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Abstract

According to the World Economic Forum, the occupational gender gap with men
dominating well-remunerated STEM careers is a key factor in the gender pay gap.
However, the problem of underrepresentation of women in STEM fields is mitigated
or reversed in some Eastern European and Islamic countries. This disparity suggests
that cultural factors are at play. Gender-segregated schooling, which is commonly
practiced in Islamic countries, is often seen as a contributing factor. However, the
issue of gender-segregated education sparks much controversy. Critics argue evi-
dence is lacking, and segregation may foster sexism and hinder social skills.

In New Zealand, there is a significant opportunity to conduct research on gender
segregation, as approximately 14.43% of girls and 14.35% of boys attend single-gen-
der schools for their secondary (high school) education. In contrast to the USA and
Australia, where single-gender schooling is predominantly offered by private and/or
Catholic schools, the majority of New Zealand gender-segregated schools are state
schools.

Utilising the TIMSS 2019 dataset, our analysis revealed that girls from low socio-
economic backgrounds and boys from higher socio-economic backgrounds who
attend single-gender schools exhibit significantly higher mathematics and science
achievement scores compared to their counterparts in co-educational settings. This
success is particularly striking for girls in low socio-economic settings. Given mixed
international evidence, this suggests that there must be protective factors at single-
gender New Zealand schools, positively influencing these students. We examine
potential factors setting apart girls-only schools to provide an explanation of our
results: (1) a mitigated influence of gender socialisation practices and stereotype
threat and (2) explicit messaging aimed at challenging stereotypes and empowering
girls to actively engage in STEM fields.
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Introduction

In nearly all countries in the OECD, there is a greater proportion of tertiary-edu-
cated women than men (Encinas-Martin, 2020). Specifically for New Zealand, the
overall number of young women enroled in Bachelor of Science courses is greater
than the number of young men (Bray & Timewell, 2011), and women are well
represented in biological and health science professions (Bray & Timewell, 2011;
Huyer, 2015; Ministry of Business & Employment, 2014). However, women are
still less likely to study physical science, technology, engineering, and mathe-
matics than men and, consequently, remain a minority in these fields (Encinas-
Martin, 2020; Ministry of Business & Employment, 2014; “Women at work:
1991-2013,” 2015).

A recent New Zealand government report estimated that in the technology
industry only 27% of those working in digital roles are women (Hindle & Mul-
ler, 2021). This percentage has not increased since 2017, and in 2019, only 25%
of those who graduated with IT degrees in New Zealand were women (Hindle &
Muller, 2021). Recruiting women into the field of engineering also continues to
be a struggle, with men still making up the majority of graduates (Docherty et al.,
2020).

According to the World Economic Forum, the occupational gender gap with
men dominating well-remunerated STEM careers is a key factor in the gender pay
gap (Schwab et al., 2017). However, UNESCO reports that the problem of under-
representation of women in STEM fields is mitigated or reversed in some Eastern
or Islamic countries (Huyer, 2015). This disparity suggests that cultural factors
are at play. It is posited that, at some stage before tertiary education, girls encoun-
ter discouragement from pursuing STEM pathways in many Western nations. This
hypothesis posits that peers, parents, and educators play a key role in influencing
young people’s career choices with mounting evidence supporting this assertion
(Dasgupta & Stout, 2014; Ing, 2014; Lazarides & Watt, 2015; Lazarides et al.,
2016; Muenks et al., 2020; Watson et al., 2015; Watt et al., 2019). Next, we sum-
marise the existing literature exploring the various school factors that contribute
to gender differences in occupational outcomes.

Societal Stratification: Gender Socialisation Practices and Stereotype Threat

The stereotype of male superiority in mathematics-related disciplines has per-
sisted for generations, perpetuating the notion that men inherently possess a
greater aptitude for the subjects despite mounting evidence against this miscon-
ception (Else-Quest et al., 2010; Fennema & Sherman, 1977). In fact, the recent
data from a large-scale international assessment of 15-year-olds showed that boys
significantly outperformed girls in mathematics in less than half of the 79 coun-
tries and economies that participated in PISA 2018. In science, boys’ performance
was significantly better than girls’ performance in only six countries/economies,
whereas the opposite, girls doing better, was observed in 35 countries/economies
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(Encinas-Martin, 2020). Despite the evidence of closing the achievement gap,
the hard-to-change age-old stereotypes profoundly impact societal stratification,
instilling gendered socialisation practices.

It is well documented that young men are more likely to aspire to mathematics-
related careers than young women (Watt, 2010, 2016; Watt et al., 2012, 2019). In
contrast, young women express preferences for careers that bring to the fore their
social needs and involve interacting with people (Eccles & Wigfield, 2002; Wigfield
& Eccles, 2000); that appear to be socially meaningful and relate to helping oth-
ers, such as nursing (Eccles, 2007); or that would be compatible with child-rearing
responsibilities (Jozefowicz et al., 1993). However, the degree of such societal strati-
fication is varied among different countries and cultures, and is shaped by numerous
religious, political and other historical factors (Huyer, 2015).

In New Zealand, there has been a longstanding presence of foundational beliefs
about mathematics that favour boys (Watson et al., 2015). Gender stereotypes in
subject choice persisted in the New Zealand curriculum for decades despite the
Feminist movement, with girls typically choosing arts and boys dominating in sci-
ences. This pattern can be traced back to an early twentieth century government
report, which revealed that many parents held the belief that girls required only half
as much education as boys, reflecting prevailing societal attitudes about women’s
inferiority (Fry, 1985). A measure of academic success for girls was their knowledge
of “home science” and morality. As such, girls were given little instruction in math-
ematics and science, and few women were available to teach the subjects and act as
role models. In this strongly gendered curriculum, generations of New Zealand girls
have been subjected to messages of diminished expectation for their achievements
in mathematics and science (Bradstreet, 2000). Despite major efforts in the 1990s to
reform the New Zealand curriculum to achieve gender equality in education (Brad-
street, 2000), recent research indicates that the outcomes have not been uniformly
successful (Watson et al., 2015).

Such cultural discrepancy is especially concerning because these negative ste-
reotypes have the potential to hinder performance on mathematics tests and induce
anxiety through the social psychology phenomenon called stereotype threat (Spen-
cer et al., 1999, 2016; Steele, 1997). Stereotype threat refers to a situational predica-
ment in which individuals are at risk of conforming to a negative stereotype about
their social group, which in turn may lead to diminished performance in a particular
domain. This phenomenon arises when individuals are aware of a negative stereo-
type associated with a group they belong to (such as gender, race, or age) and fear
that their behaviour or performance will confirm that stereotype. This heightened
anxiety and concern can adversely affect their performance, creating a self-fulfilling
prophecy. The implication is that stereotype threat could be a contributing factor to
gender disparities in advanced mathematics performance.

The Direct Impact of Teacher Gender

Traditionally, it was common for girls-only schools in New Zealand, as well as
in many other countries, to have a preference for hiring women as teachers. This
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preference was often based on the belief that women-teachers could serve as positive
role models for girls and create a supportive and nurturing learning environment. In
contrast, co-educational schools are generally less inclined to exhibit such gender-
based biases in their hiring practices.

Notably, recent quantitative research examined the impact of teacher gen-
der in a sample of New Zealand co-educational primary schools (Watson et al.,
2015). Using hierarchical linear modelling, they found that in the classes taught
by men, girls’ mathematics scores were significantly lower than those of boys,
which was not the case in classes taught by women. Given that the research-
ers did not identify variations in teachers’ expectations for mathematics perfor-
mance based on gender, they proposed a plausible hypothesis that other factors
may be influencing this outcome, such as the presence of a man-teacher might
inadvertently reinforce gender stereotypes implying inferior mathematical abil-
ity, consequently triggering stereotype threat among students (Steele, 1997;
Watson et al., 2015). As described above, stereotype threat undermines perfor-
mance and may lead to disengagement from the subject as individuals struggle
with the fear of confirming a negative stereotype associated with their social
group. With caution, the researchers proposed potential negative consequences
for some girls’ engagement with mathematics as they progress through their
education if they are taught by a man. Consequently, they concluded that hav-
ing a teacher of the same gender may benefit girls’ mathematics achievement.

Theoretical Foundation

On the global stage, for four decades now, Eccles and her associates have for-
mulated and scrutinised a comprehensive model, known as the Expectancy-
Value model, that elucidates the social-cognitive mechanisms underpinning
disparities in both individual and gender-related involvement in STEM fields
(Eccles, 1983, 2007; Wigfield & Eccles, 2000). The core premise of the model
is that engagement in an activity can be predicted by the expectancy a person
has for succeeding at it, as well as the value they ascribe to the activity (Eccles
& Wigfield, 2002). Numerous studies have collectively confirmed that beliefs
linked to expectations (such as perceived competence, perceived talent, and
self-concept), along with intrinsic/utility/importance values, play a predictive
role in engagement, choices related to achievement, and career aspirations (for
review, see Watt, 2010, 2016).

Confidence, self-concept and self-efficacy in mathematics are strong pre-
dictors of achievement (Michaelides et al., 2019), with boys tending to report
higher levels than girls in many Western countries (Else-Quest et al., 2010). In
Arab countries, however, gender differences in achievement and other educa-
tion-related factors tend to favour girls (Marsh et al., 2013). Girls in these coun-
tries also reported having higher educational and career aspirations than boys
(Marsh et al., 2013). Using the 2015 Trends in International Mathematics and
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Science Study (TIMSS), Michaelides et al. (2019) discovered that in Iran, girls
were overrepresented in both the high achievement and high-motivation groups,
which was in sharp contrast to the results from other countries. One notable
characteristic of the Iranian education system is that all girls attend girls-only
schools where they are taught by women, and all boys attend boys-only schools
where they are taught by men (Marsh et al., 2013; Michaelides et al., 2019). The
absence of co-educational learning environments could potentially explain why
the proportion of girls studying mathematics and science in Arab countries such
as Iran is either on par with or surpasses that of boys (Huyer, 2015).

Research Questions

In New Zealand, approximately 14.43% of girls and 14.35% of boys attend
single-gender schools for their secondary education (MoE, 2022). Out of 2544
schools in New Zealand, 64 are girls-only schools and 52 are boys-only schools
spread across the country’s main urban areas. The majority of gender-segregated
schools are state (public) schools, which is different from the practice in the
USA and Australia, where single-gender schooling is mainly found in private
and/or Catholic schools.

Recent New Zealand findings from Docherty et al. (2020) have revealed
that of all girls enroled in engineering degrees at the University of Canterbury
between 2005 and 2017, 56% had attended girls-only schools. This is almost five
times higher than expected (Docherty et al., 2020). Pringle et al. (2010) also
found that girls from girls-only schools in Auckland ranked more men-domi-
nated professions in their top ten occupational choices than girls from co-educa-
tional schools in the same city. This contradicts the findings of a comprehensive
study by Park et al. (2018) of Seoul schools in South Korea, where assignment
to single-gender or co-educational high schools is random. They found signif-
icantly positive effects of all-boys schools consistently across different STEM
outcomes but not for girls, which underscores the impact of cultural variability.

The aforementioned findings from Canterbury (Docherty et al., 2020) suggest
that gender-segregated schools in New Zealand may somehow allow girls to engage
more positively with STEM subjects traditionally dominated by men, and whilst
there is extensive research in the literature on gender differences in achievement,
there is very little on the effect that school type may have on these differences. The
present study has been designed to investigate the role of school type (while control-
ling for socio-economic status) on the mathematics and science achievement of Year
9 girls and boys in New Zealand and will address the following research questions:

RQ1: Does the TIMSS 2019 mathematics performance of Year 9 girls and

boys at single-gender and co-educational schools depend on the school type,
controlling for socio-economic status?
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RQ2: Does the TIMSS 2019 science performance of Year 9 girls and boys at
single-gender and co-educational schools depend on the school type, control-
ling for socio-economic status?

RQ3: Are there any interaction effects between school type and socio-economic
status on mathematics and science performance of Year 9 girls and boys?

Method

The study used data from the Trends in International Mathematics and Sci-
ence Study (TIMSS) 2019 (https://timssandpirls.bc.edu/timss2019/index.html),
which is a large-scale assessment of student achievement in mathematics and
science. In line with the objectives of our study, we limited our focus to the
New Zealand Year 9 cohort (TIMSS Year 8) since the data was collected at the
end of the first year in New Zealand secondary schools. The sample consisted
of 5,918 secondary schools’ students, selected through a two-staged random
sampling process. There were 906 girls attending girls-only schools (56.51%
State [Public], 33.33% State-Integrated, 10.15% Private) and 970 boys attend-
ing boys-only schools (76.39% State [Public], 15.05% State-Integrated, 8.56%
Private).

In New Zealand, the decile rating system was used to classify the socio-eco-
nomic status of a school’s roll (ranging 1-10), with decile 1 indicating that the
school has one of the highest proportions of students from low socio-economic
backgrounds (MoE, 2022). In the 2019 TIMSS data, the decile of each partici-
pating student’s school was coded into the variable “decile”. However, due to
sampling, the data set did not include single-gender and co-educational schools
from each decile. Because of this, the “decile” variable was recoded into three
categories: “low decile” for decile 1-3 schools, “medium decile” for decile 4-7
schools, and “high decile” for decile 8—10 schools. As such, the sample used
for the study is presented in Table 1.

TIMSS utilises plausible values as a statistical technique to estimate stu-
dents’ proficiency levels in mathematics and science. Plausible values are mul-
tiple imputed scores assigned to each student based on their responses to some
assessment items and the overall distribution of scores. These values allow
researchers to account for the uncertainty inherent in estimating student profi-
ciency and provide more accurate representations of achievement at both indi-
vidual and group levels. This is done to ensure robust and reliable comparisons
of educational outcomes across different jurisdictions. In 2019 TIMSS cycle,
five plausible values were estimated. In our analysis the “average mathematics
achievement score” was calculated by averaging all five plausible values.

The study employed a two-way ANOVA analytical model to investigate
the influence of school type and decile on the average mathematics and sci-
ence achievement scores across all students collectively, followed by separate
analyses for each gender. The variable “gender school type”, comprising four
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Table1 TIMSS 2019 New Zealand Year 9 sample by gender school type and decile category

School and Student Gender Decile category Number of schools Num-
ber of
students

Girls — Single-Gender School Low Decile (1-3) 2 83

Mid Decile (4-7) 7 324
High Decile (8-10) 12 499
Total 21 906
Girls — Co-Educational School Low Decile (1-3) 26 516
Mid Decile (4-7) 38 828
High Decile (8-10) 26 625
Total 90 1969
Boys — Single-Gender School Low Decile (1-3) 3 128
Mid Decile (4-7) 7 356
High Decile (8-10) 10 486
Total 20 970
Boys — Co-Educational School Low Decile (1-3) 26 484
Mid Decile (4-7) 39 919
High Decile (8-10) 26 670
Total 91 2073
Total Low Decile (1-3) 57 1211
Mid Decile (4-7) 91 2427
High Decile (8-10) 74 2280
Total 222 5918

categories, (1) girls at single-gender girls schools, (2) girls at co-educational
schools, (3) boys at single-gender boys schools, and (4) boys at co-educational
schools, was constructed by segregating co-educational schools into two dis-
tinct categories for each gender.

Results
Mathematics Year 9

First, a two-way ANOVA was conducted to examine the effects of “gender school
type” and “decile” on “average mathematics achievement score”. There was a
statistically significant interaction between gender school type and decile on
“average mathematics achievement score”, F(6, 5906)=6.44, p <0.001, partial
n2=0.01, indicating a small effect size (Richardson, 2011). There was a statisti-
cally significant difference in mean “average mathematics achievement score”
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for students at low decile schools that are either girls at single-gender girls
schools, girls at co-educational schools, boys at single-gender boys schools, or
boys at co-educational schools, F(3, 5906)=16.26, p <0.001, partial n2=0.01,
as for students at medium decile schools, F(3, 5906)=10.44, p <0.001, partial
n2=0.01, and for students at high decile schools, F(3, 5906)=18.117, p <0.001,
partial n2=0.01 (Table 2 and Fig. 1). According to the guidelines set by the
What Works Clearinghouse, designed specifically for educational settings and
differing from those prevalent in the medical sciences, even a small effect size
can carry substantial significance and practical relevance for educators (McMil-
lan & Foley, 2019).

Expanding our understanding of group disparities, the pairwise comparisons
were run for each simple main effect with reported 95% confidence intervals.

Low Decile

The “average mathematics achievement score” for girls at low decile single-gen-
der schools (M =483.05, SD=73.80), girls at low decile co-educational schools
(M=418.56, SD=70.96), boys at low decile single-gender schools (M =443.21,
SD=73.05), and boys at low decile co-educational schools (M =424.02, SD=79.56)
were compared. Girls at low decile single-gender girls schools had a statistically
significantly higher mean “average mathematics achievement score” than any other
group: higher than girls at low decile co-educational schools, 64.49 (95% ClI, 38.63
to 90.34), p<0.001, Hedges’ d=0.90, 95% CI [0.67,1.14]) with a large effect size
(Lakens, 2013); higher than boys at low decile single-gender schools, 39.83 (95%
CI, 9.02 to 70.65), p=0.004, Hedges’ d=0.54, 95% CI [0,26,0.82] with a medium
effect size, and higher than boys at low decile co-educational schools, 59.02 (95%
CI, 33.05 to 85.00), p<0.001, Hedges’ d=0.75, 95% CI [0.51,0.99]) with a medium
effect size. The difference between boys in the two different school types was not
significant, with a trivial effect size. Note that Hedges’ d effect size estimate was
used instead of Cohen’s d to account for uneven group samples (Lakens, 2013).

Medium Decile

The mean “average mathematics achievement score” for girls at medium decile
single-gender girls schools (M =509.44, SD=77.44), girls at medium decile co-
educational schools (M =494.96, SD=82.67), boys at medium decile single-gender
schools (M =523.69, SD =85.66), and boys at medium decile co-educational schools
(M=505.89, SD=90.00) were compared. Girls at medium decile single-gender girls
schools had a statistically significantly higher mean “average mathematics achieve-
ment score” than girls at medium decile co-educational schools, 14.48 (95% ClI,
0.155 to 28.81), p=0.046, with an effect size almost reaching the non-trivial thresh-
old (Hedges’ d=0.18, 95% CI [0.05,0.32]). Boys at medium decile single-gender
boys schools also had a statistically significantly higher mean “average mathemat-
ics achievement score” than boys at medium decile co-educational schools, 17.80
(95% CI, 4.15 to 31.45), p=0.003, with small effect size (Hedges’ d=0.20, 95% CI
[0.08,0.32]).
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High Decile

In the high decile band, the mean “average mathematics achievement score” for
girls at high decile single-gender girls schools (M=528.38, SD=74.61), girls at
high decile co-educational schools (M=523.02, SD=281.34), boys at high decile
single-gender boys schools (M =557.85, SD=88.72), and boys at high decile co-
educational schools (M=531.14, SD=89.90) were compared. Boys at high decile
single-gender boys schools had a statistically significantly higher mean ‘“average
mathematics achievement score” than all other groups. In particular, boys at high
decile single-gender schools scored higher than boys at co-educational schools,
26.71 (95% CI, 13.68 to 39.74), p<0.001 with small effect size (Hedges’ d=0.30,
95% CI [0.18,0.42]). However, while the girls at high decile single-gender schools
scored higher than girls at co-educational schools, the difference was insignificant
with a trivial effect size (Hedges’ d=0.07, 95% CI [-0.05,0.19]).

Overall Gender-Specific Effects for Mathematics

After splitting the data set with respect to gender, two-way ANOVAs were con-
ducted to examine the effects of school type and decile on average mathematics
achievement scores separately for girls and boys.

For girls, the results indicated a significant main effect of school type, with girls
at single-gender schools performing significantly better than girls at co-educational
schools, F(1, 2869)=53.18, p<0.001, partial n2 =0.02. As expected, there was also
a significant main effect of the decile category, F(2, 2869)=107.42, p <0.001, par-
tial n?=0.07. However, a significant interaction between decile category and school
type, F(2, 2869)=16.37, p<0.001, partial n>=0.01 was an unexpected finding.

Estimated Marginal Means of Average Mathematics Achievement Score Year 9

Gender school type
Girl - Single-Gender Girls
550 School g
= Girl - Co-Educational School
e By - Single-Gender Boys
School

525 == Boy - Co-Educational School

500

475

Estimated Marginal Means

450

425

Low Decile (1-3) Mid Decile (4-7) High Decile (8-10)

Decile

Fig. 1 Interaction between school type and school decile on mathematics achievement
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This reflects the variations of the effect sizes for pairwise comparison of single-
gender vs co-educational schooling (Table 2): girls at low-decile single-gender
schools are performing significantly better than their counterparts in co-ed schools
(Hedges’ d=0.90, 95% CI [0.67,1.14]) with a large effect size (Lakens, 2013).
Whereas the effect size at mid-decile was close to small (Hedges’ d=0.18, 95% CI
[0.05,0.32], and the high-decile effect (Hedges” d=0.07, 95% CI [-0.05,0.19]) was
trivial.

For boys, the results indicated significant main effect of school type, with boys
at single-gender schools performing significantly better than boys at co-ed schools,
F(1, 3036)=30.82, p<0.001, partial n?=0.01. There was also a significant large
effect for the decile category, F(2, 3036)=241.41, p<0.001, partial n>=0.14,
albeit not unexpected. However, in contrast with the gitls, no significant interaction
between decile category and school type was identified, F(2, 3036)=0.75, p=0.474.
This is reflected in the uniformity of the effect sizes across the decile categories,
with boys at single-gender schools performing significantly better than in co-ed
schools with similar small effect sizes across all categories (Low-decile: Hedges’
d=0.25, 95% CI [0.05,0.44]; Mid-decile: Hedges’ d=0.20, 95% CI [0.05,0.31];
High-decile: Hedges’ d=0.30, 95% CI [0.18,0.42]).

Science Year 9

A two-way ANOVA was conducted to examine the effects of gender school type and
decile on average science achievement scores. There was a statistically significant
interaction between gender school type and decile on average science achievement
score, F(6, 5906)=7.499, p<0.001, partial n*=0.01. There was a statistically sig-
nificant difference in mean “average science achievement score” for students at low
decile schools that are either girls at single-gender girls schools, girls at co-educa-
tional schools, boys at single-gender boys schools, or boys at co-educational schools,
F(3, 5906)=18.389, p<0.001, partial n2=0.01, as for students at medium decile
schools, F(3, 5906)=10.096, p <0.001, partial n2=0.01, and for students at high
decile schools, F(3, 5906)=10.132, p <0.001, partial nz =0.01 (Fig. 2 and Table 2).

The pairwise comparisons were run for each simple main effect with reported
95% confidence intervals.

Low Decile

The mean “average science achievement score” for girls at low decile single-
gender girls schools (M=501.94, SD=77.68), girls at low decile co-educa-
tional schools (M=433.20, SD=79.15), boys at low decile single-gender boys
schools (M =453.86, SD=87.31), and boys at low decile co-educational schools
(M=435.73, SD=286.63) were compared. Girls at low decile single-gender girls
schools had a statistically significantly higher mean “average science achievement
score” than any other group: higher than girls at low decile co-educational schools,
68.74 (95% CI, 43.04 to 94.45), p<0.001, Hedges’ d=0.87, 95% CI [0.63,1.11])
with a large effect size (Lakens, 2013), higher than boys at low decile boys schools,
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Estimated Marginal Means of Average Science Achievement Score Year9

575 Gender school type
Girl - Single-Gender Girls
School

= Girl - Co-Educational School

s By - Single-Gender Boys
School

= Boy - Co-Educational School

550

525

500

475

Estimated Marginal Means

450

Low Decile (1-3) Mid Decile (4-7) High Decile (8-10)

Decile

Fig.2 Interaction between school type and school decile on science achievement

48.09 (95% CI, 17.45 to 78.72), p<0.001, Hedges’ d=0.57, 95% CI [0.29,0.85])
with a medium effect size, and higher than boys at low decile co-educational schools,
66.22 (95% CI, 40.39 to 92.04), p<0.001, Cohen’s d=0.77, 95% CI [0.54,1.01])
with a medium effect size. The difference between boys in the two school types was
also significant, favouring single-gender schooling with a small effect size (Hedge’
d=0.21,95% CI [0.01,0.40]).

Medium Decile

The mean “average science achievement score” for girls at medium decile girls
schools (M=524.49, SD=75.51), girls at medium decile co-educational schools
(M=511.63, SD=79.68, boys at medium decile single-gender boys schools
(M=539.94, SD=85.74), and boys at medium decile co-educational schools
(M=522.53, SD=91.69) were compared. Boys at medium decile single-gender
boys schools had a statistically significantly higher mean “average science achieve-
ment score” than boys at medium decile co-educational schools, 17.41 (95% ClI,
3.84 to 30.98), p=0.004, Hedges’ d=0.19, 95% CI [0.07,0.32]. Girls at single-gen-
der schools scored higher than girls at co-educational schools, but the difference was
not significant, with Hedges’ d=0.16, 95% CI [0.04,0,30].

High Decile
In the high decile category, the means of “average science achievement score” for
girls at single-gender girls schools (M =547.80, SD="72.69), girls at co-educational

schools (M=544.47, SD=73.79), boys at single-gender boys schools (M =569.64,
SD=83.23), and boys at high decile co-educational schools (M=547.92,

@ Springer



New Zealand Journal of Educational Studies (2024) 59:269-287 281

SD=85.96) were compared. Boys at high decile single-gender boys schools had a
statistically significantly higher mean “average science achievement score” than all
other groups. In particular, their scores were higher than the scores of boys at high
decile co-educational schools 21.72 (95% CI, 8.77 to 34.67), p<0.001, Hedges’
d=0.26, 95% CI [0.14,0.37], with small effect size. Girls at high decile single-gen-
der schools scored higher than girls at co-educational schools, but the difference was
insignificant, with a trivial effect size (Hedges’ d=0.05, 95% CI [-0.07,0.16]).

Overall Gender-Specific Effects for Science

After splitting the data set with respect to gender, two-way ANOVAs were con-
ducted to examine the effects of school type and decile on average science achieve-
ment score separately for girls and boys.

For gitls, the results indicated a significant main effect of school type, with girls
at single-gender schools performing significantly better than girls at co-educational
schools, F(1, 2869)=56.14, p<0.001, partial n2=0.02. As expected, there was
significant main effect of decile category, F(2, 2869)=126.36, p <0.001, partial
n%>=0.08. However, a significant interaction between decile category and school
type, F(2, 2869)=20.898, p<0.001, partial n?=0.01 was an unexpected finding,
which was similar to the intriguing discrepancy identified in mathematics. This is
reflected in the variations of the effect sizes for pairwise comparison of single-gen-
der vs co-educational schooling (Table 2): girls at low decile single-gender schools
are performing significantly better than in co-ed schools (Hedges’ d=0.87, 95% CI
[0.63,1.11]) with a large effect size (Lakens, 2013). In contrast, the effect size at mid
decile is not so substantial (Hedges’ d=0.16, 95% CI [0.04,0.30] and trivial at high
decile (Cohen’s d=0.05, 95% CI [-0.07, 0.16]).

For boys, the results indicated a significant main effect of school type, with boys
at single-gender schools performing significantly better than boys at co-ed schools,
F(1, 3036)=24.72, p<0.001, partial n?=0.01. There was a significant large effect
of decile category, F(2, 3036)=253.11, p<0.001, partial n2=0.14, albeit not unex-
pected. However, in contrast with the girls, no significant interaction between decile
category and school type was identified, F(2, 3036)=0.17, p=0.84. This is reflected
in the uniformity of the effect sizes across the decile categories with boys at single-
gender schools performing significantly better than in co-ed schools with similar
small (or close to non-trivial) effect sizes (Low-decile: Hedges’ d=0.21, 95% CI
[0.01,0.40]; Mid-decile: Hedges’ d=0.19, 95% CI [0.07,0.32]; High-decile: Hedges’
d=0.26,95% CI[0.14,0.37]).

Discussion

Using the TIMSS 2019 data, the present study investigated the main effect of
schooling type (single-gender versus co-ed) and interaction effect of decile (low,
mid, and high) on the mathematics and science achievement of Year 9 New Zealand
students. The findings revealed that students at single-gender schools perform better
than their counterparts in co-educational settings for both mathematics and science,
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albeit with varied effect sizes depending on gender and decile. There is a significant
interaction between gender school type and decile for girls (but not for boys), reflect-
ing a more pronounced positive effect within low-decile girls-only schools. Math-
ematics and science achievement scores of girls at low decile single-gender girls’
schools are significantly higher (with large effect sizes) than the scores of all other
low decile groups (including boys at both co-ed and single-gender settings), which
is an intriguing discrepancy. Conversely, among boys, the performance disparities
were most prominent in high decile settings, where scores at boys schools signifi-
cantly outstripped those of their counterparts in other schools.

The consistent observation that boys perform better academically in single-gender
schools compared to co-educational settings is well-documented (Park et al., 2018;
Rowe, 1990). This effect is further amplified when young boys are taught by men, as
evidenced by a large-scale study conducted in South Korea (Park et al., 2018). How-
ever, it is important to note that the New Zealand context may present unique factors
influencing these outcomes. For example, considering whether single-gender boys
schools excel in providing quality education that is tailored to support boys’ needs
would be worthwhile.

Central to our study’s objectives lies a pivotal finding: girls enroled in single-gen-
der schools demonstrate superior academic performance in both mathematics and
science compared to their counterparts in co-educational settings, albeit with varied
effect sizes across the socio-economic categories. Particularly striking is the large
effect size observed within the low decile settings. Given the contradicting interna-
tional evidence (Park et al., 2018; Watson et al., 2015), this suggests that there must
be protective factors at single-gender New Zealand schools, positively influencing
these students. However, the potential skew of a small sample size in the low decile
category is worth pointing out — only two low decile schools were included in the
TIMSS 2019 data, with 83 girls participating in the study. It could well be that a
major factor influencing our results is not due to some generalisable protective fac-
tors but rather is caused by the practices of a small number of schools. This warrants
further investigation.

Based on the available body of literature, we next discuss the possibilities that
could account for our findings.

Manifestation of Stereotype Threat

The results of our study can be interpreted through the lens of the Expectancy Value
Theory, which premises that engagement in an activity can be predicted by the
expectancy a person has for succeeding at it, as well as the value they ascribe to
the activity (Eccles & Wigfield, 2002). Given the observed positive effect of girls-
only schooling on girls’ mathematics and science performance in a representative
sample of Year 9 New Zealand schools, it is plausible to suggest that the negative
influence of gender stereotypes ingrained in New Zealand’s culture is somewhat
mitigated within the environment afforded in girls-only schools. Perhaps the absence
of boys in maths/science classes diminish the manifestation of societal stratification
and removes the immediacy of stereotype threat.
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Research in New Zealand supports this. Case studies in co-educational primary
schools highlight boys domination in classroom interactions, with boys receiving
more attention from the teacher (Bradstreet, 2000). Moreover, boys are reported
to receive positive reinforcements and rewards for behaviours that are considered
normal for girls (Bradstreet, 2000). Other studies show boys tend to talk more and
receive more praise (Coxon & Jenkins, 1994), prompting arguments from some
researchers that girls may experience marginalisation within co-educational settings
(Bradstreet, 2000; Coxon & Jenkins, 1994).

Furthermore, a comprehensive global review has revealed that teachers’ gender
beliefs significantly influence classroom dynamics, often resulting in a bias towards
favouring boys over girls in various aspects of academic interaction and engagement
(Li, 1999). This underscores the pervasive impact of educators’ perceptions on shap-
ing the educational experiences of students along gender lines. This dynamic might
be at play within co-educational high school environments in New Zealand, poten-
tially providing an explanation for the superior performance of girls in single-gender
schools.

This is combined with a large body of literature that has consistently identified
gender differences favouring young boys in their self-perceived mathematical abil-
ity, talent, and self-efficacy (e.g., Watt et al., 2012), noting that these gender dispari-
ties persist even in the absence of any significant difference in actual performance
(Evans et al., 2021; Watt, 2016). However, these self-assured beliefs can potentially
manifest in behavioral distinctions, consequently exacerbating the daily ramifica-
tions of stereotype threat experienced by girls in co-educational environments.

Explicit Messages to Break Stereotypes and Empower Girls to Participate in STEM

Contemporary girls-only schools purposefully position themselves as a counter-
balance to environments marked by gender stereotypes. For example, girls-only St
Cuthbert’s College outlines all-girl advantage as having “Can-do attitude: where
aspirations are not limited by gender” and thriving for “Academic performance:
girls’ schools are leading the way in STEM subjects (Science, Technology, Engi-
neering, Maths)” (https://stcuthberts.school.nz/about-st-cuthberts/st-cuthberts-advan
tage/why-an-all-girls-school/, retrieved 28/09/2023). Regular activities include
speeches and presentations by successful women who are STEM leaders and mes-
sages of empowerment by the principal and teachers that refer to breaking gender
stereotypes and shattering glass ceilings.

It is known from research in Australian and Canadian secondary school samples
that an attainment/utility, or “importance” value, predicts mathematics-related career
plans for only young women (Watt, 2016; Watt et al., 2019). Eccles and her col-
leagues have previously shown that tasks considered socially meaningful and signif-
icant are particularly engaging for young women (Eccles, 2007; Eccles et al., 2004).
However, mathematics is frequently presented in an abstract and decontextualised
manner, which may not resonate strongly with adolescent girls’ interests and thereby
diminish the perceived value they attach to the subject (Watt, 2016). Adolescents
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often hold misconceptions about careers requiring advanced mathematical skills, so
their perceptions may be quite inaccurate. As such, an explicit strategic focus char-
acterising girls-only schools to provide information about the mathematics required
for different kinds of rewarding careers may enhance young women’s interest and
valuation of the subject, which, according to the Expectancy-Value Theory, can lead
to improved learning engagement.

Study Limitations, Future Research and Recommendations
for Practice

TIMSS data is cross-sectional, offering a snapshot of performance at a specific time,
limiting the ability to establish causal relationships or capture developmental trajec-
tories. Having access to only Year 9 data limited our ability to control for primary
school experiences in terms of school gender type. However, it may not have had
an extra explanatory power since only a very small proportion (1.01% of girls and
1.02% of boys) attend New Zealand single-gender primary schools.

In conclusion, the study’s compelling finding that girls at low decile and boys at
higher deciles attending single-gender schools demonstrate higher mathematics and
science achievement scores than their co-educational counterparts holds valuable
implications for educational practice and signals the need for further research. The
consideration arises regarding whether high decile boys’ schools excel in deliver-
ing quality education and tailored support for boys’ needs, and whether girls in low
decile schools merely benefit from an environment with fewer stereotypes. There-
fore, it is important to note that the recommendation for educators and policymak-
ers to consider the benefits of creating more gender-segregated educational environ-
ments is premature and unjustified. This is because we were unable to control for
the prior achievement of students entering at the start of Year 9, and thus, we cannot
account for the selection bias — it could be that academically strong learners pre-
fer to enrol into single-gender schools. However, it is worth noting that students in
many New Zealand regions have no choice due to zoning since public single-gender
schools are the only option. Nevertheless, even if the selection bias is the case, it is
plausible to suggest, given the evidence, that single-gender girls schools success-
fully provide supportive environments that enable girls’ achievement in mathemat-
ics and science. This success is particularly striking in low-decile settings, which
constitutes an unexpected finding deserving of deeper investigation into the unique
practices and environments of these schools.

Another limitation is that the data originate from the end of the first year of sec-
ondary education. Consequently, we lack information regarding how schooling type
and socio-economic status influence outcomes for girls and boys over the subsequent
four years of schooling. Therefore, the main implication of this study is the need for
further longitudinal research in identifying specific protective factors that constitute
beneficial gender-segregated learning environments. Further investigations need to
be caried out to examine (1) the role of teacher gender in single-gender schooling
environments, (2) specialised pedagogical approaches tailored to the learning prefer-
ences and strengths of girls and boys in these schools, (3) the existing mentorship
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and role modelling initiatives featuring successful women in STEM fields that
inspire and motivate girls to pursue careers in mathematics and science, (4) extra-
curricular activities, workshops, and programs focused on STEM subjects that foster
a supportive and stimulating learning environment, and (5) strategies in professional
development to enable gender-equitable instruction that challenges stereotypes.
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