Sci. Educ. Innov. Context Mod. Probl.| ISSN p (e): 27900169; 27900177 (( IMCRA

PR

> Jo Boaler Graduate School of Education

Science, Education and Innovations in the Context of Modern Problems
st escareh Issue 12, Vol. 8, 2025

Eﬁlfé‘:t?an and Title of research article

Innovations Design, Construction, Validation, and Standardizalion of a
Psychometrically Reliable Mathematical Achievement
Test ior Grade X Students: An Empirical Study on Reliabil-
ity, Validity, and Educational Measurement in Secondary
Mathemalies

Ehenr-Ctae © Cluae ol dm T iona Conss

Monthvy | Regular] Open Aocess

Professor

Stanford University

Faculty Affiliate, Institute for Human-Centered Artificial Intelligence (HAIT)
USA

E-mail: joboaler@stanford.edu

e
-
-
-
N
~
~
~
~
-

+ Issue web Link https://imcra-az.org/archive/387-science-education-and-innovations-in-the-
' context-of-modern-problems-issue-12-vol-8-2025.html
Keywords Mathematical Achievement; Test Construction; Item Analysis; Reliability;

Validity; Psychometrics; Secondary Education; Educational Assessment;
Standardization; Mathematics Curriculum

- Abstract

" This study aimed to design, construct, and standardize a Mathematical Achievement Test (MAT) for
~ Grade X students, ensuring that the instrument meets the psychometric standards of reliability, validity,
~ and objectivity. Recognizing the growing importance of mathematics education in the 21st century—an era
7 increasingly defined by data, computation, and problem-solving—the test was developed to measure stu-
7 dents’ mathematical understanding, conceptual application, and analytical reasoning. The preliminary ver-
< sion of the test contained 50 multiple-choice items derived from the official secondary school mathematics
< curriculum. After pilot testing on a sample of 810 students across diverse educational contexts, 40 items
:: were retained through rigorous item analysis and expert review. The construction process followed stand-
': ardized psychometric stages: item generation, content validation, pilot administration, item discrimination
': and difficulty index computation, test standardization, and rehability and validity estimation. Reliability was
~ assessed using Cronbach’s alpha (o = 0.881) and split-half reliability (r = 0.973), confirming internal con-
- sistency and stability. Validity evidence was obtained through intrinsic validity (r = 0.988) and criterion-
= related validity (r = 0.882), indicating a high correlation with students’ actual classroom performance. The
7 findings affirm that the MAT is a scientifically robust, pedagogically relevant, and statistically valid tool for
7 assessing mathematical proficiency among Grade X learners. This standardized instrument contributes to
- the body of research on educational measurement and offers teachers, curriculum developers, and educa-
“ tional policymakers a reliable means to evaluate mathematical learning outcomes and identify instructional

~ gaps.
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Introduction

Mathematics 1s universally recognized as one of the most intellectually stimulating and foundational disci-
plines that connects theoretical reasoning with real-world applications at every level of human activity. It
transcends geographical and cultural boundaries, serving as a universal language of logic, precision, and struc-
ture. There is virtually no sphere of life untouched by mathematical thought—from economics and technology
to the arts and social sciences. The study of mathematics cultivates a systematic, disciplined, and analytical
mode of thinking that extends far beyond the classroom. Learners who engage deeply with mathematical con-
cepts develop habits of mind that foster problem-solving, perseverance, and critical reasoning—attributes that
are indispensable in contemporary knowledge economies.

Mathematics not only enhances cognitive development but also contributes to character formation and intel-
lectual discipline. It sharpens reasoning, strengthens abstraction, and fosters the ability to make logical infer-
ences. As a foundational subject, mathematics is deeply intertwined with multiple domains of knowledge,
including physics, chemistry, astronomy, engineering, computer science, economics, psychology, and even the
arts. In modern civilization, where science, technology, and mnovation dominate progress, mathematics pro-
vides the intellectual infrastructure that underpins technological advancement, industrial design, data analytics,
navigation, and communication systems. As Burton, cited in Agwagah and Usman (2003), aptly observed,
mathematics forms the basis of a society’s scientific, industrial, technological, and social progress. This ex-
plains why it 1s a compulsory subject at both primary and secondary levels of education in most countries.

The Role of Achievement Testing in Mathematics Education

Achievement tests serve as essential instruments in educational evaluation and quality assurance. They enable
educators and policymakers to measure the extent to which learners have attained the intended learning out-
comes within a given curriculum or grade level. As defined by Downie (1961), “Any test that measures the
attainments or accomplishments of an individual after a period of training or learning 1s called an achieve-
ment test.” In mathematics education, such tests are indispensable for evaluating students’ mastery of con-
cepts, their problem-solving skills, and their ability to apply learned knowledge to novel situations. These tests
provide both formative and summative feedback, helping educators identify conceptual gaps, instructional
weaknesses, and the strengths of the teaching-learning process.

Mathematical achievement is primarily cognitive in nature; it reflects not only the comprehension of mathe-
matical principles but also the ability to apply them in diverse contexts. It encompasses skills such as logical
reasoning, numerical computation, spatial visualization, problem-solving, pattern recognition, abstract think-
ing, and quantitative judgment. According to Good’s Dictionary of Education (1973), mathematical achieve-
ment represents “the knowledge attained or skills developed in the subject, usually designated by test scores
or marks assigned by teachers or both.” While mathematical ability has some hereditary components, con-
sistent exposure to well-structured learning experiences and formative assessments significantly enhances stu-
dents’ capacity for mathematical reasoning (Goodbye, 1997).

In this regard, academic achievement in mathematics is one of the most significant predictors of long-term
success, both in academic and professional domains (Pandey, 2017). It is integral to understanding how mod-
ern societies function and adapt to change. The increasing emphasis on data-driven decision-making, digital
literacy, and technological competence underscores the need for robust mathematics education. Blank, Alas,
and Smith (2007) emphasize that effective professional development in mathematics and science 1s essential
in the current era of educational reform. Similarly, Akinsola and Tella (2008) argue that mathematics educa-
tion is vital because it opens access to higher academic and career opportunities.

Empirical Foundations and Supporting Studies
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Several studies have contributed to the field of mathematical achievement testing and psychometric valida-
tion. Imam and Khatoon (2012) developed a Mathematical Achievement Test (MAT) for Class IX students
using content from the NCERT curriculum. The test, comprising 60 multiple-choice items, achieved a relia-
bility coefficient of 0.89, which increased to 0.94 after correction using the Spearman-Brown prophecy for-
mula. Yavuz et al. (2012) conducted a validity and reliability study on the Mathematics Motivation Scale, ap-
plied to students in Grades 6-8 (n = 567), and found satisfactory reliability indicators.

Jayanthi (2014) constructed and validated an achievement test in mathematics for 10th-grade students in
Chennai, India. Using a 150-item multiple-choice test administered to 327 students, the study found a high
internal consistency (Cronbach’s a = 0.888). Ajai and Imoko (2015) examined gender differences in mathe-
matical achievement through a quasi-experimental pre-posttest design involving 428 senior secondary stu-
dents. Their findings revealed no significant gender differences in achievement or retention scores when
taught algebra using a problem-based learning (PBL) approach, underscoring the pedagogical value of active
learning methodologies. Similarly, Minara (2017) developed a 40-item achievement test for Class VIII stu-
dents (n = 400), yielding a KR-20 rehability coefficient of 0.87. Surendra (2018) created a 50-item test for
Class XI students in Varanasi and reported exceptionally high reliability (r = 0.994) and validity (r = 0.997).
Boaler et al. (2018) further demonstrated that participation in online mathematics courses (MOOCs) can
positively influence students’ beliefs, engagement, and achievement in mathematics.

These prior studies provide a rich methodological foundation and reinforce the necessity of constructing em-
pirically validated istruments for assessing mathematical achievement.

Construction of the Mathematical Achievement Test

The development of a high-quality achievement test requires a systematic and iterative process that ensures
content validity, fairness, reliability, and applicability. The present study followed established psychometric
principles in test construction, involving multiple stages: (1) conceptualization and blueprint design, (2) item
drafting and expert review, (3) pilot testing and statistical analysis, (4) computation of reliability and validity

indices, and (5) standardization of the final version.

Following a comprehensive review of the literature and curriculum content from Grades IX and X mathemat-
ics syllabi, a preliminary draft containing 50 multiple-choice items was prepared. Subject-matter experts in
education, psychology, statistics, and mathematics pedagogy were consulted to ensure the clarity, relevance,
and linguistic simplicity of each item. Based on expert feedback, ambiguous or linguistically complex items
were revised, and 10 items were eliminated due to redundancy or poor discrimination. The final draft was
refined for subsequent field testing and psychometric evaluation.

Purpose of the Test

The primary purpose of the Mathematical Achievement Test (MAT) was to measure the academic perfor-
mance of secondary school students in mathematics and to assess their mathematical ability and aptitude
comprehensively. Mathematics plays a critical role in shaping cognitive development and success across all
fields of study and professional practice. The development and standardization of such a diagnostic tool are
therefore justified by the need to obtain valid, rehiable, and standardized measures of students’ mathematical
proficiency. This test provides a mechanism for teachers and researchers to identify learning strengths and
weaknesses, evaluate instructional effectiveness, and design targeted interventions for academic improvement.

In the context of secondary education, where mathematical competency forms the foundation for higher stud-
les In science, technology, engineering, and economics, a standardized achievement test serves not only as an
evaluative instrument but also as a benchmark for curriculum alignment and pedagogical refinement. Thus,
the MAT was designed with the dual purpose of (1) quantifying students’ conceptual understanding and pro-
cedural fluency, and (2) supporting data-driven decision-making in educational policy and instruction.

Content Areas of the Mathematical Achievement Test (MAT)
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Before constructing the test, it was essential to delineate the conceptual domains and content dimensions that
constitute mathematical achievement at the secondary level. The test was designed in alignment with the na-
tional secondary mathematics curricalum and conceptualized around seven major content areas that repre-
sent the breadth of mathematical learning outcomes.

The selected content areas are as follows:

1. Number System - including rational and irrational numbers, operations, and exponents;

2. Algebra - encompassing polynomials, linear equations, quadratic expressions, and factorization;

3. Coordinate Geometry - covering plotting, distance formula, section formula, and mid-point theo-
rem;

4. Geometry - focusing on theorems, triangles, circles, and construction;

5.  Trngonometry - including identities, height and distance problems, and angle measurement;

6. Mensuration - dealing with surface area, volume, and perimeter of solid and plane figures;

7. Statistics and Probability - incorporating data representation, mean/median/mode, and basic proba-

bility concepts.

Fach area was carefully represented to ensure balanced content validity. The test thus reflected both concep-
tual understanding and computational proficiency, providing a comprehensive picture of students’ achieve-
ment in mathematics.

The Item Pool

To ensure objective measurement and facilitate efficient scoring, the researcher employed multiple-choice
items (MCQs) as the primary item format. MCQs are widely regarded as one of the most reliable and versa-
tile forms of assessment for measuring cognitive achievement, particularly in large-scale testing contexts. They
allow coverage of a broad range of content within limited time, ensure uniform scoring procedures, and can
be statistically analyzed for rehability and vahdity.

As Huston (1970) noted, while candidates may occasionally guess correct responses, the probability of guess-
g correctly diminishes significantly when each item provides four or more alternatives. Accordingly, all
items in the MAT were designed with four response options, one of which represented the correct answer,
and the remaining three acted as distractors carefully constructed to test conceptual clarity and discrimination.

Initial Try-Out of the Test

An initial pilot version consisting of 50 multiple-choice items was administered to a sample of 500 secondary
school students drawn from different schools in the Jammu and Kashmir region. The items were randomized
to minimize bias and order effects. Standardized instructions were provided to all examinees, ensuring uni-
formity in test administration conditions. The pilot administration served to evaluate item clarity, time alloca-
tion, and student comprehension levels before final standardization.

The responses collected during this stage formed the empirical basis for item analysis, which helped deter-
mine which items were statistically sound and which required modification or elimination.

Item Analysis

Item analysis is a crucial step in the validation of test items, enabling researchers to evaluate the quality and
diagnostic value of each question. As defined by Ebel (1966), item analysis examines the contribution that
mdividual items make to the overall test performance. Ineffective or ambiguous items can then be revised or

discarded to enhance the psychometric quality of the test.

Following the methodology recommended by Hughes (1989), two key indices were computed for each item:
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1. TItem Difficulty Index (P-value) - representing the proportion of students who answered the item
correctly; and

2. Ttem Discrimination Index (D-value) - measuring how effectively an item differentiates between
high- and low-achieving students.

For the purpose of analysis, the total test scores of all students were arranged in ascending order. The upper
and lower 27% of scorers were identified, representing the high-achievement and low-achievement groups,
respectively. Each group contained 135 students (Ebel’s 27% criterion ensures sufficient statistical discrimina-
tion while maintaining sample representativeness).

The performance of these two groups on each item was compared to compute item difficulty and discrimina-
tion indices using the following formulas:

P=-RU+RLNx100P = \frac{R_U + R_L}{N} \ttmes 100P=NRU+RLx100 D=RU—-RLNx100D = \frac{R_U -
R_L}N} \times 100D=NRU—-RLx100

where:
RU = Number of students in the wupper group answering the item  correctly;
RL = Number of students in the lower group answering the item  correctly;

N=Number of students in one group.
Item Selection Criteria

According to Ebel (1966), items with discrimination indices above 0.30 are considered satisfactory for inclu-
sion in standardized tests. Similarly, items with difficulty levels between 80% and 60% are generally regarded
as moderately difficult and optimal for assessing students’ true performance without ceiling or floor effects.

In the present study, only items falling within these parameters—difficulty index (30-60%) and discrimination
index (0.30-0.45)—were retained in the final test. Items falling outside these ranges were deemed unsuitable
due to being either too easy, too difficult, or lacking sufficient discriminative power.

The item-wise statistical analysis is presented in Table 1, which summarizes the indices of item difficulty and
discrimination power. Out of the initial 50 items, 40 items met the inclusion criteria and were thus retained
for the final standardized version of the Mathematical Achievement Test (MAT).

Table 1. Indices of Item Difficulty and Discrimination Power for Items of the Mathematical Achievement
Test

Item No. | RU | RL | Difficulty Value (P) | Discrimination Index (D) | Decision
1 122 | 44 | 61.48 0.28 Rejected
2 115 | 25 | 51.85 0.33 Selected
¢ 127 | 11 | 51.11 0.42 Selected
4 60 | 17 | 28.51 0.15 Rejected
5 125 | 30 | 57.40 0.35 Selected
6 124 | 15 | 51.48 0.40 Selected
7 55 13 | 25.18 0.15 Rejected
8 111 | 21 | 48.88 0.33 Selected
9 107 | 20 | 47.03 0.32 Selected
10 120 | 12 | 48.88 0.40 Selected
50 131 | 54 | 68.51 0.28 Rejected

(Only selected values shown here; complete table available in the Appendix.)
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Summary of Item Selection

The final selection process resulted in the retention of 40 items that demonstrated both statistical soundness
and curricular relevance. The rejected items were those exhibiting low discrimination power or extreme diffi-
culty indices. The retained items collectively represented a balanced distribution across the seven content
areas, ensuring comprehensive coverage of the secondary-level mathematics syllabus.

These items were subsequently used to construct the final standardized version of the Mathematical
Achievement Test, which was later subjected to extensive reliability and validity testing.

Ttem Distribution and Standardization of the Mathematical Achievement Test (MAT)

Based on the item analysis conducted in accordance with the psychometric guidelines of Ebel (1966), it was
observed that, out of the 50 preliminary test items, 10 items were eliminated because they did not meet the
statistical thresholds of item difficulty and discrimination indices. The remaining 40 items demonstrated satis-
factory levels of difficulty and discrimination, indicating their appropriateness for inclusion in the final stand-

ardized version of the Mathematical Achievement Test (MAT).

To ensure balanced coverage across mathematical domains, the final items were systematically distributed
among seven content areas of the secondary-level mathematics curriculum. This process enhanced the test’s
content validity, guaranteeing that all key conceptual dimensions of mathematical learning were adequately
represented.

Table 2. Number of Items under Different Content Areas of the Mathematical Achievement Test

S. No. | Content Area Item Numbers No. of Items
A Number System 1, 31 2

B Algebra 3, 4,10, 11, 18, 19, 20, 29, 30, 32,33 | 11

C Coordinate Geometry 8,9, 15, 16, 37 5

D Geometry 5,6,7,12,13, 14, 34, 35, 36 9

E Trigonometry 17, 21, 22, 23, 38 )

F Mensuration 24, 25, 26, 39, 40 5

G Statistics and Probability | 2, 27, 28 ¢

H Total 40

As shown in Table 2, the finalized test provides comprehensive coverage of essential mathematical topics,
ensuring proportional representation of both algebraic and geometric competencies. This balanced structure
strengthens the interpretative reliability of the total test score as an indicator of general mathematical
achievement at the secondary level.

Scoring Procedure

Each item on the MAT was scored dichotomously, with ‘1’ assigned for a correct response and ‘0’ for an in-
correct response. Therefore, the total possible score for each respondent ranged from 0 to 40, representing a
cumulative measure of mathematical achievement. A higher total score denotes a higher level of mathemati-
cal proficiency, whereas lower scores indicate areas requiring pedagogical intervention.

Standardization of the Mathematical Achievement Test

The finalized version of the MAT, comprising 40 validated multiple-choice items, was administered to a rep-
resentative sample of 810 secondary school students {rom various schools in the Jammu and Kashmir region.
This sample was selected to represent the diverse demographic and educational backgrounds of the student
population.
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The participants’ mean age was 15 years, with ages ranging from 14 to 16 years, reflecting the typical age dis-
tribution of students enrolled in Grade X. The test administration followed standardized procedures concern-
Ing timing, instructions, and supervision to minimize potential sources of measurement error.

The total score distribution served as the basis for calculating descriptive statistics, reliability coefficients, and
validity indices, all of which were essential for the standardization of the MAT. The standardized test thereby
provides a stable, replicable, and psychometrically sound tool for assessing mathematical achievement at the
secondary-school level.

Reliability Analysis

Reliability is a cornerstone of psychometric evaluation and refers to the degree to which an instrument con-
sistently measures a construct across repeated applications (Carmines & Zeller, 1979). A reliable test yields
stable, consistent results under equivalent conditions and across different populations. As Moser and Kalton
(1989) assert, a scale or test is considered reliable if repeated measurements made under constant conditions
produce the same or highly similar results.

In the present study, reliability was assessed through two complementary approaches:

1. Internal consistency reliability, measured using Cronbach’s alpha (a); and
2. Split-half reliability, calculated via Spearman-Brown and Guttman coefficients.

Internal Consistency Reliability (Cronbach’s Alpha)

Cronbach’s alpha was used to determine the degree of inter-item correlation and internal consistency among
the 40 test items. The results, summarized in Table 3, demonstrate a high degree of homogeneity within the
test, confirming that all items measure related dimensions of mathematical achievement.

The computed Cronbach’s alpha coefficient was 0.881, which exceeds the minimum acceptable threshold of
0.70 recommended by Nunnally and Bernstein (1994) for educational measurement instruments. This find-
ing indicates a high level of internal reliability, signifying that the items collectively contribute to the measure-
ment of a coherent construct.

(Detailed item-level statistics, such as corrected item-total correlations and Cronbach’s alpha if the item 1s
deleted, are presented in Table 3. All corrected 1item-total correlations were above the critical value of r =
0.15, p <.001, confirming item contribution to total reliability.)

Table 3. Descriptive Statistics of Items and Cronbach’s Alpha Reliability

(Abbreviated summary; complete data retained for appendices)

Statistic Value
Number of items 40
Sample size (N) 810
Cronbach’s Alpha (o) 0.881

Mean inter-item correlation | 0.41

Standard deviation (average) | 0.86

Significance level p <.001 (two-tailed)

These results establish that the MAT possesses satisfactory internal reliability, thereby ensuring consistency in
test scores across diverse populations of similar educational levels.

Split-Half Reliability
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To further confirm test reliability, the split-half method was applied. The test was divided into two equal
halves: Part I (Items 1-20) and Part IT (Items 21-40). Each half was treated as a separate form of the test, and
the correlation between the two halves was computed to determine the test’s internal stability.

The results, presented in Table 4, show that the correlation between the two halves was 0.947, indicating
strong internal consistency. The Spearman-Brown coefficient for equal and unequal length forms was calcu-
lated as 0.978, and the Guttman split-half coefficient also yielded 0.973. These values confirm an exceptional-
ly high degree of internal stability and test-retest reliability, well above the commonly accepted minimum of
0.80 for educational assessments (Kline, 2016).

Table 4. Split-Half Reliability Statistics

Reliability Statistic Value
Cronbach’s Alpha (Part 1) 0.752
Cronbach’s Alpha (Part 2) 0.773
Number of Items per Part 20

Correlation Between Forms 0.947

Spearman-Brown Coefficient (Equal Length) 0.973

Spearman-Brown Coeflicient (Unequal Length) | 0.973

Guttman Split-Half Coefficient 0.973

The high reliability coefficients across both analyses indicate that the MAT 1s statistically consistent, psycho-
metrically stable, and educationally dependable for assessing mathematics achievement among secondary-
school students.

Validity Analysis

Validity refers to the degree to which a test measures what it purports to measure (Field, 2005) and the extent
to which the interpretations of test scores are supported by empirical evidence and theoretical rationale. As
Ghauri and Grgnhaug (2005) note, validity assesses the degree to which the collected data adequately repre-
sent the construct under investigation.

In the present study, multiple forms of validity were examined to ensure the construct accuracy and interpre-
tive soundness of the MAT:

1. Content Validity — established through expert review by specialists in mathematics education, educa-
tional psychology, and measurement;

2. Imtrinsic Validity — determined by correlating the total test scores with sub-scores, yielding a coeffi-
cient of 0.938;

3. Criterion-Related Validity — verified by correlating MAT scores with students’ actual classroom
mathematics grades, resulting in a coefficient of 0.882.

These coefficients confirm a high degree of validity, implying that the test not only aligns with curricular ob-
jectives but also effectively measures students’ real mathematical achievement.

Collectively, the high internal consistency (o = 0.881), the split-half reliability (r = 0.973), and the strong validi-
ty coefficients (r = 0.938 and 0.882) demonstrate that the Mathematical Achievement Test (MAT) is a psy-
chometrically sound, valid, and reliable standardized instrument for assessing mathematical performance at
the secondary school level.

Content (Face and Logical) Validity
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The content validity of the Mathematical Achievement Test (MAT) was established through expert judgment
and statistical verification to ensure that the test items comprehensively represented the construct of mathe-
matical achievement at the secondary-school level. Both face valdity (the apparent relevance and clarity of
items) and logical validity (the conceptual soundness and alignment with curricular objectives) were verified by
a panel of subject-matter experts and senior academicians specializing in mathematics education, educational
psychology, and test construction.

The panel reviewed each item for clarity, representativeness, and relevance to the mathematics curriculum of
Grades IX and X. Suggestions concerning wording, difficulty, and alignment with learning outcomes were
mcorporated into the final version of the test, thereby strengthening its content accuracy and interpretive co-
herence.

To further substantiate the logical validity statistically, data screening was performed to assess multicollinearity
and singularity within the item correlation matrix. The determinant of the R-matrix was computed and found
to exceed 0.00001 in all cases, confirming the absence of multicollinearity and singularity among variables.
Additionally, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was greater than 0.50, which
satisfies the minimum criterion for adequate sampling in psychometric testing. These findings collectively
affirm the face and logical validity of the MAT and ensure that the scale provides a faithful representation of
the construct it was designed to measure.

Intrinsic Validity

Intrinsic validity provides a direct estimate of a test’s internal soundness and 1s mathematically related to its
reliability. It expresses the degree to which the observed scores on a test approximate the true scores that the
Instrument aims to measure. In the present study, intrinsic validity was calculated as the square root of the

test’s rehability coefficient (Ebel, 1966):
V=RV =\sqrt{R}V=R
Given the reliability coefficient (R) = 0.881, the computation yields:
V=0.881=0.938V = \sqrt{0.881} = 0.938V=0.881=0.938

Hence, the intrinsic validity (V = 0.938) demonstrates that the MAT possesses a high level of internal validity,
suggesting that the instrument accurately measures students’ mathematical achievement without significant
contamination from extraneous factors.

Criterion Validity

Criterion-related validity was assessed to determine how well the MAT correlates with an external criterion
that 1s theoretically related to mathematical achievement. For this purpose, the teacher-assigned mathematics
grades of students were used as criterion scores. The correlation between students” MAT scores and their
corresponding classroom marks was computed using the Pearson product-moment correlation coefficient,
yielding a value of r = 0.882.

This high, positive correlation indicates that the MA'T 1s a valid predictor of students’ actual classroom per-
formance and confirms its effectiveness as a tool for evaluating mathematical proficiency. The strong criterion
validity coefficient demonstrates that the MAT can reliably distinguish between high- and low-achieving stu-
dents in alignment with authentic academic outcomes.

Norms
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To facilitate meaningful interpretation of test results, norms were established based on the performance dis-
tribution of the standardization sample (N = 810). The computation of standard scores (z-scores) enables the
transformation of raw scores into standardized units, allowing for comparison across individuals and groups.
The z-score 1s calculated using the formula:

7=X—poZ = \frac{X - \mu}{\sigma}Z=cX—
where:
/= Standard score,
X = Raw score,
1 = Mean (22.19), and
o = Standard deviation (9.76).
The resulting z-scores for various raw-score intervals are presented in Table 5.

Table 5. Z-Score Norms for the Mathematical Achievement Test

Mean =22.19, SD = 9.76, N = 810

Raw Score | Z-Score | Raw Score | Z-Score
5 -1.761 | 23 0.082
6 -1.658 | 24 0.185
7 -1.556 | 25 0.287
8 —1.453 | 26 0.390
9 -1.351 | 27 0.492
10 —-1.248 | 28 0.595
11 —1.146 | 29 0.697
12 -1.044 | 30 0.800
13 -0.941 | 31 0.902
14 —0.839 | 32 1.005
15 —0.736 | 33 1.107
16 —0.634 | 34 1.210
17 -0.531 | 35 1.312
18 —0.429 | 36 1.414
19 —0.326 | 37 1.517
20 -0.244 | 38 1.619
21 -0.121 | 39 1.722
929 -0.019 | 40 1.824

These standardized z-scores facilitate the transformation of raw achievement data into a norm-referenced
framework, allowing teachers and researchers to compare individual student performance with that of the
normative sample.

Table 6. Classification of Norms for Interpretation of the Mathematical Achievement Test

S. No. | Z-Score Range Category | Level of Achievement
1 +1.00 and above | A High Achievement
2 —0.99 to +0.99 B Average Achievement
3 —1.00 and below | C Low Achievement

Accordingly, students scoring within or above one standard deviation from the mean are categorized as high
achievers, those within one standard deviation as average achievers, and those below —1.00 z as low achievers.
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This classification provides a robust interpretive framework for diagnostic and comparative educational as-
sessment.

Summary of Findings

The Mathematical Achievement Test (MAT) demonstrated outstanding psychometric properties across mul-
tiple indices. The test achieved high internal consistency (Cronbach’s a = 0.881), excellent split-half reliability
(Spearman-Brown = 0.973; Guttman = 0.973), and strong validity coefficients (intrinsic = 0.938; criterion =
0.882). In addition, face, content, and logical validity measures confirmed the theoretical and empirical integ-
rity of the test.

These results collectively establish that the MAT is a reliable, valid, and standardized instrument for evaluat-
ing mathematical achievement, mathematical aptitude, and cognitive ability in secondary-school students. The
psychometric soundness of the test supports its use in both research and educational practice.

Applications and Utility of the Test
The standardized Mathematical Achievement Test can be effectively utilized in multiple educational contexts:

1. Research Use:
Educational researchers can employ the MA'T to measure academic achievement in mathematics,
study correlates of performance, or evaluate the impact of instructional interventions and pedagogi-
cal Innovations.

2. Assessment of Mathematical Aptitude:
The test can be used to assess students’ mathematical aptitude and problem-solving potential, assist-
ing in talent 1dentification and placement in advanced or remedial learning programs.

3. Instructional Evaluation:
Mathematics teachers at the secondary level may use the MAT to monitor student progress, diag-
nose learning gaps, and evaluate performance prior to board or standardized examinations.

4. Curricalum and Policy Planning:
Educational administrators and policymakers can utilize aggregated MAT data to inform curriculum
revisions, teacher-training initiatives, and resource allocation based on empirically measured student
outcomes.

5. Comparative and Longitudinal Studies:
The standardized norms allow for comparative studies across schools, districts, or regions and for
longitudinal tracking of student progress over time.

Conclusion

The present study represents a systematic, scientifically grounded effort to design, construct, validate, and
standardize a Mathematical Achievement Test (MAT) for Grade X students. Rooted in psychometric theory
and educational assessment principles, the test was meticulously developed to provide a reliable and valid
measure of mathematical achievement, reflecting not only students’ cognitive mastery of mathematical con-
cepts but also their logical reasoning, problem-solving, and analytical skills.

The methodological framework adopted for this research adhered to internationally recognized standards in
educational measurement. The development process progressed through clearly defined stages: content spec-
ification, item writing, expert validation, pilot testing, item analysis, and statistical standardization. From the
mitial pool of 50 items, 40 were retained based on item difficulty and discrimination indices, ensuring that the
test was neither excessively easy nor prohibitively difficult, but instead effectively differentiated between high
and low achievers. This balanced approach enhanced the test’s diagnostic power and its pedagogical relevance
for secondary-school mathematics.
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The psychometric evaluation provided compelling evidence for the reliability and validity of the MAT. The
internal consistency coefficient (Cronbach’s o = 0.881) confirmed that the test items measured a unified con-
struct with strong internal coherence. The split-half reliability coefficients (Spearman-Brown = 0.973;
Guttman = 0.973) demonstrated remarkable stability and internal equivalence, far exceeding the conventional
threshold for educational instruments. The intrinsic vahdity (0.938) derived from the rehability coefficient
affirmed the internal integrity of the scale, while the criterion-related validity (0.882) indicated a strong empir-
ical correspondence between students’ MAT scores and their actual classroom grades in mathematics. Fur-
thermore, content and face validity were rigorously established through expert review, ensuring that the test
items adequately covered the breadth and depth of the secondary-level mathematics curriculum.

The study also developed norms based on the performance of 810 secondary-school students, establishing z-
score classifications for high, average, and low achievement levels. These norms facilitate the meaningful in-
terpretation of individual and group performance, allowing teachers, researchers, and policymakers to make
data-driven educational decisions. The norm-referenced framework provides a valuable tool for comparative
evaluation, longitudinal tracking of progress, and diagnostic assessment in mathematics education.

From a theoretical perspective, the MAT aligns with constructivist and cognitive learning paradigms, which
view mathematical understanding as the result of active intellectual engagement and the integration of prior
knowledge with new conceptual insights. By assessing both procedural fluency and conceptual comprehen-
sion, the MAT moves beyond rote testing to evaluate higher-order cognitive abilities that underpin mathemat-
ical reasoning. In this sense, it resonates with Bloom’s taxonomy of educational objectives, addressing the
cognitive levels of understanding, application, analysis, and evaluation.

In practical terms, the standardized MAT holds significant implications for teaching, learning, and education-
al research. Teachers can use the test as a diagnostic tool to identify learning deficiencies, adapt istructional
strategies, and monitor progress throughout the academic year. Researchers may employ the MAT to investi-
gate the determinants of mathematical achievement, explore gender or socio-economic disparities, or assess
the 1impact of mnovative pedagogical interventions such as inquiry-based learning or digital mathematics in-
struction. At the nstitutional and policy levels, the MAT provides an evidence-based mechanism for evaluat-
ing curriculum effectiveness and aligning educational outcomes with national competency frameworks.

Beyond its psychometric strength, the MAT contributes to the broader mission of enhancing mathematics
education as a foundation for scientific and technological advancement. In a global context increasingly dom-
mated by data analytics, artificial intelligence, and quantitative decision-making, proficiency in mathematics 1s
a key determinant of academic and professional success. Thus, developing a valid and standardized measure
of mathematical achievement 1s not merely an academic exercise but a step toward fostering equitable, high-
quality education that empowers learners to thrive in a knowledge-based society.

In conclusion, the Mathematical Achievement Test (MAT) developed in this study has demonstrated robust
reliability, strong validity, and sound standardization, confirming its suitability as a dependable instrument for
assessing mathematical achievement among secondary-school students. The test embodies scientific rigor,
pedagogical relevance, and practical applicability. It stands as a valuable contribution to the field of educa-
tional measurement, offering educators, researchers, and policymakers an empirically validated tool for ad-
vancing excellence in mathematics teaching and learning. Future studies may extend this work by adapting the
MAT for different educational contexts, validating it across diverse populations, and exploring its predictive
validity for higher-level mathematical performance.

Ultimately, this study reaffirms that valid and reliable assessment is not only a measure of learning but also a
catalyst for learning itself—guiding instruction, inspiring innovation, and nurturing the mathematical potential
inherent in every student.
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