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Abstract. The accurate assessment of
analytical thinking in physics, particularly
in magnetism, poses substantial challenges
due to the limitations of conventional tools
in measuring higher-order cognitive skills.
This study aimed to validate an analytical
skills test in physics, based on Bloom’s
Revised Taxonomy, with an emphasis

on the dimensions of differentiating,
organizing, and attributing within the
subject of magnetism. The assessment
instrument, comprising 15 multiple-choice
items, was administered to a sample of 84
twelfth-grade students. A psychometric
evaluation was conducted utilizing the
Rasch Model, which included analyses of
item fit, reliability, unidimensionality, and
gender fairness through Differential Item
Functioning (DIF). The results indicated
strong internal consistency, with a
Cronbach’s alpha of .91, and high item
reliability at .94. Furthermore, the item-
person distribution showed a well-aligned
outcome. Principal Component Analysis
(PCA) confirmed the unidimensionality of
the test, while the DIF analysis revealed
several items exhibiting gender-related
response patterns, thereby suggesting a
need for refinement to achieve fairness.
The findings endorse the application of
this validated instrument for assessing
higher-order analytical thinking in the field
of physics and highlight the significance
of equitable assessment practices within
STEM education.
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Introduction

Analytical skills are vital in physics education because they enable stu-
dents to solve complex problems and think logically. These skills help break
down intricate concepts into simpler parts, facilitating easier understand-
ing and problem-solving. They allow students to break down problems,
identify relationships between concepts, and develop solutions through
logical reasoning (Can, 2020; Spencer et al., 2020; Susiloningsih et al., 2024).
In magnetism, these skills are essential for understanding the interactions
between electric currents and magnetic fields. Key topics include magnetic
fields, magnetic forces on moving charges, forces on current-carrying wires,
and electromagnetic induction (Giancoli, 2014; Halliday et al., 2013). These
concepts are crucial for practical applications such as electric motors and
generators. Strengthening analytical skills enhances the link between theory
and real-world applications, promoting critical thinking and problem-solving
in today’s technology-driven world.

Even while analytical skills are essential to physics education, evaluating
them, especially regarding magnetism, remains a difficult task. The deeper
cognitive processes needed for higher-order thinking are not well captured
by many of the evaluation instruments now in use, which disproportionately
concentrate on rote memorization and basic understanding (Abdellatif &
Abdel-Gawad, 2020; Sari et al., 2022). There is still a significant discrepancy be-
tween educational goals and the assessment tools used in practice (Kamid et
al., 2022; Solé-Llussa et al.,, 2022), despite research and curricula highlighting
theimportance of Higher Order Thinking Skills (HOTS) (Kurniawan et al., 2022;
Surahman et al,, 2018). Attempts to develop advanced analytical skills are
weakened by this mismatch, especially in magnetism, where students must
combine theoretical concepts with real-world problem-solving techniques.

Studies repeatedly demonstrate that students with weak analytical
abilities have difficulty handling difficult real-world situations as well as
understanding complicated physics ideas (DeWitt et al., 2019; Ghanizadeh,
2017; Pullicino & Bonello, 2020; Tientongdee, 2018). The dearth of validated
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evaluation tools created especially to gauge analytical abilities in magnetism exacerbates these challenges even
more. Magnetism requires higher degrees of cognitive involvement than basic physics courses due to it incorporat-
ing abstract and complex ideas like electromagnetic induction and magnetic force interactions (Giancoli, 2014).
These expectations are frequently not met by the assessment instruments that exist today, which leaves a gap in
the ability to measure and promote higher-order thinking in this area.

Studies have also shown that gender disparities in physics performance may be attributable to variations in
test format (Wheeler & Blanchard, 2019), content (Henderson et al., 2019), and cognitive demands (Kwarikunda
et al,, 2022). Consequently, it is imperative to ensure that assessment instruments are devoid of gender bias to
mitigate the risk of misinterpreting students’competencies, which could impede educational equity. A valid instru-
ment must accurately and equitably measure conceptual understanding (Kacprzyk et al., 2019). One established
approach for detecting such bias is Differential ltem Functioning (DIF) analysis, which assesses whether test items
elicit differential responses from students of different genders despite equivalent proficiency levels (Boone et
al., 2014). Therefore, scrutinizing gender-related bias is a fundamental step in the development of objective and
equitable assessment instruments, particularly in physics education, where cognitive complexity varies across
different conceptual domains.

The limited use of rigorous psychometric models, such as the Rasch Model, in physics examinations is an-
other major obstacle. Rasch analysis has been frequently utilized to validate instruments in other fields (Tennant
& Kiicuikdeveci, 2023), but it is still rarely used in physics education, especially when teaching subjects that call
for higher-order analytical abilities. The majority of current research concentrates on broad cognitive skills or fails
to evaluate certain Bloom’s Taxonomy dimensions, such as differentiating, organizing, and attributing, which are
critical for assessing physics analytical thinking (Damayanti et al., 2020; Ridhoni et al., 2023). In order to close this
gap, assessment tools must be aligned with advanced learning objectives and validated using strong statistical
techniques to guarantee accuracy, equity, and applicability for a range of student demographics.

Creating effective and trustworthy assessment instruments is crucial in order to precisely measure physics
students’analytical abilities. While reliability ensures consistent outcomes across many situations, validity ensures
that an instrument assesses the intended cognitive processes. Item validity, difficulty levels, and student ability
distributions can all be effectively analyzed using the Rasch Model, a quantitative method within Item Response
Theory (IRT) (Boone et al.,, 2014). Visual aids such as Person-ltem Maps are also useful for determining whether an
item’s complexity and student proficiency match, as well as for pointing out items that need to be revised.

The Rasch Model is well-known and widely used in other fields, although it is still rarely used to assess analyti-
cal abilities in magnetism. There is a significant lack of validated instruments created especially for secondary-level
magnetism teaching since the majority of research concentrates on other physics subjects or stresses more general
cognitive abilities. A thorough examination of analytical abilities in magnetism requires the inclusion of Bloom'’s
Taxonomy dimensions (Anderson & Krathwohl, 2001), which include differentiating, organizing, and attributing,
in assessment instruments.

Analytical Skill in Bloom’s Taxonomy

Cognitive processes in Bloom’s Revised Taxonomy are categorized into six hierarchical levels: remembering
(C1), understanding (C2), applying (C3), analyzing (C4), evaluating (C5), and creating (C6) (Anderson & Krathwohl,
2001).These levels are grouped into Lower-Order Thinking Skills (LOTS) for C1-C3 and Higher-Order Thinking Skills
(HOTS) for C4-Cé6. In physics education, particularly in complex areas like magnetism, HOTS are crucial for grasping
intricate concepts (Alanazi et al., 2024; Dessie et al., 2023; Maulana et al., 2025; Opfermann et al., 2017). Mastering
topics such as magnetic field interactions and electromagnetic induction requires cognitive engagement that
extends beyond simple memorization (Giancoli, 2014; Halliday et al., 2013).

This study specifically examines the analyzing domain (C4), which plays a vital role in enhancing students
problem-solving and scientific reasoning abilities. The analyzing domain comprises three sub-dimensions: dif-
ferentiating, organizing, and attributing (Anderson & Krathwohl, 2001; Krathwohl, 2002). Differentiating involves
distinguishing relevant information from irrelevant details, organizing focuses on structuring ideas and recognizing
relationships, and attributing identifies underlying causes or principles based on evidence. These sub-dimensions
are essential as they mirror the analytical thinking required in secondary physics instruction. For instance, students
analyzing the motion of charged particles or explaining induced electromotive force must employ differentiating,
organizing, and attributing skills.

’
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Although several action verbs such as compare, contrast, infer, outline, and diagram are frequently associated
with the analyzing process in instructional practice, it is important to note that these verbs are more appropriately
understood as representations of observable learning behaviors within educational contexts, rather than as formal
subcategories explicitly defined in the revised taxonomy framework. These learning outcome verbs serve as common
pedagogical tools used to articulate instructional objectives and design assessment instruments; however, they
do not directly reflect the theoretical constructs embedded in the official structure of Bloom’s Revised Taxonomy
(Churches, 2008; Forehand, 2010). This study adheres to the formal structure of the analyzing domain to maintain
construct validity in assessment. Therefore, although many instructional verbs are associated with analysis in
practice, this study adopts only the three sub-dimensions officially defined in Anderson and Krathwohl’s revised
taxonomy, differentiating, organizing, and attributing, to ensure conceptual consistency and construct validity in
assessing analytical thinking.

Research Problem

Despite the pivotal role of analytical competencies in physics education, particularly within the domain of
magnetism, extant assessment instruments frequently fail to encapsulate the sophisticated cognitive processes
requisite for higher-order thinking. Predominantly, contemporary evaluative tools emphasize rote recall rather
than fostering a deep conceptual grasp, thereby constraining their efficacy in appraising students’problem-solving
proficiencies. Furthermore, the potential presence of gender bias within these assessment frameworks may further
obfuscate an accurate measurement of student competencies, engendering disparities in educational outcomes.
Additionally, the limited integration of robust psychometric models, such as the Rasch Model, in physics assess-
ments exacerbates these challenges, underscoring the need for the development of valid, reliable, and equitable
evaluative instruments.

Research Focus

This study thoroughly validates an assessment tool for analytical skills in the area of magnetism, utilizing
Bloom’s Taxonomy framework with a focus on the dimensions of differentiating, organizing, and attributing. The
objective was to provide a comprehensive evaluation of students’ cognitive skills while also exploring possible
gender biases to ensure fairness and equity in the assessment process. The Rasch Model is employed for validat-
ing items, analyzing difficulty levels, and assessing the distribution of student abilities, thus guaranteeing that the
instrument maintains psychometric soundness and delivers accurate, unbiased measurements.

Research Aim and Research Questions

The research aimed to validate an analytical skills assessment instrument based on the Rasch model, specifically
designed to align with the cognitive complexity of concepts related to magnetism. By employing psychometric
evaluation and examining potential gender-related differences in item performance, this study sought to create
a robust and equitable tool for measuring students’ higher-order thinking skills in physics education. To achieve
this aim, the study addressed four key research questions.

1. To what extent is the Rasch-based analytical skills test valid and reliable in the context of physics
education?
2. How do inter-item relationships within Bloom’s Taxonomy dimensions contribute to the construct
validity of the instrument?
Does the distribution of item difficulty effectively reflect the full range of student abilities?
4, s there evidence of gender-related bias in the instrument as identified through the DIF analysis?

w

Research Methodology
General Background
This research assessed the validity and reliability of tests designed to measure students’ analytical skills. The

instrument was constructed around the analytical dimensions of Bloom’s Taxonomy, specifically differentiating,
organizing, and attributing, to evaluate higher-order thinking skills (HOTS) in physics education. Conducted from
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September to November 2024, the research followed a structured process involving test development, empirical
data collection, and validation through Rasch modeling to ensure robust measurement integrity (Boone et al.,
2014; Oreondo & Antonio, 1984).

Participants

This study employed a purposive sample of 84 Grade 12 science-track students from public upper-secondary
schools in West Kalimantan, Indonesia. Participants were selected from a defined population of students who had
chosen physics as a specialization subject, thereby ensuring sufficient prior exposure to magnetism-related con-
cepts. At the time of data collection, the implementation of specialization-based curricula varied across schools,
with not all institutions offering physics as a dedicated track. This curricular inconsistency significantly limited the
pool of eligible participants, reinforcing the rationale for focusing on a well-defined and pedagogically appropriate
subgroup. Although the sample size may be considered moderate, it aligns with established guidelines recom-
mending 50 to 100 participants for stable item calibration in Rasch analysis when applied to instruments with fewer
than 20 items (Linacre, 1994). Moreover, as the primary objective of the study was to validate the psychometric
properties of the instrument rather than to generalize findings, the use of a targeted, homogeneous sample was
methodologically appropriate. Rasch modeling prioritizes the quality of item—person interactions over sheer sample
size, and prior research supports the reliability of parameter estimates derived from academically uniform groups
(Bond & Fox, 2015; Boone et al., 2014). Ethical clearance was obtained from the Research Ethics Committee of West
Kalimantan, and informed consent was secured from all participants and, where applicable, their legal guardians.

Instrument and Procedures

Prior to attempting the test, students are expected to understand key concepts related to magnetism, includ-
ing the direction and structure of magnetic fields, magnetic forces on moving charges and current-carrying wires,
solenoids, and electromagnetic induction. These concepts form the foundational knowledge needed to engage
with the test items and were explicitly used to construct each question.

The analytical skills test comprised 15 items specifically designed to align with the three dimensions of Bloom's
Taxonomy, as outlined in Table 1. Each item was developed based on those key physics concepts and mapped to
one of the analyzing sub-dimensions: differentiating, organizing, or attributing. The corresponding concept tar-
geted by each item is listed in the “Physics Concept” column to support content validity. The complete set of items
is provided in the Appendix. Of the 15 items, 5 assess differentiating, 8 assess organizing, and 2 assess attributing.
This distribution was informed by a cognitive analysis of secondary-level magnetism content, which indicates that
instructional tasks more frequently engage students in distinguishing relevant information and organizing con-
ceptual structures. In contrast, attributes focused on identifying causal relationships tend to appear less frequently
and in more advanced reasoning contexts. Therefore, the allocation of items reflects the cognitive profile of the
subject matter, ensuring proportional and meaningful representation of each sub-dimension.

Table 1
Alignment of Analytical Skills Test Items with Bloom’s Taxonomy Dimensions

Item . " Analytical .
No. Question focus Cognitive process dimensions Physics concept
st Ident.lfylng the strongest magnetic force Identlfy|.ng.rele\./ant data from Differentiating Magr.len(: field strength
location magnetic field lines and lines
2 Dgtermlnlng ele.ctron trajectory in a Recognizing differences in motion Differentiating Lorentz force
uniform magnetic field paths
3 Idgnhfymg correct right-hand rule ap- Choosmg the most appropriate Differentiating Right-hand rule
plication force direction
sS4 Ideqtlfylng gharge types based on Dlﬁerentlatlng charge effects on Differentiating Motlgn of chargeq parti-
particle motion in a field trajectory cles in magnetic field
Determining current direction from sur- Relating two variables to derive a - Magnetic field around a
S5 ) o . Organizing g .
rounding magnetic fields conclusion straight wire
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Item . . Analytical .
No. Question focus Cognitive process dimensions Physics concept
Analyzing distance effect on force Relating two variables to derive a - Magnetic force between
S6 . . Organizing
between parallel wires conclusion parallel conductors
Interpreting tabulated data on magnetic Structuring knowledge in hierar- . Relationship between cur-
S7 ; . ) ' . Organizing )
force relationships chical relationships rent, field, and force
S8 Predicting the effect of current increase Breaking down relationships Organizing The motor effect
on motor speed between variables
Determining the direction of induced . . ) . ,
S9 current in a moving conductor Applying principles systematically Organizing Lenz' law
$10 Evaluating tlhe effect of coil windings and !dent|fy|ng factors affecting field Attributing Magnetic field in solenoid
current on field strength intensity
Differentiating the effects of current and Distinguishing between two . - Factor affecting solenoid
S11 o . . X Differentiating )
coil windings on field strength independent influences field
s12 Qrdenng magngtlc field strengths for Arranging relationships in logical Organizing SolenOIfi d§3|gn and
different solenoids order magnetic field
s13 Cglcglatmg induced EMF pased on coil Connecpng m9t|on parameters to Organizing Faraday law
windings and magnet motion voltage induction
sS4 Identlfylng the primary cause of induced petermlplng the key variable Attributing Cause of induced EMF
EMF in a coil influencing a phenomenon
s15 Estimating average induced EMF froma  Extracting information from visual Organizing Induced EMF and mag-

graphical dataset

representations

netic flux change

The test was administered in a controlled classroom environment to ensure consistency in data collection.

Students were given 90 minutes to complete the test, which consisted of multiple-choice questions accompanied
by contextual diagrams. The teacher provided instructions and monitored the session to ensure that all participants
completed the test independently. Student responses were recorded and scored using a dichotomous format,
where correct answers were assigned a score of 1 and incorrect answers a score of 0.

Data Analysis

The collected data were analyzed using the Rasch Model to evaluate the psychometric properties of the
instrument. Validity and reliability were assessed through multiple statistical measures, including Infit and Outfit
Mean Square (MNSQ) statistics, with acceptable values ranging between 0.5 and 1.5, and person and item reliability
indices to ensure consistency. A unidimensionality test using Principal Component Analysis (PCA) on Rasch residu-
als confirmed that the instrument measured a single construct. To examine internal consistency, item correlations
within Bloom’s Taxonomy dimensions were analyzed, and the distribution of items was reviewed for proportional
representation and content coverage. The item difficulty distribution was evaluated through a Wright Map to
determine how well test items aligned with student abilities, identifying any gaps where specific ability groups
might be underrepresented. Additionally, Differential Item Functioning (DIF) analysis was conducted to detect
potential gender-related bias, ensuring that no items were systematically easier or more difficult for specific gender
groups. Iltems showing significant DIF were further examined and revised to improve measurement fairness and
instrument accuracy.

Research Results
Evaluation of Validity and Reliability in Analytical Skills Test

To ensure the validity and reliability of the test, various psychometric properties were analyzed. Table 2 pres-
ents a comprehensive summary of the key psychometric properties of the test instrument.
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Summary of Psychometric Properties
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Category

Value

Number of Students

84 (75 non-extreme)

Number of Items

15 (all non-extreme)

Student Ability Range (Logit)

-2.51t0 +4.77

Item Difficulty Range (Logit)

21110 +2.94

Mean Ability (Logit)

1.01 (non-extreme), 1.41 (all students)

Person Reliability

.83 (non-extreme), .80 (all students)

Item Reliability .94

Cronbach’s Alpha (KR-20) 91

Separation Index 2.21 (students), 3.95 (items)
Infit MNSQ (Mean) 0.95 (students), 0.97 (items)
Outfit MNSQ (Mean) 1.09 (students & items)

Problematic Items

1 item with Outfit MNSQ = 4.56

Extreme Students 9 students (10.7%)

The dataset contains 84 student responses, where 75 non-extreme students receive distribution through the
logit scale. The examination consists of 15 test items which fall under the non-extreme category. Student scores
span between Logit -2.51 and +4.77 at the same time, item difficulties exist between Logit -2.11 and +2.94, which
provides a balanced assessment. The measurement instrument shows robust reliability through a Person Reliability
value of .83 for non-extreme students and a Cronbach’s Alpha (KR-20) value of .91 for excellent internal consistency.
The student ability levels display effective differentiation through the Separation Index of 2.21, and item calibration
effectiveness is verified through an Item Reliability score of .94 and Separation Index at 3.95. A single item displays
an Outfit MNSQ value of 4.56, signalling potential response issues possibly needing additional assessment. Further
assessment items should be considered because 10.7% of students fall into the extreme range. The implemented
measurement method shows effectiveness for determining middle-range student competency levels alongside
strong measurement properties.

Principal Component Analysis (PCA) of Rasch residuals was performed in order to establish the unidimension-
ality of the instrument. Table 3 presents the results, indicating that the primary dimension accounts for 41.2% of
the total variance, while the first and second contrasts contribute only 8.3% and 6.1%, respectively. These findings
provide empirical support for the instrument’s ability to measure a singular, coherent construct, with minimal
evidence of multidimensionality.

Table 3
PCA of Rasch Residuals
Component Explained Variance (%)
Primary Dimension 41.2
First Contrast 8.3
Second Contrast 6.1

Correlation Analysis of Subdimensions

To further examine the internal structure of the instrument, a correlation analysis was conducted among items
categorized within the three subdimensions of Bloom’s Taxonomy: Differentiating, Organizing, and Attributing.
The results, as presented in Table 4, indicate moderate and statistically significant correlations (r =.42-.60, p < .001)
across item pairs within each subdimension.
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Correlation Analysis of Subdimensions

Item Pair Correlation (r) p (2-tailed) Dimension
S1-83 50 <.001 Differentiating
S2-S11 46 <.001 Differentiating
S5-87 48 <.001 Organizing
$15-89 .60 <.001 Organizing

S10-S14 42 <.001 Attributing

The pattern of correlations observed across item pairs within each subdimension suggests a coherent internal
structure, with items consistently measuring the targeted cognitive constructs. For example, items S1and S3 (r=.50)
within the Differentiating subdimension assess students’ ability to isolate relevant information, while S9 and S15
(r=.60) in the Organizing subdimension reflect their capacity to synthesize and relate conceptual elements. Likewise,
S10 and S14 (r = .42) evaluate causal reasoning in Attributing. The moderate correlation coefficients underscore
two key aspects of validity, demonstrating internal consistency within each subdimension and revealing concep-
tual interconnections that characterize higher-order analytical reasoning. Importantly, these associations are not
excessively high, which supports the discriminant validity of the constructs and suggests that each subdimension
captures a distinct analytical process. The combined findings from PCA and correlation analysis substantiate the
instrument’s validity in assessing analytical ability. While PCA confirms unidimensionality at the overall construct
level, the correlation analysis highlights the cohesion among items within subdimensions, demonstrating the
instrument’s ability to capture distinct yet interconnected facets of higher-order analytical thinking.

Item Difficulty Distribution and Wright Map Analysis
Table 5 summarizes the ranking of test items based on difficulty levels, measured in logits. The easiest item

(S8,-2.11 logits) and the most difficult item (S3, +2.94 logits) indicate a wide range of difficulty levels, effectively
covering mid-range student abilities.

Table 5
Item Fit Order
Item Difficulty (Logit) Infit MNSQ Outfit MNSQ Remarks
S8 2.1 0.75 0.68 Easiest item, good fit
S1 -1.23 1.29 1.19 Borderline acceptable
S7 -0.92 0.85 0.78 Good fit
S4 -0.85 0.92 0.89 Good fit
S14 -0.38 0.95 0.93 Good fit
S5 -0.23 1.02 1.05 Good fit
S9 -0.12 1.10 1.15 Good fit
S15 +0.12 0.88 0.85 Good fit
S11 +0.22 0.91 0.88 Good fit
S12 +0.45 1.15 1.1 Good fit
S6 +0.51 1.38 1.31 Acceptable but high variation
S2 +0.62 217 2.01 Misfit (requires revision)
S10 +1.35 1.24 1.21 Acceptable
S13 +1.90 0.98 1.02 Good fit
S3 +2.94 1.61 4.56 Hardest item, misfit (requires revision)
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Most items exhibit a good fit to the Rasch Model, with Infit MNSQ and Outfit MNSQ values falling within the
acceptable range of 0.5 to 1.5, indicating consistent response patterns. Notably, S7, 54,514, S5, and S9 demonstrate
strong psychometric properties and are well-calibrated for assessing mid-range abilities. However, Item S2 (Outfit
MNSQ=2.01) and Item S3 (Outfit MNSQ = 4.56) display problematic fit statistics, suggesting irregular response pat-
terns that may arise from ambiguous wording or an inappropriate difficulty level. While the overall item distribution
aligns well with student abilities, ensuring comprehensive coverage, the inclusion of additional items targeting
extreme ability groups could further enhance measurement precision. Refining misfitting items such as S2 and S3
is essential to improve model adherence and maintain the instrument’s psychometric robustness.

The Wright Map (see Figure 1) illustrates the alignment between student abilities and item difficulties, con-
firming that the test effectively assesses mid-range abilities, though adjustments are needed to improve coverage
of extreme student groups.

Figure 1
Wright Map Analysis
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Three Bloom’s Taxonomy analytical dimensions, named Differentiating, Organizing, and Attributing, catego-
rize test items to assess different cognitive functions, including difference recognition, information organization,
and causal relationship interpretation. The Differentiating assessment components (S1,S2, S3, 5S4, 511) measure
students’ ability to discern important differences and select essential information while spanning a difficulty
scale from -2 to +3 logits. The questions S1 and S11 (-2 logits) support lower-ability students, but S2 and S4 (0
to +1 logits) target average-level learners, and S3 (+3 logits) present significant difficulty requiring revision to
become accessible. The Organizing section (S5, S6, S7, S8, S9, S12, S13, S15) evaluates student capabilities to
structure and integrate information through items scoring between 0 to +2 logits, which effectively addresses
mid-level cognitive processes. The basic structuring skills are evaluated through S5 and S6, which are both at 0
logits, yet S12 and S15 test advanced synthesis abilities with +2 logits. The lack of simpler difficulty-level items
reveals an important need to develop additional straightforward items that will improve accessibility for all
students. The Attribute subdomain (510, S14) explores causal relationships through items rated from -1 logit for
basic causal connections to +2 logits for analyzing multiple interacting variables. This dimension shows effec-
tive ability coverage but fails to include challenging items for complex causal reasoning at the advanced level.
The Organizing dimension controls the assessment by measuring middle-level abilities, yet Differentiating and
Attributing dimensions expand the scope throughout basic and advanced cognitive processes. Most items in
the test range between 0 to +2 logits in difficulty level, which matches the ability range of students. Additional
modifications to S3, together with new low-difficulty items, should be implemented to improve both the ac-
curacy and inclusiveness of this instrument.

Differential Item Functioning (DIF) Analysis

To further investigate potential gender-related biases in item difficulty, a Differential Item Functioning (DIF)
analysis was conducted. The results are illustrated in Figure 2, which presents a Person DIF Plot comparing DIF
measuring across respondent groups (males, females, and overall averages). This plot allows for an evaluation of
whether certain items systematically favor one group over another.

Figure 2
Person DIF Plot Comparing DIF Measures for Each Test Item Across Gender Groups

em

P & & & e [ & & & &’ <P & s & B
40
—8— Male
-m- Female
-4+ Overall Mean
30 4

20 4

10 1

DIF Measure (diff.)

-30

The horizontal X-axis shows item codes like S8, S11, and S10, while the vertical Y-axis displays DIF Measure
values representing item difficulty inconsistencies between groups. A positive DIF Measure shows an item appears
easier for one particular group, yet a negative DIF Measure demonstrates the item becomes more difficult for that
group. Male responses are represented by solid lines with black circles, female responses by dashed lines with black
squares, and the overall mean by dotted lines with black triangles.
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The data analysis identified S14, S1, S6, and S2 as items demonstrating substantial differences in performance
levels between male and female participants. ltem S14 finds females face elevated challenges compared to males,
yet items S1 and S2 show males face more obstacles than females. Item S6 reveals a significant discrepancy as
female survey participants achieved lower scores than their male counterparts. The items S11, S10, S7, and S3
present moderate variations among respondents, yet maintain acceptable performance ranges. The differential
item functioning (DIF) values for S12, 515,513, 59, S5, and S4 approach zero indicate that male and female survey
participants demonstrate comparable performance when answering these specific items.

Variations in item difficulty indicate that specific group-related factors influence measurement complex-
ity. These differences may arise from distinct cognitive styles, varying learning experiences, or linguistic factors
that advantage certain groups. Therefore, it is essential to conduct a more comprehensive investigation of these
items to identify potential gender-related biases, whether in question formulation or evaluation processes. A
more comprehensive evaluation of this ability test will yield more precise and objective assessments of student
performance by minimizing unintended biases.

Discussion
Validity and Reliability of the Rasch-Based Analytical Skills Test in Physics Education

This study evaluated the validity and reliability of a Rasch-based test instrument designed to assess students’
analytical skills in the context of magnetism.The findings confirm the instrument’s robust psychometric proper-
ties, while also identifying areas for improvement to enhance inclusivity and fairness. Bloom’s Revised Taxonomy
designates analyzing (C4) as the pivotal transition to higher-order cognition, comprising the sub-processes of
differentiating, organizing, and attributing (Anderson & Krathwohl, 2001). The present instrument systematically
aligns each item with these three sub-processes, thereby ensuring that the observed indices of validity and reli-
ability are not incidental artifacts but empirical evidence that Bloom’s theoretical constructs can be rigorously
quantified through Rasch modeling. Consequently, the findings substantiate the theoretical proposition that
the C4 domain is both measurable and divisible into discrete cognitive components.

The instrument demonstrated strong reliability, with a Cronbach’s alpha of .91 and item reliability of .94,
indicating consistent measurement of analytical skills. These values align with Rasch model standards, where
reliability indices above .80 are considered strong for both person and item reliability (Bond & Fox, 2015; Boone
etal, 2014).

The separation values further support the instrument’s discriminative capability, with 4.30 for items and 2.21
for persons, ensuring that the test can effectively classify students into distinct ability levels. A separation value
above 2.0 is widely recognized as a threshold for good discrimination (Yuhanna et al., 2021), while values above
3.0 for items and 2.0 for persons indicate optimal measurement precision (Jamar & Siew, 2020). Additionally, a
person’s separation value above 2.5 confirms a good model fit, reinforcing the test’s sensitivity in distinguishing
varied ability levels (Alhadabi & Aldhafri, 2021; Chen et al., 2021).

The PCA of Rasch residuals validates the unidimensionality of the instrument, with the primary dimension
accounting for 41.2% of the variance, while the first contrast explains only 8.3%. A variance explanation above
40% confirms an instrument’s coherence in measuring a single construct, as emphasized in prior research (De-
novan et al., 2022, 2024). Additionally, the low residual variance in the first contrast suggests minimal secondary
dimensions, further strengthening the instrument’s validity in assessing analytical skills.

Alignment of Items and Student Abilities

The Wright Map Analysis demonstrates a strong alignment between item difficulties and student abili-
ties, particularly within the 0 to +2 logit range, indicating that the instrument effectively assesses average and
above-average students. This finding aligns with previous research, which emphasizes that matching assessment
items to the ability spectrum is essential for optimizing measurement accuracy and ensuring that tests remain
appropriately challenging and fair across diverse student backgrounds (Krell et al., 2021; Mancuso et al.,, 2019;
Tavares-Junior et al., 2019).

However, gaps at the extremes of the ability spectrum highlight the need for a more comprehensive assess-
ment that addresses students with low abilities (< -2 logits) and high abilities (> +3 logits). Assessments often
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lack adequate representation for extreme ability levels, calling for more inclusive designs (Lestari & Samsudin,
2020). Similarly, aligning test items with student competencies and learning outcomes is essential to ensure
that all students, including those at the highest and lowest ends of the spectrum, are appropriately challenged
and supported in reaching their full potential (Chan et al., 2023).

The misalignment is particularly evident in S8 (-2.11 logits) and S3 (+2.94 logits). While S8 is accessible to
low-ability students, S3 presents a significant challenge, with substantial response misfit (Outfit MNSQ = 4.56).
These findings suggest that while the instrument is effective for mid-range abilities, additional items targeting
extreme ability levels are necessary to enhance assessment inclusivity and precision.

Construct Validity and Inter-Item Relationships in Bloom’s Taxonomy

The correlation analysis within Bloom’s Taxonomy dimensions reveals moderate to strong relationships and
statistically significant correlations (r =.42-.60, p < .001), supporting the alignment of items with their intended
cognitive processes. This finding is consistent with previous research, which reported an intraclass correlation
coefficient (ICC) of .67, indicating moderate correlation among items and reinforcing acceptable test-retest
reproducibility (Diniz et al., 2019). These results demonstrate that moderate correlations not only validate item
alignment with cognitive processes but also contribute to instrument reliability, strengthening its validity for
consistent use in assessments.

Differentiating items, spanning a difficulty range from -1 to +3 logits, provide a comprehensive assessment
from foundational to advanced analytical skills. Distinguishing between relevant and irrelevant information is
fundamental to analytical thinking, as emphasized in previous studies (Darmaji et al., 2019; Kamid et al., 2022).

Organizing items, concentrated around the mean difficulty (0 to +2 logits), are well-calibrated for assess-
ing average student abilities. Tasks with moderate difficulty effectively evaluate students’ cognitive abilities
by encouraging systematic information integration (Schwippert et al., 2024). Well-structured assessments at
average difficulty levels foster meaningful engagement and ensure valid measurement of analytical thinking
without introducing unnecessary complexity (Moussa, 2021). Additionally, systematically organizing assess-
ments enhances the accurate reflection of students’ mid-level cognitive skills and promotes effective learning
outcomes (Kliziene et al., 2022).

Attributing items, which focus on deconstructing causal relationships, exhibit a balanced difficulty range
(-1 to +2 logits), effectively assessing higher-order thinking skills. Such calibration enhances students’ abilities
to analyze causal relationships in physics, fostering deeper conceptual engagement (Ramadhan et al., 2019).
Balancing difficulty levels is essential for accurately evaluating students’ analytical and synthesis skills (Agusti-
hana & Suparno, 2019), while well-structured items within this range facilitate a comprehensive assessment of
cognitive abilities (Erfianti et al., 2019).

Gender-Related Bias in the Instrument: DIF Analysis

The analysis of Differential Item Functioning (DIF Measure) revealed performance differences between
male and female students in several physics test items. Items exhibiting substantial DIF include S14, S1, S6, and
S2, which assess electromagnetic induction, magnetic fields, magnetic force between current-carrying wires,
and the trajectory of charged particles in a magnetic field (The complete set of test items is available in the Ap-
pendix). These differences may be determined by factors such as mathematical proficiency, spatial reasoning
skills, and previous experience with laboratory experiments.

On Item S14, which assesses Faraday’s Law of Induction, male students demonstrated success in manipulat-
ing abstract mathematical concepts, particularly sinusoidal functions, whereas female students benefited more
from visual representations and contextual explanations. The absence of illustrations in the questions may pres-
ent a challenge for students in understanding how magnetic fields change over time. Similarly, Item S1, which
evaluates the magnetic field pattern around a bar magnet, also exhibited gender-based performance disparities.
The correct answer is “Location 4,” where the magnetic field is strongest near the magnet’s poles. The observed
differences suggest that spatial reasoning and experimental exposure play an important role. Male students
are generally more familiar with spatial representations, while female students often rely on narrative-based or
hands-on experience approaches that may be less evident in the construction of test items.

532

https://doi.org/10.33225/jbse/25.24.522



Journal of Baltic Science Education, Vol. 24, No. 3, 2025

PSYCHOMETRIC VALIDATION OF AN ANALYTICAL SKILLS TEST IN PHYSICS USING THE ISSN 1648-3898 /print/

RASEH MODEL ISSN 2538-7138 /onine/

(PP. 522-537)

A similar pattern was observed in Item S6, which assesses Ampere’s Law and the Lorentz Force. The correct
answer, “the magnetic force decreases by one-fourth,” follows the inverse square law (1 /). Male students dem-
onstrated greater confidence in quadratic relationships and mathematical symbolism, whereas female students
tended to perform better when the concepts were presented through direct experimentation or real-world
applications. Without prior hands-on experience in observing the interaction of magnetic forces between two
current-carrying wires, female students may have found it more difficult to reconcile the differences between
theory and application.

Likewise, Item S2, which examines the trajectory of charged particles in a magnetic field based on the
Lorentz force, revealed that female students faced greater difficulty in interpreting vector directions and visu-
alizing three-dimensional motion. The correct response requires the application of the right-hand rule, which
determines the trajectory based on the charge of the particle. Multirepresentational ability was a key challenge,
with male students demonstrating greater familiarity with vector interpretation, while female students benefited
more from interactive simulations and practical demonstrations to reinforce their conceptual understanding.

This finding aligns with research highlighting the impact of contextual familiarity and prior experiences
on gender disparities in analytical assessments. Gender differences in physics self-efficacy have been linked
to varied experiences (Nissen, 2019), while gender roles and biases influence engagement and performance
(Musters et al., 2024). Similarly, contextual familiarity has been identified as a key contributor to gender gaps in
physics education, reinforcing the importance of careful item review to ensure fair and equitable assessments
(Taufik & Sutrio, 2023).

While most items exhibited minimal DIF, these findings emphasize the necessity of eliminating unintentional
biases. Assessments should undergo systematic review to prevent embedded gender biases that could com-
promise fairness (Henderson et al., 2019; Widodo et al., 2024). Addressing such disparities is critical for ensuring
that assessments are equitable across demographic groups. Gender biases in the Force Concept Inventory have
been shown to significantly influence student performance (Mears, 2019), while social identity factors, includ-
ing gender and race, play a pivotal role in assessment outcomes (Buncher et al., 2021). Additionally, eliminating
hidden gender biases in science education is essential for fostering equity in learning environments (Nasri et
al., 2023). To mitigate bias, revising items by removing context-specific elements or modifying language that
may favor one gender is essential for creating a more inclusive assessment. Ensuring linguistic neutrality and
contextual balance will enhance the instrument’s fairness and validity across diverse student populations.

Implications for Physics Assessment and Instruction

This study establishes an integrated workflow that triangulates Bloom's analytical framework, Rasch model-
ling, and Differential Item Functioning (DIF) diagnostics, thereby producing evidence-centered instruments that
deliver defensible inferences about specific analytical sub-skills. In practice, such fine-grained feedback enables
instructors to move assessment from a purely summative audit to a formative tool that pinpoints which students
need remediation or enrichment. Because the calibrated items are already aligned with national competency
standards, especially the emphasis on problem-solving and scientific reasoning, they can be embedded directly
into magnetism units, lesson-study cycles, or digital learning platforms without requiring teachers to design new
tasks from scratch. Finally, the systematic use of DIF screening throughout item development demonstrates a
viable pathway toward equity-driven test construction, ensuring that gender or other demographic factors do
not confound ability estimates and advancing current calls for bias-aware STEM evaluation.

Limitations and Future Directions

Although the sample size (N = 84) meets the stability requirements for Rasch calibration (Linacre, 1994),
it was drawn from a single province, which may restrict generalizability. Methodologically, the present instru-
ment relies exclusively on multiple-choice items; integrating constructed-response formats or interactive
augmented-reality tasks could capture richer manifestations of analytical reasoning, such as causal chaining and
model-based explanation. Future research might also explore multistage or fully adaptive algorithms that draw
on the calibrated item bank to deliver personalized difficulty trajectories, thereby enhancing both measurement
precision and instructional relevance. Collectively, these avenues offer promising routes for refining the instru-
ment and extending its utility as a robust, equitable measure of higher-order thinking in physics education.
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Conclusions and Implications

This study successfully validated a Rasch-based analytical skills test for assessing higher-order thinking in the
context of magnetism. The findings confirm that the instrument demonstrates high reliability (Cronbach’s alpha
= .91, item reliability = .94) and effectively differentiates students’ analytical abilities across various proficiency
levels. The unidimensionality test and inter-item correlations further validate its construct alignment with the
Bloom’s Taxonomy dimensions of Differentiating, Organizing, and Attributing. However, Wright Map analysis
identified gaps in item difficulty distribution, particularly in assessing extreme ability groups, highlighting the
need for further refinement. Additionally, Differential ltem Functioning (DIF) analysis detected gender biases in
specific items, reinforcing the necessity of revisions to enhance fairness. These insights emphasize the significance
of employing psychometrically rigorous assessments in physics education to ensure accurate measurement of
analytical reasoning skills. Future research should prioritize optimizing item difficulty distribution, expanding
the instrument to broader STEM domains, and exploring adaptive testing approaches to improve inclusivity
and precision in student assessment.

This study suggests several refinements to enhance an instrument measuring analytical skills in physics. To
improve inclusivity, it recommends developing items targeting a broader range of abilities, particularly at the
extremes. Additionally, problematic items should be revised to better align with the Rasch model, and potential
gender bias should be eliminated through strategies such as content-neutral scenarios and diverse pilot testing.
Furthermore, expanding item coverage across all levels of Bloom's Taxonomy will provide a more comprehensive
assessment of analytical skills. This study contributes to the growing body of research on Rasch-based assess-
ments and suggests that future research explore adaptive testing and expand the instrument’s scope to other
physics topics or STEM fields.
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