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Abstract
Valid assessment of mathematical communication is needed to diagnose elementary students’ ability to
represent, model, and explain mathematical ideas. This study developed and validated a cognitive test
for Indonesian elementary students using the Rasch measurement model. A research and development
design was conducted through preliminary analysis, blueprint and item construction, expert review, field
testing, and Rasch calibration. The trial involved 529 fifth- and sixth-grade students from three schools in
Kendari City and South Konawe Regency, Southeast Sulawesi, Indonesia. The 25-item multiple-choice
test measured three indicators: representing situations through pictures or tables, translating contextual
situations into mathematical models or symbols, and selecting appropriate written explanations.
Responses were analyzed with WINSTEPS 3.73 to examine dimensionality, item fit, reliability, separation,
item difficulty, targeting, differential item functioning by gender and grade, and test information. Results
showed a dominant dimension, with 32.9% raw variance explained and a first residual contrast of 5.3%.
Internal consistency was excellent (KR-20 = .92), person reliability was satisfactory (.81), and item
reliability was high (.94). Most items fitted the model, although two difficult items need review. No
gender or grade DIF was detected. The instrument provides preliminary validity, reliability, and fairness
evidence for elementary mathematics assessment in Indonesian primary classroom contexts.

1. Introduction
Educational measurement is central to instructional decision-making because the quality of an
assessment instrument determines the credibility of the inferences made from student scores.
Contemporary validity theory does not treat validity as a property of a test itself; rather, validity refers to
the degree to which empirical evidence and theoretical rationale support the intended interpretation and
use of scores (American Educational Research Association [AERA], American Psychological Association
[APA], & National Council on Measurement in Education [NCME],

(Kane, 2013; Messick, 1989). In classroom contexts, valid score interpretation is required for diagnosing
learning needs, monitoring curriculum outcomes, and designing targeted instructional support.

For many years, Classical Test Theory (CTT) was the dominant framework for test development. CTT
remains useful for estimating total-score reliability and sample-level item statistics, but its item difficulty
and discrimination indices are dependent on the specific examinee sample, while examinee scores are
dependent on the particular set of administered items. Item Response Theory (IRT), particularly the
Rasch measurement model, provides a stronger framework for instrument validation because person
ability and item difficulty are placed on a common interval logit scale

(Bond and Fox, 2015; Boone et al., 2000; Embretson and Reise, 2013). Rasch analysis also enables
researchers to evaluate dimensionality, item fit, item difficulty hierarchy, reliability, separation, differential
item functioning (DIF), and the alignment between item difficulty and student ability through Wright
maps.
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Mathematical communication is a core competency in mathematics learning. It includes students'
capacity to represent mathematical situations visually or tabularly, translate contextual problems into
mathematical symbols or models, and communicate solution processes through written explanations.
International mathematics education documents emphasize communication and representation as
essential mathematical processes that support reasoning, problem solving, and conceptual
understanding (American Educational Research Association et al., 2014; National Council of Teachers of
Mathematics, 2000). These abilities are especially important at the elementary level because they form
the basis for later mathematical literacy and for students' ability to connect real-world contexts with
formal mathematical expressions.

Despite its importance, students frequently struggle to communicate mathematical ideas, especially
when they must coordinate diagrams, symbolic expressions, real-world contexts, and written reasoning.
Within the Indonesian elementary curriculum context, valid and fair instruments that specifically
measure mathematical communication remain limited, particularly instruments that have been
empirically calibrated using Rasch measurement. Many existing classroom tests emphasize procedural
correctness but provide limited evidence about construct representation, item-person targeting,
measurement precision, and item fairness across student groups.

Previous Rasch-based educational studies demonstrate that the model is useful for examining item
quality, score reliability, construct structure, and fairness in cognitive and affective instruments. However,
fewer studies have integrated content alignment, unidimensionality analysis, item fit, difficulty
distribution, reliability, separation, DIF by gender and grade, Wright map interpretation, information
function analysis, and indicator-level achievement in a single validation framework for elementary
mathematical communication. Addressing this gap is important because teachers require assessments
that are not only aligned with curricular indicators but also psychometrically defensible and useful for
instructional decisions.

Accordingly, this study aimed to develop and validate a cognitive test instrument for measuring
elementary school students' mathematical communication skills using the Rasch measurement model.
The study was guided by four research objectives: (1) to construct items aligned with curriculum-based
indicators of mathematical communication; (2) to evaluate psychometric quality through dimensionality,
item fit, reliability, separation, difficulty, targeting, and information function analyses; (3) to examine item
fairness through gender- and grade-based DIF analysis; and (4) to describe student achievement across
mathematical communication indicators. The contribution of this study lies in its integrated Rasch-
based validation approach and its focus on elementary mathematical communication within an
Indonesian curriculum context.

2. Theoretical and Measurement Framework

2.1 Mathematical communication as an assessment
construct
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Mathematical communication is broadly recognized as students' capacity to express, translate, and
explain mathematical ideas through visual, symbolic, and written representations. This conceptualization
aligns with established frameworks asserting that mathematics learning encompasses not only
computation but also representation, reasoning, communication, and connection across multiple forms
of mathematical expression (Bossé et al., 2010; Cormas and Middlemiss, 2019; Irving and Bell, 2004).
The National Council of Teachers of Mathematics (NCTM) has consistently emphasized communication
as a core process standard through which students organize and consolidate mathematical thinking
(Barham, 2020; Bybee et al., 1997; Eddy et al., 2015). Similarly, the National Research Council has
underscored that mathematical proficiency requires interconnected strands including conceptual
understanding, strategic competence, and adaptive reasoning (Baker, 2000; Eddy et al., 2015; Sorto,
2011).

The operationalization of mathematical communication through observable indicators—representing
contextual situations visually, translating situations into mathematical models, and explaining ideas in
written language—reflects the multidimensional nature of the construct. Research confirms that
students must be able to represent mathematical situations in different ways and understand how
different representations serve different purposes (Colonnese, 2020; Koirala and Bowman, 2003).
Mathematical communication thus functions as both a cognitive and social process enabling knowledge
construction (Bybee et al., 1997; Genç et al., 2025).

Although multiple-choice items cannot fully capture open-ended communication, they can provide
efficient evidence of students' ability to recognize appropriate representations, models, and explanations
when carefully constructed and aligned with the intended construct (Asmida et al., 2018; Mohamed et
al., 2023). Such formats are particularly useful for assessing whether students can identify correct visual
representations, symbolic models, and written reasoning within structured response options, provided
items are rigorously developed to target specific communication indicators.

2.2 Rasch measurement and validity evidence
The Rasch model specifies the probability of a correct response as a logistic function of the difference
between person ability and item difficulty, expressing both parameters on a common logit scale that
enables direct interpretation of item-person targeting and the hierarchy of item difficulty (Malonisio and
Malonisio, 2023; McNamara and Knoch, 2012; Pérez-Chada et al., 2024). This co-calibration of persons
and items on a single continuum constitutes the model's central measurement advantage, distinguishing
it from classical test theory approaches that rely on sample-dependent statistics (Nick et al., 2021; Prior
et al., 2018; Sorrentino et al., 2021). The Rasch framework has been widely applied across educational
and psychological measurement contexts, including language testing (X. Fan, 1998; Hammond et al.,
2023), achievement testing (Hammond et al., 2023; Wong et al., 2021), and health outcome
measurement (Klerk, 2022; Manz et al., 2014), demonstrating its versatility in producing interval-level
measures from ordinal data.
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Within a validation framework, Rasch-derived evidence should not be interpreted in isolation but must be
integrated with multiple sources of validity evidence—including content evidence, response process
evidence, internal structure, reliability, fairness, and consequences for score use (J. Fan and Knoch,
2019; Raman et al., 2024). The Standards for Educational and Psychological Testing outline these
complementary sources as essential components of a coherent validity argument. Kane's argument-
based approach to validation further emphasizes that the strength of validity claims depends on the
integration of diverse evidence strands (J. Fan and Knoch, 2019; Suryadi et al., 2023).

For the present instrument, validity evidence was gathered through expert review, dimensionality
analysis, item fit statistics, reliability and separation indices, item difficulty distribution, Wright map
targeting, test information function, DIF analysis, and indicator-level achievement. Such comprehensive
approaches—combining Rasch analysis with content validation, dimensionality testing, and bias
detection—have been employed across diverse measurement contexts (Deeba and Ahmad, 2023; Eslahi
et al., 2021; Malonisio and Malonisio, 2023; Nick et al., 2021). This multi-faceted framework supports a
coherent argument that the resulting scores reflect mathematical communication ability rather than
construct-irrelevant variance.

Table 1
Instrument blueprint and construct mapping

Construct domain Operational indicator Assessment evidence Item numbers

Visual or tabular
representation

Representing a
contextual situation in
a picture or table

Students select or interpret a
representation that matches a
mathematical situation.

1, 2, 3, 5, 6, 7, 8,
9, 10

Symbolic
modeling

Translating a situation
into a mathematical
model or symbol

Students identify a suitable
mathematical expression,
equation, or symbolic relation.

4, 11, 12, 13, 14,
15, 17, 18, 19,
21, 23, 25

Written
mathematical
explanation

Explaining
mathematical ideas or
solution processes in
written language

Students select statements
that correctly explain
reasoning, solution steps, or
the meaning of a model.

16, 20, 22, 24

Integrated
communication

Combining visual,
symbolic, and
explanatory elements

Items require students to
coordinate two or more forms
of mathematical
communication.

Several
contextual items
across the
instrument

3. Methods
This study employed a research and development (R&D) design focused on producing and validating a
cognitive assessment instrument (Amira and Wulan, 2021). The development process consisted of five
stages: (1) preliminary study, (2) construction of the test blueprint and items, (3) expert validation, (4)
field testing, and (5) empirical calibration using the Rasch measurement model (Putri et al., 2020;,
(Ridwan et al., 2023;. The validation logic was organized to generate evidence related to content
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relevance, construct alignment, internal structure, item functioning, reliability, fairness, and score
interpretation (Hrnjičić and Alihodžić, 2024; Planinić et al., 2019).

The field trial involved 529 elementary school students from three partner schools: SDN 34 Kendari, SDN
4 Ranomeeto, and SDN 88 Kendari, representing Kendari City and South Konawe Regency, Southeast
Sulawesi, Indonesia. The participants consisted of 265 male and 264 female students; 258 were in Grade
5 and 271 in Grade 6. This distribution provided adequate response data for Rasch calibration and for
examining item functioning across gender and grade groups (Ridwan et al., 2023;, Motta et al., 2020; .

The instrument measured mathematical communication skills according to elementary school
curriculum standards (Bellini et al., 2019; Fritz-Stratmann et al., 2014). The final field-test version
consisted of 25 multiple-choice items, each mapped to at least one indicator of mathematical
communication (Amira and Wulan, 2021; Veith et al., 2022). Initial items were developed based on the
test blueprint, basic competencies, and intended cognitive processes (Chin et al., 2022). Expert
validation was conducted by mathematics education lecturers and elementary school teachers, focusing
on content relevance, construct alignment, clarity, linguistic appropriateness, distractor quality, and
indicator consistency (Hrnjičić and Alihodžić, 2024; Mešić et al., 2019). Items were revised according to
expert feedback before field testing, providing content validity evidence prior to empirical calibration
(Novak et al., 2022; J. W. Pellegrino et al., 2001).

The field test was administered after ethical approval had been obtained from the Research Ethics
Committee of the Institute for Research and Community Service, Universitas Sulawesi Tenggara,
Indonesia (Approval No. 66/R/09/LPPM/VIII/2025; July 1, 2025), permission had been obtained from the
participating schools, and written informed consent had been obtained from parents or legal guardians.
Students were informed about the assessment purpose, response confidentiality, voluntary participation,
and their right to withdraw. All procedures minimized burden and protected student welfare, in
accordance with the approved protocol and relevant ethical principles for research involving human
participants.

Student responses were analyzed using WINSTEPS version 3.73 (Qudratuddarsi et al., 2022; Syawaludin
et al., 2019). Unidimensionality was evaluated using principal component analysis of Rasch standardized
residuals, with raw variance explained by measures of at least 20% and residual contrasts below 15%
treated as evidence supporting a dominant measurement dimension (Putri, 2023; Qudratuddarsi et al.,
2022; Syawaludin et al., 2019). Item fit was evaluated using infit and outfit mean square (MNSQ),
standardized fit (ZSTD), and point-measure correlation (Dwiliesanti and Yudiarso, 2022; Idulfilastri et al.,
2021; Planinić et al., 2019). MNSQ values between 0.50 and 1.50 were interpreted as productive for
measurement (Dwiliesanti and Yudiarso, 2022; Segar, 2024), while ZSTD values were used cautiously
due to sensitivity to large sample sizes Planinić et al., 2019;, Tunç, 2023). Point-measure correlations
were expected to be positive, indicating items moved in the intended construct direction (Qudratuddarsi
et al., 2022). Reliability evidence was obtained from KR-20/Cronbach's alpha, person reliability, item
reliability, and separation indices (Chin et al., 2022; J. L. Pellegrino et al., 2020; J. W. Pellegrino et al.,
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2001; Wijaya, 2023). DIF analysis was conducted by gender and grade, with items at p < .05 treated as
potentially flagged, though practical significance was interpreted cautiously (Motta et al., 2020; Ridwan
et al., 2023; Антипкина and Ludlow, 2020). Wright maps and the test information function evaluated
item-person targeting and measurement precision across the ability continuum (Arias et al., 2015;
Planinić et al., 2019; Tunç, 2023).

4. Results

4.1 Participant profile and instrument structure
The sample consisted of 529 students, with an almost equal gender distribution: 265 male students and
264 female students. The grade-level distribution was also balanced, with 258 Grade 5 students and 271
Grade 6 students. The final trial instrument consisted of 25 items mapped to mathematical
communication indicators. The sample size and group distribution were sufficient for the intended Rasch
calibration and exploratory DIF analysis.

4.2 Unidimensionality evidence
Unidimensionality analysis was conducted to examine whether the instrument primarily measured one
dominant construct, namely mathematical communication skills. The results showed that the raw
variance explained by Rasch measures was 32.9% empirically and 33.5% in the modeled estimate. The
unexplained variance in the first to fifth residual contrasts ranged from 3.3% to 5.3%, all below the 15%
threshold. These findings support the interpretation that the instrument measures a dominant construct
and is appropriate for subsequent Rasch analysis. However, because the first residual contrast had an
eigenvalue of 2.0, future studies should continue examining whether specific item clusters represent
meaningful subdomains of mathematical communication.
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Table 2
Principal component analysis of Rasch standardized residuals

Component Eigenvalue Empirical % Modeled %

Total raw variance in observations 37.3 100.0 100.0

Raw variance explained by measures 12.3 32.9 33.5

Raw variance explained by persons 7.5 20.0 20.4

Raw variance explained by items 4.8 12.9 13.2

Raw unexplained variance (total) 25.0 67.1 66.5

Unexplained variance in 1st contrast 2.0 5.3 7.9

Unexplained variance in 2nd contrast 1.7 4.7 7.0

Unexplained variance in 3rd contrast 1.5 4.1 6.1

Unexplained variance in 4th contrast 1.4 3.6 5.4

Unexplained variance in 5th contrast 1.2 3.3 4.9

4.3 Item difficulty and test targeting
Rasch item difficulty analysis placed the 25 items on a logit scale. Item 17 was the most difficult item
(2.01 logits), indicating that it was most likely to be answered correctly only by students with relatively
high mathematical communication ability. The remaining 24 items were located between − 0.83 and + 
0.83 logits, which falls within the moderate difficulty range. No item was categorized as easy or very
easy. This distribution indicates that the instrument is well suited to measuring middle-to-high ability
students but may provide less precise information for students with lower ability.

Table 3
Distribution of item difficulty levels

Difficulty category Logit criterion Items Number of items Percentage

Very difficult > +1.00 17 1 4%

Moderate -1.00 to + 1.00 1–16, 18–25 24 96%

Easy < -1.00 to -2.00 - 0 0%

Very easy < -2.00 - 0 0%

4.4 Item fit
Item fit analysis was used to evaluate whether each item functioned consistently with the Rasch model.
Overall, the instrument demonstrated acceptable item functioning because all items had positive point-
measure correlations and most items showed MNSQ values within the productive range. However, two
high-difficulty items, items 17 and 24, showed elevated outfit statistics. These items were retained in the
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trial analysis because they were theoretically aligned with the construct and helped represent more
challenging mathematical communication tasks, but they should be substantively reviewed before
operational use. This interpretation is more appropriate than relying on ZSTD alone because ZSTD values
can be inflated in large samples.

Table 4
Summary of item fit evidence

Fit evidence Result Interpretation

Point-measure
correlation

All items positive; range
approximately .42-.63

All items moved in the expected
direction of the construct.

Infit MNSQ Most items within .50 − 1.50; item
17 = 1.55 and item 24 = 1.52

Generally productive; items 17 and 24
require review.

Outfit MNSQ Most items within .50 − 1.50; item
17 = 2.30 and item 24 = 1.81

Unexpected responses were detected
on two high-difficulty items.

ZSTD Several values outside − 2 to + 2 Used only as supporting evidence
because of sample-size sensitivity.

Decision 25 items retained for trial
interpretation

Retain with revision notes for difficult
items.

4.5 Reliability, Separation, and Global Model Fit
Reliability analysis indicated that the instrument had strong internal consistency. The KR-20/Cronbach's
alpha value was .92, suggesting excellent raw-score reliability. Person reliability was .81 for non-extreme
respondents and .75 when extreme and non-extreme respondents were included. Item reliability was .94,
indicating that the item difficulty hierarchy was stable and well estimated. The item separation index of
3.94–4.05 showed that the instrument could distinguish several levels of item difficulty. The person
separation index was lower but still useful for identifying broad differences in student ability. Average
item fit statistics were close to the expected Rasch value of 1.00, supporting global model-data
agreement.
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Table 5
Reliability and separation summary

Statistic Value Interpretation

KR-20/Cronbach's alpha .92 Excellent internal consistency.

Person reliability (non-extreme) .81 Good consistency of person ordering.

Person reliability (all
respondents)

.75 Acceptable when extreme cases are included.

Person separation (non-
extreme)

2.07 Able to distinguish broad ability groups.

Item reliability .94 High stability of item hierarchy.

Item separation 3.94–4.05 Strong spread of item difficulty estimates.

Mean person measure + 1.26
logits

Average student ability exceeded average item
difficulty.

Mean item measure 0.00 logits Item scale anchored at the Rasch mean.

Mean item infit/outfit MNSQ 1.00 / .95 Close to expected model values.

4.6 Differential item functioning
DIF analysis was conducted to evaluate whether items functioned differently across gender and grade
groups after controlling for overall ability. The analysis did not flag any of the 25 items as biased by
gender or grade because the probability values did not meet the significance criterion of p < .05. This
result provides preliminary fairness evidence for the instrument across the observed student groups.
Nevertheless, future studies should also report DIF contrast magnitudes and apply multiplicity-adjusted
interpretations so that statistical significance and practical relevance can be considered together.

4.7 Wright map and test information function
The Wright map placed student ability and item difficulty on the same logit scale. The map showed that
high-ability students, including those between approximately + 3.00 and + 4.00 logits, were able to
answer the most difficult item (item 17). Students around + 2.00 logits were generally able to answer
items with moderate difficulty. The average person measure (+ 1.26 logits) was higher than the item
mean, indicating that the instrument was somewhat easier than the average ability of the sample,
although it still contained challenging items for high-ability students. The map also revealed that easier
items should be added to improve targeting for students at the lower end of the ability distribution.

The test information function indicated that the instrument provided the most accurate information in
the − 3 to + 3 logit range. This is desirable for a heterogeneous elementary student population because it
supports interpretation across low, moderate, and high ability levels. The curve was centered around the
middle range of ability, showing that the instrument was particularly informative for students near the
average ability level while still providing useful information across a broad logit span.
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4.8 Indicator-level achievement
The item indicators were further analyzed to describe the percentage of correct answers across
mathematical communication domains. The highest achievement was found in items requiring students
to use mathematical symbols and pictures in story contexts (78.79%). The lowest achievement was
observed in items requiring students to state mathematical models and explain solution processes
(67.11%). These findings indicate that students were more successful with simple symbolic and visual
representations than with tasks requiring more complex modeling and written explanation.

Table 6
Achievement by mathematical communication indicator

Mathematical communication indicator Item numbers Correct answers
(%)

Using mathematical symbols and pictures in the context of
a story

1, 2, 5, 6, 7 78.79

Writing a mathematical model and explaining the solution
process

4, 12, 14 77.50

Drawing situations and stating mathematical relationships 3, 8, 9, 10 75.71

Writing symbolic expressions and giving reasons or
explanations

11, 13, 15, 18,
21

73.04

Stating the mathematical model and explaining the process 17, 19, 23, 25 67.11

Drawing, writing mathematical models, and explaining
meaning

16, 20, 22, 24 71.41

5. Discussion

5.1 Validity evidence and psychometric quality
The results provide multiple sources of validity evidence for the developed instrument. The
dimensionality analysis supports the interpretation that the items measure a dominant construct of
mathematical communication skills. The reliability results also indicate that the instrument is sufficiently
stable for educational assessment purposes. These findings are consistent with Rasch measurement
principles, which emphasize the joint evaluation of item difficulty, person ability, item fit, reliability,
separation, and construct structure (Bond and Fox, 2015; Boone et al., 2000).

The use of Rasch analysis strengthened the validation argument because the analysis did more than
estimate internal consistency. It examined whether items functioned in the expected direction, whether
the item hierarchy was stable, whether the test targeted the observed student ability distribution, and
whether items were fair across gender and grade groups. This type of integrated evidence is important
for defensible score interpretation in educational assessment (Kane, 2013; Messick, 1989).
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5.2 Interpretation of item difficulty and targeting
The item difficulty distribution suggests that the instrument is most appropriate for students with
moderate to high mathematical communication ability. The presence of one very difficult item is useful
because it helps distinguish high-ability students, but the absence of easy and very easy items limits
precision for students at the lower end of the ability scale. This finding is consistent with the Wright map,
where the mean person measure was higher than the mean item difficulty.

For operational use, additional lower-difficulty items should be developed. These items should target
foundational communication tasks, such as matching a simple picture to a story situation, identifying a
single-step mathematical expression, reading a basic table, or selecting a short explanation of a simple
computation. Adding easier items would broaden the measurement range and improve the instrument's
usefulness for diagnosing students with emerging mathematical communication skills.

5.3 Fairness and bias evidence
The absence of statistically significant DIF by gender and grade provides preliminary evidence that the
instrument functioned similarly across the observed student groups. In practical terms, students with
comparable mathematical communication ability had similar chances of answering the items correctly
regardless of gender or grade level. This finding strengthens the fairness argument for the instrument.
However, DIF results should not be overinterpreted because the analysis reported only probability values.
Future studies should report DIF contrast magnitudes, confidence intervals, and adjusted significance
criteria to distinguish statistical from practical bias.

5.4 Instructional implications
The indicator-level findings have direct implications for mathematics instruction. Students performed
relatively well on items involving symbols and pictures in story contexts but performed less well on
items requiring mathematical modeling and explanation of solution processes. This pattern suggests
that teachers should provide more structured opportunities for students to write mathematical
explanations, justify reasoning, connect diagrams with symbolic expressions, and interpret the meaning
of calculations. Instruction should not stop at obtaining correct answers; it should also require students
to communicate why a representation or model is appropriate.

The instrument can be used as a diagnostic tool to identify which aspects of mathematical
communication require instructional support. For example, lower achievement in modeling and written
explanation indicates a need for learning activities that ask students to translate everyday situations into
equations and explain solution steps in their own words. Such activities are consistent with international
recommendations that mathematical communication and representation should be integrated into
mathematics learning rather than treated as supplementary skills (American Educational Research
Association et al., 2014; Bossé et al., 2010; National Research Council, 2001).

5.5 Limitations and directions for future research
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First, the sample was drawn from three elementary schools in two regions of Southeast Sulawesi;
therefore, broader validation across provinces, school types, and socio-economic contexts is needed
before national-scale use.

Second, the instrument used multiple-choice items. Although this format can measure selected aspects
of mathematical communication, it does not fully capture open-ended written reasoning. Future studies
should combine multiple-choice items with constructed-response tasks and analytic scoring rubrics.

Third, items 17 and 24 showed elevated outfit statistics. These items should be reviewed through
cognitive interviews, distractor analysis, and content analysis before operational deployment.

Fourth, future studies should examine local independence, criterion-related validity, test-retest reliability,
and score interpretation using external criteria such as teacher ratings, classroom performance, or
standardized mathematics achievement data.

Fifth, DIF contrast magnitudes were not reported in the present analysis. Future research should include
both statistical and practical DIF criteria.

6. Conclusion
This study developed and validated a 25-item cognitive test instrument for measuring elementary school
students' mathematical communication skills using the Rasch measurement model. The items were
aligned with curriculum standards and indicators of mathematical communication, including visual or
tabular representation, mathematical modeling or symbolic expression, and written explanation. Rasch
analysis provided evidence of a dominant measurement dimension, high internal consistency,
satisfactory person reliability, high item reliability, adequate item-person targeting, and no statistically
detected gender or grade DIF. The Wright map and information function showed that the instrument was
most informative for students within the − 3 to + 3 logit range, although additional easier items are
needed to improve precision for lower-ability students. Indicator-level findings showed that students
were relatively stronger in simple symbolic and visual representation but weaker in modeling and written
explanation. Overall, the instrument offers preliminary evidence of validity, reliability, and fairness for
assessing mathematical communication skills in elementary education and can serve as a reference for
further Rasch-based mathematics assessment development.
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Figure 1

Wright map showing the distribution of student ability and item difficulty.
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Figure 2

Test information function of the mathematical communication skills instrument.
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