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Abstract: This study aimed to analyze Biology education students’ conceptual difficulties in
work and energy using the Rasch Model. A descriptive quantitative approach with a diagnostic
survey design was employed. The participants were 21 Biology education students who had
learned the topic of work and energy. The instrument consisted of 15 diagnostic multiple-
choice items scored dichotomously, with 1 indicating a correct answer and 0 indicating an
incorrect answer. The data were analyzed using the Rasch Model to examine instrument
quality, item fit, item difficulty, Wright Map, score-category monotonicity, and students’
conceptual difficulty patterns. The results showed that students’ average ability was higher than
the average item difficulty, with a mean person measure of 1.61 logits. However, the person
reliability of 0.08 and person separation index of 0.30 indicated that the instrument had limited
ability to distinguish students across different ability levels. The most difficult items were Q14,
Q3, Q11, Q13, and Q15, which were related to the application of work, potential energy, and
mechanical energy conservation. In contrast, Q2, Q4, QS5, and Q9 were the easiest items
because they mainly assessed basic conceptual recognition. These findings indicate that
students’ main difficulties were not in recognizing basic terms but in applying and integrating
work and energy concepts in physics contexts.
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INTRODUCTION

Physics is one of the fundamental sciences that Biology education students at universities
are required to study in order to develop a scientific understanding of various life phenomena
that cannot be fully explained from a biological perspective alone (Adelia et al., 2024;
Kaczmarek & Greczylto, 2025). These phenomena are closely related to physics principles such
as force, motion, energy, pressure, fluids, waves, electricity, and thermodynamics. In the
context of modern science education, the connection between physics and biology has become
increasingly important because students are expected to use physical models and quantitative
reasoning to analyze biological phenomena in a more integrated and in-depth manner (Munifah
et al., 2019; Lestari et al., 2021; Saregar et al., 2025). Physics learning that is designed to be
relevant to real-life and biological phenomena can help Biology students develop more complex
models, connect multiple scientific ideas, and apply physics equations in new contexts (Crouch
& Heller, 2014; Hoskinson et al., 2014; Kaczmarek & Greczyto, 2025; Redish et al., 2014).

One physics topic that is particularly important for Biology students is work and energy.
Energy is not only a central concept in physics but also a cross-disciplinary concept that appears
in chemistry, biology, ecology, physiology, and environmental science (Dyachenko et al., 2024;
Lancor, 2014; Opitz et al.,, 2019). In biology, energy is related to metabolism, cellular
respiration, photosynthesis, muscle movement, membrane transport, food chains, and
ecosystem dynamics. However, although the term energy is frequently used in biology,
students’ understanding of energy from a physics perspective is often incomplete. Students may
understand energy as “something used by living organisms,” but they may not necessarily be
able to explain energy as a physical quantity related to work, changes in kinetic energy, changes
in potential energy, mechanical energy conservation, and the work done by conservative and
nonconservative forces (Chabalengula et al., 2012; Opitz et al., 2017).

These difficulties become more complex because the concepts of work and energy in
physics are abstract, mathematical, and representational. Students are not only required to
memorize formulas but also to understand the relationships among force, displacement, angle,
energy change, system, environment, and the principle of energy conservation. In several cases,
students still experience difficulties in distinguishing work in everyday language from work in
physics, determining positive and negative work, understanding work done by friction,
explaining the relationship between network and changes in kinetic energy, and applying the
law of mechanical energy conservation in situations involving nonconservative forces (Jewett
Jr., 2008; Permatasari et al., 2018; Rivaldo et al., 2020). Students often perceive physics as a

collection of formulas to be solved mathematically rather than as a conceptual tool for
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explaining biological phenomena. Weak understanding of work and energy may affect students’
ability to explain biological processes that involve mechanical and quantitative reasoning, such
as energy transformation in body systems, muscle work, energy flow in ecosystems, and the
relationship between energy, force, and organism movement. Therefore, physics learning for
Biology students should not only emphasize numerical problem solving but also include
conceptual diagnosis that can reveal students’ specific difficulties and misconceptions.

Several studies in physics education have shown that conceptual understanding is an
important indicator of successful physics learning (Laili, et al., 2025; Banda & Nzabahimana,
2021; Fatonah, 2024; Hau & Nuri, 2019). In the topic of work and energy, the need for
diagnostic instruments has become increasingly important. Samsudin et al. (2021) developed
the Multitier Open-ended Work and Energy Instrument (MOWEI) using Rasch analysis to
identify students’ misconceptions about work and energy. The instrument covers concepts such
as positive and negative work, the law of mechanical energy conservation, the work-energy
theorem, and work done by conservative and nonconservative forces. The results showed that
MOWETI was valid and reliable for identifying misconceptions, with the highest percentage of
misconception reaching 73% on one item. Faihah et al. (2025a) also adapted and validated a
four-tier diagnostic instrument on work, power, and energy using the Rasch Model. Their
findings indicated that the instrument was reliable, met the assumption of unidimensionality,
and showed no item bias based on gender. Samsudin et al. (2025) and Aripiani et al. (2023) also
developed tiered diagnostic tests to measure levels of conceptual understanding using Rasch
analysis, showing that many students still experienced misconceptions and lacked conceptual
understanding of work and energy.

Although many studies have diagnosed students’ conceptual understanding of work and
energy, most previous research has focused on secondary school students, prospective physics
teachers, or physics education students (Firmansyah et al, 2023; Fatonah & Wicaksana, 2023;
Nur’aini et al, 2023). Studies that specifically analyze Biology education students’ conceptual
difficulties in work and energy remain relatively limited, particularly those using modern
measurement approaches such as the Rasch Model. Biology students have different
characteristics from physics students. They are more familiar with energy in the context of
metabolism, organ function, organisms, and ecosystems, but they may not necessarily have a
strong understanding of energy as a physical quantity that can be mathematically modeled. This
gap makes research on Biology education students important, as it can provide a more specific

picture of the conceptual barriers that hinder their understanding of basic physics.
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The Rasch Model is also highly appropriate for this study because it provides stronger
diagnostic information than raw score analysis or classical test theory. The Rasch Model
enables researchers to map students’ ability and item difficulty on the same logit scale, examine
item fit with the measured construct, identify items that are too easy or too difficult, assess
person and item reliability, and detect potential item bias through Differential Item Functioning
or DIF (Medvedev Oleg N. & Krégeloh, 2025; Sumintono & Widhiarso, 2015). In physics
education, the Rasch Model is considered important because it produces linear measures of
person ability and item difficulty and helps evaluate instrument quality as well as inconsistent
response patterns (Lamanepa, 2021; Taasoobshirazi et al., 2015). National studies have also
shown that the Rasch Model is widely used for validating science instruments, including
mapping item difficulty levels, evaluating reliability, analyzing item fit, and examining bias
based on respondent characteristics (Aripiani et al., 2023; Faihah et al., 2025a; Samsudin et al.,
2021, 2025).

Based on this background, this study aims to determine the level of students’ conceptual
mastery and to map the hierarchy of conceptual difficulties in the subtopics of work and energy.
Through Rasch analysis, this study reveals which items are the most difficult, which sub-
concepts are most prone to misconceptions, how students’ ability is distributed relative to item
difficulty, and whether the instrument used has adequate psychometric quality. The findings
are expected to provide theoretical contributions to the development of diagnostic assessment
in interdisciplinary physics education, as well as practical contributions for basic physics
lecturers in designing instruction that is more adaptive, contextual, and relevant for Biology

students.

METHOD
Research Design

This study employed a descriptive quantitative approach with a diagnostic survey design.
This design was selected because the study aimed to analyze Biology Education students’
conceptual difficulties in understanding work and energy, while also mapping the relationship
between students’ ability and item difficulty using the Rasch Model. The Rasch approach is
relevant in science education research because it places person ability and item difficulty on the
same logit scale. Therefore, the analysis does not merely indicate whether students’ answers
are correct or incorrect, but also provides diagnostic information regarding item quality, the

distribution of students’ ability, and the hierarchy of conceptual difficulty.
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Participants

The study involved 21 Biology Education students who had previously studied work and
energy in a Basic Physics course. The participants consisted of 19 female students (90.48%)
and 2 male students (9.52%). The participants in this study were students from a Biology or
Biology Education study program who had previously received instruction on work and energy
in a Basic Physics course. The participants were selected based on the criteria that they had
studied the topic, were present during data collection, and completed all test items. The Biology
Education context was chosen because students in this program study physics as a foundational
science that supports biological understanding. Therefore, it is important to examine the extent
to which they understand physics concepts related to life phenomena, such as energy, motion,
muscle work, and energy transformation in biological systems.
Research Instrument

The instrument consisted of 15 diagnostic multiple-choice items distributed across seven
content domains. Three items assessed basic concepts of work, the unit of work, and zero work
(Q1, Q2, and Q10); three items assessed the calculation of work involving force, displacement,
and force direction (Q3, Q11, and Q14); one item assessed work from a force-position graph
(Q12); one item assessed the basic concept of energy (Q4); three items assessed gravitational
potential energy (QS5, Q8, and Q13); two items assessed kinetic energy (Q6 and Q7); and two
items assessed mechanical energy and energy conservation (Q9 and Q15).

Table 1. Distribution of test items across content domains

Content domain Item numbers Number of items
Basic work concepts, unit, and zero work Q1,Q2,Ql10 3

Work calculation involving force and displacement Q3, Q11, Q14 3

Work from a force-position graph QIl2 1

Basic concept of energy Q4 1

Gravitational potential energy Q5,Q8,Q13 3

Kinetic energy Q6, Q7 2

Mechanical energy and energy conservation Q9, Q15 2

Total 15

Each item contained five answer options consisting of one correct answer and four
distractors. The construction of distractors was an important component of the diagnostic test
because well-designed distractors can help reveal students’ conceptual difficulties and
alternative conceptions. The instrument was reviewed by one expert in physics education before
it was administered to the participants. The expert review examined the alignment between each
item and its intended conceptual indicator, the accuracy of the physics content, the clarity of

the wording, the consistency of symbols and units, the suitability of the figures, and the
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plausibility of the answer options and distractors. The qualitative comments provided by the
expert were used to revise the items before data collection.

The main revisions involved clarifying items that referred to figures or reference points,
correcting ambiguous or overly general definitions, standardizing physical quantities and SI
units, and ensuring that numerical information was sufficient for solving the problem. For
example, the reference level in the gravitational potential energy item was clarified, while items
involving force direction were revised to make the angle between force and displacement
explicit. Because the validation was conducted as an expert content review, no statistical
content-validity coefficient is reported.

Data Collection Procedure

Data were collected after students had completed instruction on the topic of work and
energy. Students completed the 15-item diagnostic test independently within 90 minutes under
the supervision of the research team. Before administering the test, the researcher explained the
general purpose of the study, the test instructions, and the assurance that students’ responses
would be used solely for academic purposes. Students’ responses were scored dichotomously,
with a score of 1 assigned to a correct answer and a score of 0 assigned to an incorrect answer.
The resulting person-item response matrix was analyzed using Ministep software.

Data Analysis

Rasch analysis was conducted after the completeness of the response data had been
checked and all responses had been coded dichotomously. The person-item matrix was then
imported into Ministep. The analysis proceeded through the following stages, (1) examination
of person and item summary statistics, reliability, and separation; (2) assessment of
unidimensionality and residual local dependence; (3) examination of the functioning and
monotonicity of the dichotomous score categories; (4) item-fit analysis using infit MNSQ, outfit
MNSQ, and point-measure correlation; (5) estimation of item difficulty in logits; (6)
construction of the Wright Map; (7) examination of person-fit statistics; and (8) interpretation
of the results by connecting item measures with the conceptual content represented by each
item. The interpretation of the results was carried out by linking item logit values, students’
response patterns, and the conceptual indicators represented by each item. Items with high
difficulty levels were interpreted as representing concepts that were most difficult for students
to understand. For example, if items related to gravitational potential energy or mechanical
energy conservation had high logit values, these sub-concepts were categorized as major areas

of conceptual difficulty. Thus, the analysis did not only describe students’ overall conceptual
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mastery, but also provided diagnostic information about specific parts of work and energy that
require further instructional emphasis in Basic Physics learning for Biology Education students.
Ethical Considerations

This study was conducted in accordance with ethical principles in educational research.
Students’ identities were kept confidential, participation was voluntary, and the test results were
not used to affect students’ academic grades. The data obtained were used only for scientific

analysis and instructional development purposes.

FINDING AND DISCUSSION

This section presents the results and discussion of Biology Education students’
conceptual difficulties in work and energy based on a diagnostic multiple-choice test and Rasch
Model analysis. The results are organized into several sections, including respondents’
characteristics, Rasch summary statistics, unidimensionality and local dependence, score-
category monotonicity, item fit, item difficulty hierarchy, Wright Map, person fit, and a
synthesis of students’ conceptual difficulties. This structure is intended to provide a
comprehensive picture of both the psychometric quality of the instrument and the conceptual
areas in which Biology Education students experienced difficulties in understanding work and
energy.
Respondents’ Characteristics and Response Data Completeness

This study involved 21 Biology Education students who completed 15 diagnostic
multiple-choice items on work and energy. All student responses were scored dichotomously,
with a score of 1 assigned to a correct answer and a score of 0 assigned to an incorrect answer.
Based on gender characteristics, the sample was dominated by female students, consisting of
19 students or 90.48%, whereas male students accounted for 2 students or 9.52%. All 21
participants completed all 15 items, producing 315 valid responses with no missing data. This

information is reported to document the completeness of the person-item matrix before Rasch

estimation.
Table 2. Summary of response data completeness

Data Component Value
Number of respondents 21 students
Number of items 15 items
Expected total responses 315 responses
Missing responses 0
Valid responses for analysis 315 responses
Data completeness percentage 100%
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Considering the sample size, this study is more appropriately positioned as an initial
diagnostic study of Biology Education students’ conceptual difficulties rather than as a large-
scale final calibration of the instrument. Nevertheless, this does not reduce the value of the
study, as Rasch studies with limited samples can still provide preliminary information about
students’ ability patterns, item difficulty levels, and items requiring revision. In science
education, the Rasch Model is widely used not only to generate scores but also to examine
instrument quality and conceptual difficulty patterns in a more structured manner (Planinic et
al., 2019).

Rasch Summary Statistics

The Rasch summary statistics indicate that students’ average ability was higher than the
average item difficulty. The mean person measure was 1.61 logits, whereas the mean item
difficulty was set at 0.00 logits. This suggests that, in general, the test items were relatively easy
for the group of students examined. However, the person reliability value of 0.08 and the person
separation index of 0.30 indicate that the instrument was not sufficiently strong in
distinguishing students into clearly separated ability strata. From the item perspective, the item
reliability value of 0.62 and item separation index of 1.28 suggest that the data were beginning
to differentiate easier items from more difficult ones, although the stability of the item difficulty
hierarchy was not yet strong.

The low person reliability and person separation index may be explained by several
factors. First, the limited number of respondents may have restricted the range of ability
captured by the model. Second, the relatively small number of items, namely 15, may have
limited the precision of person ability estimates. Third, most items appeared to be below the
average ability level of the students, making the instrument less optimal for distinguishing
students with moderate and high levels of conceptual ability. In the Rasch Model, an instrument
that is too easy for a given group of respondents tends to provide limited information for
separating ability levels.

Table 3. Rasch summary statistics for persons and items

Rasch Parameter Person Item

Mean measure [ 1.61 logits 0.00 logits |
Standard deviation 0.80 T.23
Reliability 0.08 0.62
Separation index 0.30 1.28

Mean infit MNSQ 1.01 1.00

Mean outfit MNSQ 0.89 0.89
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Nevertheless, this condition does not mean that the instrument is unusable. The mean infit
MNSQ values for persons and items were 1.01 and 1.00, respectively, indicating that, in
general, students’ response patterns and item characteristics were consistent with the
expectations of the Rasch Model.

Table 4. Operational criteria used for rasch item interpretation

Parameter Operational Interpretation
criterion
Infit MNSQ 0.50-1.50 Values within this range indicate that the item

is productive for measurement. Values below
0.50 indicate overfit or overly predictable
responses, whereas values above 1.50
indicate underfit or excessive unexpected
responses.

Outfit MNSQ 0.50-1.50 Values within this range indicate acceptable
sensitivity to unexpected or outlying
responses. Values outside the range require
further statistical and substantive review.

(Laliyo et al, 2022; Schutte et al, 2016)

The mean outfit MNSQ value of 0.89 was also within an acceptable range. In Rasch
measurement literature, fit statistics close to 1.00 indicate that response variations are
reasonably consistent with model expectations, whereas extreme deviations require further
examination at the item or person level (Planinic et al., 2019).

These findings are consistent with Rasch studies in physics and science education, which
show that an instrument can still provide meaningful diagnostic information even when person
separation is not high, particularly when the purpose of the study is to identify item difficulty
hierarchies and problematic conceptual patterns. Studies on students’ conceptual understanding
of static fluids using Rasch analysis also suggest that participants’ ability distribution may be
higher than the average item difficulty; therefore, the analysis should not focus solely on scores
but also on the alignment between participant ability and item difficulty (Khusaini et al., 2025).

Thus, the instrument provides useful preliminary information regarding students’
conceptual difficulties, although further refinement is required if it is to be used for more precise
measurement. Adding items with moderate to high difficulty levels would improve the
measurement coverage, particularly in distinguishing students who merely recognize basic
concepts from those who can apply work and energy concepts in more complex contexts
(Nurulsari et al., 2020; Usman et al., 2025; Putra et al., 2024).

Instrument Unidimensionality and Local Dependence
The unidimensionality analysis using Principal Component Analysis of Rasch Residuals

showed that the raw variance explained by measures was 24.2%, close to the expected value of
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25.2%. The variance explained by persons was 8.4%, whereas the variance explained by items
was 15.8%. These results provide preliminary evidence that the instrument measured the same
main construct, namely Biology Education students’ conceptual understanding of work and
energy. However, the strength of unidimensionality cannot yet be considered high.

Particular attention should be given to the unexplained variance in the first contrast, which
reached 3.7919 eigenvalue. This value indicates the possibility of an additional residual pattern
beyond the main construct. The contrast loading results also showed that items Q2, QS5, and Q9
had very high positive loadings of 0.94, whereas Q13 and Q15 were located on the negative
side. This pattern suggests that some items may form a conceptual cluster or share similar
wording, context, or solution strategies. This finding is further supported by very high residual
correlations between item pairs Q2—Q5 and Q2—Q9, each reaching 1.00, indicating strong local
item dependence. Local item dependence was examined using standardized residual
correlations generated by Ministep. Positive residual correlations approaching or exceeding
0.70 were interpreted as evidence of substantial local dependence. Therefore, the residual
correlations of 1.00 between Q2-Q5 and Q2-Q9 were not used as a cut-off criterion; rather, they
were observed values that clearly exceeded the operational threshold and indicated nearly
identical residual response patterns. This result suggests that these items may provide redundant
information because they predominantly assess direct recognition of basic concepts.

In the Rasch Model, unidimensionality and local independence are important assumptions
because each item should ideally provide relatively independent information about the
measured construct. When several items remain highly correlated after controlling for general
ability, they may provide redundant information and weaken the interpretation of measurement
results. Planinic et al. (2019) emphasized that Rasch analysis is not only used to estimate person
ability and item difficulty but also to evaluate whether the data support the expected

measurement structure.
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Table 5. Results of instrument unidimensionality analysis

Analysis Component

Eigenvalue Observed Expected Interpretation

Total raw variance in 19.7952 100.0% 100.0%  Total variance of the data
observations

Raw variance explained r4.7952 24.2% 25.2% ) Variance explained by the
by measures ) ’ Rasch model

Raw variance explained r1.6664 8.4% 8.8% | Contribution of students’
by persons ) ’ ability

Raw variance explained r3. 1288 15.8% 16.5% | Contribution of item

by items ) ’ difficulty

Raw unexplained 15.0000 75.8% 74.8% Residual variance not
variance total explained by the model
Unexplained variance in | 3.7919 19.2% 25.3% Possible first residual
the 1st contrast dimension

Unexplained variance in  2.5266 12.8% 16.8% Additional residual

the 2nd contrast indication

Unexplained variance in  2.2600 11.4% 15.1% Additional residual

the 3rd contrast indication

Unexplained variance in  1.6575 8.4% 11.1% Relatively lower

the 4th contrast

Unexplained variance in  1.2436 6.3% 8.3% Relatively low

the 5th contrast

Essential — 31.9% — Limited
unidimensionality unidimensionality

This finding is also consistent with Hofer et al. (2017), who used Rasch analysis as part
of the validation process in developing a conceptual mechanics instrument to ensure that test
items functioned consistently in measuring conceptual understanding. In the Indonesian
context, the use of Rasch analysis in science diagnostic instrument development and validation
has also shown that examining item quality, reliability, and response structure is essential to
ensure that an instrument measures the intended construct (Sekarningtias et al., 2023; Hardini

et al., 2026).
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Based on these results, the instrument can still be used for diagnostic analysis, but
interpretation should be made cautiously. Items Q2, QS5, and Q9 should be reviewed to ensure
that they do not merely measure the same basic concept repeatedly. If these items are related to
definitions or recognition of basic terms, revision may be directed toward differentiating
indicators, varying contexts, or increasing the reasoning demand. Meanwhile, Q13 and Q15,
which appeared on the opposite side of the residual structure, may represent more complex
conceptual aspects, such as potential energy, energy transformation, or mechanical energy
conservation.

Monotonicity of the Test Items

The monotonicity analysis showed that the dichotomous score categories in the
instrument functioned according to the basic assumptions of the Rasch Model. Category O,
representing an incorrect response, comprised 69 responses or 22% of the data and had an
observed average measure of 0.38 logits. Category 1, representing a correct response,
comprised 246 responses or 78% and had an observed average measure of 2.01 logits.

Table 6. Summary of the dichotomous category structure

Score Interpretation Frequency Percentage Observed Infit Outfit
category average MNSQ MNSQ
measure
0 Incorrect 69 22% 0.38 1.01 0.85
response
1 Correct 246 78% 2.01 1.01 1.01
response

The increase in the observed average from category 0 to category 1 indicates that students
who answered correctly generally had higher estimated ability than those who answered
incorrectly. The infit and outfit MNSQ values were 1.01 and 0.85 for category 0 and 1.01 and
1.01 for category 1, respectively, indicating that both categories functioned productively.

The dichotomous curve also showed a pattern supporting monotonicity. When students’
ability was lower than item difficulty, the probability of obtaining a score of 0 was higher.
Conversely, when students’ ability increased and exceeded item difficulty, the probability of
obtaining a score of 1 increased. The intersection point of the two categories was located around
zero on the person-minus-item measure scale, indicating that the probability of answering
correctly and incorrectly was relatively balanced when students’ ability was equivalent to item

difficulty.

Hermanto et. al., 2026



Islamic Journal of Integrated Science Education (IJISE), Vol. 5 No. 2, July 2026, pp. 129-156
DOI: https://doi.org/10.30762/ijise.v5i2.8861

DICHOTOMOUS CURVES
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PERSON [MINUS] ITEM MEASURE
Figure 1. Monotonicity Curve of Dichotomous Score Categories in the Rasch Model

This pattern is consistent with the basic principle of the Rasch Model, in which the
probability of a correct response is determined by the difference between person ability and
item difficulty. In physics education research, this principle is important because it enables
researchers to interpret students’ responses not simply as right or wrong but as probabilistic
indicators of the position of students’ conceptual ability relative to item difficulty (Planinic et
al., 2019).

Although the score categories functioned monotonically, the proportion of correct
answers reached 78%, indicating that the instrument tended to be relatively easy for the
respondents. This issue should be considered because incorrect answers in a multiple-choice
diagnostic test do not always indicate low general ability. In a diagnostic context, incorrect
answers may represent misconceptions, difficulties in reading representations, reliance on
everyday intuition, or the influence of distractors. Mulyani et al. (2021) showed that Rasch-
based distractor analysis can help interpret answer choices as indications of misconceptions
rather than merely as random errors.

Therefore, the monotonicity results support the adequacy of the dichotomous scoring
categories, but the diagnosis of conceptual difficulties should still be connected to item fit, item
difficulty, the Wright Map, and distractor analysis. In the topic of work and energy, students
may answer definitional items correctly but still experience difficulties when the same concepts

appear in quantitative or representational contexts.
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Item Fit Analysis

The item fit analysis showed that all items had infit MNSQ values within the acceptable

range, namely between 0.79 and 1.31.

Table 7. Item fit analysis based on the rasch model

Item

Ql
Q2
Q3
Q4

Q5

Q6

Q7

Q8

Q9

Q10

Q11

Ql12

Q13

Ql4
Q15

Conceptual

Category

Basic concept of work
Basic concept of work
Calculation of work
Basic  concept of
energy

Gravitational potential
energy

Kinetic energy

Kinetic energy

Gravitational potential

energy

Mechanical ~ energy
and energy
conservation

Basic concept of work
Calculation of work
Work from a force-
position graph
Gravitational potential
energy

Calculation of work

Mechanical  energy
and energy
conservation

Measure

Logit

-0.75
-1.53
1.48

-1.53

-1.53

-0.75

-0.25

-0.75

-1.53

0.73

1.48

0.73

1.24

1.72
1.24

Infit

MNSQ MNSQ

Outfit

1.13 1.22
0.93 0.47
|0.94 0.90 |
0.93 0.47
0.93 0.47
1.05 1.50
0.81 0.60
1.09 0.97
0.93 0.47
1.02 0.92
0.98 1.04
1.17 1.22
1.31 1.29
0.99 1.04
0.79 0.73

Pt-
Measure
Corr.
0.09

0.26

0.48

0.26

0.26

0.12

0.43

0.15

0.26

0.36

0.44

0.22

0.18

0.45
0.58

Decision

Revise
Revise
Fit

Revise

Revise

Revise

Fit

Revise

Revise

Fit

Fit

Fit

Revise

Fit
Fit

However, several items showed outfit MNSQ values that were too low, namely 0.47, or

had low point-measure correlations, such as Q1, Q6, Q8, and Q13. Based on the analysis, seven
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items were categorized as fit, namely Q3, Q7, Q10, Q11, Q12, Q14, and Q15. Meanwhile, eight
items required revision or further review, namely Q1, Q2, Q4, Q5, Q6, Q8, Q9, and Q13.

Items categorized as fit indicate that students’ response patterns to those items were
relatively consistent with the predictions of the Rasch Model. In other words, students with
higher ability tended to have a greater probability of answering these items correctly. Items Q3,
Q11, Q14, and Q15 are particularly important because, in addition to meeting the fit criteria,
they were also located at higher difficulty levels. Such items have strong diagnostic value
because they can reveal concepts that have not yet been mastered by some students.

In contrast, items with low point-measure correlations require closer examination. A low
correlation indicates that responses to the item are not sufficiently aligned with the overall
ability estimate. This may occur when an item has ambiguous wording, overly strong
distractors, unfamiliar contexts, or measures an aspect outside the intended construct. For items
Q2, Q4, Q5, and Q9, the outfit MNSQ value of 0.47 indicates a response pattern that was overly
predictable. A low outfit value does not necessarily mean that the item is poor, but it may
indicate that the item is too easy or contributes limited additional information to the
measurement.

This finding is consistent with Rasch literature, which views fit statistics as tools for
identifying items that require review rather than as a sole basis for accepting or rejecting items.
Planinic et al. (2019) emphasized that item fit in physics education research helps researchers
understand whether items function according to the intended construct and whether
participants’ response patterns are consistent with the expected hierarchy of item difficulty.
Hofer et al. (2017) also showed that the development of conceptual mechanics tests requires a
combination of quantitative Rasch evaluation and qualitative content review to ensure that the
instrument truly represents conceptual understanding.

In the national context, Rasch analysis has also been used to evaluate item quality in
diagnostic instruments for misconceptions and science conceptual understanding. A study on
Rasch-based analysis of chemistry misconceptions showed that items and distractors should be
interpreted together so that items that appear “easy” or “fit” statistically can still be evaluated
for their diagnostic value (Mulyani et al., 2021). Therefore, the items marked for revision in
this study should not necessarily be removed immediately, but should be re-examined in terms
of conceptual indicators, wording, context, and the functioning of answer options.

Item Difficulty and Conceptual Difficulty
The item difficulty analysis showed that logit measures ranged from -1.53 to +1.72 logits.

The most difficult item was Q14, with a measure of +1.72 logits, followed by Q3 and Q11, each
Hermanto et. al., 2026 ]
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with a measure of +1.48 logits, and Q13 and Q15, each with a measure of +1.24 logits.
Conversely, the easiest items were Q2, Q4, QS5, and Q9, each with a measure of -1.53 logits.

Table 8. Hierarchy of item difficulty based on logit measures

Difficulty Rank Item Measure Logit Interpretation
1 Ql4 (+1.72 ) Very difficult
2 Q3 +1.48 Very difficult
3 Q11 +1.48 Very difficult
4 QI3 +1.24 Very difficult
5 Q15 +1.24 Very difficult
6 Q10 +0.73 Difficult

7 Q12 +0.73 Difficult

8 Q7 -0.25 Moderate

9 Ql -0.75 Easy

10 Q6 -0.75 Easy

11 Q8 -0.75 Easy

12 Q2 -1.53 Very easy

13 Q4 -1.53 Very easy

14 Q5 -1.53 Very easy

15 Q9 \-1'53 ) Very easy

This hierarchy indicates that students’ difficulties were not primarily located in
recognizing basic terms, but rather in applying and integrating concepts. Items Q2, Q4, QS5, and
19 were likely related to basic concepts such as the unit of work, the definition of energy,
potential energy, and mechanical energy as the combination of kinetic and potential energy.
These items were relatively easy because they could be answered using declarative knowledge.
In contrast, items Q14, Q3, and Q11, which were related to the calculation of work, required
students to connect force, displacement, and the possible direction of force. Items Q13 and Q15,
which were related to potential energy and mechanical energy conservation, required students
to understand relationships among quantities within an energy system.

This finding is consistent with Tong et al. (2023), who showed that work and mechanical
energy require complex knowledge integration. Students’ difficulties are not only related to
formula mastery, but also to their ability to connect work, changes in kinetic energy, mechanical
energy, and the system context being analyzed. Similar findings were also reported in the

development of MOWEI and FORTUNE instruments, which showed that work and energy are
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topics prone to misconceptions and therefore require diagnostic instruments capable of
distinguishing conceptual understanding, confidence in answers, and alternative conceptual
patterns (Aripiani et al., 2023; Samsudin et al., 2021).

In the context of Biology Education students, difficulties with work calculation and
mechanical energy conservation may arise because students are more familiar with energy in
biological contexts, such as metabolism or energy flow, than with mechanical relationships
among force, displacement, and energy change. Therefore, these findings suggest that learning
work and energy for non-physics students should more explicitly connect mathematical
representations with conceptual meanings and phenomena that are familiar to their disciplinary
background.

Wright Map of Students’ Ability and Item Difficulty

The Wright Map showed that students’ ability ranged from approximately 0 to 4 logits.
The students with the highest ability were P1 and P2, both located around 4 logits, whereas the
student with the lowest ability was P21, located close to 0 logits. From the item perspective,
Q14 was positioned at the highest difficulty level, followed by Q11, Q3, Q13, and Q15. In
contrast, Q2, Q4, Q5, and Q9 were positioned at the lowest difficulty level, around -1.53 logits.

This map shows that most students had ability levels above the average item difficulty.
This condition indicates that the instrument was relatively easy for most respondents.
Nevertheless, the presence of Q14, Q11, Q3, Q13, and Q15 at higher difficulty levels still
provides important information regarding the most challenging sub-concepts. Thus, the Wright
Map reveals two important findings simultaneously: students were generally able to answer
many items correctly, but there remained a cluster of concepts requiring higher-order reasoning.

This finding is consistent with Rasch-based research on conceptual understanding of
static fluids, which showed that participants’ ability distribution may be above the average item
difficulty, while the person-item map remains useful for identifying the most challenging items
and ability regions not sufficiently covered by the instrument (Khusaini et al., 2025). In physics
education research, the Wright Map is considered important because it provides a visual
representation of the alignment between participants’ ability and item difficulty. Planinic et al.
(2019) also emphasized that mapping persons and items on the same logit scale is one of the

key advantages of Rasch analysis over raw-score-based approaches.
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Figure 2. Wright Map of Students’ Ability and Item Difficulty in Work and Energy

The Wright Map in this study indicates an imbalance between the distribution of students’

ability and the distribution of item difficulty. Many students were located above the average

item difficulty, while items with moderate to high difficulty levels were relatively limited. In

diagnostic instrument development, this condition suggests the need for additional items in the

range of approximately 0 to +2 logits so that the instrument can better capture variations in
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students’ ability at moderate and high levels. Additional items may be designed to require
students to interpret diagrams, compare energy in two states, or explain the relationship between
work and energy change in biological contexts.

Person Fit and Consistency of Students’ Response Patterns

The person fit analysis showed that most students had response patterns that were
acceptable within the Rasch Model. However, several respondents required closer attention.
Student P20 showed the most misfitting response pattern, with an infit MNSQ of 1.63, outfit
MNSQ of 2.20, and point-measure correlation of 0.01. Student P8 also showed an indication of
misfit, with an outfit MNSQ of 2.02 and point-measure correlation of 0.00. Meanwhile, P19
was categorized as marginally misfitting, with an infit MNSQ of 1.52 and outfit MNSQ of 1.63.

High outfit values indicate unexpected responses, such as a student answering relatively
easy items incorrectly while answering more difficult items correctly. In the context of multiple-
choice tests, such patterns may be caused by guessing, misreading the item, lack of attention,
or unstable conceptual understanding. P8 is particularly noteworthy because this student
obtained a relatively high total score of 13 out of 15, yet the response pattern was not fully
consistent with the model prediction. This indicates that a high score does not always
correspond to a stable pattern of conceptual understanding.

Conversely, several students, such as P3, P4, P10, P12, and P18, showed overfit patterns,
meaning that their responses were overly predictable. Overfit is usually less problematic than
high misfit, but it still suggests that students’ responses strongly followed the item difficulty
order and therefore provided limited additional diagnostic information. In Rasch research,
person fit analysis is useful for identifying unusual response patterns and helping researchers
decide whether certain data require further examination (Planinic et al., 2019).

This finding is consistent with Rasch-based diagnostic studies emphasizing that
participants’ response patterns should be interpreted as part of data validity rather than merely
as individual scores. Research on misconception diagnostic instruments suggests that
inconsistent responses may provide evidence of fragmented reasoning, low confidence in
answers, or guessing strategies (Mulyani et al., 2021). Therefore, students such as P20, P8, and
P19 should not necessarily be removed from the analysis, but they may be considered cases that

reflect variations in conceptual understanding patterns.
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Table 9. Person fit analysis

Person Total Measure Infit Outfit Pt-Measure Decision
Score Logit MNSQ MNSQ Corr.

P20 9 0.55 1.63 2.20 0.01 Misfit

P8 13 2.37 1.34 2.02 0.00 Misfit

P19 9 0.55 |1.52 1.63| 0.16 Marginal misfit

P9 12 1.81 1.31 1.42 0.17 Fit, but requires
attention

P14 11 1.35 1.19 1.11 0.33 Fit

PS 13 2.37 1.08 0.70 0.31 Fit

P16 11 1.35 1.08 1.05 0.39 Fit

P7 11 1.35 1.03 1.01 0.42 Fit

P11 12 1.81 0.96 0.61 0.47 Fit

P3 14 3.22 0.94 0.44 0.32 Overfit
P15 11 1.35 0.93 0.76 0.51 Fit

P17 11 1.35 0.93 0.63 0.54 Fit

P6 13 2.37 0.91 0.50 0.43 Fit

P13 11 1.35 0.87 0.59 0.58 Fit

P4 14 3.22 0.86 0.36 0.37 Overfit
P10 12 1.81 0.68 0.41 0.64 Overfit
P21 8 0.18 0.64 0.57 0.78 Fit

P12 11 1.35 0.61 0.42 0.73 Overfit
P18 10 0.94 0.61 0.46 0.77 Overfit

In the article, person fit results should be reported as evidence that most response data
were sufficiently supportive of Rasch analysis, while several response patterns still required
cautious interpretation. In future studies, respondents with high misfit values may be selected
for diagnostic interviews to investigate whether their errors resulted from misconceptions,
guessing, representational difficulties, or non-cognitive factors such as carelessness during test-
taking.

Synthesis of Students’ Conceptual Difficulties

Overall, the findings indicate that Biology Education students’ conceptual difficulties in

work and energy were more prominent in the application and integration of concepts than in

the recognition of basic definitions. Very easy items, such as Q2, Q4, QS5, and Q9, indicate that
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students were relatively able to recognize basic concepts such as the unit of work, the definition
of energy, potential energy, and mechanical energy. In contrast, items requiring the application
of relationships among force, displacement, work, potential energy, kinetic energy, and
mechanical energy conservation, such as Q14, Q3, Q11, Q13, and Q15, were the most difficult
items.

Table 10. Item difficulty measures and classification of the developed test items
Item Abbreviated item content Conceptual domain Measure Classification

Q2  Identifying the SI unit of work Unit of work —-1.53
Q4  Identifying the definition of Basic concept of —1.53
energy energy
Q5  Identifying energy associated Gravitational -1.53
Very easy
with an object’s position potential energy
Q9  Identifying mechanical energy as Mechanical energy  —1.53
the sum of kinetic and potential
energy
Q3 Calculating work by a 20 N force Work calculation with +1.48

over 8§ m at 60° force direction
Q11 Calculating work by a 30 N Work calculation +1.48
horizontal force over 1.5 m
Q13 Determining gravitational Potential energy and +1.24
potential energy at point B reference level Very difficult
relative to point A
Q14 Calculating work by a 50 N force Work  calculation +1.72
at 60° over 4 m with force direction
Q15 Calculating kinetic energy during Mechanical-energy  +1.24

free fall at points A and B conservation

This pattern reveals a gap between declarative knowledge and integrated conceptual
understanding. Students may recognize terms or basic formulas, but they may not necessarily
be able to use these concepts to analyze physical situations. Such difficulties are common in
the topic of work and energy because the concepts require students to simultaneously
understand systems, changes of state, direction of force, displacement, and energy

transformation. Tong et al. (2023) showed that students often experience fragmented
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knowledge when learning work and mechanical energy; they may remember formulas but fail
to establish meaningful relationships between work and energy changes.

This finding is also consistent with the development of diagnostic instruments for work
and energy, showing that this topic is prone to misconceptions and requires richer diagnostic
assessment than ordinary multiple-choice tests (Aripiani et al., 2023; Samsudin et al., 2021). In
the Indonesian context, studies adapting four-tier diagnostic tests for work, power, and energy
have also emphasized that Rasch-based instruments can be used to map item difficulty and
evaluate instrument suitability across cultural contexts (Faihah et al., 2025b).

For Biology Education students, these difficulties can be understood as a consequence of
the interdisciplinary nature of the topic. The concept of energy is highly familiar in biology, but
it often appears in the form of metabolic energy, energy flow in ecosystems, or energy
transformation in organisms. In physics, however, energy in the topic of work and energy is
understood through mechanical relationships among force, displacement, system state, and
energy change. This difference in context may cause students to recognize the term “energy”
in a general sense while experiencing difficulties when applying it in a mechanics-based model.

The findings of this study suggest that instruction on work and energy for Biology
Education students should emphasize connections across representations. Formulas should not
be taught merely as computational procedures, but should be linked to force diagrams, object
position, changes in height, changes in velocity, and the physical meaning of work. The use of
biological contexts, such as muscle work, organism movement, lifting activities, or energy
transformation in body movement, may help students build a bridge between physics concepts
and their disciplinary field. Such an approach can make the learning of work and energy not

only mathematical, but also conceptual and meaningful for Biology Education students.

CONCLUSION

This study concludes that Biology Education students generally demonstrated an initial
understanding of work and energy, as indicated by the average person ability being higher than
the average item difficulty. However, this understanding was not evenly distributed across all
sub-concepts. Students found it relatively easier to recognize basic concepts, such as the unit of
work, the definition of energy, potential energy, and mechanical energy. In contrast, they
experienced greater difficulty with items requiring the application and integration of concepts,
particularly those involving the relationships among force, displacement, work, potential

energy, kinetic energy, and mechanical energy conservation.
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The Rasch analysis revealed that the most difficult items were Q14, Q3, Q11, Q13, and
Q15, which represented more complex conceptual demands. These items required students not
only to recall formulas but also to connect physical quantities and interpret situations involving
work and energy transformation. Conversely, Q2, Q4, Q5, and Q9 were the easiest items
because they mainly assessed recognition of basic concepts. These findings indicate that the
main conceptual difficulty among Biology Education students lies not in remembering
definitions, but in applying and integrating physics concepts within mechanics-based contexts.

From the perspective of instrument quality, the diagnostic test provided preliminary
evidence for measuring students’ conceptual understanding of work and energy. The
dichotomous scoring categories functioned monotonically, and several items showed
acceptable fit to the Rasch Model. Nevertheless, the instrument still requires further refinement,
as indicated by low person reliability and separation, evidence of local item dependence among
several items, and the presence of items requiring revision based on item fit and point-measure
correlation. Therefore, the instrument can be used as an initial diagnostic tool, but further
development is needed through item revision, the addition of items with moderate to high
difficulty levels, and testing with a larger and more diverse sample.

Overall, this study highlights the usefulness of the Rasch Model in diagnosing conceptual
difficulties in interdisciplinary physics learning. For Biology Education students, work and
energy should not be taught merely as mathematical procedures, but as interconnected concepts
that explain biological and physical phenomena. Future instruction should emphasize multiple
representations, conceptual reasoning, and biologically relevant contexts, such as muscle work,
organism movement, and energy transformation in body systems. Such an approach may help
students develop a more meaningful and integrated understanding of work and energy as

foundational concepts in both physics and biology.
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