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ABSTRACT

The psychometric quality of teacher-made multiple-choice tests in introductory university statistics
courses remains under-examined in resource-constrained contexts, potentially leading to invalid ability
estimates due to unaddressed dimensionality and model misfit. This study investigated the
dimensionality and model-data fit of the 15-item STA 111 test administered to 3,563 first-year
undergraduates at Joseph Sarwuan Tarka University, Makurdi, Nigeria, in 2022. Using Item Response
Theory (IRT) with the four-parameter logistic model (4PLM), analyses were conducted via NOHARM
for dimensionality and Jmetrik for fit statistics. The test was found to be three-dimensional (confirmed
by sequential RMSR reductions 210% up to three dimensions), and all 15 items showed significant
misfit (S-X2 statistic, p < 0.05 for each item). These results indicate violations of unidimensionality
assumptions and poor alignment with the 4PLM, likely due to content heterogeneity and local
dependencies. Findings underscore the need for multidimensional IRT calibration or item refinement
to enhance test validity and support fairer educational decision-making in Nigerian higher education
statistics programs.
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I. INTRODUCTION

In educational assessment, ensuring the psychometric integrity of tests is crucial for valid
inferences about student abilities. Item Response Theory (IRT) provides a robust framework
for evaluating test items by modelling the relationship between latent traits and item
responses [1]. A key assumption of standard IRT models is unidimensionality, which means
that a single underlying latent trait accounts for individuals’ response patterns [2]. Violations
of this assumption can lead to biased parameter estimates and flawed decision-making in
achievement testing.

This paper focuses on the STA 111 course, an introductory statistics module for first-year
students at Joseph Sarwuan Tarka University. Modern researches show that university-level
statistics tests often exhibit multidimensionality due to diverse cognitive demands, such as
data interpretation, computation, and conceptual understanding [3]. Building on this, we
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assess the dimensionality and model fit of the 2022 STA 111 multiple-choice test using the
4PLM, which accounts for difficulty, discrimination, guessing, and carelessness parameters
[4]. The innovation and new value of this study lie in its application of the four-parameter
logistic model (4PLM) — an extension rarely employed in Nigerian higher education contexts
— to evaluate a specific 100-level statistics achievement test (STA 111). While IRT
applications (mostly 2PLM or 3PLM) exist for secondary-level exams in Nigeria and Africa
[18], [19], there is a notable scarcity of published work using 4PLM on introductory
university statistics courses like STA 111. This represents one of the first (if not the first)
targeted psychometric examinations of teacher-made 100-level statistics multiple-choice
tests in a Nigerian university setting using 4PLM, addressing a critical gap in localized
evidence for test quality assurance amid large class sizes and resource constraints. By
incorporating the carelessness parameter, this work provides a more nuanced
understanding of response disturbances in low-stakes introductory assessments, offering
practical insights for test developers and lecturers in similar sub-Saharan African
institutions.

Literature indicates that multidimensional IRT models are increasingly applied to handle
complex test structures in achievement domains [6]. For instance, studies on mixed-format
and multiple-choice tests have emphasized the importance of model fit statistics to detect
misalignments and multidimensionality [7]. In sub-Saharan Africa and similar contexts,
recent investigations have revealed multidimensionality in achievement tests, impacting
reliability and validity [8]. These findings align with global trends where unidimensional
models fail to capture multifaceted abilities in statistics education [9].

A. Method

An ex-post facto design was employed, analysing existing data from 3,563 first-year
students who completed the 15-item STA 111 multiple-choice test in 2022. Responses were
collected via a structured proforma (SMCTIRP). Dimensionality was assessed using
NOHARM, comparing sequential RMSR reductions (=10% reduction indicates meaningful
improvement in fit for an additional dimension) [10]. Model fit was estimated using Jmetrik's
S-X2 statistic under the 4PLM [11]. Data analysis adhered to IRT assumptions, with
calibration via marginal maximum likelihood estimation [12].

B. Results and Discussion

Dimensionality analysis via NOHARM showed progressive RMSR reductions: from 1 to 2
dimensions (12.68% improvement), 2 to 3 dimensions (10.80% improvement), and <10%
beyond three dimensions, confirming three dominant dimensions underlying the test data.
These results suggest that STA 111 items estimate multiple latent traits (e.g., data
processing, presentation, and interpretation), violating one-dimensional IRT assumptions
[13].

Table 1. Dimensionality Assessment: RMSR Values and Percentage Reductions

Model RMSR RMSR Reduction (%) Interpretation (210%
Dimensions Value from Previous Improvement)

1 0.0823 - Baseline

2 0.0719 12.68 Meaningful improvement
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3 0.0641 10.80 Meaningful improvement
4 0.0612 4.52 No meaningful improvement
5 0.0598 2.29 No meaningful improvement

(Note: RMSR values approximated from thesis NOHARM outputs; reductions calculated
sequentially per Tate criteria [10] and recent validations [14].)

All 15 items exhibited significant misfit to the 4PLM (S-X2 > 61.31, do=10, p<0.05), as
shown in Table 2. Possible reasons for this pervasive misfit include local item dependencies
(e.g., items tapping overlapping statistical concepts like measures of central tendency),
sample characteristics (homogeneous first-year cohort with limited variability in ability), and
inherent limitations of 4PLM in short tests (15 items may be insufficient for stable estimation
of four parameters per item, leading to convergence issues or inflated standard errors,
particularly for the carelessness parameter) [20], [21]. These explanations align with recent
warnings on 4PLM instability in small item sets or low-variability samples [22]. Compared
to similar studies, our findings echo multidimensionality and fit challenges in African
secondary exams using simpler IRT models [18], but extend them by highlighting 4PLM-
specific issues in higher education introductory statistics contexts.

Table 2. Item Fit Statistics (S-X2 under 4PLM)

Item S-X2 df p-value
score01 61.3117 10 0.0000
score02 89.3039 10 0.0000
score03 253.8806 10 0.0000
score04 304.3533 10 0.0000
score05 129.0814 10 0.0000
score06 293.6493 10 0.0000
scoreQ7 203.5768 10 0.0000
score08 80.7734 10 0.0000
score09 230.0503 10 0.0000
scorel0 110.2024 10 0.0000
scorell 319.0225 10 0.0000
scorel2 99.2686 10 0.0000
scorel3 389.2716 10 0.0000
scorel4 590.2541 10 0.0000
scorel5 163.6469 10 0.0000

C. Limitation

This study is limited to data from a single academic year (2022) and a relatively short 15-
item test, which may restrict generalizability and contribute to estimation instability in the
4PLM. No cross-validation with additional cohorts or years was performed, and potential
local dependencies were not formally tested beyond model misfit indicators.
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II. CONCLUSION

The STA 111 test exhibits multidimensionality (three dominant dimensions) with poor model
fit under the 4PLM, necessitating revisions such as item refinement, distractor improvement,
or adoption of multidimensional IRT models. Future research should explore
multidimensional calibration techniques and comparative fit across IRT models to enhance
assessment validity in Nigerian higher education statistics courses. These findings
emphasize the value of routine dimensionality and model fit checks for improving
educational measurement practices in resource-limited settings.
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