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Abstract 

The current study involved multilevel analysis of high-stakes examination results (i.e., 

GCSE) in Northern Ireland to investigate gender differentials in mathematical achievement, 

whereas most previous research in the area used results from lowstakes tests (i.e., PISA, 

TIMSS). The analysis supported the gender similarities hypothesis with respect to both 

overall and content domain-specific mathematical attainment. Similar conclusions were 

drawn from the current study as have been reported in studies into gender differentials using 

data from low-stakes assessments in the respective jurisdiction. This suggests that previously 

expressed concerns in the literature about the viability of using data derived from low-stakes 

assessments to accurately assess gender differentials in achievement may be unfounded. 

Furthermore, the context for the current study permitted an investigation into the effects of 

school type (grammar versus non-grammar) and gender on overall and domain-specific 

mathematical achievement, an area that has received scant attention in the literature. School 

type was not found to have an effect on the applicability of the gender similarities hypothesis 

with respect to mathematical achievement. The study findings are likely to prove useful to 

researchers and policymakers who are interested in gender equity issues in mathematics. 
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The Gender Similarities Hypothesis: Insights From a Multilevel Analysis of High-Stakes 

Examination Results in Mathematics  

 Mathematical proficiency is considered an important skill to acquire as part of a good 

education. This is because of its pivotal role in everyday life and in many vocations (Leder & 

Forgasz, 2018; Valero, 2017). The issue of gender differences in mathematical performance 

is an important and contested one, particularly against the backdrop of the stereotypical view 

that women lack mathematical ability (Franceschini et al., 2014). 

The analysis reported upon in this paper is used to test the gender similarities 

hypothesis (Hyde, 2005, 2014, 2016) in relation to student achievement in high-stakes 

mathematics examinations in Northern Ireland. Based on a review of 46 meta-analyses, Hyde 

(2005) proposed this hypothesis, which contends that, “males and females are similar on 

most, but not all, psychological variables” (p. 581). In her work, Hyde (2005) applied 

Cohen’s d standardised measure of effect size to assess gender differences in psychological 

variables, with positive values of d favouring boys and men and negative values favouring 

girls and women. The following ranges were used to evaluate the magnitudes of effects: 

|𝑑| ≤ 0.10 is close-to-zero; 0.10 < |𝑑| ≤ 0.35 is small; 0.35 < |𝑑| ≤ 0.65 is moderate; 

0.65 < |𝑑| ≤ 1.00 is large; and |𝑑| > 1.00 is very large. Hyde’s (2005) research revealed 

close-to-zero or small gender differences in mathematics-related constructs, with the 

exception of spatial ability, which had moderate to large effect sizes in favour of boys. The 

small, or close-to-zero, gender differences in mathematical performance have been supported 

by more recent meta-analytic studies (e.g., Lindberg et al., 2010), but national gender 

differentials have been shown to exhibit substantial variability (Else-Quest et al., 2010; 

Nollenberger et al., 2016; Rodríguez-Planas & Nollenberger, 2018). It is important to note 

that the research described in this paragraph was almost exclusively conducted in the United 

States, either as a nation or in specific states or school districts. By contrast, the use of 
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Northern Ireland as a site for the current study offers a distinct context to investigate gender 

differentials in mathematical achievement. 

A large proportion of the recent research into gender differentials in mathematical 

achievement has been based upon analyses of student performance in large-scale 

international assessments such as the Programme for International Student Assessment 

(PISA) and the Trends in International Mathematics and Science Study (TIMSS) (e.g., 

Ayalon & Livneh, 2013; Brunner et al., 2013; Demir et al., 2010; Else-Quest et al., 2010; 

Innabi & Dodeen, 2018; Liu & Wilson, 2009; Louis & Mistele, 2012; Meggiolaro, 2018). 

Given that international large-scale assessments have no direct consequences for participants, 

it has been suggested that their low-stakes nature can negatively impinge upon the amount of 

effort that students invest in their completion. This may compromise the validity and 

reliability of the associated ability measurements (Eklöf, 2010), which has the potential to 

negatively impact the reliability of gender differentials in achievement derived from large-

scale international assessments. 

Gender differentials in mathematical achievement have been shown to vary according 

to mathematical content domains such as number work, algebra, geometry and measures, and 

statistics and probability (e.g., Li et al., 2018; McGraw et al., 2006; Taylor & Lee, 2012). For 

example, a large male advantage in geometry has been reported by a number of scholars (e.g., 

Leahey & Guo, 2001; McGraw et al., 2006; Taylor & Lee, 2012). However, less attention has 

been paid to this issue than overall mathematical performance. The current article addresses 

this gap in the literature. This is an important area for investigation because some existing 

gender-focused research has demonstrated that women’s study of, and achievement in, 

different content domains influence their uptake of the physical sciences, engineering, 

mathematics, and computer science in tertiary level education (Perez-Felkner et al., 2012; 

Watt et al., 2012; Nix & Perez-Felkner, 2019). 
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Background and Study Context 

To further illuminate the gaps in existing work, this article reports on an analysis of a 

sample of high-stakes public examination results in mathematics from General Certificate of 

Secondary Education (GCSE) mathematics examinations, which are taken at the end of 

compulsory post-primary education in Northern Ireland, and have a pivotal role in 

determining students’ future educational and vocational pathways. The analysis has been 

undertaken for both lower-ability and higher-ability students, who sit GCSE mathematics at 

foundation tier and higher tier respectively. Foundation tier examinations tend to be taken by 

lower-ability students who do not pursue STEM-related courses after GCSE, while higher tier 

examinations are taken by higher-ability students who may pursue STEM-related courses 

beyond GCSE. The analysis of gender differences in mathematical achievement by content 

domain (number, algebra, geometry and measures, or statistics and probability), in addition to 

overall mathematical achievement, is an important feature of the current study. Limited 

attention has been paid to variation in gendered achievement by mathematical content domain 

(i.e., in number work, algebra, geometry and measures, and statistics and probability) in the 

existing literature, which places considerable emphasis on overall mathematical achievement. 

This is an important area for investigation since mathematical performance has a tendency to 

be viewed as a monolith (Miner, 2019). 

Northern Ireland provides an appropriate context for the current study since it is a 

jurisdiction that has attracted less attention in the global literature and also exhibits negligible 

gender differentials in mathematical achievement in large-scale international comparative 

studies such as PISA and TIMSS (Jerrim & Shure, 2016; Mullis et al., 2016; Wheater et al., 

2013). Furthermore, Northern Ireland operates a system of academic selection, whereby 

children are selected for different types of post-primary schools, either grammar or non-

grammar, on the basis of academic ability at 10 or 11 years of age. Grammar schools offer a 
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more academically-oriented curriculum than non-grammar schools, which place a greater 

emphasis on the development of practical and vocational skills. However, it is noteworthy 

that students from lower socioeconomic backgrounds are less likely to attend grammar 

schools than their counterparts from more privileged backgrounds. For example, during the 

2015-2016 school year, 13.9% of grammar school students were entitled to free school meals 

(which is considered to be a measure of socioeconomic advantage/disadvantage in Northern 

Ireland, with lower percentages indicating that students come from more affluent 

backgrounds), compared to 39.9% of non-grammar school students (Department of 

Education, 2016). Whilst grammar school students have been shown to significantly 

outperform their non-grammar school counterparts in international comparative studies of 

mathematical achievement (Jerrim & Shure, 2016), there is limited evidence in the literature 

pertaining to how gender differences in mathematical achievement vary by school type. The 

current study also addresses this gap in the current evidence base. 

 In the current research, multilevel models were used to analyse gender differences in 

overall mathematical achievement, and achievement in the various content domains of 

mathematics, based on results obtained in Northern Irish GCSE mathematics examinations. A 

multilevel regression analysis was also used to test for the effects of interactions of gender 

with type of post-primary school attended on overall mathematical achievement, and 

achievement in the different mathematical content domains. Given the dearth of studies that 

directly analyse high-stakes examination results in mathematics from a gender equity 

perspective using multilevel models, the current study makes a timely contribution to the 

literature pertaining to gender effects in mathematical achievement. 

Historical Overview of Research on Gender and Mathematical Achievement 

Traditionally, mathematics has been viewed as a discipline that is more accessible to 

men than women (Henrion, 1997). Early researchers in the field reported that there were no 
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significant differences between boys’ and girls’ mathematical achievements in early primary 

school, but that differences in favour of boys began to emerge as children progressed in their 

education (e.g., Fennema, 1974). However, some inconsistencies were noted in the gender 

differentials, and the gender favoured, in different mathematical content domains and/or 

different countries (Hanna et al., 1990; Smith & Walker, 1988). Interestingly, the greatest 

differentials in favour of boys’ mathematical achievements usually occurred amongst high-

achieving students (Benbow & Stanley, 1980). 

More recent research on gender effects in mathematical achievement, conducted 

during the early part of the 21st century, has broadly supported the findings reported by the 

pioneering researchers in the area. For example, in a study designed to investigate gender 

differences in the mathematical achievement of children aged nine, 12 or 15 years in 

Northern Taiwan, Chen and colleagues (2013) reported that gender had small to moderate 

effects on mathematical achievement, and that gender differences in favour of boys increased 

with age. These findings are corroborated by the work of Contini et al. (2017), who found 

that, after controlling for a variety of other background variables in an Italian context, boys 

perform better in mathematics than girls, and that the difference increases with age, with the 

greatest differentials for the highest-attaining students. These findings are consistent with 

those reported by Matteucci and Mignani (2011), who also investigated gender differences in 

mathematics for Italian students. Gender differentials in favour of boys’ mathematical 

achievement have been highlighted by numerous researchers in relation to other national 

contexts (e.g., Dickerson et al., 2015; Leahey & Guo, 2001; Pargulski & Reynolds, 2017; 

Rodríguez-Planas & Nollenberger, 2018). However, it is important to observe that boys do 

not have a universal advantage in terms of mathematical achievement. This is exemplified by 

the fact Innabi and Dodeen (2018) concluded that 8th grade girls in Jordan outperformed boys 

in mathematics, but with the caveat that boys had a greater likelihood of correctly answering 
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more demanding problems set in unfamiliar contexts, while girls were more likely to 

correctly answer routine problems. Gender differences in favour of boys have been reported 

in many studies involving PISA (Organisation for Economic Co-operation and Development 

[OECD], 2015; OECD, 2016), but the findings are more subtle in the case of TIMSS. This is 

illustrated by the fact no significant differences between boys’ and girls’ mathematics scores 

were recorded in 26 of the 39 countries participating in the TIMSS 2015 8th grade study 

(Mullis et al., 2016).  

It is important to highlight that a very high proportion of previous research into 

gender differentials, including all studies cited thus far in the current section, was conducted 

using the results of low-stakes assessments of mathematical achievement, which had no 

direct consequences for study participants. There is less evidence pertaining to gender 

differences in relation to test results garnered from high-stakes assessments. Notable 

exceptions include Cox et al.’s (2004) study in an Australian context, and Zawistowska’s 

(2017) study in a Polish context. Cox et al. (2004) reported that, on average, girls 

outperformed boys in almost all mathematical subjects for the majority of the years 

considered in the study, while Zawistowska (2017) concluded there were marginal gender 

differences in mathematical attainment, although boys demonstrated a pronounced advantage 

at the highest levels of performance. 

Gender Differentials in International Large-Scale Assessments: Limitations of Low-Stakes 

Testing 

 The mathematical achievement of students from different countries is currently 

assessed in two major international comparative studies: the quadrennial TIMSS, which was 

inaugurated by the International Association for the Evaluation of Educational Achievement 

(IEA) in 1995, and the triennial PISA, which was introduced by the OECD in 2000. Both 

tests are deemed to yield valid international comparisons of students’ mathematical 
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achievements, and to have the potential to inform the decision-making of mathematics 

education policymakers in participating jurisdictions (Dossey & Wu, 2013), although the 

robustness of their underpinning measurement model has been challenged by some 

researchers (e.g., Cantley, 2015, 2017, 2019; Dohn, 2007; Goldstein, 2004). TIMSS test 

items are focused on assessing samples of 4th grade and 8th grade students’ mastery of the 

content of the school mathematics curriculum, while PISA items attempt to assess the 

mathematical problem-solving skills of a sample of 15 year-olds in the context of real life 

scenarios. According to Dossey and Wu (2013), “although PISA’s results provide a picture of 

students’ capabilities, they provide less direct relationships to the schooling students have 

received” (p. 1013). However, they acknowledge that, despite the dubious link between 

schooling and PISA outcomes, the results “may provide a better picture of the future 

capabilities of nations’ students to cope with everyday applications of mathematics” (p. 

1013). 

From a gender equity perspective, it is therefore concerning that the PISA 2012 study, 

which focused on mathematics, revealed that boys’ mean mathematics score exceeded that of 

girls by 11 points. Boys outperformed girls in 38 of the 65 participating jurisdictions, whereas 

girls performed better than boys in just five countries (OECD, 2014, 2015). However, 

although the gender difference was significant at the 5% level, it is noteworthy that the male 

advantage was small (𝑑 = 0.109), and likely to be of limited practical significance. 

Furthermore, it is noteworthy that gender differences in PISA mathematical achievement vary 

considerably by country (Else-Quest et al., 2010). Indeed, in a number of jurisdictions, such 

as Northern Ireland, there were very small differences between boys’ and girls’ mathematical 

achievement levels in PISA 2012, and the associated effect size of 𝑑 = 0.118 confirms that 

boys’ scores only exceeded those for girls by a small margin (Wheater et al., 2013; OECD, 

2015). 
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DeMars et al. (2013) noted that girls tend to expend greater effort than boys when 

confronted with low-stakes tests to the extent that “it is possible to observe sizeable gender 

differences in performance on low-stakes assessments partly or fully due to gender 

differences in test-taking motivation” (p. 79). Furthermore, Barry and colleagues (2010) posit 

that students are likely to invest greater effort in high-stakes testing situations where the test 

result has tangible personal consequences which, according to DeMars et al.’s (2013) 

argument, may influence the observed gender differentials in mathematical achievement for 

studies such as TIMSS and PISA. This stance is also advocated by Guez et al. (2020), who 

argue that gender differences in academic achievement are modulated by the stakes 

associated with the assessment used. The high-stakes test results that feature in the current 

research permitted an investigation into the import of these concerns. 

Country-Specific Factors That may Potentially Influence Gender Differentials in 

Mathematical Achievement 

In addition to differential performance by content domain, a number of other factors 

have been linked to gender differences in mathematical achievement. For example, gender 

social norms in a particular country have been shown to influence gender differentials in 

mathematical achievement (Rodríguez-Planas & Nollenberger, 2018). Ayalon and Livneh’s 

(2013) research revealed that countries with greater degrees of standardisation in terms of 

their curriculum, and where the curriculum is governed via the use of national examinations, 

have lower gender differences in mathematical achievement, although no evidence was found 

of a relationship between such standardisation measures and a country’s average 

mathematical achievement. However, Leder and Forgasz (2018) stressed that the design of 

assessment instruments, including the response format employed (e.g., free response or 

multiple choice), is an important contributory factor to gender effects in mathematical 

achievement. 
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The jurisdiction where the current research was conducted (Northern Ireland) operates 

a bipartite, selective education system, whereby some students complete their post-primary 

education in more academically-oriented grammar schools, with the remainder attending non-

selective post-primary schools, which cater for students of all abilities. The use of academic 

selection is a highly contentious issue in Northern Ireland. Although students from lower 

socioeconomic backgrounds are less likely to gain admission to grammar schools (Gardner 

2016), these schools remain popular with many parents. This is particularly worrying since 

there are high levels of social disadvantage through poverty in many areas of Northern 

Ireland, thus meaning that academic selection perpetuates social class divisions (Gardner, 

2016). Although the available data in the current study did not permit an analysis of the 

interaction of individual students’ socioeconomic statuses and genders on mathematical 

achievement, it did facilitate an analysis of gender differentials in achievement by school type 

(grammar versus non-grammar), which addresses a gap in the research evidence in its own 

right. 

Aims of Current Study and Research Questions 

The aim of the current study was to examine gender differentials in both overall 

mathematical achievement, and achievement in various content domains (number, algebra, 

geometry and measures, and statistics and probability). This aim was addressed be examining 

a sample of Northern Irish students’ total scores and domain-specific scores derived from 

item-level scores in GCSE mathematics. Furthermore, the data were analysed to test for the 

effects of interactions of gender with school type on both overall and domain-specific 

achievement. 

The specific research questions addressed in the current study are as follows: 
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1. What is the magnitude of the gender difference for students’ overall achievement in a 

high-stakes Northern Irish mathematics examination? 

2. What are the magnitudes of the gender differences for students’ achievement in the 

different content domains of a high-stakes Northern Irish mathematics examination? 

3. How do the magnitudes of gender differences in mathematical achievement vary by 

school type for a high-stakes Northern Irish mathematics examination? 

Methodology 

The Current Study 

The current study involved analysis of the results obtained by a sample of students in 

the summer 2016 Northern Ireland Council for the Curriculum, Examinations and 

Assessment (NICCEA) GCSE mathematics examinations. The NICCEA GCSE mathematics 

specification at that time was unitised and had two tiers of entry: foundation (usually entered 

by lower attaining students) and higher tier (usually entered by lower attaining students). A 

choice of units, with different levels of challenge, was available at each tier to cater for the 

wide range of mathematical abilities of candidates taking the tier. Scores from two units were 

used to determine the GCSE mathematics grade at certification stage. Each unit contained 

questions designed to assess students’ knowledge, understanding, and problem-solving skills 

in relation to the four content domains: number, algebra, geometry and measures, statistics 

and probability. Unit assessments were marked in raw marks but, since candidates could take 

unit assessments in different examination series, raw marks were adjusted to uniform marks 

to compensate for any variation in difficulty of the assessments between series. This ensured 

that candidates who demonstrated the same level of achievement in a unit taken in different 

examination series finished up with the same uniform mark. Uniform marks from two 

assessment units were added to obtain a total uniform mark which determined the final GCSE 

mathematics grade.  
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NICCEA supplied the authors with anonymised item level raw marks, together with 

the total uniform mark, gender, and type of school attended (grammar or non-grammar) for 

each candidate who took a GCSE mathematics assessment unit in the summer 2016 

examination series. Recall that grammar schools provide an academically-oriented 

curriculum, whereas non-grammar schools provide a practically/vocationally-oriented 

curriculum. Unfortunately, additional sociodemographic information pertaining to candidates 

was not available in the dataset supplied by NICCEA. The research entailed analysis of the 

results obtained by candidates taking the most popular combination of assessment units at 

foundation tier for whom certification of the qualification was also requested in summer 2016 

(units T2 and T5), and likewise at higher tier (units T4 and T6). Further details pertaining to 

unit content are available from NICCEA (2017). 

Initially, each question, at both foundation and higher tiers, was independently 

classified into one of the four content domains (number, algebra, geometry and measures, or 

statistics and probability) by both authors. Table 1 presents one sample question for each 

content domain at both foundation and higher tiers. Initial coding of questions resulted in 

80% agreement between the authors at foundation tier, and 87.5% agreement at higher tier, 

regarding the distribution of the 200 raw marks available at each tier across the four content 

domains. Differences were resolved through discussion and agreement. Based on the supplied 

item level raw marks, the raw percentage scores obtained by candidates in each of the four 

content domains were then calculated. 

[Table 1 near here] 

The research was conducted in line with the research governance regulations of 

Queen’s University Belfast, and the current study was approved by the research ethics 

committee of the university. 
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Participants and Sampling 

The participants consisted of those NICCEA GCSE mathematics candidates for whom 

certification was requested in summer 2016, but who also took both assessment units that 

contributed to the certification (at foundation or higher tier, as appropriate) in the summer 

2016 examination series. This was to allow for direct comparability of student achievement in 

each of the four mathematics content domains since the candidates concerned would have 

been tasked with answering exactly the same questions. Although certificates were issued for 

16,351 candidates in summer 2016, the requirement for candidates to have taken both 

contributory assessment units in that series meant the sample consisted of 1,118 candidates 

from 113 schools at foundation tier (51.8% boys, 48.2% girls), and 2,762 candidates from 91 

schools at higher tier (50.5% boys, 49.5% girls). 

Variables 

The variables included in the analysis are detailed below. The same variables featured 

in the analysis of both foundation and higher tier results. 

Standardised total uniform score (𝒛𝒕𝒐𝒕𝒂𝒍). The total uniform score used to determine 

GCSE grade at certification, standardised (M = 0, SD = 1) for the sampled participants at 

either foundation or higher tier, as appropriate. 

Gender. Girls [Women] (0) or Boys [Men] (1). 

School type (SchType). Non-grammar (0) or Grammar (1). 

Standardised number score (𝒛𝒏𝒖𝒎). Score in the number content domain, 

standardised (M = 0, SD = 1) for the sampled participants at either foundation or higher tier, 

as appropriate. 
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Standardised algebra score (𝒛𝒂𝒍𝒈). Score in the algebra content domain, 

standardised (M = 0, SD = 1) for the sampled participants at either foundation or higher tier, 

as appropriate. 

Standardised geometry and measures score (𝒛𝒈𝒎). Score in the geometry and 

measures content domain, standardised (M = 0, SD = 1) for the sampled participants at either 

foundation or higher tier, as appropriate. 

Standardised statistics and probability score (𝒛𝒔𝒑). Score in the statistics and 

probability content domain, standardised (M = 0, SD = 1) for the sampled participants at 

either foundation or higher tier, as appropriate. 

Statistical Analysis 

Descriptive statistics were used to provide an overview of the foundation and higher 

tier samples, including the means and standard deviations of boys’ and girls’ standardised 

total uniform scores, and standardised content domain-specific scores, for all school types, 

and also for grammar and non-grammar schools. Since the samples were clustered within 

schools, scores for students within the same school were likely to have more in common than 

scores of students from other schools (Cohen et al., 2011). Therefore, two-level multilevel 

regression models, with student at level one and school at level two, were used to address the 

three research questions. Multilevel modelling takes cognisance of the clustering of students 

within schools, and facilitates estimation of the variance in the dependent variable that is due 

to differences both within and between different schools (Field, 2013; Robson & Pevalin, 

2016). Such an approach ensured that the standard errors of the regression coefficients were 

not underestimated (Woltman et al., 2012). 

The first two research questions were addressed by estimating, for each tier 

(foundation and higher), the following two-level random intercept models: 
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𝑧𝑖𝑗 = 𝛽0 + 𝑢0𝑗 + 𝜀𝑖𝑗        (1) 

𝑧𝑖𝑗 = 𝛽0 + 𝛽1 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝑢0𝑗 + 𝜀𝑖𝑗      (2) 

where 𝑧𝑖𝑗 denotes the standardised score (𝑧𝑡𝑜𝑡𝑎𝑙 for research question one, and 𝑧𝑛𝑢𝑚, 𝑧𝑎𝑙𝑔, 

𝑧𝑔𝑚 or 𝑧𝑠𝑝 for research question two) for student 𝑖 within school 𝑗; 𝛽0 is the overall mean of 

the standardised score across all schools; 𝑢0𝑗 is the random error at level two; 𝜀𝑖𝑗 is the level 

one residual; and 𝛽1 is the 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 slope coefficient. A significant gender differential in 

mathematical achievement is indicated by a non-zero (significant) 𝛽1 coefficient. Since the 

outcome scores are standardised, Lorah (2018) suggests that the 𝛽1 coefficients provide an 

appropriate measure of the effect size after controlling for nesting within schools. It has been 

proposed by some researchers that Cohen’s d, which measures the standardised mean 

difference between the two groups defined by a dichotomous variable (such as 𝐺𝑒𝑛𝑑𝑒𝑟) is an 

appropriate measure of effect size for a dichotomous covariate in a multilevel regression 

model (Snijders & Bosker, 2012). However, Cohen’s d simply quantifies the relationship 

between the dependent variable and the dichotomous covariate without controlling for 

clustering effects at level two of the model. Cohen’s d is thus an inappropriate measure of 

effect size for data with a hierarchical structure, such as those in the current study. Instead, 

the 𝛽1 coefficient in the model indicates the expected number of standard deviation increases 

in mathematical achievement associated with being male, but controlling for school effects, 

and therefore represents a more robust measure of effect size. 

The third research question was addressed by estimating, for each tier (foundation and 

higher), the following two-level random intercept models: 

𝑧𝑖𝑗 = 𝛽0 + 𝛽1 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝛽2 ∗ 𝑆𝑐ℎ𝑇𝑦𝑝𝑒𝑗 + 𝑢0𝑗 + 𝜀𝑖𝑗    (3) 

𝑧𝑖𝑗 = 𝛽0 + 𝛽1 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝛽2 ∗ 𝑆𝑐ℎ𝑇𝑦𝑝𝑒𝑗 + 𝛽3 ∗ 𝑆𝑐ℎ𝑇𝑦𝑝𝑒𝑗 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝑢0𝑗 + 𝜀𝑖𝑗 

           (4) 
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where 𝑧𝑖𝑗 denotes the standardised score (𝑧𝑡𝑜𝑡𝑎𝑙, 𝑧𝑛𝑢𝑚, 𝑧𝑎𝑙𝑔, 𝑧𝑔𝑚 or 𝑧𝑠𝑝 as appropriate) for 

student 𝑖 within school 𝑗; 𝛽0 is the overall mean of the standardised score across all schools; 

𝑢0𝑗 is the random error at level two; 𝜀𝑖𝑗 is the level one residual; 𝛽1 is the 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 slope 

coefficient; 𝛽2 is the 𝑆𝑐ℎ𝑇𝑦𝑝𝑒𝑗 slope coefficient; and 𝛽3 is the slope coefficient for the 

interaction of 𝐺𝑒𝑛𝑑𝑒𝑟 and 𝑆𝑐ℎ𝑇𝑦𝑝𝑒. 

All statistical calculations were performed using Stata version 14. 

Results 

Descriptive Statistics 

Tables 2 and 3 summarise, for foundation and higher tiers respectively, means and 

standard deviations for girls’ and boys’ overall mathematical achievement and achievement 

in each of the four content domains (number, algebra, geometry and measures, statistics and 

probability). However, because of the hierarchical structure of the dataset, the magnitudes of 

the gender differentials in achievement are more accurately assessed in the subsequent 

sections, which present the results of multilevel regression analyses that control for school 

effects. 

[Tables 2 and 3 near here] 

Multilevel Assessment of Gender Effects in Overall and Domain-Specific Mathematical 

Achievement  

A two-level multilevel analysis (with student at level one and school at level two) was 

performed to assess gender differentials in overall and content domain-specific achievement 

at both foundation and higher tiers, while controlling for clustering effects within schools. 

Initially, for each tier, a null model with no covariates, represented by equation (1), was 

estimated for each of the five achievement-related variables. The null model permitted 

investigation of whether there was evidence to justify the existence of random intercepts for 
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the grouping variable at level two (school), and therefore whether multilevel modelling was 

necessary. Gender was then introduced as a level one explanatory variable to estimate the 

multilevel model represented by equation (2) for each of the five achievement variables. The 

estimated regression coefficients (with standard errors in parentheses) are presented in Table 

4 for foundation tier and Table 5 for higher tier. Level one and level two variances, together 

with the intraclass correlation coefficient (ICC) and log likelihood, are also included for each 

model in Tables 4 and 5. 

[Tables 4 and 5 near here] 

The null models for overall mathematical achievement, at both foundation and higher 

tiers, indicated that substantial proportions of the variation in achievement were explained by 

differences between schools, 25.1% at foundation tier and 28.0% at higher tier, as revealed by 

the ICCs of .251 and .280 respectively. This confirmed that multilevel modelling was 

appropriate when assessing the influence of gender on overall achievement at both tiers. 

However, when gender was added as a level one explanatory variable to both the foundation 

and higher tier models, there was no appreciable change in either the ICCs or the log 

likelihood functions, which suggested that gender had minimal influence in explaining 

differences in overall achievement. This is further reinforced by the fact the gender 

coefficients of 0.027 and 0.057 for foundation and higher tiers respectively were not 

significant, even at the 5% level. The small, positive magnitudes of these effect sizes indicate 

that, for both tiers, boys scored very marginally higher than girls on average, but the 

differentials are negligible for practical purposes. On average, boys scored 0.027 of a 

standard deviation higher than girls at foundation tier, and 0.057 of a standard deviation at 

higher tier. 

At foundation tier, only algebra and geometry and measures, had significant gender 

coefficients (at the 1% level) of -0.173 and 0.170 respectively. These values showed that, at 
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foundation tier, boys on average scored 0.173 of a standard deviation lower than girls in 

algebra, but 0.170 of a standard deviation higher in geometry and measures. Although these 

differentials are greater in magnitude than those for overall achievement, both are relatively 

small. At higher tier, only number and geometry and measures revealed significant gender 

differentials, with small effect sizes of 0.098 and 0.108 respectively. These values indicate 

that, at higher tier, boys on average scored 0.098 of a standard deviation higher than girls in 

the number domain and 0.108 of a standard deviation higher in geometry and measures. 

Effects of School Type and Gender on Overall and Domain-Specific Mathematical 

Achievement 

To investigate the effects of school type and gender on overall and domain-specific 

mathematical achievement at each tier (foundation and higher), two-level random intercept 

models (again with student at level one and school at level two) were fitted with the 

standardised score for mathematical achievement as the dependent variable. Initially, gender 

and school type were used as covariates, but the interaction term between gender and school 

type was then introduced. The results of these multilevel analyses are presented in Tables 6 

and 7. 

[Tables 6 and 7 near here] 

At both foundation and higher tiers, school type is a highly significant predictor (at 

the 0.1% level) of overall and domain-specific mathematical achievement, with grammar 

school students performing significantly better than their non-grammar school counterparts. 

This corroborates Jerrim and Shure’s (2016) evidence of achievement differentials between 

grammar and non-grammar school students in Northern Ireland. It is also noteworthy that the 

majority of students at foundation tier attended non-grammar schools, while the majority at 

higher tier attended grammar schools. 
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At foundation tier, the ICCs and log likelihoods in Table 6 indicate that the addition 

of school type as a level two explanatory variable in the model for overall mathematical 

achievement further reduced the variance between schools and also improved upon the fit of 

the model, relative to the null plus gender model presented in Table 4. However, the gender 

coefficient was still not significant, nor was the coefficient of the gender x school type 

interaction term, thus implying that school type did not have a bearing on the gender 

differential in overall achievement at foundation tier. Gender differentials for the four content 

domains at foundation tier were also in line with those presented in Table 4. It is notable that 

the coefficients of the gender x school type interaction terms were not significant, thus 

confirming that school type did not significantly influence gender differentials within the four 

content domains. At higher tier, the addition of school type as a level two explanatory 

variable in the models yielded similar conclusions about the statistical significance of the 

gender coefficients to those obtained for the null plus gender models presented in Table 5. As 

for foundation tier, none of the coefficients for the gender x school type interaction terms 

were significant, thus suggesting that school type did not have an impact on gender 

differentials at higher tier. 

Discussion and Conclusions 

Summary of Findings 

What is the magnitude of the gender difference for students’ overall achievement 

in a high-stakes Northern Irish mathematics examination? Findings from the current 

study provide evidence in support of the gender similarities hypothesis (Hyde, 2005, 2014, 

2016). Specifically, the results of the multilevel analysis confirmed that the differences 

between boys’ and girls’ overall mathematical achievement in the high-stakes examination 

were close-to-zero for both foundation and higher tiers, with effect sizes of 0.027 and 0.057 

respectively. This is consistent with other research focusing on gender differentials in overall 
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mathematical achievement within a Northern Irish context, albeit research that was not 

undertaken using the results obtained in high-stakes examinations (Jerrim & Shure, 2016; 

Mullis et al., 2016; Wheater et al., 2013).   

What are the magnitudes of the gender differences for students’ achievement in 

the different content domains of a high-stakes Northern Irish mathematics 

examination? The multilevel analysis indicated that gender differentials in the foundation 

tier examination were significant at the 1% level for both algebra and geometry and 

measures, with relatively small effect sizes of -0.173 and 0.170 respectively. These 

demonstrated a small female advantage in algebra and a similar small male advantage in 

relation to geometry and measures. Interestingly, the multilevel analysis also highlighted a 

very small differential in favour of girls for algebra at higher tier, although it did not attain 

statistical significance, even at the 5% level. At higher tier, only the number and geometry 

and measures content domains exhibited significant gender differentials in favour of boys, 

with small effect sizes of 0.098 and 0.108 respectively. However, it is important to note that 

all of the effect sizes are small and offer evidence to support the gender similarities 

hypothesis in respect of domain-specific mathematical achievement (Hyde, 2005, 2014, 

2016). 

The existence of significant, but small, gender effects in relation to content domain-

specific achievement contradicts some existing research that was conducted using 

international large-scale assessments of mathematical achievement in Northern Ireland (e.g., 

Wheater et al., 2013). However, the findings resonate with the conclusions reported by some 

other scholars internationally. For example, Leahey and Guo (2001) and Liu and Wilson 

(2009) both concluded that boys demonstrated significantly higher achievement than girls in 

geometry. Furthermore, the female advantage in algebraic achievement identified in the 

current study aligns with the findings of Louis and Mistele (2012), who reported that, in their 
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US-focused research, algebra was the only mathematical content domain where girls 

outperformed boys. Therefore, there are slight disparities between the conclusions drawn 

from recent research into Northern Irish gender differentials in content domain-specific 

mathematical achievement that was conducted using comparative international assessment 

data (e.g., from PISA) and the findings of the current study. The disparity is particularly 

apparent in relation to the gender differential in favour of males for achievement in geometry 

and measures that featured at both tiers in the current study, but it is noteworthy that all of the 

effect sizes are small.  

How do the magnitudes of gender differences in mathematical achievement vary 

by school type for a high-stakes Northern Irish mathematics examination? Results of the 

multilevel analysis highlight that, while grammar school students consistently outperformed 

their non-grammar school counterparts at both tiers of entry (with large effect sizes), school 

type did not have a bearing on gender differentials for either overall or domain-specific 

mathematical achievement. However, it is important to note that the majority of students at 

foundation tier attended non-grammar schools, while the majority at higher tier attended 

grammar schools, thus suggesting a potential equity issue pertaining to tier of entry. 

Limitations and Future Research Directions 

Although the current study involved multilevel analysis of high-stakes mathematics 

examination results of 3,880 students (1,118 of whom took foundation tier, and 2,762 of 

whom took higher tier examinations), this represented just 23.7% of the 16,351 candidates 

who received a NICCEA GCSE mathematics certificate in summer 2016. The sample was 

chosen to include only those candidates who took the most popular combination of 

assessment units, at both foundation and higher tiers, for whom certification of the 

qualification was requested in summer 2016, and where both contributory assessment units 

were also taken during that examination series. Although this ensured that identical questions 
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were attempted by all candidates within a particular tier, and thus permitted domain-specific 

achievement to be assessed more reliably, it does restrict the generalisability of the findings.  

The current study also attempted to offer some insights into the similarities and 

differences in the conclusions that can be drawn from investigations into gender differentials 

in achievement using different data sources, namely the results of high-stakes examinations 

versus performance in low-stakes assessments. The credence that can be accorded to these 

insights is restricted by the use of different samples of students, although some reassurance 

can be taken from the relatively large sample used in the current study. Clearly, it would be 

preferable to undertake a study involving the analysis of high-stakes examination results for a 

sample of students who also participated in low stakes assessments such as PISA or TIMSS, 

so that more robust comparisons between the different approaches to assessing gender 

differentials could be established. 

The current study focused on overall and content domain-specific achievement. 

However, there is scope to classify the various items/sub-items on the assessment units into 

cognitive domains (e.g., knowledge, application, reasoning, problem-solving) rather than 

content domains, to facilitate an analysis of gender differentials in cognitive domain-specific 

achievement. In addition, a more fine-grained analysis of domain-specific achievement, 

coupled with scrutiny of the actual assessment items, may offer useful insights into 

assessment practices that inadvertently lead to gender differentials in achievement. For 

example, it is conceivable that some assessment practices could be experienced differently by 

boys [men] and girls [women], and that these different experiences may actually precipitate 

gender differentials in achievement. 

Finally, the lack of student sociodemographic information in the dataset supplied by 

NICCEA significantly limited the analysis that could be performed. Nevertheless, the 
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analysis that was possible has contributed new knowledge to the field of gender differences in 

mathematical achievement. 

Practice Implications 

On the basis of the findings of the current research, coupled with the overview of 

previous studies outlined in the literature review, some recommendations can be proffered for 

mathematics education policymakers in Northern Ireland, which are also likely to have 

considerable import for policymakers in other international contexts. The results of the 

multilevel analysis of high-stakes mathematics examination scores suggest that there is 

gender equity in overall mathematical achievement in Northern Ireland. Given that this 

resonates with the findings of other recent studies, it is conceivable that the Northern Ireland 

education system, together with its mathematics curriculum and assessment arrangements are 

conducive to promoting gender equity in overall mathematical achievement. Therefore, 

consideration of Northern Ireland as a case study may serve as a useful starting point for 

other countries with an interest in promoting more gender-equitable outcomes in 

mathematical achievement. 

Whilst there is gender equity in overall achievement, small but significant differences 

are apparent for achievement in some of the content domains. In particular, the gender equity 

in overall achievement masks a consistent, small male advantage in geometry and measures. 

This contradicts other recent findings on gender differentials for content domain-specific 

achievement in Northern Ireland (e.g., Wheater et al., 2013), but corroborates the conclusions 

reported by scholars working in other international contexts (e.g., Leahey & Guo, 2001; Liu 

& Wilson, 2009). This suggests that it is appropriate, both in Northern Ireland, and in other 

countries, to investigate interventions aimed at improving girls’ achievement in geometry. 

For example, Meggiolaro (2018) demonstrated that the use of some ICT applications can lead 

to achievement gains in geometry for girls, and it is suggested that the potential of such 
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applications should be explored as a vehicle for promoting higher levels of gender equity in 

mathematical learning outcomes, both in Northern Ireland and elsewhere. To this end, the 

dynamic geometry capabilities of software such as GeoGebra are likely to have beneficial 

roles to play in enhancing pedagogy. 

The current study offers some useful insights into the appropriateness of using data 

from low-stakes assessments, such as PISA and TIMSS, rather than high-stakes assessments 

(with real consequences for students), to assess gender differentials in mathematical 

achievement. Both approaches led to similar conclusions about gender differentials in overall 

mathematical achievement in Northern Ireland, but a more subtle picture emerged in relation 

to content domain-specific achievement. Small, but significant, gender differentials in content 

domain achievement were apparent in the research conducted using high-stakes examination 

results, but it is important to note that the observed effect sizes are small. This indicates that 

studies using PISA data do offer useful insights into gender equity issues in mathematical 

achievement, despite concerns some researchers have raised about the utility of low-stakes 

tests for accurately assessing gender differentials in achievement. It has been suggested that 

the low-stakes nature of tests such as those used in PISA and TIMSS may potentially lead to 

differential gender effects in test-taking motivation, which could in turn precipitate gender 

differentials in achievement (Barry et al., 2010; DeMars et al., 2013; Eklöf, 2010; Guez et al., 

2020). However, evidence from the current study, which entailed a multilevel analysis of 

high-stakes mathematics examination results from a jurisdiction where no significant gender 

differentials in mathematical achievement were apparent in PISA or TIMSS, suggests that 

these concerns are unfounded. 

Conclusions 

Gender stereotyping is prevalent in mathematics, which is often viewed as an 

academic discipline that is more appropriate for men than women due to inherent differences 
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between the genders (Franceschini et al., 2014). The findings of the current research, using 

results from high-stakes summative assessments in mathematics, have demonstrated that 

there are negligible or small gender differentials in mathematical achievement. These 

findings support the gender similarities hypothesis, which asserts that males and females are 

similar on most, but not all, psychological variables (Hyde, 2005, 2014, 2016). No significant 

differences between boys and girls were found in relation to overall mathematical 

achievement, but small differences in favour of males were apparent in relation to 

achievement in the geometry and measures content domain. However, the magnitudes of the 

associated effect sizes mean that the differences are likely to be of limited practical 

significance. Therefore, it is imperative that damaging gender stereotyping in mathematics is 

dispensed with as a matter of urgency, and that improvements are made to mathematics 

pedagogy to allow girls to realise their mathematical potential. To this end, the current article 

has offered some suggestions regarding potential improvements to girls’ learning experiences 

in geometry.  

The current study also provided some insights into the viability of using data from 

low-stakes assessments such as PISA or TIMSS to accurately investigate gender differentials 

in achievement. Similar conclusions were drawn from the analysis of both these low-stakes 

assessments and high-stakes public examination results, thus indicating that research based 

on low-stakes assessments (such as PISA or TIMSS) does offer useful insights into gender 

differentials in achievement, thus contradicting the findings of Guez et al. (2020). Finally, 

findings from this study augment the evidence base pertaining to gender effects in 

mathematical achievement since they confirmed that school type, selective versus non-

selective, did not have an effect on gender differences, an area where there was scant 

evidence in the existing literature. 
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The current study therefore offers useful insights for researchers and policymakers 

with an interest in enhancing gender equity in mathematical achievement, which is a highly 

desirable characteristic of any high-performing education system. 
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Table 1 

Sample Questions for each Content Domain at Foundation and Higher Tiers 

Content domain Foundation tier Higher tier 

Number Last week a dentist noted that, of all her 

treatments, 1
3
 were fillings, 1

4
 were 

extractions, 1
8
 were denture treatment 

and the rest were cleaning.  

What fraction were cleaning? 

A special offer shampoo bottle contains 

20% extra. 

It contains 900ml of shampoo. 

How much shampoo was in the original 

bottle? 

Algebra Expand 3(5 − 𝑦). Expand (2𝑥 − 3)(3𝑥 + 4). 

Geometry and measures Calculate the size of the angle marked x. 

 

In the diagram, O is the centre of the 

circle. 

P, Q, R and S are points on the 

circumference of the circle. 

ST and QT are tangents to the circle. 

Angle STQ = x. 

Work out the size of angle SPQ in terms 

of x. 

 

Statistics and probability The lengths of twigs measured to the 

nearest tenth of a centimetre are given 

below. 

4.3 4.7 2.9 1.0 5.8 

4.2 3.6 1.9 2.7 3.0 

2.6 3.7 4.3 2.7 2.8 

Find the median of the lengths. 

The histogram illustrates how much 

time drivers took on a particular 

journey. 

 

Calculate an estimate for the mean time. 

Note. Source: Northern Ireland Council for the Curriculum, Examinations and Assessment summer 2016 GCSE 

mathematics examination papers for units T2 (foundation tier) and T4 (higher tier) 
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Table 2  

Mathematical Achievement by Gender and School Type at Foundation Tier 

  All school types Non-Grammar Grammar 

Variable Gender 
n 

M SD 
n 

M SD 
n 

M SD 

Overall mathematical 

achievement 
Boys 579 0.063 1.033 451 -0.110 1.049 128 0.671 0.694 

Girls 539 -0.067 0.959 479 -0.172 0.950 60 0.767 0.536 

Number Boys 579 0.103 1.047 451 -0.067 1.055 128 0.704 0.758 

Girls 539 -0.111 0.935 479 -0.214 0.914 60 0.714 0.659 

Algebra Boys 579 -0.045 1.012 451 -0.201 1.028 128 0.507 0.727 

Girls 539 0.048 0.985 479 -0.044 0.988 60 0.785 0.574 

Geometry and measures Boys 579 0.131 1.044 451 0.003 1.041 128 0.585 0.923 

Girls 539 -0.141 0.931 479 -0.231 0.913 60 0.575 0.755 

Statistics and probability Boys 579 -0.005 1.038 451 -0.188 1.036 128 0.641 0.753 

Girls 539 0.005 0.958 479 -0.069 0.951 60 0.602 0.799 

Note. N = 1,118. Variables have been standardised for the sample at foundation tier. Data derived from information supplied by Northern Ireland Council for the Curriculum, 

Examinations and Assessment  
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Table 3  

Mathematical Achievement by Gender and School Type at Higher Tier 

  All school types Non-Grammar Grammar 

Variable Gender 
n 

M SD 
n 

M SD 
n 

M SD 

Overall mathematical 

achievement 
Boys 1,395 0.054 0.974 91 -0.555 1.233 1,304 0.096 0.940 

Girls 1,367 -0.055 1.023 91 -0.727 1.276 1,276 -0.007 0.986 

Number Boys 1,395 0.077 0.956 91 -0.406 1.247 1,304 0.111 0.923 

Girls 1,367 -0.079 1.038 91 -0.662 1.331 1,276 -0.037 1.001 

Algebra Boys 1,395 0.018 1.010 91 -0.557 1.177 1,304 0.059 0.985 

Girls 1,367 -0.019 0.990 91 -0.479 0.944 1,276 0.014 0.985 

Geometry and measures Boys 1,395 0.079 0.964 91 -0.432 1.116 1,304 0.114 0.943 

Girls 1,367 -0.080 1.030 91 -0.674 1.020 1,276 -0.038 1.018 

Statistics and probability Boys 1,395 0.037 0.979 91 -0.415 1.181 1,304 0.069 0.956 

Girls 1,367 -0.038 1.020 91 -0.642 1.129 1,276 0.005 0.998 

Note. N = 2,762. Variables have been standardised for the sample at higher tier. Data derived from information supplied by Northern Ireland Council for the Curriculum, 

Examinations and Assessment 
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Table 4 

Multilevel Models to Assess Gender Effects in Mathematical Achievement at Foundation Tier 

 Overall achievement Number Algebra Geometry and measures Statistics and probability 

Null 
Null + 

Gender 
Null 

Null + 

Gender 
Null 

Null + 

Gender 
Null 

Null + 

Gender 
Null 

Null + 

Gender 

Intercept 0.094 

(0.062) 

0.080 

(0.070) 

0.109 

(0.062) 

0.051 

(0.069) 

0.079 

(0.058) 

0.169* 

(0.067) 

0.055 

(0.056) 

-0.034 

(0.064) 

0.046 

(0.059) 

0.097 

(0.068) 

Gender 

[reference: girls] 

 0.027 

(0.062) 

 0.111 

(0.062) 

 -0.173** 

(0.063) 

 0.170** 

(0.063) 

 -0.098 

(0.063) 

           

Level 1 variance 0.791 0.791 0.801 0.800 0.827 0.820 0.829 0.826 0.827 0.823 

Level 2 variance 0.265 0.264 0.258 0.251 0.214 0.219 0.192 0.182 0.218 0.225 

           

ICC .251 .250 .244 .239 .206 .211 .188 .181 .209 .214 

Log likelihood -1521.078 -1520.980 -1526.919 -1525.347 -1537.578 -1533.815 -1535.606 -1531.934 -1538.078 -1536.884 

Note. N = 1,118. Data derived from information supplied by Northern Ireland Council for the Curriculum, Examinations and Assessment. 

ICC = intraclass correlation coefficient. 

*p < .05. **p < .01. ***p < .001. 
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Table 5 

Multilevel Models to Assess Gender Effects in Mathematical Achievement at Higher Tier 

 Overall achievement Number Algebra Geometry and measures Statistics and probability 

Null 
Null + 

Gender 
Null 

Null + 

Gender 
Null 

Null + 

Gender 
Null 

Null + 

Gender 
Null 

Null + 

Gender 

Intercept -0.221** 

(0.072) 

-0.249** 

(0.074) 

-0.141* 

(0.058) 

-0.190** 

(0.061) 

-0.184** 

(0.060) 

-0.167** 

(0.064) 

-0.146* 

(0.060) 

-0.200** 

(0.063) 

-0.154** 

(0.058) 

-0.188** 

(0.062) 

Gender [reference: girls]  0.057 

(0.041) 

 0.098* 

(0.042) 

 -0.035 

(0.041) 

 0.108** 

(0.041) 

 0.070 

(0.042) 

           

Level 1 variance 0.840 0.839 0.887 0.885 0.870 0.870 0.873 0.871 0.894 0.893 

Level 2 variance 0.327 0.327 0.188 0.184 0.211 0.211 0.208 0.206 0.188 0.188 

           

ICC .280 .280 .175 .172 .195 .196 .193 .191 .174 .174 

Log likelihood -3761.233 -3760.264 -3818.240 -3815.469 -3795.748 -3795.389 -3799.895 -3796.519 -3828.697 -3827.317 

Note. N = 2,762. Data derived from information supplied by Northern Ireland Council for the Curriculum, Examinations and Assessment. 

ICC = intraclass correlation coefficient. 

*p < .05. **p < .01. ***p < .001. 

 

 

  



41 

 

 

 

Table 6 

Multilevel Models to Assess Gender and School Type Effects in Mathematical Achievement at Foundation Tier 

 Overall achievement Number Algebra Geometry and measures Statistics and probability 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Intercept -0.125* 

(0.063) 

-0.136* 

(0.064) 

-0.158* 

(0.062) 

-0.169** 

(0.063) 

-0.014 

(0.061) 

-0.023 

(0.062) 

-0.185** 

(0.060) 

-0.200** 

(0.061) 

-0.074 

(0.061) 

-0.063 

(0.062) 

Gender 

[reference: girls] 

0.018 

(0.061) 

0.039 

(0.065) 

0.103 

(0.061) 

0.126 

(0.065) 

-0.187** 

(0.061) 

-0.168** 

(0.066) 

0.160** 

(0.061) 

0.192** 

(0.066) 

-0.103 

(0.062) 

-0.124 

(0.066) 

School type 

[reference: non-

grammar] 

0.836*** 

(0.118) 

0.933*** 

(0.159) 

0.831*** 

(0.115) 

0.935*** 

(0.157) 

0.774*** 

(0.115) 

0.858*** 

(0.157) 

0.653*** 

(0.112) 

0.794*** 

(0.156) 

0.736*** 

(0.114) 

0.641*** 

(0.157) 

Gender * School 

Type 

 -0.164 

(0.181) 

 -0.174 

(0.181) 

 -0.141 

(0.182) 

 -0.237 

(0.181) 

 0.160 

(0.182) 

           

Level 1 variance 0.795 0.795 0.805 0.804 0.822 0.821 0.829 0.828 0.832 0.831 

Level 2 variance 0.124 0.124 0.113 0.113 0.109 0.108 0.100 0.099 0.104 0.104 

           

ICC .135 .135 .123 .123 .117 .117 .107 .107 .112 .111 

Log likelihood -1501.278 -1500.867 -1504.909 -1504.443 -1515.280 -1514.979 -1517.944 -1517.089 -1520.771 -1520.386 

Note. N = 1,118. Data derived from information supplied by Northern Ireland Council for the Curriculum, Examinations and Assessment. 

ICC = intraclass correlation coefficient. 

*p < .05. **p < .01. ***p < .001. 
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Table 7 

Multilevel Models to Assess Gender and School Type Effects in Mathematical Achievement at Higher Tier 

 Overall achievement Number Algebra Geometry and measures Statistics and probability 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Gender + 

School type 

Gender + 

School type 

+ Interaction 

term 

Intercept -0.717*** 

(0.127) 

-0.806*** 

(0.144) 

-0.592*** 

(0.111) 

-0.685*** 

(0.132) 

-0.577*** 

(0.117) 

-0.582*** 

(0.135) 

-0.593*** 

(0.114) 

-0.681*** 

(0.134) 

-0.605*** 

(0.112) 

-0.691*** 

(0.132) 

Gender 

[reference: girls] 

0.057 

(0.041) 

0.238 

(0.142) 

0.100* 

(0.041) 

0.287* 

(0.144) 

-0.034 

(0.041) 

-0.023 

(0.144) 

0.109** 

(0.041) 

0.287* 

(0.144) 

0.069 

(0.042) 

0.242 

(0.145) 

School type 

[reference: non-

grammar] 

0.650*** 

(0.144) 

0.746*** 

(0.162) 

0.527*** 

(0.123) 

0.628*** 

(0.145) 

0.549*** 

(0.130) 

0.555*** 

(0.150) 

0.523*** 

(0.127) 

0.618*** 

(0.148) 

0.553*** 

(0.123) 

0.647*** 

(0.145) 

Gender * School 

Type 

 -0.197 

(0.149) 

 -0.203 

(0.151) 

 -0.012 

(0.150) 

 -0.194 

(0.150) 

 -0.188 

(0.151) 

           

Level 1 variance 0.841 0.840 0.886 0.885 0.870 0.870 0.872 0.872 0.894 0.893 

Level 2 variance 0.224 0.229 0.128 0.131 0.159 0.159 0.145 0.148 0.127 0.129 

           

ICC .210 .214 .126 .128 .154 .154 .142 .146 .124 .126 

Log likelihood -3751.397 -3750.528 -3807.429 -3806.522 -3787.291 -3787.288 -3789.185 -3788.352 -3818.431 -3817.657 

Note. N = 2,762. Data derived from information supplied by Northern Ireland Council for the Curriculum, Examinations and Assessment. 

ICC = intraclass correlation coefficient. 

*p < .05. **p < .01. ***p < .001. 
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