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ABSTRACT

Mathematics achievement remains a critical gateway to science, technology,
engineering, and Mathematics (STEM) disciplines, yet persistent debates continue
regarding whether observed gender disparities stem from true ability variations or
psychometric bias within testing instruments. This study examined gender differences
in Mathematics achievement, evaluated item-level Differential Item Functioning
(DIF) across gender, and assessed performance variations across educational zones
among senior secondary school students in Educational District IV of Lagos State,
Nigeria. Adopting a comparative descriptive survey research design, a multistage
cluster sample of 400 SS3 students (167 males, 233 females) was selected from 10
public secondary schools across Surulere and Mainland zones. Data were collected
using a validated 60-item Mathematics Achievement Test (MAT) spanning Algebra,
Trigonometry, Ratio and Proportion (alpha = 0.809). Item psychometric fairness was
evaluated via Mantel-Haenszel DIF analysis, while subgroup variations were tested
using Welch’s independent-samples t-tests and a 2 x 2 factorial ANOVA. Mantel-
Haenszel DIF analysis classified 58 items (96.7%) under ETS Category A (negligible
DIF) and two items (3.3%) under Category B, confirming high measurement
invariance across genders. Inferential analysis indicated that male students achieved
higher overall scores (M = 29.56, SD = 6.54) than female students (M = 28.18, SD =
5.63;t(323.52) =2.20, p =.029, d = 0.23), though the practical effect size was small.
Mainland students (M = 30.00, SD = 6.00) significantly outperformed Surulere
students (M = 27.50, SD =5.95; p <.001, d = 0.42). The two-way ANOV A revealed
significant main effects for zone (p < .001) and gender (p = .023), but no significant
Gender x times Zone interaction (F (1, 396) = 0.082, p = .775, < .001). The MAT
demonstrates robust psychometric fairness across gender. Observed score variations
are primarily driven by contextual and school-level factors rather than systematic
assessment bias.

Mathematics is the abstract study of relationships, logic, | school curriculum, Mathematics is central to

symbols and patterns used to solve problems, make | students' access to science, technology, engineering

predictions and model real-world phenomena; it |and Mathematics (STEM) pathways and, by

underlies scientific reasoning, technological innovation | extension, to national socio-economic

and rational decision-making (Okpala et al., 2018). As a | transformation =~ (Akinsola,2017;  Gottfried et

compulsory core subject in the Nigerian secondary al.,2017; Kolawole et al., 2013; Okeke, 2011).
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A recurrent question in Mathematics education
research concerns whether male and female students
perform differently in Mathematics, and if so,
whether such differences reflect genuine ability gaps

or bias embedded in instructional practice, classroom

interaction, or assessment instruments. Cross-
national meta-analytic evidence highlights that
gender similarities often characterize broad

Mathematics performance (Else-Quest et al., 2010;
Hyde et al.,, 2008) However, empirical findings
across developing and sub-Saharan African contexts
remain mixed: some studies report a male advantage
( Bulala & Ntuma, 2025; Fussy et al., 2023; Ibrahim
et al., 2024; Mayer, 2016; Shah et al., 2020), other
identified female advantages or no significant gender
disparities(Ajai & Imoko, 2020; Awoniyi et al.,
2025; Bertoletti et al., 2023; Luo & Chen, 2024;
Uche & Abara, 2021), and others show divergent
trends across internal classroom tests versus external

examinations(Musa & Ibrahim, 2022).

In Nigeria, and in Lagos State in particular, gender-
related issues in education have attracted growing
concern (Adegboye & Otiegede, 2020; Adegboye &
Ogunyemi, 2020; Etobe et al., 2019; Olonade et al.,
2021). Social attitudes and prevailing cultural
stereotypes frequently frame quantitative fields as
male domains, which can negatively affect female
learners’ self-concept and participation (Nyarko &
Asare, 2018; Tang & Zhao, 2023). Furthermore,
affective barriers such as mathematics anxiety have
been shown to mediate achievement gaps between

male and female students (Aldrup et al., 2020; Foley,
2017; Namkung et al., 2019). Beyond affective traits,
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home and pedagogical factors-such as parental

support, teacher expectations, and instructional
emphasis expert considerable influence on secondary
school performance Adeyemo et al., 2013; Adigun &
Salami, 2023; Aremu, 2016; Lee & Simpkins, 2021;

Ofori-Attah, 2018; Rubach Bananati, 2020).

Despite  these  insights, few studies have
systematically evaluated whether gender bias exists
within the assessment instruments themselves via
psychometric item analysis as opposed to simply
comparing aggregate raw scores by sex. This
distinction is crucial: a raw score difference may
reflect instructional preparedness rather than
systematic test bias. This study addresses this gap by
comparatively examining gender invariance and
Mathematics achievement in Educational District IV

of Lagos State.

This study is grounded in two direct theoretical

frameworks:

1. Expectancy-Value Theory (Eccles et al., 1983):
Proposes that academic task performance is
driven by learners' expectations of success and
subjective task value. Gendered socialization
can shape self-concept and domain-specific
interest in quantitative subjects, resulting in
small observable disparities in overall test
performance (Bandura, 1977; Hyde & Mertz,
2009).

2. Stereotype Threat Theory (Steele, 1997): Posits
that awareness of negative societal stereotypes
regarding female mathematical capacity can

include evaluation anxiety and intellectual
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3. helplessness, depressing test scores among

female students in high-stakes evaluative
settings (Agnoli et al., 2019; Bedynska et al.,
2018; Flore et al., 2019).

4. Differential

(Holland

Item Functioning Framework
&  Wainer, 1993):

item fairness,

Outlines

psychometric defining an
assessment item as unbiased if individuals of
equal latent trait ability (#) have an equal
probability of answering the item correctly,
regardless of subgroup membership (such as
gender).
Despite policies aimed at promoting gender equity in
education, disparities in students' mathematics
performance persist in many Nigerian schools.
Anecdotal and empirical evidence suggests that
societal  stereotypes and potentially biased
assessment practices contribute to differences in
Mathematics achievement between male and female
such biases could

students; if unaddressed,

undermine students' self-esteem, academic

motivation and future participation in STEM careers.

The primary aim was to examine gender differences
in Mathematics achievement and evaluate the
psychometric fairness of the Mathematics
Achievement Test (MAT) in Educational District [V

of Lagos State. The specific objectives were to:

1. Compare the Mathematics achievement of male
and female senior secondary school students in

Educational District IV.

2. Evaluate item-level Differential Item Functioning

(DIF) across gender groups on the 60-item MAT.
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3. Compare mathematics achievement across the
Surulere and Mainland educational zones and
determine whether a Gender X Zone interaction

effect exists.

The following null hypotheses were tested at the 0.05

level of significance:

1. Hyp: There is no significant difference in the
Mathematics achievement scores of male and
female students in Educational District IV.

2. Hy,: Test items on the Mathematics
Achievement Test do not exhibit statistically
significant Differential Item Functioning (DIF)
across gender.

3. Hys: There is no significant difference in

Mathematics achievement between students in

the Surulere and Mainland educational zones,

and no significant Gender X Zone interaction
effect.

Materials and Methods

A comparative descriptive survey research design
was adopted. Educational District IV comprises three
zones; two zones (Surulere and Mainland) were
selected. Multistage cluster sampling was used: five
public secondary schools were selected from each
zone (k = 10 schools), and 40 Senior Secondary
School I (SS3) students were sampled per school,
yielding a total sample of N = 400 students.

To account for the hierarchical structure of students
nested within schools, standard error adjustments
standard and intraclass

(cluster-robust errors)

correlation evaluations were conducted to verify that
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school-level clustering did not inflate Type I error

rates.

The sample size was computed using the Taro

Yamane formula:

N

"1 N(e?)

For a target population of N = 10,980 SS3 students

and margin of error ¢ = 0.05, n = 385.94, which
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was rounded up to 400 students which was rounded
up to 400 to increase precision and reduce sampling

error (n = 200 per zone).

Data were collected using a researcher-developed 60-
item multiple-choice Mathematics Achievement Test
(MAT) aligned with the West African Examinations
Council (WAEC) senior secondary syllabus. The
instrument was structured across three mathematical

subdomains:

Table2.1: Test Blueprint and Curriculum Content Coverage

Subdomain  Number Curriculum Content Areas
of Items
Algebra 24 Items Linear/Quadratic equations, simultaneous equations, inequalities,

polynomial expansions

Trigonometry 18 Items

Ratio & 18 Items
Proportion rates
Total Test 60 Items

scale)

Trigonometric ratios, sine/cosine rules, angles of elevation and
depression, bearings

Direct/inverse proportions, percentage change, financial arithmetic,

Four-option multiple choice (1 mark per correct answer, 0 to 60

Instrument Validation and Pilot Testing:

Content and face validity were confirmed through expert reviews by Lecturers in

Mathematics Education and Psychometrics. Pilot testing on ny, = 30 SS3 students from a

non-participating school within the district yielded:

* Item Difficulty Index (p): Ranged between 0.32 and 0.76 (mean p = 0.48), confirming

acceptable item difficulty.

* Item Discrimination Index (d): Ranged between 0.30 and 0.58, showing good

discriminating power across ability groups.
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* Internal Consistency: Cronbach's alpha across all 60 items was a« = 0.809, with subdomain

reliabilities of @ = 0.78 (Algebra), « = 0.74 (Trigonometry), and & = 0.72 (Ratio).
Data analysis was structured to address measurement bias and group comparisons directly:

* Mantel Haenszel DIF Analysis: Evaluated item fairness by stratifying test-takers across
matched total score ability intervals. The Mantel Haenszel common odds ratio (a,y) and
Educational Testing Service (ETS) classification metrics (4, B, C) were computed for all 60

items.

* Inferential Analyses: Group differences across gender and educational zone were evaluated
using Welch's independent-samples t-tests and two-way factorial ANOVA (2 x 2: Gender x
Zone). Subdomain scores (Algebra, Trigonometry, Ratio) represent constitutive subparts of
the MAT and were analysed as dependent components rather than treated as independent

historical baseline covariates.

* Effect Sizes and Dispersion: Cohen's d, partial eta-squared (nf,), exact p-values, standard

deviations, and 95% confidence intervals were reported.
Ethical Approval

Institutional ethical approval was granted by the Lagos State Ministry of Basic and
Secondary Education and the Educational District IV Board. Administrative permission was
obtained from the principals of all 10 participating secondary schools. Written informed
parental consent and participant student assent were secured prior to testing. Participation
was strictly voluntary, and confidentiality was maintained using unique alphanumeric

1dentification codes.
Results
Demographics

Table 3.1: Distribution of Respondents by Gender and Educational Zone

Educational Male, n (%) Female, n (%) Total, n (%)
Zone

Surulere 92 (23.0%) 108 (27.0%) 200 (50.0%)
Mainland 75 (18.8%) 125 (31.3%) 200 (50.0%)
Total 167 (41.7%) 233 (58.3%) 400 (100.0%)
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The sample consisted of 400 SS3 students: 167 males (41.7%) and 233 females (58.3%),
distributed evenly across the Surulere and Mainland zones. Female students made up the
majority of the sample, accounting for 233 participants (58.3%), while male students
comprised 167 participants (41.7%). The total sample was split evenly across the two
educational zones, with exactly 200 students (50.0%) from mainland. Surulere zone included
92 male students (23.0% of the total sample) and 108 female students (27.0%). Mainland
zone include 5 male students (18.8% of the total sample) and 125 female students (31.3%).

Hypothesis One: There is no significant difference in the mathematics achievement scores of

male and female students in Educational District I'V.

Table 3.2: Descriptive and Inferential Statistics for Mathematics Achievement by Gender

Test Scale Male Female Mean 95% Clof t-statistic (df) p- Effect Size
(Max Score) (n=167)M (n=233) M Diff. Difference value (Cohen'sd)
(SD) (SD)
Algebra (24) 11.95 11.41 0.54 [0.05,1.03] t(331.2)=1.76 .079 0.18
(3.12) (2.85)

Trigonometry 8.84 (2.41) 8.35(2.19) 0.49  [0.03,0.95] t(329.8)=2.08 .038* 0.21
(18)

Ratio (18)  8.77(2.35) 8.42(2.11) 035  [-0.09, t(334.4)=154 125 0.16
0.79]

Total MAT  29.56 28.18 138 [0.14,2.62] t(323.52)=2.20 .029* 0.23

Score (60)  (6.54) (5.63)

*Significant at p<.05 (Welch's t-test applied due to variance heterogeneity, Levene's F=4.22,
p=.040).

Male students recorded a statistically higher mean total score (M = 29.56,SD = 6.54) than
female students (M = 28.18,SD = 5.63), t(323.52) = 2.20,p =.029,95% CI (0.14,2.62).
While Hy; was rejected, the absolute difference was 1.38 points on a 60-point scale, and the
effect size was small (Cohen's d = 0.23). Across subdomains, a significant difference

emerged only in Trigonometry (p =.125, d = 0.21), with no statistically significant
differences in Algebra (p =.079) or ratio and Proportion (p = .125).

Hypothesis Two: Test items on the Mathematics Achievement Test do not exhibit

statistically significant Differential Item Functioning (DIF) across gender.

@ Osun State University - U[BAS Publication Volume 1 (2) September, 2026



Page | 102

Table 3.3: Summary of Mantel-Haenszel Differential Item Functioning (DIF) by
Content Domain

Domain Total Items CategoryA (Negligible CategoryB CategoryC
DIF) (Moderate DIF) (Large DIF)
Algebra 24 23 (95.8%) 1 (4.2%) * 0 (0.0%)
Trigonometry 18 17 (94.4%) 1 (5.6%) ** 0 (0.0%)
Ratio & 18 18 (100.0%) 0 (0.0%) 0 (0.0%)
Proportion
Full MAT 60 58 (96.7%) 2(3.3%) 0 (0.0%)
Instrument

*Item 14 (AaMH=-0.42, p=.041, slight advantage for males); Item 39 (AaMH=+0.44, p=.038,
slight advantage for females).

Across the 60 items, 58 items (96.7%) were classified under ETS Category A (negligible/no
DIF). Only 2 items (3.3%) displayed minor Category B DIF: Item 14 favored male
examinees slightly, while Item 39 favored female examinees. No items showed severe
Category C DIF. Because 58 of 60 items showed complete invariance and the two Category
B items canceled each other out across genders, the MAT demonstrates high psychometric

gender fairness.

Hypothesis Three: There is no significant difference in Mathematics achievement between
students in the Surulere and Mainland educational zones, and no significant Gender x Zone

interaction effect.

Table 3.4: Cell Means and Standard Deviations for Total MAT Score by Gender and
Zone

Educational Zone Male Students M (SD) Female Students Zone Marginal
M (SD) Total M (SD)
Surulere 28.12 (6.48) 26.97 (5.42) 27.50 (5.95)
Mainland 31.32 (6.21) 29.22 (5.60) 30.00 (6.00)
Marginal Gender Total 29.56 (6.54) 28.18 (5.63) 28.75 (6.06)

A 2x2 factorial ANOVA was conducted to test the effects of Gender, Educational Zone, and
their interaction on total MAT achievement.



Page | 103

Table 3.5: Two-Way Factorial ANOVA Results (Gender x Educational Zone)

Source of Type III Sum of df Mean F- p-value Partial
Variation Squares Square statistic n2
Corrected Model 823.18 3 274.39 7.74 <.001 .055
Intercept 312154.21 1 312154.21 8806.24  <.001 957
Gender 185.74 1 185.74 5.24 .023* 013
Educational Zone  598.62 1 598.62 16.89 <.001* .041
Gender x Zone 291 1 291 0.082 75 <.001
Error 14036.57 396 3545

Total 345612.00 400

Corrected Total 14859.75 399

*Statistically significant at p<.05.

The results reveal:

1. A statistically significant main effect for Educational Zone

(F(1,396) = 16.89,p < .001,}}12, = .041), with Mainland students (M = 30.00,5D = 6.00)
outperforming Surulere students (M = 27.50,SD = 5.95).

2. A statistically significant main effect for Gender (F(1,396) = 5.24,p = .023,n; = .013),

accounting for 1.3% of the total variance.

3. A non-significant Gender X Zone interaction effect

(F(1,396) = 0.082,p = .775,12% < .001).

Therefore, Hy4 is rejected with respect to the zone main effect, but retained regarding
the interaction: the difference between educational zones operated consistently across both

male and female students without localized gender divergence.
Discussion

The psychometric evaluation of the Mathematics Achievement Test (MAT) confirmed high
gender invariance, with 96.7% of items falling into ETS Category A (negligible DIF) and
only two Category B items that balanced each other across subdomains. This outcome
corroborates standard DIF measurement literature establishing that curriculum-aligned,
objective assessment items do not systematically disadvantage examinees by gender when
latent ability is controlled (Holland & Wainer, 1993; Okafor & Bello, 2019; Udeh & Nworgu,
2020).
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Regarding performance, male students attained a
statistically higher mean total score than female
students (Maisr = 1.38, p = .029). While this finding
aligns with studies documenting a male advantage in
secondary school Mathematics (Bulala & Ntuma,
2025; Fussy et al., 2023; Ibrahim et al., 2024; Mayer,
2016; Shah et al., 2020), the practical magnitude in
this study was negligible (d = 0.23, accounting for
only 1.3% of the variance). This small effect aligns
closely with the gender similarities hypothesis (Hyde
et al., 2008; Else-Quest et al., 2010) and supports
findings showing minimal or non-significant gender
gaps in quantitative reasoning (Ajai & Imoko, 2020;
Awoniyi et al.,, 2025; Bertoletti et al., 2023;
Reynolds & Hajovsky, 2015). The subdomain
disparity observed solely in Trigonometry (p = .038)
alongside parity in Algebra and Ratio/Proportion is
consistent with Eccles et al.'s (1983) Expectancy-
Value framework and Steele's (1997) Stereotype
Threat Theory: localized differences often stem from
domain-specific anxiety, self-concept, or spatial task
socialization rather than generalized cognitive
deficiencies (Aldrup et al., 2020; Foley, 2017;

Namkung et al., 2019).

Educational zone exerted a substantially stronger
effect on student achievement( ng =.041,d = 0.42)

than gender, with Mainland students outperforming
their Surulere peers. This confirms previous evidence
by Adeyemi (2014) and Ogunleye and Awofala

(2012), indicating that institutional resource

availability, teacher competence, and learning

environments create wider performance variations

than learner demographics.
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Furthermore, the non-significant Gender x Zone
interaction indicates that environmental conditions
influence male and female learners uniformly across

both administrative zones.
Conclusion

This study evaluated Differential Item Functioning
and gender performance differences on a 60-item
standardized Mathematics Achievement Test in
Educational District IV of Lagos State. Psychometric
analysis confirmed that the MAT is gender-invariant,
with 96.7% of items exhibiting negligible DIF.
Although male students demonstrated a statistically
higher overall mean score, the practical effect was
small (d = 0.23, 1.38-point difference). Educational
zone disparities exerted a stronger influence on
achievement than student gender, while the non-
significant Gender X Zone interaction indicated
consistent patterns across school environments. These
that mathematics assessments

findings suggest

aligned with WAEC curriculum standards can
achieve psychometric fairness across genders, and
that educational interventions should prioritize
strengthening instructional resources and teacher

capacity across educational zones.
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