
conceptual understanding of static fluid topics. The study highlights the need for further validation with
larger and more diverse samples to enhance the instrument's applicability across broader educational
contexts.
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I. INTRODUCTION

Conceptual understanding is defined as students' ability to analyze and synthesize knowledge
while relating concepts to various contexts and situations (Banda & Nzabahimana, 2021).
Empirical data indicate that students often achieve low learning outcomes in physics due to
difficulties in understanding the subject (Hakiki et al., 2015). Students struggle to explain

fundamental static fluid concepts, including hydrostatic pressure, Pascal's law, and Archimedes'
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law, leading to misconceptions (Atika et al., 2023; Jamaludin & Batlolona, 2021; Mutmainnah et
al., 2023). For example, students mistakenly believe that cross-sectional area influences
hydrostatic pressure (Atika et al., 2023; Irma et al., 2022). Conceptual understanding plays a
crucial role in physics learning, particularly in bridging the gap between theory and practice
(Shishigu et al., 2018). It also serves as a benchmark for evaluating students' learning outcomes
(Purwanto, 2010). Therefore, a reliable instrument is necessary to accurately measure students'
learning outcomes during the learning process.

Conceptual understanding is a key component of metacognitive development, associated
with higher-order thinking skills and active engagement in the learning process (Mills, 2016). It
is reflected in physics evaluation outcomes, serving as a reliable measure of learning success
(Gunawan et al., 2018; Rahmawati & Suryadi, 2019). There is a strong positive relationship
between conceptual understanding and students' learning outcomes, where the latter is heavily
influenced by the former (Muslichatun et al., 2021; Syaifullah et al., 2020). Thus, students'
conceptual understanding must be analyzed to identify misconceptions and align them with
scientific principles (Grob et al., 2017; Zvoch et al., 2021). Students with strong conceptual
understanding typically achieve better learning outcomes. Therefore, appropriate instruments are
required to accurately measure the outcomes of efforts to improve conceptual understanding
(Scott & Schumayer, 2017). The use of valid and reliable instruments is essential for ensuring
that conceptual understanding tests accurately reflect students' understanding (Matondang, 2009;
Adha et al., 2023).

In reality, the evaluation and assessment process plays a central role in developing and
measuring conceptual understanding (Ceran & Ates, 2020). However, many conceptual
understanding tests lack valid and reliable instruments. This is often attributed to the complex and
time-consuming nature of validation processes (Sari, 2020).This finding aligns with
Rismaulhijjah & Kuswanti (2022), who note that limited resources and analytical skills hinder
test item analysis. On the other hand, teachers often face difficulties in accessing valid and
empirically tested test instruments. Brief interviews with high school physics teachers in
Lumajang Regency reveal that many conceptual understanding tests rely on teacher-made
instruments based on available indicators. These tests frequently rely on practice questions used
in classroom lessons. This observation aligns with Nafsih et al. (2020), who highlight that teachers
rarely validate and test their assessment instruments for reliability. Poorly analyzed and
repeatedly used test instruments risk becoming ineffective and unreliable for assessing students'
conceptual understanding (Setyaedhi et al., 2023). Thus, many existing instruments fail to deliver

optimal results (Misbah et al., 2022; Nehru et al., 2022).
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As a solution, test items must undergo thorough analysis to ensure their quality and validity.
This analysis can be performed using the Rasch Model. The Rasch Model goes beyond statistical
analysis, offering a comprehensive perspective on educational measurement (Planinic et al.,
2019). Thus, the use of the Rasch Model in instrument validation will provide a more
comprehensive understanding and be consistent with the concept of measurement (Bond & Fox,
2013). By applying the Rasch Model, ordinal data can be transformed into ratio data with
improved accuracy (Aryanti et al., 2020). The Rasch Model carefully examines various aspects
such as response types, suitability of each item and respondent, dimensions, difficulty levels, and
item bias. Testing can also be done on different aspects such as ensuring item consistency across
different age groups and genders, or even in the form of scales used (Shea et al., 2009). Several
advantages ensure that the analyzed items can consistently apply in various usage contexts.

This research aims to develop a multiple-choice conceptual understanding test instrument
using the Rasch Model. The study focuses specifically on static fluid materials as taught during
the research period. The goal is to create a valid and reliable test instrument for assessing

conceptual understanding of static fluid materials, validated both by experts and empirically.

II. METHODS

This study employed a descriptive quantitative research approach. The aim was to describe
and evaluate the quality of conceptual understanding test items on static fluid material using the
Rasch Model. The study participants consisted of 11th-grade science students who had previously
studied static fluid material. The sample was selected using cluster random sampling, comprising
75 students from three senior high schools in Lumajang and Malang Regencies: SMAN
Bululawang, SMAN Klakah, and SMAN Singosari. The sample size was considered sufficiently
representative for statistical analysis, ensuring both accuracy and practicality. The instrument
used in this study was a conceptual understanding test consisting of 8 indicators and 16 test items,
as detailed in Table 1.

Table 1. Indicators of concept understanding test items

No Level Indicator Number

1 C1  Identify the properties and types of fluids 1,9
Analyze the relationship between depth and hydrostatic pressure in a

2 C4 A . 2,10
liquid in a container
Find the relationship between variables in hydrostatic pressure at a
3 C4 . 3,11
certain depth
4 C3  Apply hydrostatic pressure in everyday life 4,12
5 C3  Apply Pascal's law in hydraulic jack applications in everyday life 5,13
6 C3  Apply the concept of viscosity in daily phenomena 6, 14
7 C3  Analyze floating, sinking, and submerged objects 7, 11
8 C3  Analyze the relationship between density and conditions in a liquid 8, 16
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The data collection took place in May 2024 across the selected sample. Data were analyzed
using the Rasch Model, following criteria outlined by Austvoll-Dahlgren et al. (2017), Prasetya
& Pratama (2023), and Sumintono & Widhiarso (2015). The procedural steps of the research are

shown in Figure 1.

e Data analysis of expert validation results

e Revision of test instruments based on validator suggestion|
i

Instrument test [ Expert Validation

v

Empirical validation

o INFIT (MNSQ & ZSTD) and OUTFIT
> Validity test (MNSQ & ZSTD)
o Criteria MNSQ (0.5<MNSG < 1.5)
Value Category
>(0.8 Very good
Reliability 0.70-0.80 Good
test 0.60-0.70 Sufficient
0.50-0.60 Bad
<0.50 Very bad
Interpretation Value
Outliers logit <-1.70
__y| Difficulty Easy -1.70 <logit <-0.85
Level Moderate -0.85 logit < 0.85
Difficult 0.85 <logit<1.70
Outliers logit > 1.70
Item H= [(4 X SEPARATION)+1]
— Discrimination 3
Final Instrument |4

Test

Figure 1. Research procedure

The test instrument underwent expert validation by two high school physics teachers.
Revisions were made based on expert feedback and recommendations. The instrument was then
pilot-tested with high school students. The test was conducted using a multiple-choice format.
The responses were evaluated based on a predefined rubric for multiple-choice assessments. The
Rasch Model analysis was performed using the Winstep application. The analysis focused on
assessing the validity, reliability, difficulty levels, and discrimination index of each test item. The
Item validity was assessed using OUTFIT MNSQ and OUTFIT ZSTD criteria. Reliability was
evaluated using Person Reliability and Item Reliability scores. The Item difficulty was analyzed
using measure (logit) values in relation to standard deviation thresholds. The Item discrimination

was assessed using the equating formula (H). The finalized test instrument, validated and analyzed
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through the Rasch Model, was deemed suitable for effectively measuring students' conceptual

understanding of static fluid material.

III. RESULTS AND DISCUSSION

The conceptual understanding test instrument was validated by two high school physics
teachers. One validator was based at one of the sample schools, while the other was a high school
physics teacher from East Java. Validation was carried out using a Likert scale questionnaire.
Validators assessed aspects such as content, construct, language, and appropriateness. The
validation results are summarized in Table 2.

Table 2. Expert validation results

Validators Content Construct Language  Appropriateness Average

Validators 1 99.0 % 97.0 % 94.0 % 98.0 % 97.0 %
Validators 2 100.0 % 100.0 % 98.0 % 100.0 % 99.5 %
Average 99.5 % 98.5 % 96.0 % 99.0 % 98.3 %

The validation results indicate that the conceptual understanding test instrument is highly
valid, with an average score of 98.3%. The content aspect achieved the highest score at 99.5%,
indicating strong alignment with the static fluid concepts taught in schools. The appropriateness
aspect scored 99.0%, showing alignment with the indicators of conceptual understanding
proposed by Anderson and Krathwohl (2001). The construct aspect achieved 98.5%, reflecting
suitable presentation, clear wording, effective answer cues, and appropriate image usage.
Furthermore, language aspect received the lowest score, at 96.0%. These validation results offered
valuable insights for revising test items before empirical validation.

Table 3. Validator's improvements to test items

No

Validator's Revised
Item
1 2 Revised "lllustration image" to "Image"
3 Combined repeated sentences in each answer option into the question
5 Corrected the writing of units with exponents
7 Added captions to the presented images in the question
] Simplified the wording of the question to facilitate understanding of
the purpose or instruction given
10  Adjusted the wording of the question to the presented illustration
13 Combined repeated sentences in each answer option into the question
2 5 Changed the wording of the test item to more communicative language
6 Changed the wording of the test item to more communicative language
7 Added captions to the presented images in the question

The item revisions were made following the validators' suggestions and feedback. Following

the revisions, the conceptual understanding test instrument underwent empirical validation with
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high school students who had studied static fluid material. Empirical validation was conducted
using both paper-based tests and Google Forms. The dual format accommodated the geographical
distribution of the sample schools. Test results were tabulated using Microsoft Excel based on an
assessment rubric. Research Data analysis was performed using the Rasch Model with the
WinSteps application. The Analysis focused on determining validity, reliability, difficulty levels,
and item discrimination. The complete analysis results are presented as follows.
1. Item Question Validity Test

Validity was assessed using the Rasch Model via the WinSteps application, focusing on
INFIT MNSQ and ZSTD values. The OUTFIT MNSQ and ZSTD values were also analyzed.
Criteria for these values are detailed in Figure 1. Interpretation of the results of the item question

validity analysis is presented in Table 4.

Table 4. Item question validity

No INFIT OUTFIT
Interpretation
Item MNSQ ZSTD MNSQ ZSTD
1 0.81 -0.33 0.32 -1.04 Invalid
2 0.87 -0.47 0.64 -0.87 Valid
3 0.88 -0.52 0.68 -0.88 Valid
4 0.77 -1.29 0.55 -1.62 Valid
5 1.23 1.24 1.76 2.18 Invalid
6 1.04 0.38 1.03 0.24 Valid
7 1.00 0.09 1.60 1.79 Invalid
8 1.03 0.40 1.06 0.44 Valid
9 0.96 -0.39 0.90 -0.58 Valid
10 1.07 0.59 1.15 0.74 Valid
11 1.03 0.38 1.05 0.37 Valid
12 0.96 -0.42 1.29 1.71 Valid
13 1.03 0.22 1.85 225 Invalid
14 0.93 -0.29 1.17 0.61 Valid
15 0.91 -0.16 0.69 -0.40 Valid
16 0.97 -0.09 1.10 0.39 Valid

The results of the validity test indicate that all items meet the validity criteria based on INFIT
MNSQ and INFIT ZSTD. All items are within the accepted range: (0.5 < MNSQ < 1.5) and (-
2.00 < ZSTD < +2.00). However, a different outcome emerges when analyzed using OUTFIT
MNSQ and OUTFIT ZSTD criteria. There four items 1, 5, 7, and 13 do not meet the OUTFIT
MNSQ criteria. Additionally, items 5 and 13 fall outside the acceptable range for OUTFIT ZSTD.
In total, 12 items were deemed valid, while four items (1, 5, 7, and 13) were classified as invalid.

The invalid items are items number 1, 5, 7, and 13. Item 1 recorded an MNSQ value below

0.5, while items 5, 7, and 13 exceeded 1.5. Furthermore, items 5 and 13 did not meet the ZSTD
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criteria. hese invalid items were either revised or removed from the instrument. Solutions to
address these issues, invalid items can be revised, replaced, or removed to ensure the instrument
achieves optimal validity.
2. Instrument Reliability Test

Reliability measures the consistency and accuracy of a test instrument in assessing the
intended construct (Alwan & Alshurideh, 2022; Grgic et al., 2020). Reliability analysis in the
Rasch Model uses two key criteria: Person Reliability and Item Reliability (Sumintono &
Widhiarso, 2015). The reliability values are presented in Table 5.

Table 5. Instrument reliability for concept comprehension test

Type Reliability value Category
Person Reliability 0.47 Very Bad
Item Reliability 0.96 Very Good

Based on Table 5, the person reliability score of 0.47 falls into the 'Very Bad' category,
indicating a low level of response consistency among students. This low score may stem from
inconsistencies in student responses and assessment patterns (Djidu et al., 2023). Population size
and diversity can also affect Person Reliability scores (Tindco et al., 2019). Consequently, the
internal validity of the results may not be optimal, and generalizations could be inaccurate. Low
Person Reliability might also result from students' difficulties in understanding or completing the
test. Factors such as students' understanding of the material, motivation, and psychological
conditions (e.g., confidence) may contribute to these inconsistencies. However, in contrast, [tem
Reliability achieved a score of 0.96, placing it in the 'Very Good' category. This score indicates
that the test items demonstrate a high level of consistency and reliability in measuring conceptual
understanding. This suggests that the instrument can consistently measure students' understanding
of static fluid concepts across repeated uses and different student samples.

The disparity between person reliability and item reliability does not inherently imply poor
instrument quality. The focus should remain on Item Reliability, as it reflects the consistency of
the test instrument rather than variations in student responses. In conclusion, the reliability
analysis indicates that the test instrument falls into the "Very Good' category and can reliably
measure students' conceptual understanding of static fluid concepts.

3. Difficulty Level

The difficulty level of test items indicates how likely a respondent is to answer a question
correctly (Beatty et al., 2021). This analysis helps determine whether the test items can effectively
differentiate between test-takers with varying abilities and assess their likelihood of answering
correctly (Andriani et al., 2023). In the Rasch Model's measurement theory, item difficulty indices

are interpreted according to the criteria outlined by Lestari and Yudhanegara (2018).



I. D. A. Irawan et al. | JPF | Volume 13 | Number 2 | 2025 |1 -13

Table 6. Results of item difficulty level through Rasch modeling with SD logit of 1.70

Measure value (logit) Interpretation Item number

Measure logit < -1.70 Very easy (Outliers) 2,15
-1.70 < Measure logit < -0.85 Easy 4,16
-0.85 < Measure logit < 0.85 Moderate 8,9,10,11, 12
0.85 < Measure logit < 1.70 Difficult 6

Measure logit > 1.70 Very difficult (Outliers) 3,14

Rasch analysis measured the difficulty level of each test item in logit units (Planinic et al.,
2019). According to the criteria, items were grouped into five difficulty categories: very easy
(outliers), easy, moderate, difficult, and very difficult (outliers). The distribution shows two very
easy items (2 and 15). Two items (4 and 16) fall into the easy category. The majority of items (5
in total: 8, 9, 10, 11, and 12) are categorized as moderate. There One item (6) is classified as
difficult. Finally, two items (3 and 14) fall into the very difficult category. The analysis indicates
a diverse distribution of item difficulty, ranging from very easy to very difficult. In summary, the
distribution includes 2 very easy items, 2 easy items, 5 moderate items, 1 difficult item, and 2
very difficult items. The majority of the items fall into the moderate category. Which aligns with
Purnasari et al. (2021), who argue that an ideal instrument should have a balanced difficulty level,
avoiding extremes.

4. Item Discrimination

Item discrimination refers to a test item's capacity to distinguish between high-performing
and low-performing students. In Rasch modeling, discrimination analysis examines individual
ability levels to identify differences between students who answered items correctly and those
who did not. Additionally, respondent separation indices are also used to identify distinct
respondent groups. Higher separation values indicate better quality in distinguishing between
different respondent groups and item difficulties. This is because it can help identify these groups

more accurately. The strata equation (H) is also used to obtain more accurate separation:

[(4 x SEPARATION)+1)
3

H =

(1)

The analysis yielded a respondent separation value of 0.94, resulting in H = 1.59. Rounding
H to 2 suggests that respondents can be classified into two distinct groups. The item separation
value was 5.00, resulting in H = 7. This indicates that the test instrument can be divided into seven
groups of items. A high discrimination index enhances the test instrument's effectiveness in
measuring student abilities accurately. Furthermore, item discrimination analysis results provide

insights for improving and refining less effective test items.
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5. Implications

The analysis of the conceptual understanding test instrument on static fluid material resulted
in 12 valid test items. Teachers can utilize this instrument as an effective assessment tool for
evaluating student learning activities. It can also serve as a valuable tool for future researchers
seeking to analyze students' conceptual understanding of static fluid material. Data derived from
this instrument offer reliable and consistent interpretations. The multiple-choice format simplifies
the assessment process for teachers by using clear and straightforward rubric requirements. This
valid instrument addresses the scarcity of reliable, high-quality tools for measuring students'
conceptual understanding in schools. With this instrument, teachers can efficiently identify
students' strengths and weaknesses in grasping static fluid concepts. Improving the quality of
assessment instruments will ultimately enhance the overall quality of education. The balanced
distribution of item difficulty levels carries significant implications for the design of effective
physics instruction in schools. By using this instrument, teachers can better recognize areas where
students excel and where they face challenges in understanding the material. Enhancing the
quality of assessment tools supports more targeted, evidence-based instructional designs and
fosters improvements in overall educational outcomes.

Analyzing item difficulty distribution allows educators to ensure that test items address a
wide spectrum of cognitive skills, from lower-order to higher-order thinking. If test items are
overly easy or excessively difficult, assessments may fail to accurately capture students'
understanding and abilities. A balanced difficulty distribution enables teachers to design
instructional strategies that accommodate students' varied learning needs. Low-difficulty items
can serve as introductory exercises to build student confidence, while moderate- and high-
difficulty items encourage deeper application and analysis of concepts. The results of the analysis
can also guide curriculum adjustments, ensuring alignment with students' abilities and academic
progress. This alignment creates a supportive and engaging learning environment, ultimately

enhancing the quality of physics education

IV. CONCLUSION AND SUGGESTION

The analysis results indicate that, out of 16 test items analyzed, 12 items met the validity
criteria based on INFIT and OUTFIT MNSQ and ZSTD values. The reliability analysis revealed
a 'Very Bad' score for Person Reliability and a 'Very Good' score for Item Reliability. The
difficulty level analysis demonstrated a balanced distribution of easy, moderate, and difficult
items. Specifically, the distribution consists of 2 very easy items, 2 easy items, 5 moderate items,

1 difficult item, and 2 very difficult items. The Item discrimination analysis classified respondents
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into two distinct groups and the test instrument into seven item groups. The study successfully
developed a valid and reliable conceptual understanding test instrument suitable for evaluating
students' learning outcomes in schools.

The analysis confirmed that the majority of test items are valid and suitable for assessing
students' conceptual understanding. Nevertheless, the study faced limitations, primarily the
relatively small sample size. Future studies should consider larger sample sizes across diverse
regions to enhance result accuracy and improve instrument quality. Despite these limitations, this
study effectively analyzed the conceptual understanding test instrument and addressed invalid

items through refinement or removal.
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