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Method: The research followed the ADDIE development model, which includes
analysis, design, development, implementation, and evaluation phases. The
instrument, consisting of 20 essay items aligned with CPS indicators, was
validated by three experts in physics education. It was then tested on 35 Grade XI
students in Lampung Province. Data analysis was performed using the Rasch
model through Winsteps software, focusing on fit analysis, reliability, item
difficulty distribution, and dimensionality assessment.
Results: The instrument demonstrated strong internal consistency, confirming
its reliability for assessing CPS skills in physics education. The construct validity
was supported by fit analysis, indicating that most items functioned
appropriately. However, some items exhibited potential bias and required
revision. The dimensionality analysis confirmed that the instrument effectively
measured a single underlying construct, ensuring its psychometric robustness.
These findings suggest that the developed CPS assessment instrument is a
reliable and valid tool for evaluating students’ creative problem-solving abilities
in high school physics, particularly in fluid mechanics.
Conclusion: This study successfully developed and validated a CPS assessment
instrument for high school physics education, demonstrating strong reliability
and construct validity. The instrument effectively measures CPS skills, though
some items require refinement to ensure fairness and accuracy. Future research
should focus on further improving item quality and testing the instrument in
diverse educational settings to enhance its applicability and generalizability.
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INTRODUCTION

Creative problem-solving (CPS) skills play a pivotal role in physics education, particularly in
this era of rapid advancements in science and technology. CPS serves as a fundamental competency
to prepare students for the complexities of an ever-evolving real world, where they are expected to
identify problems, analyze them from diverse perspectives, and formulate innovative yet practical

* Corresponding author:
Rahma Diani, UIN Raden Intan Lampung, INDONESIA
rahmadiani@radenintan.ac.id


https://doi.org/10.58524/jasme.v5i1.558
mailto:rahmadiani@radenintan.ac.id

Journal of Advanced Sciences and Mathematics Education
Diani et al [ Creative problem-solving assessment .........

solutions (Aytekin & Topgu, 2024; Puccio et al., 2022). Within the framework of scientific literacy,
CPS in physics learning encourages students not only to gain a deep understanding of physical
concepts but also to connect these concepts to real-world phenomena through approaches that
involve analysis, synthesis, and evaluation (Bao & Koenig, 2019; DeHaan, 2009; Shakhman & Barak,
2019). Additionally, CPS has been shown to enhance critical and reflective thinking, which are
essential for the development of scientific competence (Fathonah et al.,, 2023; Garcia-Carmona,
2023).

Numerous studies have highlighted the significance of CPS in fostering students’ higher-order
thinking, particularly in science and engineering education (Shin et al., 2025; Song et al.,, 2025; Xia et
al,, 2025). CPS-based assessments encourage students to engage with complex tasks that demand
creativity, reasoning, and adaptability (Farida et al,, 2024a; Pears et al,, 2025). Furthermore, the use
of the Rasch model has become increasingly prominent in the validation of instruments designed to
measure creative and critical thinking in physics (Kassiavera et al., 2024; Naingalis et al., 2023).
Several researchers have explored CPS-oriented assessments in topics such as electricity, optics, and
quantum mechanics (Bitzenbauer et al., 2022; Testa et al.,, 2020; Widyaningsih et al., 2021), while
Rasch-based refinements have been utilized to improve measurement quality in STEM education
(Purnami et al,, 2023; Ringo et al., 2021). Despite these promising efforts, very few studies have
specifically addressed CPS assessment in senior high school physics, particularly in fluid
mechanics—a topic known for its abstract and conceptual complexity (Marfu'i et al., 2019; Yusuf et
al., 2020). Moreover, existing instruments are often either too general for science education or
developed for higher education contexts, leading to a significant gap in tools aligned with the high
school physics curriculum. Although ICT-based assessments have shown potential in evaluating CPS
(Farida et al., 2024b), their psychometric robustness in specific domains such as fluid mechanics
remains underexplored.

Given this gap, the development of a robust CPS assessment instrument in physics education
is crucial to ensure reliable and valid measurement results. Such instruments are essential for
accurately identifying students' CPS levels, enabling educators to design more effective strategies for
enhancing these skills (Treffinger, 1995; Ying & Tiemann, 2024). Assessing CPS in physics also
necessitates integrating the relationship between physics concepts and realistic problem-solving
contexts to ensure that the assessment outcomes reflect abilities relevant to students' future needs
(Burkholder et al., 2020; Maries & Singh, 2023).

To evaluate the developed CPS instrument, the Rasch model has been widely adopted due to
its capacity to provide in-depth analysis regarding the validity and reliability of assessment tools
(Baghaei, 2008; Boone & Staver, 2020). The Rasch model allows for a comprehensive evaluation of
both student abilities and item difficulty levels within the instrument, thereby offering robust
evidence for construct validity and measurement reliability (Medvedev & Krageloh, 2022; Testa et
al,, 2020). This model can map how effectively the instrument's items measure students’ CPS skills
in physics while also identifying items that may require revision (Planinic et al.,, 2019). Consequently,
employing the Rasch model in this study is vital to ensure that the developed CPS instrument
consistently yields accurate and reliable results.

This study aims to develop and validate a CPS assessment instrument specifically designed for
senior high school physics education, with a particular focus on fluid mechanics. By employing the
Rasch model], this research provides a comprehensive perspective on the instrument’s effectiveness
in measuring students' CPS skills, as well as evaluating its consistency and accuracy. Therefore, this
study contributes significantly to the field of educational assessment, particularly in the development
of psychometrically sound instruments tailored to physics learning in secondary education.
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METHOD

The instrument development process followed the ADDIE model (Branch, 2009; Diani &
Hartati, 2018), as illustrated in Figure 1. The analysis phase ensured that the instrument was aligned
with real-world needs and conditions. During the design phase, 20 essay items were developed to
measure students' CPS skills in the context of fluid mechanics. The instrument incorporated CPS
indicators, including objective finding, fact finding, problem finding, idea finding, solution finding,
and acceptance finding (Chen et al., 2021; Diani et al., 2019; Fiteriani et al., 2021; Mitchell & Kowalik,
1979). Subsequently, the items were validated by three experts in physics education who assessed
their appropriateness, clarity, and relevance.

Analysis Design Development Implementation Evaluation

Defining
Assessment Instrument
Compilation Instrument

Goals Testing

Curriculum
Analysis

Data Analysis

Result
Interpretation

Student Blueprint Expert
Analysis Development Validation

Needs Analysis e : [tem Revision Collection
Construction
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Figure 1. Research phases

After expert validation, the instrument was tested on 35 Grade XI students from a senior high
school in Lampung Province who had prior knowledge of fluid mechanics. The validation process
involved three expert validators, consisting of two physics education specialists and one assessment
and evaluation expert. These validators were selected based on their academic qualifications,
extensive experience in educational assessment, and their research background in problem-solving
and physics education. Participants for the trial were selected through purposive sampling to ensure
their familiarity with the tested material. The students answered the 20 essay items within a
specified timeframe. Data collected from this trial were used for further analysis. The study adhered
to ethical considerations, including obtaining school approval and participant consent.
Confidentiality was strictly maintained, and participation was voluntary.

The trial data were analyzed using the Rasch model with the aid of Winsteps software (Bond,
2015; Linacre, 2002). The analysis included the following components:

e Verification of the Unidimensionality Assumption: This step ensures that the instrument
measures only a single primary construct, namely Creative Problem-Solving (CPS), in accordance
with the unidimensionality principle of the Rasch model (Ambrosio et al., 2020; Huang et al,,
2023)

o Fit Analysis: This test evaluates the conformity of test items to the Rasch model by examining the
values of Outfit MNSQ, Outfit ZSTD, and Pt-Measure Corr (Christensen et al.,, 2019; Elder, 2024).
An item is considered misfitting if it does not meet the following criteria: Outfit mean-square
residual (MNSQ): 0.5 <y < 1.5, Outfit standardized mean-square residual (ZSTD): -2.0 < Z < +2.0,
and Point Measure Correlation (Pt-Measure Corr): 0.4 <x < 0.8.

e Rating Scale: This analysis examines the effectiveness of the response categories used in the CPS
assessment. It evaluates whether rating scales function as intended by analyzing category
thresholds, response distribution, and step calibration to ensure a meaningful progression in
scoring.
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e Person-Item Map (Wright Map) Analysis: This analysis examines the alignment between item
difficulty levels and students' CPS abilities to ensure the instrument effectively measures the
intended construct.

e Item Separation Analysis: This test assesses how well the instrument differentiates items into
different difficulty levels (e.g., easy, moderate, difficult) within the CPS framework.

e Person Separation Analysis: This test evaluates how effectively the instrument categorizes
respondents based on their CPS ability levels (e.g., low, moderate, high).

o Reliability Analysis: Person and item reliability indices were calculated to evaluate the
instrument's consistency. High reliability indicates that the instrument provides consistent
measurements.

o [tem Difficulty Analysis: The difficulty level of each item was determined to ensure a balanced
distribution aligned with students' abilities.

o Differential Item Functioning (DIF) Analysis: This analysis detects potential bias in specific items
against particular groups (gender-based bias). Ensuring fairness in the instrument is crucial for
maintaining validity across diverse respondent groups.

Based on the analysis results, items that did not fit the Rasch model or exhibited poor fitindices
were revised or removed to enhance the instrument's validity and reliability. The rating scale
analysis ensured that response categories functioned effectively, contributing to meaningful score
interpretation. The person-item map analysis confirmed the alignment between item difficulty levels
and respondents’ CPS abilities, while item and person separation indices demonstrated the
instrument’s capability to differentiate both item difficulty and student ability levels. Additionally,
reliability analysis confirmed the consistency of the instrument, item difficulty analysis ensured a
balanced distribution of cognitive challenges, and DIF analysis verified the absence of significant bias
across respondent groups. Taken together, these analyses validate the CPS assessment instrument
as a robust and equitable tool for measuring creative problem-solving skills in physics education.

RESULTS AND DISCUSSION

Results

Curriculum analysis underscores the importance of developing higher-order thinking skills,
including Creative Problem-Solving (CPS), in physics education. This process is conducted to ensure
that the material aligns with learning objectives and meets students' needs. A thorough curriculum
analysis includes examining learning outcomes, analyzing vertical and horizontal competency
relationships, and evaluating material relevance to students’ characteristics and local contexts.
Ensuring this alignment is essential for designing assessments that accurately measure CPS skills.
However, the implementation of CPS-focused learning in real-world classrooms remains suboptimal,
necessitating well-designed assessment instruments to evaluate students' CPS development
effectively. Observations and interviews with students revealed that many struggle to apply physics
concepts when solving problems requiring creativity. This difficulty is attributed to a lack of practice
and assessments that emphasize CPS development. Students are often accustomed to routine
questions and are rarely exposed to challenges that encourage creative thinking. By ensuring that
curriculum materials and assessments align with both cognitive development and contextual
learning, educators can enhance students' ability to engage in creative problem-solving in physics.

Interviews with physics educators further highlighted gaps in the current CPS assessment
practices. Teachers expressed the need for valid and reliable instruments to effectively evaluate
students’' CPS abilities, which could assist in designing better teaching strategies and providing
constructive feedback. Based on the needs analysis and curriculum analysis results, a 20-item
question blueprint was developed, aligning with key CPS indicators and ensuring that the questions
addressed both conceptual understanding and real-world problem-solving skills. The decision to use
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20 items was based on the balance between comprehensive assessment coverage and practical
feasibility for classroom implementation.

The instrument underwent expert validation involving three specialists in physics education
and educational assessment. Validators provided comments and suggestions regarding question
clarity, alignment with CPS indicators, and appropriateness for students' cognitive levels. Some items
required revisions before finalization, particularly in terms of wording and contextual relevance.
Following expert feedback, modifications were made to improve the clarity, relevance, and
appropriateness of specific items. Additionally, clear scoring guidelines were refined to enhance
consistency in assessment. As a result, the validated instrument serves as a comprehensive and
accurate tool for assessing CPS skills in physics education.

Following revisions, the instrument was tested on a representative sample of students. Before
conducting further analysis using the Rasch model, it is essential to ensure that the instrument meets
the assumptions of unidimensionality and local independence. The unidimensionality test was
conducted using Winsteps, focusing on the dimensionality output to assess the proportion of
variance explained by the model. The results are presented in Figure 2.

TABLE 23.0 INPUR RASCH BUNDA RAHMA.XxTsx ZOU968WS.TXT oOct 24 2024 15:29
INPUT: 35 PERSON 20 ITEM REPORTED: 35 PERSON 20 ITEM 6 CATS WINSTEPS 5.7.3.0

Table of STANDARDIZED RESIDUAL variance in Eigenvalue units = ITEM information units
Eigenvalue Observed Expected
27.1856 100.0% 100.0%
7.1856 26.4% 26.8%
5.2172 19.2% 19.4%
1.9685 7.2% 7.3%
20.0000 73.6% 100.0%  73.2%
3
2
2
2

Total raw variance in observations

Raw variance explained by measures
Raw variance explained by persons
Raw variance explained by items

Raw unexplained variance (total)
Unexplned variance in 1lst contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast .0122 7.4% 10.1%
Unexplned variance in 5th contrast 1.6871 6.2% 8.4%

Figure 2. Unidimensionality analysis of the CPS assessment instrument

.0909 11.4% 15.5%
.6543 9.8% 13.3%
L1398 7.9% 10.7%

The analysis indicates that the Rasch model explains 26.4% of the total variance in the CPS
assessment instrument, exceeding the 20% threshold required to meet the unidimensionality
assumption (Islam et al.,, 2020). Given the polytomous scoring system, this value is sufficient to
confirm that the instrument primarily measures creative problem-solving skills in physics education.
The first contrast in unexplained variance is 11.4%, which, while indicating some residual variance,
remains below the 15% threshold, suggesting that potential secondary dimensions do not
significantly affect the instrument's measurement focus (Li et al., 2024; Park, 2021). These findings
confirm that the CPS assessment instrument meets the unidimensionality assumption, validating its
use in physics education assessments.

The item fit analysis demonstrates that the majority of test items align well with the Rasch
model expectations. Most items exhibit appropriate fit, indicating that they function effectively in
measuring the intended construct. This suggests that the test as a whole has strong psychometric
properties, with well-calibrated items across varying difficulty levels.

Table 1. Item fit Analysis

Items MNSQ ZSTD PTMA MNSQ ZSTD PTMA Conclusion
P1 1.4347 1.8414 0.3504 fit fit misfit FIT
P2 0.2709 -4.8397 0.6761 misfit misfit fit FIT
P3 1.4786 1.9715 0.4828 fit fit fit FIT
P4 1.1679 0.7912 0.3929 fit fit misfit FIT
P5 0.79 -0.9892 0.4291 fit fit fit FIT
P6 0.7065 -1.4493 0.7079 fit fit fit FIT
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pP7 0.7957 -0.9892 0.561 fit fit fit FIT
P8 0.5245 -2.7395 0.557 fit misfit fit FIT
P9 1.1057 0.5411 0.6431 fit fit fit FIT

P10 0.8365 -0.7592 0.3699 fit fit misfit FIT
P11 1.1576 0.7912 0.5401 fit fit fit FIT
P12 1.1932 0.9512 0.387 fit fit misfit FIT
P13 1.0147 0.141 0.5132 fit fit fit FIT
P14 1.0645 0.3711 0.4396 fit fit fit FIT
P15 1.4764 2.0515 0.0848 fit misfit misfit FIT
P16 0.8905 -0.4691 0.4342 fit fit fit FIT
P17 0.7957 -0.9892 0.5183 fit fit fit FIT
P18 1.2727 1.2813 0.3584 fit fit misfit FIT
P19 1.0006 0.071 0.4561 fit fit fit FIT
P20 1.1887 0.9312 0.4869 fit fit fit FIT

Two items, P2 and P15, stand out as they only meet one of the established fit criteria. While
they are still classified as fit, their marginal alignment with the model warrants further investigation.
These items may require closer scrutiny to determine if their response patterns indicate
inconsistencies in how different groups of participants interact with them. Such inconsistencies could
arise from contextual bias or differences in interpretation across participant demographics. To
ensure the fairness and validity of the assessment, a follow-up Differential Iltem Functioning (DIF)
analysis is recommended. This analysis will help identify whether certain items exhibit bias toward
specific participant subgroups, such as gender. If a significant DIF effect is detected, it may be
necessary to revise or replace the affected items to maintain the overall test integrity.

Despite these minor concerns, the overall distribution of item fit results suggests that the
instrument is well-structured. Most items effectively differentiate participants based on ability levels,
supporting the test’s reliability and measurement precision. The results provide a strong foundation
for further refinement, ensuring that the assessment remains a robust tool for evaluating
participants’ skills in a fair and valid manner.

The evaluation of the rating scale in the scoring rubric was conducted by examining the
Andrich Thresholds to determine whether the score categories effectively differentiate participants'
ability levels. Ideally, the threshold distance should range between 1.4 and 5.0 logit. The analysis
results indicate that some categories have excessively small threshold distances, particularly in the
transitions from rating 2 to 3 (0.80 logit), 3 to 4 (0.55 logit), and 4 to 5 (0.13 logit), necessitating their
combination. Meanwhile, rating categories 0, 1, and 2 meet the criteria and can be retained.

Table 2. The evaluation of the rating scale in the scoring rubric

Rating Lower Upper Andrich Threshold

Transition Threshold Threshold Distance Recomendation
Rating O to 1 0 -3,43 3,43 Retain
Rating 1 to 2 -3,43 -0,05 -3,38 Retain
Rating 2 to 3 -0,05 0,75 0,80 Merge
Rating 3 to 4 0,75 1,3 0,55 Merge
Rating4to 5 1,3 1,43 0,13 Merge

The category probability curve further supports this recommendation, as only categories 0, 1,
2, and 5 exhibit distinct distribution peaks (see figure 3), while categories 3 and 4 do not form
sufficiently clear probability patterns. Therefore, it is recommended to modify the rating scale from
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six categories to four, merging categories 3, 4, and 5 into a single category (rating 3). This adjustment

is expected to enhance the validity of the rating scale in accurately mapping students’ abilities.
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The Wright Map provides a comprehensive overview of the balance between respondents’
ability levels and item difficulty within the same scale. The respondent distribution on the left side
indicates that most participants have a relatively good ability level, with logits ranging between 0
and 2. Meanwhile, on the right side, the item distribution reflects a sufficiently broad range of
difficulty levels. Most items are well-distributed, indicating that the instrument effectively measures
respondents' abilities.
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Journal of Advanced Sciences and Mathematics Education | 103



Journal of Advanced Sciences and Mathematics Education
Diani et al [ Creative problem-solving assessment .........

At the M (+2 SD) level, there is one participant (30P), indicating that this individual possesses
exceptionally high ability compared to the others. No items are present at this level, suggesting that
there are no questions sufficiently difficult to differentiate individuals with such extreme abilities. In
the range of S (+1 SD) to M (Mean), several participants (05P, 03L, 06L, 21L) exhibit high ability
levels. Some items are also positioned in this range, indicating that these questions are relatively
difficult and can only be answered correctly by participants with higher abilities. Between M (Mean)
and -S (-1 SD), participants and items are more evenly distributed. This suggests that most
participants fall within this ability range, and the majority of items also exhibit a moderate level of
difficulty. At < -S (-1 SD), some participants demonstrate lower abilities compared to others. Several
items are also located within this range, indicating that these questions are relatively easier and can
be answered correctly by most participants.

Overall, the Wright Map illustrates a relatively balanced distribution of participant abilities,
with items spread across different difficulty levels. However, there is a slight imbalance at the highest
ability level, where a participant with exceptionally high ability lacks sufficiently challenging items
to assess their full potential.

Table 3. Person and Item Reliability and Separation Statistics

Rerata Logit (SD) Separation  Reliability Alpha Cronbach
Person 0,89 1,92 0,79
(0,48) 0,81
0,00 ’
[tem (0.28) 1,35 0,65

The analysis of person and item separation provides insight into the effectiveness of the
instrument in distinguishing between different levels of ability. The person separation index of 1.92
suggests that the instrument is capable of categorizing participants into approximately two distinct
ability groups. This indicates a reasonable level of differentiation, meaning that the test can
effectively distinguish between higher- and lower-ability participants. Additionally, the person
reliability of 0.79 supports the consistency of this categorization, reinforcing the instrument's
stability in measuring participants' abilities. The Cronbach's Alpha value of 0.81 further confirms that
the test demonstrates good internal consistency, indicating that the items work well together in
assessing the intended construct.

On the item side, the item separation index of 1.35 suggests that the test items vary in difficulty,
but the distinction is not as strong as that observed in person separation. This indicates that while
there is some spread in item difficulty, additional refinement may enhance the ability of the test to
differentiate more effectively across a wider range of ability levels. The item reliability of 0.65
suggests a moderate level of consistency in item difficulty, meaning that while the items are generally
stable, further calibration may be beneficial to strengthen the test's overall structure.

Overall, these reliability indicators suggest that the instrument is well-developed and provides
meaningful differentiation among participants. The KR-10 reliability analysis, reflected in the
Cronbach’s Alpha value, confirms that the test is internally consistent and appropriately structured.
While the instrument already demonstrates strong reliability, slight refinements—particularly in
item difficulty calibration—could further enhance its effectiveness in differentiating participants
across ability levels. These findings provide a positive outlook on the test’s capability to measure
competencies accurately while also highlighting opportunities for refinement.

The distribution of item difficulty in this instrument demonstrates a well-balanced range of
difficulty levels, with items spanning from "Very Easy" to "Very Difficult.” This spread allows the
instrument to effectively measure participants' abilities across various levels. Several items fall into
the "Very Easy" category, including P1 (-0.47), P5 (-0.43), and P16 (-0.38). These items are likely to
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be answered correctly by most participants, indicating their low difficulty level. The presence of such
items is crucial to ensure that lower-ability participants can still engage with the test effectively.

Table 4. The distribution of item difficulty

Categroy Range Items
Very Difficult >1SD P3, P4, P13,
Difficult Means/d 1 SD P2, P6, P9, P10, P15
Easy -1SD s/d mean P7,P8, P11, P12, P14, P17, P18, P19, P20
Very Easy <-1SD P1, P5, P16

Conversely, some items are categorized as "Very Difficult," such as P3 (0.3), P4 (0.33), and P13
(0.7). These items are designed to challenge high-ability participants and differentiate them from
those with moderate or lower abilities. However, an excessive number of high-difficulty items may
lead to an imbalance that could hinder the assessment of lower-ability participants. The "Difficult”
category includes items such as P2 (0.2), P6 (0.2), P9 (0.28), P10 (0.06), and P15 (0.09). These items
serve as intermediaries between easier and harder items, contributing to a more even distribution
of difficulty levels within the instrument.

Most items are classified as "Easy," including P7 (-0.03), P8 (-0.12), P11 (-0.05), P12 (-0.1), P14
(-0.15), P17 (-0.03), P18 (-0.08), P19 (-0.08), and P20 (-0.24). These items help ensure that
participants with average ability levels can still demonstrate their understanding without facing
excessive challenges. Overall, the distribution of item difficulty exhibits a good balance between easy
and difficult items. However, further analysis is necessary to ensure that the "Very Difficult" and
"Very Easy" items do not overly dominate, thus maintaining the instrument's ability to assess
participants’ abilities optimally.

The results of the DIF analysis indicate that most items exhibit no significant bias between
groups. This conclusion is based on the probability (p-value) exceeding the 0.05 threshold for almost
all items. However, item P13 has a p-value of 0.0357, which is below 0.05, suggesting potential bias.
Additionally, item P15 has a p-value of 0.0511, which is close to the threshold, warranting further
attention.

| PERSON SUMMARY DIF BETWEEN-CLASS/GROUP ITEM

| CLASSES  CHI-SQUARED D.F. PROB. UNWTD MNSQ  ZSTD Number Name |
[ = o= m oo oo I
| 2 .7432 1 3886 .7841 .31 1P1
| 2 5704 1 .4501 .5961 .14 2 P2

| 2 1.5011 1 .2205 1.6063 .83 3 P3

| 2 0000 1 1.0000 .0085 -1.22 4 P4
| 2 2307 1 .6310 .2401 -.33 5 P5

| 2 0099 1 .9209 .0172 -1.10 6 P6
| 2 .0474 1 .8276 .0485 -.88 7 P7

| 2 .2985 1 5848 .3116 -.21 8 P8
| 2 0290 1 .8648 .0296 -.99 9 P9
[ 2 0000 1 1.0000 .0032 -1.34 10 P10
| 2 .1697 1 6804 .1755 -.46 11 P11
| 2 1.7786 1 .1823 1.9232 .99 12 P12
| 2 4.4091 1 .0357 5.0706 1.99 13 P13
| 2 .3332 1 5638 .3427 -.17 14 P14
| 2 3.8055 1 .0511 4.3086 1.80 15 P15
| 2 L3171 1 5734 .3292 -.19 16 Pl6
| 2 1.2727 1 2593 1.3587 .70 17 P17
| 2 .1027 1 .7486 .1068 -.64 18 P18
| 2 1.5049 1 .2199 1.6161 .84 19 P19
| 2 1.2088 1 2716 1.2963 .66 20 P20

Figure 5. Differential Iltem Functioning (DIF) analysis results

The DIF measure plot further supports these findings, showing a noticeable deviation for items
P13 and P15 compared to others. The graph illustrates significant differences in responses between

Journal of Advanced Sciences and Mathematics Education | 105



Journal of Advanced Sciences and Mathematics Education
Diani et al [ Creative problem-solving assessment .........

male and female participants, reinforcing the indication of potential bias in these items. These results
suggest thatitem P13 demonstrates a statistically significant DIF, while item P15 is on the borderline.

PERSON DIF plot (DIF=$S3W1)
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Figure 6. Differential Item Functioning (DIF) analysis graph by gender (L: Male, P: Female).
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Following this analysis, a revision of item P13 is necessary to eliminate any potential bias. [tem
P15 also requires further review to ensure that it functions fairly across different respondent groups.
Additional investigations can be conducted to explore the source of bias in these items, such as
qualitative analysis or expert review to refine item wording and ensure content neutrality.

Discussion

The results of this study indicate that the developed creative problem-solving (CPS)
assessment instrument possesses strong psychometric properties, particularly in terms of validity
and reliability. The Cronbach’s Alpha coefficient of 0.81 reflects high internal consistency, exceeding
the recommended threshold for educational instruments (Barbera et al, 2021; Taber, 2018).
Additionally, the item fit statistics confirmed that the items align well with the Rasch model,
providing evidence of strong construct validity. These results suggest that the instrument is capable
of measuring students’ CPS abilities in fluid mechanics reliably and meaningfully.

Despite the instrument's overall strength, several areas were identified for refinement. The
analysis of rating scale functionality revealed that some scale categories were underutilized, which
may suggest ambiguity or limited relevance to respondents. As recommended by Adams and Wieman
(2011) and Kalkbrenner (2021), optimizing these categories is essential to enhance response
sensitivity and ensure a more nuanced assessment of CPS levels. Furthermore, Differential Item
Functioning (DIF) analysis identified certain items—particularly item P13—as exhibiting potential
bias across different student subgroups. Such bias poses a risk to measurement fairness and may
compromise the generalizability of findings. Addressing item bias through item revision or
recalibration is therefore necessary to uphold equity and validity in assessment (Robertson & Larki,
2019).

Another critical finding concerns the distribution of item difficulty. Although the instrument
covers a range of student abilities, a number of items were found to be too easy and lacked sufficient
discriminatory power, especially for higher-achieving students. This can limit the diagnostic value of
the instrument in differentiating between moderate and advanced CPS abilities. Item-level
analyses—such as difficulty and discrimination indices—should guide future revisions to ensure that
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the assessment captures the full spectrum of student proficiency (Maba et al, 2017; Smith &
McCarthy, 1995).

The present findings are consistent with those of previous studies investigating CPS
assessment in science education. Ulya et al. (2024) reported a reliability coefficient of 0.82 for a CPS
instrument in middle school mathematics learning, while Viyanti et al. (2022) obtained a coefficient
of 0.80 in a project-based physics learning context. Similarly, Agnezi and Festiyed (2023)
demonstrated empirical validity and reliability for instruments assessing problem-solving skills in
fluid mechanics and thermodynamics. These comparable results support the assertion that well-
constructed CPS instruments can effectively measure complex cognitive abilities in science learning.

Taken together, these findings highlight the utility of the developed CPS instrument for
assessing students' creative problem-solving skills in high school physics, specifically within the
domain of fluid mechanics. They also underscore the importance of continuous refinement—through
scale optimization, bias detection, and difficulty balancing—to improve the instrument’s
psychometric robustness. This study contributes not only to the practical application of CPS
assessment in physics education but also provides a methodological foundation for the development
of valid and reliable instruments using Rasch modeling tailored to domain-specific cognitive
demands.

Implications

The findings of this study have significant implications for both educational theory and
practice, particularly in the development of CPS assessment instruments for physics education. The
high reliability and satisfactory validity of the instrument reinforce the theoretical framework that
CPS skills can be measured objectively and consistently, aligning with prior research. From a
practical perspective, this instrument provides educators with a structured tool to assess students'
creative problem-solving abilities, allowing for more targeted instructional strategies. The
assessment results can help teachers identify students' strengths and areas for improvement in CPS,
enabling them to design interventions that foster higher-order thinking skills. Additionally, students'
responses to the instrument provide insights into how they engage with complex, real-world physics
problems, shedding light on their reasoning processes and problem-solving approaches.

Beyond classroom application, these findings serve as a valuable reference for policymakers in
designing curricula that integrate CPS development as a core learning objective. By emphasizing CPS
in physics education, schools can cultivate students’ ability to approach scientific challenges with
creativity and critical thinking. Furthermore, the validated instrument can be used for broader
educational assessments, contributing to the refinement of national and international evaluation
standards. Thus, this study contributes to the advancement of educational assessment
methodologies and provides a solid empirical foundation for improving physics education by
fostering creative problem-solving skills in students.

Limitations

While this study successfully developed a CPS assessment instrument with adequate reliability
and validity, some limitations warrant consideration. First, the research sample was limited to one
school, requiring caution when generalizing the findings to a broader population. Second, the
Differential Item Functioning (DIF) analysis identified potential bias in certain items, such as P13,
necessitating further evaluation to ensure fairness across diverse student groups. Finally, time and
resource constraints restricted the study to a single round of testing. Repeated trials with more
diverse samples would offer a more comprehensive understanding of the instrument's consistency
and reliability. Despite these limitations, the findings significantly contribute to the development of
CPS measurement tools in physics education.

Journal of Advanced Sciences and Mathematics Education | 107



Journal of Advanced Sciences and Mathematics Education
Diani et al [ Creative problem-solving assessment .........

Suggestions

Based on the findings of this study, it is recommended that the developed CPS assessment
instrument be tested further on a broader and more diverse population, including students from
different schools, regions, and educational backgrounds, to improve external validity and ensure
generalizability. Additionally, items with potential bias, such as P13, should be revised and
revalidated through expert reviews and cognitive interviews with students to ensure fairness and
accuracy in measuring CPS across different demographic groups.

Future research should also explore the application of this instrument in various instructional
settings, such as inquiry-based or project-based learning environments, to assess its adaptability and
effectiveness in different teaching methodologies. Furthermore, longitudinal studies tracking
students' CPS development over time using this instrument could provide deeper insights into its
long-term reliability and its role in fostering creative problem-solving skills in physics education.

CONCLUSION

This study successfully developed a reliable and valid instrument for assessing CPS skills in
physics education, aligning with the initial objectives outlined in the Introduction. The instrument's
high reliability and satisfactory validity confirm its effectiveness in measuring CPS abilities among
students. These findings contribute to both theoretical understanding and practical application in
CPS assessment, providing educators with a structured tool to evaluate and enhance students'
creative problem-solving skills in physics. To maximize its usability, educators are encouraged to
integrate this instrument into classroom assessments and instructional strategies, particularly in
inquiry-based or project-based learning settings. The instrument can also serve as a diagnostic tool
to identify students' strengths and areas for improvement in CPS, enabling targeted interventions to
support their problem-solving development.

Future research should focus on refining the instrument by addressing identified biases
through iterative validation processes, including expert reviews and cognitive interviews with
students. Additionally, expanding its implementation across different educational contexts, such as
various grade levels and learning environments, will help establish its generalizability. Longitudinal
studies examining the impact of CPS assessment on students’ learning outcomes and problem-
solving growth over time would further strengthen its effectiveness and applicability in science
education. By continuously improving and adapting this instrument, it can become a valuable asset
in fostering creative problem-solving skills in physics education, ultimately supporting students in
developing the competencies required for scientific inquiry and real-world problem-solving.
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