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EĞİTİMİN	BİLEŞENLERİ:	ÖĞRETMEN	

Eğitim	süreçlerinde	öğrenciler	ile	doğrudan	etkileşime	geçen	birincil	aktör	öğretmenlerdir.	

Öğretmenlerin	eğitimdeki	rolleri	gereği	tüm	dünyada,	niteliklerinin	artırılmasına	yönelik	akademik	

çalışmalara	ve	politika	çalışmalarına	geniş	ve	detaylı	olarak	yer	verilmektedir.	Bu	çalışmalar	arasında	

nitelikli	öğretmenin	tanımlanmasından,	öğretmen	yeterliklerinin	ortaya	konulmasına,	öğretmen	

yetiştirme	modellerinde	yenilik	arayışlarından,	öğretmenlik	mesleğine	toplumsal	bakışın	

değiştirilmesine	kadar	birçok	farklı	yönden	yapılanmalara	gidilmektedir.	Türkiye’de	de	öğretmen	

yeterliklerinin	tanımlanması,	öğretmenlik	mesleğinin	toplumsal	algısının	iyileştirilmesi,	farklı	

öğretmen	yetiştirme	modellerinin	tartışılması	gibi	çeşitli	çalışmalar	yürütülmektedir.	Ancak	gelişmiş	

ülkelerin	artık	bu	tartışmaları	sonlandırıp	fiili	olarak	harekete	geçtikleri	ve	artık	tartışmalarının	

boyutlarının	değiştiği	görülmektedir.	Son	yıllarda	gelişmiş	ülkelerde	öğretmenlerin	niteliklerine	

yönelik	tartışmalar	yerini	öğretmen	yetiştiren	kişilerin	yani	öğretmen	eğitimcilerin	yeterliklerinin	

tartışıldığı	vbu	çerçevede	öğretmen	yetiştiren	kişilere	yönelik	yeni	modellerin	ortaya	konulmasının	

hedeflendiği	görülmektedir.	Bu	kapsamda	Türkiye’nin	öğretmen	niteliğini	artırmaya	yönelik	

farkındalık	geliştirdiğinden	bahsedilebilirken,	gelişmiş	ülkelerdeki	politikalardan	hala	geride	olduğu	

söylenebilir.	
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EXECUTIVE SUMMARY 

1. This work provides an analysis of gender gaps in student achievement in Turkey, using data collected 
for the fourth and eighth graders by Trends in International Mathematics and Science Study (TIMSS) in 
2015. It estimates education production functions in mathematics and science for boys and girls, and 
sheds light on the current state of academic performance in Turkey. A wide battery of student, family, 
teacher, class and school characteristics are considered. The obtained gender gaps are decomposed into 
two components: due to the difference in endowments between boys and girls, and due to the difference 
in the returns on endowments. As such, the study provides up-to-date evidence on education production 
functions in Turkey, as well as a rare insight into the differentials in academic performance between 
boys and girls in primary and lower-secondary schools.  

2. The study shows that, taking into account a large number of student, family, teacher, class and school 
characteristics, it emerges that girls and boys in Turkey perform alike in mathematics and science in the 
fourth grade. There is no gender gap in mathematics in the eighth grade, but girls outperform boys by 
18 points in science in the eighth grade.  

3. There is little evidence of girls being positively selected in the fourth grade, but the decomposition of 
gender gaps suggest that girls in the fourth grade are more likely than boys to do homework every day, 
have a higher sense of belonging at school and more self-confidence in science. Overall, in the fourth 
grade, girls outdo boys on account of endowments only in science.  By the eighth grade, the effect of 
positive selection of girls into school enrolment is expected and is potentially manifested in the results. 
The endowments that put girls ahead of boys are speaking Turkish at home more often, having more 
books at home, lower absenteeism, as well as more self-confidence in science. Overall, in the eighth 
grade, girls outdo boys on account of endowments by 4 points in mathematics and 12 points in science. 

4. In the fourth grade, in mathematics and science, boys obtain higher returns on endowments overall. 
In science they capitalise strongly on positive discipline and safety in their schools. In the eighth grade, 
differences in the returns on endowments are negligible in mathematics. In science, on the other hand, 
boys capitalise strongly on liking to learn science, but overall the total returns favour girls, by 6 points. 

5. The main message from the education production functions is that Turkish school system remains 
segregated into high- and low-performing schools along the socioeconomic lines, even in the fourth 
grade. This is manifested in the effect of family wealth on scores weakening or disappearing once school 
climate and average socioeconomic status are controlled for, and it means that higher performing 
students come from wealthier families and are grouped at schools together. Moreover, longer serving 
teachers and teachers with postgraduate degrees tend to be employed by better schools. The correlation 
between school’s emphasis on academic success and scores also weakens or disappears once school 
climate and average socioeconomic status are controlled for. As such, segregation is most detrimental 
to the academic performance of boys and girls coming from lower socioeconomic backgrounds.  

6. Family background is an important determinant of academic performance throughout. The extent of 
speaking Turkish at home affects all students’ scores in both subjects, especially in the eighth grade. 
Parental education and employment status emerge as important, for all students in both subjects, but 
father’s education is somewhat a stronger determinant of scores. In the fourth grade, where parental 
employment status is known, it emerges that parental role models are important, especially if students 
lack self-confidence in the subject, or when role models are not available through teachers or peers. 
Family’s intellectual capital as proxied by the number of books at home systematically matters for scores 
in the fourth and eighth grade, especially for girls. Family’s material wealth as proxied by the number 
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of digital devices is less persistent, but the inequality of opportunity that it represents is stronger for 
girls, especially in the eighth grade, and for all students in mathematics. 

7. For the fourth grade, this work finds that growing-up environment is instrumental for academic 
achievement. Although parental attitude to mathematics and science does not emerge as significant, 
attending early childhood education improves mathematics and science scores of boys and girls. The 
effect of early childhood education is also more persistent for girls, meaning that overcoming 
intergenerational inequality is harder for girls. Early literacy and numeracy activities prior to entering 
school stand out as important for mathematics and science scores in the fourth grade, for both sexes.  

8. Devotion to school and homework affect student performance. The performance of all students in 
both subjects and both grades is systematically harmed by absenteeism. Boys are more affected by 
absenteeism. The sense of belonging at school benefits all students in both subjects in the fourth grade, 
but girls develop more sense of belonging than boys. Doing homework less often than every day is 
detrimental to mathematics and science scores in the fourth grade, especially for boys. In the eighth 
grade, it is also boys who are more affected by not spending sufficient amount of time on homework.  

9. The most crucial “facilitator” of learning for all students, in all subjects and grades, is self-confidence. 
Girls emerge as more confident in science than boys, both in the fourth and eighth grade. In mathematics, 
although it does not contribute statistically to the gender gap, boys are more self-confident than girls. In 
the fourth grade, liking mathematics translates into higher mathematics scores for boys only. In the 
eighth grade, liking science translates into higher science scores for boys only. This is disconcerting 
because girls report higher enjoyment of learning in both subjects and both grades. Instrumental 
motivation, as measured for the eighth graders in TIMSS by the extent to which students value the 
subject, does not emerge as significant. 

10. As TIMSS collects extensive information on class format, teachers and class instruction, this work 
finds that instruction hours per week affect mathematics scores in the fourth grade. On the other hand, 
both boys and girls in both grades, but especially girls, benefit in mathematics and science from teachers 
with longer tenure. Also, teachers holding postgraduate degrees improve students’ scores in 
mathematics and science in the eighth grade. As for the method of instruction, instruction format does 
not emerge as significant in the fourth grade. In the eight grade, there is some evidence that teacher-
directed instruction improves student performance, while enquiry-based instruction and emphasis on 
science investigation are detrimental.  

11. While there is little evidence that school material resources impact academic performance, school’s 
climate persistently emerges as important for academic achievement, both for boys and girls, in both 
subjects and both grades.  Discipline and safety is particularly important for boys and their science scores 
in the fourth grade. Classes not hindered by student needs are important for boys’ and girls’ performance 
in mathematics and science in the eighth grade. School-average socioeconomic status is systematically 
associated with much higher scores in both subjects for both sexes. All of the above suggest the 
importance of learning environments or peers in fostering good learning outcomes. 

12. The study concludes with a list of policy recommendations. It particular, it points to the urgency to 
(i) address the segregation of the Turkish school system along the socioeconomic lines; (ii) provide 
additional language support to students whose mother tongue is not Turkish; (iii) supply role models 
through teachers and peers if parental role models are not available; (iv) sensitise parents about the 
importance of early childhood education and early literacy and numeracy activities; (v) address through 
policy relatively low levels of enrolment in early childhood education in Turkey; (vi) sensitise parents 
about the importance of school attendance and homework; (vii) sensitise teachers about the importance 
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of homework format to fight discouragement; (viii) create school environments that foster the 
attachment of children to their schools and develop strategies to make students more comfortable in the 
school setting; (ix) focus on building students’ self confidence in mathematics and science by involving 
parents, teachers, school principals and peers; (x) investigate why boys gain more than girls from liking 
mathematics and science; (xi) promote teacher career incentives and investment in education; (xii) 
encourage teacher-directed instruction; (xiii) invest in school discipline and safety, and support schools 
that suffer from persistent student needs that harm class instruction. 
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1. Introduction 
This paper revisits gender gaps in mathematics and science performance in Turkey based on the data 
collected by Trends in International and Mathematics and Science Study (TIMSS) in 2015. Gender gaps 
in mathematics and science student achievement have attracted a lot of international attention. Around 
the world, girls usually outperform boys in reading, but lag behind in mathematics and perform 
approximately at par in science (OECD (2016a), Mullis et al. (2017a, 2017b)). In 2005, Larry Summers’ 
comments on the under-representation of female scientists at elite universities stemming in part from 
“innate" differences between men and women caused a controversy, which prompted research into the 
relative importance of cultural versus biological determinants of academic performance. Subsequently, 
Guiso et al. (2008), based on the Programme for International Student Assessment (PISA) and 
controlling for countries’ similarities in evolutionary history, found that the gender gap in mathematics, 
although historically in favor of boys, disappears in more gender-equal societies. Yet, Fryer and Levitt 
(2010) showed that this result is sensitive to the inclusion of Muslim countries where, in spite of 
relatively low gender equality indicators, gender gaps in mathematics and science do not exist, or indeed 
where girls outperform boys in mathematics and science. 

Turkey scores low in terms of gender equality according to the 2016 Global Gender Gap Index of the 
World Economic Forum,1 ranking 130th out of 144 countries, just ahead of Iran and Saudi Arabia. 
Turkey’s performance is disappointing on account of women’s low economic participation and 
opportunity, political empowerment, as well as educational attainment. Gender school enrolment ratios 
in Turkey still remain below one at the secondary-school level, and – unlike in many parts of the world 
where women outnumber men at universities – women in Turkey are still under-represented in tertiary 
education (WEF (2016))2. While Turkey is a member of the OECD, a club of rich countries, its record 
on account of gender equality in opportunities and outcomes is closer to the MENA region (İlkkaracan 
(2012)). The inequality carries from education into the labour market, where Turkish women participate 
at the lowest rate in the OECD (OECD (2017)) and are relegated to less prestigious industries and 
occupations (İlkkaracan and Selim (2007)). Educational attainment is further related in Turkey to the 
level of women’s wages (Aydemir and Kırdar (forthcoming)), the rate of underage marriage and early 
childbirth (Kırdar, Dayıoğlu and Koç (2011)), contraceptive use and the uptake of pre-natal care (Dinçer, 
Kaushal and Grossman (2014)), or bargaining power in the family (Gulesci and Meyersson (2014)). 

TIMSS provide a rich dataset that is well suited to study student performance and gender gaps in 
mathematics and science in the fourth and eighth grade, and to revisit gender gaps in mathematics and 
science in Turkey, a country characterised by relatively low gender equality. Conditional on being 
enrolled at school, Turkish girls indeed perform at par with or outperform their male counterparts.3 
TIMSS mathematics and science scores for Turkey and four comparison countries – Chile, Iran, Saudi 
Arabia and Sweden - are provided in Figure 1a and 1b, as well as Table 1a and 1b. There is quite a lot 
of heterogeneity across the countries both in the level of scores and the gender gaps. In Sweden, scores 

																																																													
1 http://reports.weforum.org/global-gender-gap-report-2016/ 
2 There are discrepancies in gender enrolment ratios as reported by the Turkish Ministry of National Education  
(MONE) and survey data (Dinçer (2015), UNICEF (2016)), with MONE statistics suggesting ratios close to one 
in primary and secondary education. This will be discussed in further detail in section 3.1. 
In tertiary education, the enrolment ratio for the young cohorts of women and men has significantly improved over 
the past 20 years, yet it still remains about 85% (TURKSTAT Education Statistics on www.turkstat.gov.tr) 
3 It must be noted that the reported academic performance of enrolled students is usually higher than the 
hypothetical academic performance of the school-age population due to the positive selection of enrolled 
students based on observable or unobservable characteristics. This is especially a risk in countries like Turkey 
where dropout rates remain high, and affect girls more than boys, leading to gender gaps in academic 
performance being understated. This problem will be discussed in more detail in the following sections.	
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are high and gender gaps are small. In the other countries, scores are relatively lower but gender gaps 
vary. In Chile boys systematically outperform girls; in Saudi Arabia girls outperform boys; and in Iran 
the gender gaps are rare. In Turkey, fourth-grade girls score at par with boys in mathematics and science, 
but a significant gender gap arises in the eighth grade in science.4 

By comparison, across TIMSS participating countries in 2015, in the fourth grade boys had higher 
mathematics scores in more countries than girls, but in the eighth grade there was little difference in 
mathematics achievement by gender (Mullis et al. (2017a)). In the case of science, also across TIMSS 
participating countries in 2015, there was no difference between boys and girls in more than half of the 
countries in the fourth grade. In the eighth grade, while boys and girls performed alike in more than half 
of the countries, in the remaining ones girls tended to outperform boys in science (Mullis et al. (2017b)). 
Thus, in TIMSS 2015, girls in the eighth grade performed better vis-à-vis boys, comparing to their 
fourth-grade counterparts. Moreover, raw gender gaps in TIMSS tend to be less skewed in favour of 
boys than in other assessments such as PISA. In PISA, girls lag behind boys more consistently in 
mathematics and perform approximately at par in science (OECD (2016a)). Yet there are important 
differences between TIMSS and PISA assessments. TIMSS is curriculum-based, while PISA is a skill-
based test. Importantly, PISA suveys fifteen-year-olds who are already in high schools, while TIMSS 
sample comprises fourth- and eight-graders. The subjects of TIMSS are hence not only younger, but 
also less likely to be affected by selection bias on account of transition to high school of only better-
performing students.  

Indeed, at closer scrutiny, a number of studies show that – after controlling for student, family and school 
characteristics – girls in Turkey do lag behind boys in mathematics, and even in science, which is 
consistent with the positive selection of female students into school enrolment in Turkey. Most of these 
studies establish the evidence of the gender gap in student achievement by the way of a gender dummy 
in a regression. These are, fore example, in mathematics – Demir and Kılıç (2010), Dinçer and Oral 
(2013), or Özdemir (2016); in science – Dinçer and Uysal (2010), Ferreira and Gignoux (2010), or 
Dinçer and Oral (2013). There is only two studies for Turkey (Gevrek and Seiberlich (2014) and Batyra 
(2017)) that decompose the gender gap in mathematics and science to shed light on what drives academic 
achievement differentials between boys and girls. Both studies are based on PISA data for fifteen-year 
olds. Both find that, while girls outperform boys on account of higher endowments – especially 
favourable family background and the attendance of better schools - it is boys who obtain higher returns 
on their characteristics. Gevrek and Seiberlich (2014) find no gender gap in mathematics and a gender 
gap in favour of girls in science, based on PISA 2006. In PISA 2015, Batyra (2017) finds that girls lag 
behind boys in mathematics by at least 7 points, and perform at par in science. There are no studies of 
gender gaps for the fourth- and eight-graders based on TIMSS data for Turkey.  

Figure 1a. Mathematics scores 

 

																																																													
4 This may be due to the cohort or age effect, but the decomposition of the effects is beyond the scope of this 
study. In Turkey, only one cohort can be followed over time because TIMSS results are comparable for Turkey 
only in 2011 and 2015. Fourth-grade gender gaps in mathematics and science in 2011 were -1 and -4, 
respectively. Eight-grade gender gaps in mathematics and science in 2015 were -6 and -19. Hence, based on raw 
data, for this cohort of students, the gender gaps in mathematics and science have increasingly favoured girls as 
they progress through school. 
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Note. Source: IEA. 
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Figure 1b. Science scores 
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Note. Source: IEA. 

To fill this lacuna, this work revisits academic achievement gender gaps in mathematics and science in 
Turkey, using the most recent wave of data collected by TIMSS in 2015. It starts by estimating education 
production functions in mathematics and science for boys and girls separately, and follows by 
decomposing the predicted gender gaps into components due to student, family, teacher, class and school 
characteristics, and due to the returns on the characteristics.  A large battery of student, family, teacher, 
class and school aspects are taken into account. In particular, to provide a comparison with the study of 
gender gaps in PISA 2015 (Batyra (2015)), this study is interested in understanding how test scores and 
gender gaps in test scores relate to two groups of variables: (i) the features of child upbringing related 
to home environment, in particular early literacy and numeracy activities, as well as parental attitudes 
to mathematics and science; and (ii) the “facilitators” of learning - the sense of belonging at school, 
student’s liking to learn mathematics and science, student’s self-confidence in mathematics and science, 
and finally – for the eighth graders – the extent to which student values mathematics and science, and 
hence if he or she is instrumentally motivated to learn. These variables are important because normally 
they remain unknown to researcher and are therefore the source of unobserved heterogeneity that leads 
to the estimates of other coefficients in the regression being biased. More crucially, they are of interest 
because they are gendered in nature, and thus their contribution to the gender gap in test scores should 
be investigated formally. Except for student motivation in science in Gevrek and Seiberlich (2014), who 
find a very weak relationship between science motivation and scores for boys in PISA 2006, only Batyra 
(2017) investigates their relation to gender gaps in academic performance of high-school students in 
Turkey based on PISA 2015. 

This work sheds light on two aspects of student achievement in primary and lower-secondary schools. 
First, by estimating education production functions for science and mathematics, it provides general 
conclusion on the current state of the academic performance of the fourth- and eighth-graders and its 
determinants in Turkey. In particular, in line with earlier studies for Turkey, it draws attention to the 
segmented nature of the Turkish school system, where students are streamed into schools along the 
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socioeconomic lines. It also points to the importance of school’s climate and peers, as represented by 
discipline and safety, the extent to which student needs hinder class instruction, and the school-average 
socioeconomic background. It thus speaks to the centrality of school environment, peers and community 
to academic performance. Moreover, this study points to the importance of parental role models, early 
literacy and numeracy activities with children, as well as early childhood education. It also suggests the 
detrimental effect of absenteeism and insufficient attention to homework, as well as the instrumental 
role played by non-cognitive attributes, especially by the sense of school belonging and student’s self-
confidence in mathematics and science. 

With respect to gender gaps in academic performance in Turkey, this research shows that gender gaps 
in mathematics are negligible in both grades, there are no gender gaps in science in the fourth grade, but 
girls outperform boys by 18 points in science in the eighth grade. In line with Gevrek and Seiberlich 
(2014) and Batyra (2017), it emerges that girls’ endowments tend to be somewhat higher than boys’ in 
Turkey – especially in the eighth grade, which is likely to be the result of the positive selection of girls 
into school enrolment. On the other hand, boys tend to be better in translating their endowments into 
returns and scores, especially in the fourth grade. This may be related to the fact that in societies where 
gender-based discrimination is high, and where boys face fewer obstacles to educational and 
professional development, girls find it harder to capitalise on their investments, even as early as in the 
fourth grade. Specifically, girls in the fourth grade are more likely than boys to do homework every day, 
have a higher sense of belonging at school and more self-confidence in science. In the eighth grade, the 
endowments that put girls ahead of boys are speaking Turkish at home more often, having more books 
at home, lower absenteeism, as well as more self-confidence in science. In the fourth grade, boys obtain 
higher returns on endowments overall, both in mathematics and science, and in science they capitalise 
particularly strongly on positive discipline and safety in their schools. In the eighth grade, boys capitalise 
strongly on liking to learn science.  

This work ends by suggesting a range of policy implications related to parents, teachers, school 
principals and the school system overall, in view of not only closing the remaining gender gaps in student 
achievement, but – foremost - allowing both boys and girls in Turkey to perform to the full of their 
potential.  

2. School system in Turkey 

Compulsory education in Turkey 5 was extended from five to eight years in 1997, and further to twelve 
years in 2012. Pre-primary education exists in Turkey but is not compulsory. Children normally start 
attending school at the age of six,6 and go through three four-year education segments at primary, middle 
(lower secondary) and high (upper secondary) school, consecutively. Fourth and eighth grade students 
who were the subjects of TIMSS in 2015 were consequently in their final years of elementary and middle 
school, respectively. Following the reform, the streaming of students by ability starts early in Turkey, 
in the middle school, after the fourth grade.7 Students who proceed from middle to high school, join 
general, vocational or religious schools. General and vocational schools may be selective or not, 
conditional on students’ past achievement. Students are placed in selective high schools based on their 
																																																													
5 Details can be accessed via Turkey’s profile on EURYDICE webpage: 
https://webgate.ec.europa.eu/fpfis/mwikis/eurydice/ 
6 Following 2012 reform, children may enrol at primary school as soon as they reach 55 months of age, and even 
50 months upon the presentation of a medical certificate. The cohort of students in the eighth grade in 2015 started 
schooling in the old system, most likely at the age of 6. The cohort of students in the fourth grade in 2015 started 
school in 2011, also in the old system. 
7	For example, since 2012 students may join religious imam hatip middle schools already at the age of 12.	
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scores at a high-stakes, highly competitive and central exam at the eighth grade. Examples of highly 
competitive high schools are Anatolian high schools (general or vocational), other select general high 
schools with instruction in a foreign language and science high schools. Four years later, the transition 
to general tertiary education takes place based on student performance at another high-stakes, highly 
competitive and central exam. Transition to post-secondary vocational schools is less competitive. What 
thus emerges is a segmented education system that very early starts streaming students based on ability 
and performance. Moreover, the system encourages additional personal investments in education, which 
are more easily achieved in well-resourced households. A by-product of the system is highly developed 
private tutoring industry that helps prepare students for the central exams already at an early age (e.g. 
Tansel and Bircan (2006)). 

3. Gender gaps in enrolment and academic performance in Turkey 
This section discusses the stock of knowledge on gender gaps in schooling in Turkey. It starts by 
elaborating on school dropout, and potentially the gendered nature of it. Understanding dropout is crucial 
to the interpretation of the results in this study because – if dropout is gendered – it leads to a sample 
selection bias in the TIMSS sample, especially for the eighth graders. Next, the section reviews existing 
evidence on gender gaps in academic performance in mathematics and science in Turkey. 

3.1. School dropout in Turkey 
Although education in Turkey is de jure compulsory until the age of 18, this is not de facto enforced 
and student dropout is substantial, both at the time of their transition to high school, after the eighth 
grade, and even earlier. Dropout up to the age of fourteen is of interest to this study. The official statistics 
of the Turkish Ministry of National Education (MONE) report the enrolment rates of 96% and 94% at 
the primary and lower-secondary school levels, respectively, and gender ratios close to one throughout 
all school levels (MONE (2016)). On the other hand, calculations based on the Turkish Demographic 
and Health Survey (TDHS) 2013 (Table A1 in the appendix) indicate that - by the age of fourteen - 
enrolment rates of boys and girls are 95% and 87%, respectively: an 8 per-cent gender enrolment gap 
across Turkey, while there is relatively less discrepancy at the age of ten, approximately when children 
are in the fourth grade. Tables A1a and A1b show that disparities vary by region and the socioeconomic 
status of the household. At the age of fourteen, only about 68-84% of girls are enrolled in Northeast, 
Central and Southeast Anatolia, while 90-94% boys in the same regions are. There is no enrolment 
gender gap at fourteen in the high-wealth households, but it reaches 14% in the low-wealth families. 

A couple of studies discuss the disparities in enrolment data coming from the national statistics on one 
hand, and survey data on the other. Dinçer (2015) argues that, because of student absenteeism, 
enrollment rates do not necessarily reflect actual access to education. Official enrollment data comes 
from an education management information system - e-School - which is linked to the administrative 
population database. It automatically assigns each child of compulsory-school age to his or her primary 
school in the local catchment area. Therefore a child may remain registered in the system even if he or 
she never attends school. UNICEF (2016), comparing MONE’s enrolment statistics with the TDHS 
2013, suggests that discrepancies especially at the secondary-school level could also be related to 
different school-starting ages, dropout in earlier grades and the timing of the survey. UNICEF confirms 
that TDHS-reported secondary-school enrolment is higher for boys than girls, with heterogeneity 
depending on the socioeconomic status, region and locality. UNICEF reports severe dropout after grades 
4 and 8, particularly in the lowest socioeconomic group, Turkey’s East and rural areas. 
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A number of studies explore gender enrolment gaps in primary and middle school in Turkey analytically. 
For early 1990s, Tansel (2002) shows that enrolment is strongly related to household income and 
parental schooling, and the effects of these are larger for girls. Girls start to drop out of school already 
around the third grade, and regional differences exist, with girls faring worst in Turkey’s Southeast. 
Smits and Gündüz-Hoşgör (2006), for Turkey in late 1990s, find higher non-enrolment of girls, 
especially in rural areas and Turkey’s Southeast, as well as document the importance of mother’s 
schooling for girls school attendance. Boys, on the other hand, are more likely to drop out in 
economically challenged families, potentially indicating the demand for child labour. Kırdar (2009) 
studies ethnicity and gender enrolment gaps at ages eight-to-fifteen. He finds that, in late 1990s, gender 
gaps in enrolment were especially prominent for Kurdish and Arabic children, amounting to about 20% 
difference. Kırdar finds that, while regional and family-level controls can account for the disparities in 
ethnic enrolment rates for boys, the same is not possible for girls, suggesting a taste for discrimination 
against girls’ in Kurdish and Arabic families.  Dayıoǧlu, Kırdar, and Tansel (2009), also for Turkey in 
late 1990s, show that girls’ enrolment is adversely affected by the sex composition of older siblings 
when it is skewed towards boys, especially in poorer households. Akkoyunlu-Wiggley and Wigley 
(2008), based on a more recent TDHS 2003, report a 6% gender gap in enrolment (in favour of boys) at 
middle-school level in Turkey, and a substantial regional variation – with gender gap as large as 17% in 
Northeast Anatolia. A study by Ferreira and Gignoux (2010), also based on TDHS 2003 data, documents 
that girls from Turkey’s East, daughters of less educated mothers, girls in larger and poorer families 
drop out of school early, or never attend to start with, especially in Turkey’s East. When considering 
enrolment profiles by age, girls start to drop out around the age of twelve, while boys two years later, 
around the age of fourteen, suggesting a positive selection of girls into school enrolment by the eighth 
grade, the time of TIMSS surve. Last but not least, Hisarcıklılar, McKay and Wright (2010) look at the 
change in the school enrolment of boys and girls in Turkey between 1988 and 2006. They find that, 
while enrolment rates increased over time, the gender gap persists. For 2006 they record the gender ratio 
of 0.94 at the primary and middle school level. 

There is clearly a need for a more recent study of dropout and gender in Turkey. TDHS 2013 data in 
Tables A1 and A2 in the appendix suggests that dropout remains gendered. For the present study this 
means a potential sample selection in favour of better performing girls in TIMSS sample, and possibly 
achievement gaps being biased in favour of girls, especially for the eighth graders. 

3.2. Gender gaps in academic performance in Turkey 
Most studies for Turkey that inform on gender gaps in test scores do so by comparing the means, or by 
using a gender dummy in a regression. The only two studies that decompose gender gaps in scores are 
Gevrek and Seiberlich (2014) based on PISA 2006 and Batyra (2017) for PISA 2015. As such, they 
study fifteen-year-olds. Gender gaps for younger students have not been studied formally in Turkey. 
The general picture that emerges from literature is that, in Turkey, the results for mathematics and 
science are quite controversial and depend on the dataset and survey wave. Below, I present a literature 
review on gender gaps in test scores in Turkey by subject. 

Mathematics 

Gender gaps in mathematics have attracted a lot of global attention (Guiso et al. (2008), Fryer and Levitt 
(2009)). In Turkey, the results are controversial and there is much disagreement if mathematics gender 
gaps actually exist, and the reasons behind them if they do. Erbaş (2005) studies algebra performance 
of 217 nine-graders from two public academic, one private, and one vocational high school in a middle-
class district of a large Turkish city. Coefficient on his gender dummy is not statistically significant; 
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however he employs a limited set of controls. Bulut, Gür and Sriraman (2010) provide a literature 
overview on gender and mathematics scores in Turkey – based on surveys such as the Trends in 
International Mathematics and Science Study (TIMSS), as well as national exams, but excluding PISA. 
They conclude that generally there is little evidence of significant gender gaps in mathematics, but the 
results nevertheless vary between the surveys and the years of testing.  

The majority of studies that explore math scores in Turkey are based on PISA data. In PISA 2003, using 
Hierarchical Linear Modelling, Demir and Kılıç (2010) find that boys have a significantly higher 
probability than girls to score above the Turkish average. In PISA 2006, also employing Hierarchical 
Linear Modelling, Alacacı and Erbaş (2010) report again a significant gender gap in mathematics in 
favour of boys. Ferreira and Gignoux (2010) – again in PISA 2006 – obtain a 14-point gender gap in 
mathematics in favour of boys. The study of Gevrek and Seiberlich (2014) – based on PISA 2006 and 
employing a semi-parametric decomposition of gender gap – finds, to the contrary, that girls do as well 
as boys in mathematics. They discover that gender differences in observable characteristics (e.g. family 
background or school type) predict an advantage for girls in mathematics, but boys are better in 
translating endowments into returns in scores. Authors admit that sample selection remains a problem, 
and scores in favour of girls might be overstated.  

Using the following PISA wave conducted in 2009, Dinçer and Oral (2013) estimate boys’ odds of 
success in mathematics to be more than five times higher than girls’. The study controls for a wide range 
of family and school characteristics, including school resources.  Also in PISA 2009, Kılıç, Çene and 
Demir (2012) explore learning strategies in mathematics with Hierarchical Linear Modelling. They find 
that male students are more successful than female students in acquiring math skills (22-point gap in 
their favour). Studies using PISA 2012 data show, generally, that mathematics gender gap is significant 
in favour of boys. Bellibaş (2015) obtains a 22-point gender gap in mathematics in favour of male 
students. Özdemir (2016) shows that girls in Turkey score 23-27 points below boys in mathematics. He 
investigates if a possible reason for the gender gap in mathematics is that boys in Turkey are allocated 
to higher-status schools. This does not seem to be the case – in fact, girls are more likely to enrol at 
selective schools in Turkey. However, the returns to attending selective schools are lower for girls by 
about 7-8 points vis-à-vis boys. Güzeller, Eser and Aksu (2016), unlike other studies on PISA 2012, find 
that girls have a higher probability of scoring above the average in mathematics. Unfortunately their 
model uses very few controls. In particular, student’s family background and school characteristics are 
not controlled for. 

The most recent study of gender gaps in Turkey based on PISA 2015 is Batyra (2017). This work finds 
that, taking into account a large number o student, family and school characteristics, girls lag behind 
boys in mathematics by at least 7 points. As Gevrek and Seiberlich (2014), it shows that gender 
differences in observable characteristics predict an advantage for girls in mathematics, but boys are 
better in translating endowments into returns in scores. The risk that the results may be affected by 
sample selection is acknowledged. 

A number of studies explore gender and mathematics scores in TIMSS data. It must be remembered that 
TIMSS, unlike PISA, is a curriculum-based exam and hence measures different knowledge and skills. 
For TIMSS 2007, Badr, Morrisey and Appleton (2012) estimate an education production function in 
mathematics on eight-graders in the MENA region. Overall, they find very low returns to schooling in 
MENA, and that student and family characteristics are a more important determinant of scores than 
school characteristics. For Turkey, they find an 8-point gender gap in favour of boys. For eight-graders 
in TIMSS 2011, Oral and McGivney (2013) find that on average girls obtain higher scores than boys, 
especially if their mothers are highly educated. Mullis et al. (2013) - also in TIMSS 2011 in Turkey – 
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find that four- and eight-grade girls perform slightly better than boys in mathematics. Also Sulku and 
Abdıoğlu (2013) – in TIMSS 2011 for eight-grade students – show that girls in Turkey perform 6-7 
points above boys, however this effect disappears after student’s attitudes to mathematics and family 
background are controlled for.  

On the whole, the evidence on gender gaps in mathematics is mixed and the results depend on the data 
source, survey wave and methodology used. 

Science  

In science, girls perform similar to boys around the world (OECD (2016a)) and evidence on Turkey 
points to the same conclusion. According to Gevrek and Seiberlich (2014) and their gender gap 
decomposition in PISA 2006, girls even outperform boys in science in Turkey. It is the gender 
differences in observable characteristics (e.g. family background or school type) that predict an 
advantage for girls, but – as in mathematics - boys are better in translating endowments into returns in 
scores. Dinçer and Uysal (2010) – also for PISA 2006 – find no gender gap in science scores after family 
background, school types and school’s average economic, social and cultural status are controlled for.  
In Ferreira and Gignoux (2010), still for PISA 2006, gender gap in science is only 2 points and not 
statistically significant. In PISA 2009, however, Dinçer and Oral (2013) find that the odds of success is 
science are twice as high for boys, even after school characteristics, resources and climate are controlled 
for. In PISA 2012, Bellibaş (2015) finds no significant gender gap in science scores. In TIMSS 2011, 
according to Oral and McGivney (2013), science scores are similar for boys and girls, and girls with 
educated mothers score above their male counterparts.  

Based on PISA 2015, Batyra (2017) finds that, taking into account a large number o student, family and 
school characteristics, girls and boys perform alike in science. As in the case of mathematics, it finds 
that gender differences in observable characteristics predict an advantage for girls in science but boys 
are better in translating endowments into returns in scores. The likely presence of sample selection in 
favour of girls suggests that, had girls not been positively selected, the gender gap in science might have 
favoured boys. 

GPA and composite scores 

A few studies study gender and academic achievement using school GPA scores, university entrance 
exam scores or own data. Dayıoǧlu and Türüt-Aşik (2007) look at university entrance scores, English 
preparatory school scores, and the university GPA at the Middle-Eastern Technical University (METU). 
They find that females enter METU with lower scores, and are under-represented in most departments.8 
However – once they are admitted – they excel and outperform their male counterparts (possibly due to 
better class attendance, study skills and motivation). Saygın (2010) explores 2008 data from the Student 
Selection Examination in Turkey (OSS) based on which students are allocated to universities. She looks 
at Turkey as a whole, unlike the above METU study, and finds that - according to their GPA scores - 
female students outperform males in high schools. They also receive higher test scores at the OSS. 
However, it is male students who predominate at highly selective and prestigious universities and 
programs, which leads to their high returns in the labour market. Saygin suggests a positive selection of 
females enrolled in high schools, better financial support they receive from families, including more 
private tutoring. Engin-Demir (2009) studies the scores of six-to-eight-graders in city squatter 
settlements. The composite score used is the weighted score in reading, mathematics and science. She 

																																																													
8	Entry to university in Turkey is based on central examination scores and student’s stated preferences.	
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reports a negative and significant coefficient on male dummy, suggesting that girls in disadvantaged 
neighbourhoods are more resilient than boys.  

To summarise, school GPA and university entrance exam scores indicate that girls enrolled at school 
may be positively selected. Yet, in difficult circumstances, they are more likely to be resilient students, 
and are capable of outperforming boys even in technical subjects at the university.  

4. Data 

Trends in International Mathematics and Science Study (TIMSS) are a set of tests and surveys of fourth 
and eighth graders, conducted every four years by the International Association for the Evaluation of 
Educational Achievement (IEA) in collaboration with participating countries. The tests measure student 
achievement in mathematics and science, and are curriculum-based. In this they are different from the 
Program for International Student Assessment (PISA) surveys that measure more general knowledge 
and life skills. TIMSS have carried out mathematics and science assessment since 1995. Apart form 
collecting scores in mathematics and science, TIMSS also conduct comprehensive background 
questionnaires of students, teachers and schools, as well as parents for the fourth graders. In this way, 
TIMSS collect extensive data on students’ socioeconomic status, home environment, attitudes to study 
and learning, among others, as well as a large battery of information on teacher, class and school 
characteristics. 

The most recent wave of TIMSS data, used in this study, was gathered in Turkey in 2015. The sample 
used in this study contains 5,458 students in mathematics in the fourth grade in 225 schools; 5,631 
students in science in the fourth grade in 231 schools; 5,464 students in mathematics in the eighth grade 
in 205 schools and 5,531 students in science in the eighth grade in 207 schools. These students filled in 
student questionnaires, school principals filled in school questionnaires, and mathematics and science 
teachers filled in teacher questionnaires. The parents of fourth graders also filled in parent questionnaires 
with detailed question on family background, early childhood education and early literacy and numeracy 
activities at home. 

5. Education production function and its inputs 
Student achievement is commonly analysed in the framework of education production function 
(Coleman et al. (1966), Hanushek and Woessmann (2011), Woessmann (2016)), whereby inputs enter 
an unobserved technology to produce an educational outcome. In this study, the output of interest is 
Turkish fourth and eighth graders’ TIMSS scores in mathematics and science. The scores are 
standardised, with the mean of 500 and the standard deviation of 100 across TIMSS participating 
countries. The inputs are student’s background characteristics, study time, teacher characteristics, class 
instruction methods, and school climate, among others. An added feature of this study is – for the fourth 
graders - the consideration of parental inputs such as early literacy and numeracy activities with child 
prior to his or her enrolment at school, as well as parental attitudes to mathematics and science. For the 
fourth and eighth graders, this study also considers a number of non-cognitive attributes such as 
student’s attitudes to school and subjects. Student’s socioeconomic background and school resources 
have been the focal point of interest in the studies based on education production function since 1960s. 
This work, in line with more recent developments, incorporates a range of additional inputs that are 
believed an important determinant of student achievement, and the data on which has started to be 
collected only more recently. These are, for example, parent-child activities, student’s sense of 
belonging at school, or student’s self-confidence in the subject, just to name a few. The groups of 
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explanatory variables in the present study are described below. The content of indices, both compiled 
by TIMSS and constructed for the purpose of this study, is detailed in Table A2 in the appendix. 

Student and family background 

I record if child always or almost speaks Turkish at home. In literature, language spoken at home often 
is often used as a proxy for child’s ethnicity. Children whose mother tongue is not the same as the test 
language tend to perform worse than natives (Stanat and Christensen (2006)). In TIMSS 2007, Badr, 
Morrisey and Appleton (2012) report native Turkish students scoring 42 points above non-native 
students. Oral and McGivney (2013) for TIMSS 2011 find that students that speak Turkish at home 
perform better in mathematics and science. Based on PISA, non-Turkish-speaking students score 
significantly below their Turkish peers in mathematics and science (Bellibaş (2016)). Özdemir (2016) 
finds no such effect but argues that it may be the result of non-Turkish students being under-represented 
in the sample. Kasapoğlu (2009) also finds no regular relationship between scores and ethnicity in 
Turkey. Batyra (2017) shows that students in Turkey are segregated across schools along linguistic lines. 

Mother’s and father’s educational attainment is divided into three categories: less than high school 
diploma, at least a high school diploma, and education unknown. The latter category is created because 
a substantial number of students in the eighth grade (and even parents themselves in the case of fourth 
graders) are not able to report parental education. Yet, it is not desirable to lose them from the sample. 
For the fourth graders, based on parent’s answers, I divide mother’s and father’s occupational status into 
three categories: not employed, employed or having other occupational status. Other occupational status 
may include benefit claimants, disabled or housewives, for example. The positive relationship between 
parental education and occupation and student performance is well documented in the literature. It is 
plausible that more educated and professionally active parents are more cognisant of the benefits of 
education and capable of transmitting knowledge and role models in such a way that their children 
perform better on tests.  

Household’s intellectual capital is measured by the number of books at home. Household’s material 
wealth is measured by the number of digital devices at home. Both intellectual and material wealth may 
be conducive to student learning and achievement. In the literature, student’s socioeconomic background 
remains a very important determinant of achievement, especially in the developed countries (Sirin 
(2005), Hanushek and Woessmann (2011), Woessmann (2016)). It does so also in Turkey as reported 
by a large number of studies (e.g. Bellibaş (2016), Özdemir (2016), World Bank (2013), Kılıç, Çene and 
Demir (2012), Blanchy and Şaşmaz (2011), Ferreira and Gignoux (2010), Kasapoglu (2009)). Also for 
Turkey, Gevrek and Seiberlich (2014) show that – although enrolled girls tend to come from higher 
socioeconomic backgrounds than boys – it is boys who achieve higher returns on endowments, including 
family characteristics, especially in mathematics. 

Home environment and upbringing 

This group of variables are available for the fourth graders in TIMSS and relate to family background, 
yet they also add sophistication in describing the environment in which child grew up. The first variable 
used in this study is child’s attendance in early childhood education, which informs if child attended no, 
up to two years, or more than two years of pre-school. Early childhood education is well known to 
influence learning and life-long outcomes (OECD (2011)). In Turkey, Kasapoğlu (2009) finds that the 
age of starting education is a significant determinant of reading scores in PISA 2009. Ağırdağ, Yazıcı 
and Sierens (2015) link early childhood education attendance to higher PISA 2012 scores. Across 
TIMSS 2015 participating countries, a positive relationship is observed between the number of years 
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children spent in early childhood education and their mathematics and science scores (Mullis et al. 
(2017a, 2017b)). 

Early literacy and numeracy activities prior to school enrolment are an index with mean ten and standard 
deviation equal to two, and include answers on how often parents engaged with child in such activities 
as reading books or counting. In TIMSS 2015, children in the fourth grade who often spent time with 
parents on early literacy and numeracy activities scored up to 100 points – an entire standard deviation  
- above their peers who did not (Mullis et al. (2017a, 2017b)). Also in PISA, the time students spend 
with parents and parental emotional support consistently correlate with academic performance and 
wellbeing, and teenage girls report higher engagement with parents and parental emotional support 
across the OECD (OECD (2017)). The same holds for Turkey (Batyra (2017)).  

Parental attitude to mathematics and science, normally an unobserved characteristics, is recorded in 
TIMSS in the form of an index with mean ten and standard deviation equal to two, and informs to what 
extent parents agree that mathematics and science are important in life, for example for employment or 
solving world’s and daily problems, and if they feel that their child needs mathematics and science to 
succeed in the future. In TIMSS 2015, comparing to other countries, Turkey scores high in terms of 
parent-reported attitudes to the subjects – 82 percent of Turkish parents declare very positive attitudes 
(Mullis et al. (2017a, 2017b)). Yayan and Berberoǧlu (2004), in TIMSS 1999 for Turkey, find that 
mathematics scores are higher for students whose parents attach more importance to mathematics. In 
their own data set for Turkey, Gizir and Aydın (2009) look at students from low socioeconomic 
backgrounds and find that being exposed to high academic expectations at home adds to the academic 
resilience for these students.  

Engagement with school and homework 

Student absence from school at least once a month is recorded for the fourth and eighth graders. Regular 
absenteeism is a well-known detriment to academic achievement, and for Turkey absenteeism has been 
on a rise both in the primary and middle schools, especially among students from lower socioeconomic 
backgrounds (Bakış et al. (2012)). TIMSS also records how many times a week student does homework 
(fourth graders) and how many hours per week he or she spends on mathematics and science homework 
(eighth graders). It emerges in the literature that the time spent studying at home tends to be negatively 
related to student performance. This most likely captures the remedial nature of home study time – 
struggling students will spend more time at home on homework (OECD (2016b)). Yet, in Turkey 
evidence is somewhat inconclusive. For Turkey’s urban poor, Engir-Demir (2009) finds that test scores 
are positively correlated with the total time spent studying during class and at home. Güzeller and Akin 
(2011) find a similar result for Turkey as a whole, in mathematics. On the other hand, Batyra (2017) 
finds that homework time and mathematics and science scores are negatively related in PISA 2015, 
especially for boys. It is most likely that the effect of time spent on homework is non-linear, whereby 
both too little and too much time spent on homework is negatively, while a moderate amount of time is 
positively, correlated with scores. 

Student’s sense of school belonging is an index with mean ten and standard deviation equal two. Sense 
of belonging tends to be positively related to scores. In TIMSS 2015, fourth-grade students who reported 
high sense of school belonging scored almost 30 points in mathematics and 20 points in science above 
their peers who reported low sense of school belonging. In the eighth grade, the gap was 30 and 40 
points, respectively. Across TIMSS 2015 participating countries, fourth- and eighth-graders in Turkey 
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report relatively high sense of belonging (Mullis et al. (2017a, 2017b)).9 Sense of belonging is 
potentially gendered. For example, in PISA, fifteen-year-old Turkish girls experience a higher sense of 
belonging at school than Turkish boys (Batyra (2017)). For Turkey, Yilmaz Findik (2016) argues that a 
higher sense of belonging at school is an important factor in improving student’s resilience to 
disadvantaged circumstances. Demir (2016a) finds that the sense of belonging is good for scientific 
literacy, but Topçu, Erbilgin and Arikan (2016) find the opposite both for science and mathematics 
scores in TIMSS 2011. 

Student attitudes to learning 

I retain three indices (standardised with mean ten and standard deviation equal to two) of student’s 
enjoyment of learning mathematic and science, student’s self-confidence in mathematics and science, 
and his or her valuing mathematics and science (eighth graders only) reflecting instrumental motivation 
to learn. All three are constructed from answers to a number of questions about student’s attitudes and 
feelings. All three are positively correlated with academic achievement, both in TIMSS 2015 (Mullis et 
al. (2017a, 2017b)) and in PISA (OECD (2016a, 2017)). In Turkey, Demir and Kılıç (2010) find a 
significant effect of enjoyment of mathematics on mathematics scores. Enjoyment also comes out as 
important in Güzeller, Eser and Aksu (2016) for mathematics; in Oral and McGivney (2013) and Topçu, 
Erbilgin and Arikan (2016) for mathematics and science; and in Sakız (2017) for academic performance 
in general.  

The index of self-confidence in TIMSS reflects how students feel about their abilities in mathematics 
and science, respectively, and how (not) nervous they feel about the subjects.10 In TIMSS 2015, in the 
fourth grade, the gap in scores between not confident and very confident students was close to 90 point 
in mathematics and close to 70 points in science; in the eighth grade the gap was close to 100 and 80 in 
mathematics and science, respectively. Turkish students are some of the most self-confident among 
TIMSS participating countries in 2015 (Mullis et al. (2017a, 2017b)). Building student’s self-confidence 
in mathematics and science is potentially a powerful mechanism to school-related anxiety that has been 
found to have strongly detrimental effect on student performance. For TIMSS 2011 scores in Turkey, 
Topçu, Erbilgin and Arikan (2016) find that anxiety correlates negatively with mathematics and science 
scores. On average, one in two students in the OECD experiences test anxiety; anxiety is more frequent 
among girls than boys; and it is negatively correlated with achievement and life satisfaction (OECD 
(2017)). In PISA 2012 for Turkey, Uysal (2015) uncovers the negative effect of anxiety on mathematics 
scores. Also in PISA 2015 for Turkey, Batyra (2017) shows that school-related anxiety is a significant 
factor for girls lagging behind boys in mathematics and science.  

The extent to which eighth-grade students value mathematics and science is recorded in TIMSS through 
indices that inform on student’ instrumental motivation to learn mathematics and science, respectively. 
In TIMSS 2105, students who strongly value mathematics and science score in mathematic and science 
approximately 50 points above their peers who do not. In Turkey, about 46-47 percent of students value 
mathematics and science very highly (Mullis et al. (2017a, 2017b)), which is above many developed 
countries. Instrumental motivation also emerges as a significant determinant of mathematics and science 
scores in a number of research pieces for Turkey (e.g. Topçu, Erbilgin and Arikan (2016), Yayan and 
Berberoǧlu (2004), Akgül, Cokamay and Demir (2016)). Being able to control for student’s motivation 

																																																													
9	 In contrast, when in high school, Turkish students score at the very bottom in terms of sense-of-belonging 
indicators in PISA (OECD (2017)). Disadvantaged students systematically report lower sense of belonging at 
school than their counterparts from higher socio-economic backgrounds, both at the OECD and in Turkey in 
particular. This could be related to the time spent at school, for example, as well as the quality of schools attended.	
10 As such, the self-confidence index is TIMSS is somewhat the opposite of the anxiety index in PISA. 
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is also important because ambition is usually a hidden personal trait and leads to unobserved 
heterogeneity in the sample, and biased estimates. Dayıoǧlu and Türüt-Aşik (2007) attribute girls’ higher 
scores at a large Turkish university, among others, to their higher motivation levels. In the OECD, as 
well as in Turkey, it is girls who have higher levels of instrumental motivation (OECD (2017)), yet they 
are not able to capitalise on it in terms of academic achievement (Batyra (2017)).  

Teacher characteristics and instruction methods 

Teachers are educators, but also role models, and teachers’ preparation, experience and competence are 
critical to student learning (Darling-Hammond (2000), Hill et al. (2005), Leigh (2010)). In this study I 
control for teacher’s tenure in years, tenure squared, and teacher’s education. I record if teacher has a 
postgraduate degree, and if he or she majored in mathematics or science, in education or in both. I also 
retain teacher’s sex because male and female teachers maybe perceived differently by boys and girls. 

I also control for the class instruction format that student is exposed to. I construct an index of enquiry-
based instruction, based on teacher survey, which records if enquiry-based instruction is always or 
almost always used in class. Items comprising the index mark if teacher encourages class discussion or 
encourages students to invent their own problem-solving techniques, for example. Parallel, an index of 
teacher-directed instruction records if teacher-directed instruction is always or almost always used in 
class. It includes if teacher explains the content to the class or demonstrates how to solve problems, just 
to mention two. The third index is an index of teacher’s confidence is student-oriented instruction, which 
is akin to adaptive instruction index in PISA. It measures how confident teacher is, for example, in 
adapting teaching to student needs or providing challenging tasks. Finally, in science, I use the index of 
emphasis on science investigation that records how often students engage with observation, experiments 
and fieldwork. It is standardised with mean ten and standard deviation equal two. 

International literature ends to conclude that enquiry-based instruction is detrimental, while teacher-
directed and adaptive instruction – on the contrary – translates into high scores on international tests 
(OECD (2016b)). In Turkey, World Bank (2013) and Yayan and Berberoǧlu (2004) find teaching 
practices important, and particularly beneficial if they are teacher-directed. This area of research is 
contentious because the interpretation of the results rests on the assumption that test scores are the key 
metric of student performance. Overall, evidence favours a balanced mix of teaching methods that on 
one hand provide structure, guidance and support, but on the other are not too controlling to stifle student 
motivation, curiosity and autonomy (Ryan and Deci (2000), Yair (2000), Shernoff et al. (2003), 
Schroeder et al. (2007), Niemiec and Ryan (2009)). Finally, teacher’s confidence in their teaching skills 
is associated not only with students’ performance, but also motivation (Bandura (1997), Henson (2002)). 

Science investigation is generally believed as beneficial in literature, although evidence for Turkey is 
scarce. According to McLaughlin et al. (2005), lab experiments stimulate student’s engagement with 
the subject. Braun et al. (2009) show that, in science, higher achievement is associated with the increased 
frequency of doing hands-on activities, student discussion of measurements and results from hands-on 
activities, and students working with others on a science activity or project. Yet, Singer et al. (2006) 
argue that effectiveness of the science laboratory sessions depends on how the teacher structures the 
student learning experience, and how the laboratory experience relates to classroom instruction.  

 

 

Class resources 
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As is customary, I include in the analysis average class size at the school, and class size squared. There 
is little evidence in the literature that class size matters (Glewwe (2002), Hanushek (2006), Hanushek 
and Woessmann (2011), Woessmann (2016)). In Turkey, there is mixed evidence. Class size is not 
statistically significant in some studies (e.g. Dinçer and Uysal (2010), Batyra (2017)), but has a negative 
effect in others (World Bank (2013)). Reduced class-size seems to benefit students from disadvantaged 
background (Bellibaş (2016)).  

From teacher surveys in TIMSS, I extract the number of hours student spends weekly in class in 
mathematics and science, respectively. In cross-country studies, time spent in class does not necessarily 
correlate with scores because the overall school system efficiencies are more important. However, in a 
specific country context, keeping the system efficiency constant, class study time may improve scores. 
In TIMSS 2015, the international average for mathematics instruction is 157 hours per year in the fourth 
grade, and 138 hours in the eighth grade; Turkey places below this average, with 120 hours per year in 
both grades (Mullis et al. (2017a)). The international average for science instruction is 76 hours per year 
in the fourth grade, and 144 hours in the eighth grade; Turkey places close to this average with 83 hours 
per year in the fourth grade, and below this average with 112 hours per year in the eighth grade (Mullis 
et al. (2017b)). In Turkey, two studies investigate the aggregate effect of class and home study. Engir-
Demir (2009) finds that test scores are positively correlated with the total time spent studying during 
class and at home. Güzeller and Akin (2011) find a similar result for Turkey overall, in mathematics. 
Batyra (2017) finds that classroom time alone is positively related to mathematics and science scores of 
boys and girls in PISA 2015. 

School characteristics and resources 

I control for school’s location: village (population <15,000), town (population 15,000-500,000) or city 
city (population >500,000)11. I also record if school groups students in classes by ability in mathematics 
and science. Grouping by ability might improve average scores of students at school, but tends to be 
detrimental to the performance of disadvantaged students (Marks (2005), Hanushek and Wossmann 
(2006), Schutz et al. (2008), OECD (2010), Schoffield (2010), Van de Werfhorst and Mijs (2010), 
Steenbergen-Hu and Moon (2011)). For PISA 2006 scores in mathematics in Turkey, Alacacı and Erbaş 
(2010) do not find student ability grouping to be a statistically significant determinant of performance. 

To account for school’s selectivity, I make use of the index of school’s emphasis on academic success, 
constructed from teacher’s answers to questions about principal’s, teachers’, students’ and parents’ 
commitment to student excellence. In TIMSS 2015, both in mathematics and science, school’s emphasis 
on academic success is associated with large score premia, up to 70 points in mathematics and science 
in the eighth grade; but in Turkey only 4 percent of students attend schools with very high emphasis on 
academic success (Mullis et al. (2017a, 2017b)). Selectivity of schools increases in Turkey especially 
after the eighth grade, and many studies have shown that programme types are an important determinant 
of student achievement in Turkey. Dinçer and Uysal (2010) find important correlation between 
programme types and student scores in science, and Dincer and Oral (2012) with student scores in 
mathematics and science. A number of other studies also discuss the extent to which programme types 
remain one of the biggest determinants of score variation, and how school segregation reinforces the 
effect of family background on academic performance in Turkey (e.g. Alacacı and Erbaş (2010) for 
mathematics, World Bank (2013) for average scores, or Özdemir (2016) for mathematics).  

																																																													
11 School’s location is not synonymous with child’s residence because an important fraction of students in Turkey 
attend boarding schools or is bussed to schools in town on daily basis. 



																																																																																																																																																	 	

	
26	

The index of material resource shortage at school is constructed from teachers’ answers, and is 
standardised with mean ten and standard deviation equal two. The effect of school resources on test 
scores is controversial but a consensus is emerging that school resources matter little in the developed 
countries, while they still come out as important in the developing nations (Glewwe (2002), Hanushek 
(2006), Hanushek and Woessmann (2011), Woessmann (2016)). Evidence for Turkey leans towards 
material school resources being less important than school environment, disciplinary climate, teaching 
practices and the level of support that students receive, just to mention a few (e.g. Engin-Demir (2009), 
Alacacı and Erbaş (2010), Dinçer and Uysal (2010), Dinçer and Oral (2013), World Bank (2013), Batyra 
(2017)). 

School’s climate and peer effects 

This group of variables contains school characteristics that capture school environment and peer effects. 
One is school’s discipline and safety – the index of teachers’ opinions about school’s rules enforcement, 
student behaviour and alike, standardised with mean ten and standard deviation equal to two across 
TIMSS participating countries. The lack of discipline and safety is potentially detrimental to student 
learning. According to TIMSS 2015 results, the score premium on school safety and discipline is 
particularly high in the eighth grade, but relatively few students in the eighth grade in Turkey, less than 
30 per cent, are enrolled in schools reporting stellar disciplinary environment (Mullis et al. (2017a, 
2017b)). In Turkey, the importance of disciplinary climate has been acknowledged in a couple of studies 
(e.g. World Bank (2013), Dinçer and Oral (2013), Batyra (2017)).  

I also control for the extent that teaching is (not) limited by student needs, as reported by teachers. It 
accounts for student deprivation, lack of sleep or disabilities, among others. The index is standardised 
with mean ten and standard deviation equal to two across TIMSS participating countries. Teaching not 
limited by student needs translates, on average, into 60-point advantage in science and mathematics in 
the eighth grade in TIMSS 2015 (Mullis et al. (2017a, 2017b)). 

Finally, I account for the school-average index of students’ socioeconomic status, which in TIMSS is 
based on student families’ educational resources, such as number of books, study supports and parental 
education. The index is standardised with mean ten and standard deviation equal two across TIMSS 
participating countries. School-average socioeconomic status might remain important even if school 
resources are controlled for because students also learn from their peers and the community. Studies for 
Turkey systematically obtain statistically significant coefficients on the school-average socioeconomic 
status (e.g. World Bank (2013), Dinçer and Uysal (20120), Alacacı and Erbaş (2010), Batyra (2017)).  

6. Methodology 
Jack-knife Repeated Replication and Item Response Theory 

Given TIMSS survey design, the use of data requires methodological attention. TIMSS target population 
are all students currently enrolled in the fourth and eight grades. TIMSS sampling is not fully random. 
Rather, it is conducted in two stages. In the first stage, schools are drawn with probabilities proportional 
to their size. Next, one or more intact classes of students are selected from each sampled school. Because 
the probability of drawing a class is inversely proportional to school size, the resulting student 
population is close to random. Sampling weights are then assigned to students in order to render them 
representative at the country level. However, students within each school and class still form de facto 
clusters likely to share common characteristics, and hence a common error term, which gives rise to 
heteroscedascity and complicates the estimation of population parameters. TIMSS uses the method of 
Jack-knife Repeated Replication (JRR) to account for this complex variance structure. JRR starts from 
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the premise that, while many student samples are possible, only one is drawn. JRR incorporates repeated 
draws of subsamples based on the stratification of schools into 75 zones, as well as the clustering of 
students within schools.  

Another feature of TIMSS is the use of Item Response Theory (IRT) to measure test scores. Because 
during the test each student may answer a different set of questions, IRT imputes each student a score 
he or she would be likely to obtain had he or she answered all the questions. TIMSS 2015 provides five 
plausible values for each student in the two subjects. This study uses STATA’s PV-module designed for 
working with JRR and plausible values.12 

Coverage 

The Turkish case requires a discussion of TIMSS survey coverage. Survey coverage will necessarily be 
affected by the enrolment rate, especially at the age of fourteen, in Turkey. This poses a risk of sample 
selection bias in the sample, because low-performing students are more likely to have dropped out before 
reaching eighth grade and participating in TIMSS. This is especially likely in the case of girls, as 
discussed earlier. Hence, TIMSS sample in Turkey - especially by the eighth grade - is likely to be 
skewed towards high-performing girls, possibly coming from higher socioeconomic backgrounds when 
compared to boys. It thus follows that gender gaps in scores might be biased in favour of girls. This fact 
must be remembered when interpreting the results of this study. Some scholars have attempted to correct 
for this shortcoming by reweighing the sample with weights obtained from a nationally representative 
survey, such as the Household Budget Survey (e.g. Ferreira and Gignoux (2010) with PISA). With this 
approach, however, it would be difficult to estimate all the parameters of interest to this work because 
the calculation of the new weights must take place based on only a limited number of observable 
characteristics. Moreover, it is likely that individuals excluded from the sample – on account of being 
low performers - would have scored lower than those in the sample had they actually taken the test. Re-
weighing the sample would therefore have to be accompanied by an additional assumption about the 
level of those scores. In this study, I consequently choose not to re-weight the sample, but remain vigilant 
when interpreting the results. Finally, there is no alternative way to correct for selection using the 
participation equation because the sample contains only enrolled students.  

Model specifications 

Table 2 summarizes the models estimated in this paper, whereby groups of variables are included step-
wise. The baseline (Model 1) includes the fundamental student and family background variables, such 
as student’s age, language spoken at home, parental education and employment, as well as the number 
of books and digital devices at home. For fourth graders, Model 2 adds additional variables that are 
closely related to student’ family – if student attended early childhood education, if he or she participated 
in early literacy and numeracy activities with parents prior to enrolling at school, and parental attitudes 
to mathematics and science. Absenteeism from school, time spent on homework and student’s sense of 
belonging at school are added in Model 3. Model 4 incorporates student’s attitudes to mathematics and 
science – if student likes learning and values the subjects, and if he or she has self-confidence in them. 
Model 5 accounts for teacher characteristics and class instruction: teacher’s sex, tenure, tenure squared, 
if teacher holds postgraduate degree and teacher’s major; plus the amount of enquiry-based and teacher-
directed instruction offered in class, teacher’s confidence in student-directed instruction, and emphasis 
on science investigation. Model 6 controls for class resources, such as class size and class size squared, 
and instruction hours per week and their square.  Model 7 considers school characteristics – school’s 
location, if students are grouped by ability, school’s emphasis on academic success and extent to which 
																																																													
12 PV-module of Kevin MacDonald is also accessible via http://ideas.repec.org.  
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the shortage of resources is reported. Model 8 accounts for school’s climate and peers - discipline and 
safety at school, if teaching is (not) limited by student needs, and finally the school’s average level of 
educational resources in students’ families.  

Interpretation 

A note on the interpretation of the results is required. The estimation of the education production 
function as undertaken in this study does not allow interpreting the results as causal. Instead, the results 
must be seen as conditional correlations. This is the case because of such daunting problems as (i) 
omitted variable bias and/or unobserved heterogeneity, (ii) measurement error or (iii) reverse causality. 
While TIMSS allow controlling for a large battery of family and student attributes, such as parental 
attitudes to mathematics and science, or student’s instrumental motivation to learn, there might be other 
characteristics of families and students that remain unobserved, yet important. One example of an 
omitted variable is student IQ. Measurement error can easily arise in the case of variables measuring 
attitudes – some parents or students may systematically understate or exaggerate their responses. 
Reverse causality is probably the most pervasive problem. In as much as many variables affect scores, 
scores may also affect the variables that the study treats as explanatory. For instance, student’s 
confidence in mathematics or science can be influenced by the level of student’s knowledge (and scores), 
and vice-versa. Some studies utilise structural equation modelling to discern the relative strength of such 
relationships. This is beyond the scope of this work.   

7. Descriptive statistics by sex 
This section presents descriptive statistics by sex for fourth and eighth graders in TIMSS 2015 sample.  

Fourth graders 

Table 3 provides descriptive statistics for boys and girls in the sample, in the fourth grade. Overall, the 
raw data shows that boys and girls score alike in mathematics and science in the fourth grade in 2015, 
with gender differences in mathematics and composite science not statistically significant. 
Disaggregated scores by science subject indicate that, while boys and girls score alike in life science 
and physics, boys fare better in earth science, 7 points above girls.  

Fourth-grade boys and girls draw very much from similar households in terms of language spoken at 
home, parental education and employment, as well as intellectual and material backgrounds as defined 
by the number of books and digital devices at home, respectively. Both received similar amount of early 
childhood education and their parents have similar attitudes to mathematics and science. Yet, girls seem 
to come from households where they received more early literacy and numeracy activities prior to 
entering school. Boys and girls are in similar amounts absent from school, but girls are more likely than 
boys to do homework every day. They also have a higher sense of belonging at school. With respect to 
attitudes to specific subjects, girls report liking learning mathematics and science – especially science – 
more often than boys. They differ however in their self-confidence vis-à-vis the subjects: boys feel more 
confident in mathematics, while girls in science. Fourth-grade boys and girls have similar teachers and 
receive similar instruction in class. They also attend similar schools in terms of location, grouping by 
ability, resources, environment defined by discipline and safety, and student needs.  

Summarising, at the fourth grade, boys and girls in the TIMSS sample are very much alike, including 
with respect to family background, suggesting relatively little selection based on observable family 
characteristics. Yet, girls draw from more attentive families where they receive more attention prior to 
entering primary school. Girls also spend more time on homework, and hold more positive attitudes to 
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their schools and both subjects, comparing to boys. However, they differ from boys in terms of their 
self-confidence in mathematics and science. They receive similar teaching and attend similar schools. 

Eighth graders 

Table 4 provides descriptive statistics for boys and girls in the sample, in the eighth grade. Based on the 
raw data, girls outperform boys in composite science and in all science subjects except earth science, in 
2015. In particular, girls score 17 points above boys in science overall, and 23, 33 and 17 points above 
boys in biology, chemistry and physics, respectively. 

There are some differences in terms of family background between boys and girls in the eighth grade, 
potentially suggesting more selection into enrolment than in the fourth grade. In the eighth grade, girls 
are more likely to come from families where Turkish is always or almost always spoken at home. Girls 
are also less likely than boys to report unknown parental education level. They are also more likely to 
come from homes that have a higher number of books and a moderate number of digital devices. In the 
eighth grade, girls are substantially less likely to be absent from school at least once a month. Girls also 
hold more positive attitudes to their school and subjects, especially to science. They have a higher sense 
of belonging at school, and like learning and value mathematics and science more than boys. Yet, as in 
the fourth grade, they are less confident than boys in mathematics, but more confident than boys in 
science. Boys’ and girls’ teachers and class instruction are quite similar, except that boys have teachers 
with longer tenures while girls receive a slightly higher number of mathematics and science classroom 
hours per week. In eighth grade girls attend schools that are slightly better, characterised by higher 
discipline and safety. 

Summarising, by the eighth grade, boys and girls in the sample differ slightly in terms of family 
background, especially language spoken at home and intellectual and digital resources. Girls are also 
less absent from school, and hold more positive attitudes to their schools and subjects. As in the fourth 
grade, they differ from boys in self-confidence in mathematics and science. They attend schools that are 
more disciplined and safe. 

8. Mathematics 
Gender gaps in mathematics in the fourth and eighth grades are small in the raw data, 3 and -5 points 
respectively, and not statistically significant (Table 3 and Table 4). This section studies boys’ and girls’ 
scores in mathematics in more detail. First, education production function is estimated for boys and girls 
separately. The estimated model predicts the gender gap in mathematics scores, which is then analysed 
further. The gender gap is decomposed into the effects due to endowments and returns on endowments. 
Gender gap may arise because boys and girls have different endowments. For instance, girls may on 
average spend more time on homework. On the other hand, the gaps may also arise because for each 
unit of endowment girls receive a different return in terms of scores. For example, a given level of 
parental education may translate into higher points for boys only. Part of the gender gap may also remain 
unexplained.  

8.1. Education production function in mathematics for boys and girls in the 
fourth grade 
Table 5a and 5b present regression results in mathematics for boys and girls, respectively, and Figure 
2a summarises the findings for Model 8. Girls, but not boys, gain 12 points in mathematics for every 
additional year of age, meaning that older girls in grade four perform better than their younger female 
classmates. The extent of speaking Turkish at home matters for boys and girls only until teacher 
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characteristics and class instruction are controlled for. This suggests student segregation at the very least 
at the class level along the linguistic lines. Parental education – mother or father having at least a high 
school degree - correlates significantly with scores both for boys and girls, adding between 13 and 20 
points in mathematics scores. Mother’s education matters slightly more for boys, while father’s 
education matters slightly more for girls. Some effect of mother’s and father’s employment on 
mathematics scores is observed, but it dies out for boys and girls when student’s attitudes to mathematics 
are controlled for in the case of father’s employment, and when class and school characteristics are 
controlled for in the case of mother’s employment. This suggests that parental role models are especially 
important in the absence of student’s self-confidence in mathematics and in the case of less prestigious 
schools, especially those with worse disciplinary climate, disadvantaged students and less affluent peers.  

Both for boys and girls, family’s intellectual capital represented by the number of books at home matters 
for mathematics scores in the fourth grade. The effect of books at home on scores remains important, 
even when school environment is controlled for, meaning that at the fourth grade there is relatively little 
segregation of students across schools based on the intellectual status of the family. In contrast, more 
general material status as proxied by the number of digital devices is less persistent, its effect 
disappearing once school’s characteristics are controlled for, meaning that there is relatively more 
student segregation across schools by wealth. The effect of wealth is also more persistent for girls, which 
is consistent with the fact that overcoming the intergenerational transmission of inequality is harder for 
girls. Yet, a very high number of digital devices emerges as harmful, possible not because of the wealth 
status it symbolises but because of the potential detraction from study that it may provide.  
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Figure 2a. Education production function in mathematics in the fourth grade  

Note. Elements significant at ** p < 0.05 or higher. Elements significant at * p < 0.1 are exceptionally included 
if they were significant at ** p < 0.05 or higher for the other sex or for other categories within a variable  

 

Both for boys and girls, having spent about a year in early childhood education improves mathematics 
scores in the fourth grade by about 8-12 points. Arguably, the effect is larger and more persistent for 
girls, suggesting again that the intergenerational transmission of inequality is stronger for girls. On the 
other hand, early literacy and numeracy activities prior to school enrolment are instrumental for both 
sexes, one standard deviation improving scores by about 6-10 points. Parental attitudes to mathematics 
and science are non-significant.  As expected, absenteeism from school at least once a month harms 
academic performance for all, and so does doing homework less often than every day. The sense of 
belonging at school turns out important, but more so for girls – a standard deviation of the sense of 
belonging contributing some 6 points to girls’ scores. A disappointing finding is that liking to learn 
mathematics translates into higher mathematics scores for boys only. On the other hand, self-confidence 
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in mathematics is very crucial both for boys and girls. An additional standard deviation in self-
confidence gains boys and girls additional 26 points in TIMSS scores in mathematics. 

Turning to teacher characteristics and class instruction, teacher’s sex, tenure and education matter little 
for boys. In contrast, girls benefit from teachers with longer tenure. An additional year of teacher’s 
tenure improves girls’ scores by 1.5 points. Class instruction modality does not emerge as significant at 
the fourth grade, but the number of mathematics hours per week does, both for boys and girls. Some 13-
15 points in mathematics scores are gained per an additional hour of instruction. Class size and school’s 
resources emerge of little importance.  

In the absence of control for Turkey’s regions, school’s location turns out significant, especially for boys 
in towns and cities. Boys and girls in schools that group students by ability perform some 20 points 
above other students, and boys and girls in schools that put a high emphasis on academic success score 
additional 6 points per one standard deviation of academic success index. Yet, the effect of student 
grouping by ability and of school’s emphasis on academic success weaken and disappear, respectively, 
once school climate and especially school’s average socioeconomic status of student families are 
controlled for. This confirms that students in Turkey – both boys and girls - sort into schools along the 
socioeconomic lines. Finally, out of the three features describing school climate – discipline and safety, 
student disadvantage and school-average socioeconomic status – only the latter emerges as important. 
One standard deviation increase in school’s average socioeconomic status is associated with additional 
25-31 points in mathematics scores for boys and girls. This confirms that school environment or peer 
effects in Turkish schools are potentially high, already in the fourth grade. 

8.2. Decomposition of the gender gap in mathematics in the fourth grade 
The predicted gender gap in mathematics in the fourth grade, based on the estimated model, is close to 
3 points in favour of boys, but it is not statistically significant (Table 5c). Given that, in the fourth grade, 
there might still be relatively little selection into enrolment, it is encouraging to see that boys and girls 
in the cohort aged approximately ten in 2015 perform alike in mathematics. 

The detailed decomposition of the gender gap (Table 5d, Figure 2b) shows that there is not much 
difference in endowments between boys and girls, which again is an encouraging finding, suggesting 
little selection into enrolment at this stage. The only two endowment differentials that are significant are 
the frequency of homework and the sense of belonging at school. Comparing to girls, boys are less likely 
to do homework every day, which costs them about 2 points in mathematics scores overall. Their lower 
sense of belonging translates into a further one-point loss. These magnitudes are small but nevertheless 
point to two areas where attention could be paid to help boys improve their performance.  

The scrutiny of the returns on endowments offers little insight. Overall, boys obtain higher returns on 
endowments, by highly significant 6 points. This finding is consistent with prior literature for PISA 
(Batyra (2017), Gevrek and Seiberlich (2014)) that shows that boys regularly master higher returns on 
endowments, comparing to girls. Why this is the case is debatable. It might be related to the fact that in 
countries described by high gender inequality in terms of opportunities, it might be harder for girls to 
translate their investments in education into meaningful returns. 
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Figure 2b. Decomposition of the gender gap in mathematics in the fourth grade 

Note. Elements significant at ** p < 0.05 or higher. NS – non significant. 

8.3. Education production function in mathematics for boys and girls in the 
eighth grade 
Table 6a and 6b present regression results in mathematics for boys and girls in the eighth grade, 
respectively, and Figure 3a summarises the results for Model 8. In the eighth grade, unlike in the fourth, 
neither boys’ nor girls’ age correlates with mathematics scores. However, the extent of speaking Turkish 
at home matters now for boys and girls throughout all models. Students who always or almost always 
speak Turkish at home earn additional 50 points in TIMSS mathematics in grade eight. This discrepancy 
observed between fourth and eighth graders in 2015 might be due to the cohort or age effect and, given 
the limitations of this study, it is not possible to precisely attribute it. At the very least, one can say that 
for the cohort of eighth graders in 2015, student segregation into schools by performance does not run 
strictly along linguistic lines.13   

Parental education – mother or father having at least a high school degree - correlates significantly with 
scores both for boys and girls, adding some 10 points to mathematics scores. Given that parental 
employment is not known for the eighth graders, parental education likely picks up also some of the 
effect of parental employment status. It is therefore not surprising that the effect of father’s education is 
more persistent than mother’s, consistent with the fact that father’s education and employment tend to 
be a stronger determinant of family’s socioeconomic status in Turkey. Moreover, students being unsure 
about their mothers’ education status score significantly below their peers. This negative effect makes 
sense because these students are likely to come from families with less educated mothers, who are also 

																																																													
13  It is possible that stricter segregation along linguistic lines becomes the case after the transition to high school, 
as seen in PISA 2015 (Batyra (2017)). Alternatively, given data limitations in TIMSS, school types might not be 
sufficiently controlled for. 
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less likely to be employed. Both for boys and girls, family’s intellectual capital represented by the 
number of books at home matters a lot for mathematics scores in the eighth grade. The effect of books 
at home on scores remains important even when school environment is controlled for. In contrast, as in 
the fourth grade, more general material status as proxied by the number of digital devices is less 
persistent, its effect disappearing once school’s characteristics are accounted for, meaning that there is 
relatively more student segregation across schools by wealth. The effect of wealth in the eighth grade is 
less persistent for girls, unlike in the fourth grades, suggesting a stronger segregation of girls into schools 
along the socioeconomic lines. 

 
Figure 3a. Education production function in mathematics in the eighth grade  

Note. Elements significant at ** p < 0.05 or higher. Elements significant at * p < 0.1 are exceptionally included 
if they were significant at ** p < 0.05 or higher for the other sex or for other categories within a variable  

 

As expected, absenteeism from school at least once a month harms academic performance for all, by 
about 30 points. But the amount of time spent on mathematics homework plays out differently for boys 
and girls. Boys doing a moderate amount of mathematics homework per week, between 2/3 and 3 hours, 
score 20 points above male peers who devote too little or too much time to it. While too little time spent 
on homework may be detrimental to scores, too much time spent on homework may stand for the 
remedial nature of homework, whereby weaker students spend more time on mathematics after school. 
Mathematics homework time does not seem to affect the scores of girls. The effect of the sense of 
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belonging at school emerges as negative, but this arises only after student’s attitudes to mathematics are 
controlled for. Because the sense of belonging, liking and valuing mathematics and self-confidence in 
mathematics are all positively correlated, the effects of the sense of belonging and liking mathematics 
are pushed below zero once self-confidence is included in the regression. This is illustrated in Table A3a 
and A3b in the appendix, where attitude variables are incorporated stepwise, indicating that one has to 
be cautious in interpretation. It would be difficult to explain why the sense of belonging and liking 
mathematics should have negative effect on scores. The result in Tables A3a and A3b essentially say 
that self-confidence in mathematics is very crucial both for boys and girls, and dominates other attitude 
variables in the regression. An additional standard deviation in self-confidence gains boys and girls 40 
points in TIMSS scores in mathematics.  

Turning to teacher characteristics and class instruction, teacher tenure correlates positively with boys’ 
and girls’ scores only until school characteristics are controlled for. This means that better schools 
employ longer-serving teachers. Math teacher holding a postgraduate degree, on the other hand, is more 
persistent, especially for boys, again suggesting stronger school segregation for girls at the eighth grade. 
There is some, although relatively weak, evidence that enquiry-based instruction harms and teacher-
directed instruction benefits academic achievement. Class size and school’s resources emerge of little 
importance, and so does school’s location. Unlike in the fourth grade, the grouping of students by ability 
is non-significant in the eighth grade. But boys and girls in schools that put a high emphasis on academic 
success score additional 12 points per one standard deviation of academic success index. The effect of 
school’s emphasis on academic success disappears once school climate and school’s average 
socioeconomic status of students’ families are controlled for. This again confirms that students in Turkey 
– both boys and girls - sort into schools along the socioeconomic lines. Finally, classes not hindered by 
student needs and school-average socioeconomic status of student families matter both for boys and 
girls. Student needs lower by one standard deviation improve student scores by 6-8 points. One standard 
deviation increase in school’s average socioeconomic status is associated with additional 42 points in 
scores for boys and girls. This confirms that school environment or peer effects in Turkish schools are 
potentially high, and possibly higher in the eighth than in the fourth grade. 

8.4. Decomposition of the gender gap in mathematics in the eight grade 
The predicted gender gap in mathematics in the eighth grade, based on the estimated model, is close to 
5 points in favour of girls, but it is not statistically significant (Table 6c).  
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Figure 3b. Decomposition of the gender gap in mathematics in the eighth grade 

Note. Elements significant at ** p < 0.05 or higher. NS – non significant. 

 

Consistent with the fact that by the eighth grade there might be more selection into enrolment based on 
observables and unobservables, especially for girls, in the eighth grade girls’ higher endowments begin 
to show, and girls gain four points (weakly significant) in mathematics vis-à-vis boys on account of 
higher endowments. The detailed decomposition of the gender gap is presented in Table 6d and Figure 
3b. Girls are more likely to draw from families speaking Turkish at home more often, and having many 
books. Girls are also less likely than boys to report unknown parental education. Moreover, girls gain 
over boys on account of lower absenteeism.14  

The scrutiny of the returns on endowments offers little insight. Overall, the part of the gender gap in 
mathematics in the eighth grade due to different returns on endowments is very small and not statistically 
significant.  

8.5. Summary 
Gender gap in mathematics scores in the fourth and eighth grade in TIMSS 2015 are small and not 
statistically significant.  

The decomposition of the gender gap in the fourth grade shows that boys’ and girls’ endowments are 
not statistically different, which suggests that by the fourth grade there is still relatively little selection 

																																																													
14As can be seen in Figure 3, boys score higher than girls on account of their sense of belonging at school. On 
average, boys have a lower sense of belonging than girls. However, because in the regressions for the eighth 
graders the coefficient on the sense of belonging is pushed below zero by the inclusion of self-confidence, boys’ 
lower sense of belonging shows as a positive endowment in the gender gap decomposition. This result is 
counterintuitive and hence left out of the discussion. 
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into enrolment by gender. Girls stand ahead of boys only on account of doing homework every day and 
having a higher sense of belonging at school. However, boys obtain higher returns on endowments, by 
6 points in total, which are statistically significant.  

In the eighth grade, girls already show slightly higher endowments, by 4 points in total, although only 
weakly significant, on account of speaking more often Turkish at home, having more books and lower 
absenteeism. There is no statistically significant difference between boys and girls in returns on 
endowments. 

9. Science 
In the raw data, gender gaps in science in the fourth grade are small. For the composite science scores, 
the gap is close to zero. In individual science subjects it is only in earth science that boys outperform 
girls, by 7 points, significant at 5 percent level. Yet, by the eighth grade girls outperform boys in science 
in Turkey. Girls score 17 points above boys in composite science. In individual science subjects, the 
gaps are significant in favour of girls in biology, chemistry and physics, and stand at 23, 33 and 17 points 
respectively. This section studies boys’ and girls’ scores in science in more detail. First, education 
production function is estimated for boys and girls separately. The estimated model predicts the gender 
gap in science scores, which is then analysed in more detail. As for mathematics, the gender gap in 
science is decomposed into the effects due to endowments and returns on endowments. Gender gap may 
arise because boys and girls have different endowments. For instance, girls may on average have more 
sense of belonging at school. On the other hand, the gaps may also arise because for each unit of 
endowment girls receive a different return in terms of score. For example, a standard deviation increase 
in school’s discipline and safety may translate into higher points for boys than girls. Part of the gender 
gap may also remain unexplained.  

9.1. Education production function in science for boys and girls in the fourth 
grade 
Table 7a and 7b present regression results for boys and girls, respectively, and Figure 4a summarises 
the results for Model 8. Girls, but not boys, gain 14 points in science for every additional year of age, 
meaning that older girls in grade four perform better than their younger female classmates, as in the case 
of mathematics. The extent of speaking Turkish at home matters for boys and girls only until teacher 
characteristics and class instruction are controlled for. This suggests student segregation at the very least 
at the class level along linguistic lines. Parental education – mother or father having at least a high school 
degree - correlates significantly with scores both for boys and girls, adding between 15 and 21 points in 
science scores. Some effect of father’s employment on boys’ science scores and of mother’s 
employment on girls’ scores is observed. It dies out for boys once school’s environment in terms of 
discipline and safety and average socioeconomic status are included in the regression. It dies out for 
girls once teacher characteristics and class instruction are controlled for. This suggests that parental role 
models are especially important in the absence of alternative role models coming, for instance, from 
teachers for girls and peers for boys. 

Both for boys and girls, family’s intellectual capital represented by the number of books at home matters 
for mathematics scores in the fourth grade. This effect is quite persistent, but it remains important only 
for girls once school environment is controlled for. This means that – based also on science scores at the 
fourth grade – the intergenerational transmission of inequality is harder to overcome for girls. In 
contrast, more general material status as proxied by the number of digital devices is less persistent, as 
in the case of mathematics, its effect disappearing once school’s characteristics are controlled for, 
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meaning that there is relatively more student segregation across schools by wealth. The effect of wealth 
is also slightly more persistent for girls, which is again consistent with the fact that overcoming the 
intergenerational transmission of inequality is harder for girls.  

Having spent about a year in early childhood education improves science scores in the fourth grade by 
about 13 points for girls only. The fact that this effect is larger and more persistent for girls suggests 
again that the intergenerational transmission of inequality is stronger for girls. On the other hand, early 
literacy and numeracy activities prior to school enrolment are instrumental for both sexes, one standard 
deviation improving scores by about 10 points. Parental attitudes to mathematics and science are non-
significant, as in the case of mathematics. As expected, absenteeism from school at least once a month 
harms academic performance for all, and so does doing homework less often than every day. The sense 
of belonging at school turns out important, but more so for girls – a standard deviation of the sense of 
belonging contributing some 10 points to girls’ scores. The effect of liking to learn science does not 
emerge as important. On the other hand, self-confidence in science, as in mathematics, is very crucial 
both for boys and girls. An additional standard deviation in self-confidence gains boys and girls 
additional 16-22 points in TIMSS scores in science. 

Turning to teacher characteristics and class instruction, teacher’s sex, tenure and education matter little 
for boys. In contrast, girls benefit from teachers with longer tenure. An additional year of teacher’s 
tenure improves girls’ scores by 1.7 points. Teacher having a postgraduate degree seems to be 
detrimental to girls’ science scores after school characteristics are controlled for. It is difficult to suggest 
why more qualified teachers would harm girls’ science performance. More likely, better quality schools 
have a higher number of more educated teachers, and the positive correlation between the two pushes 
the estimate on teacher education below zero. Class instruction modality does not emerge as significant 
for science scores at the fourth grade, and neither does the number of science hours per week, nor 
school’s resources.  

In the absence of control for Turkey’s regions, school’s location turns out significant, especially for boys 
in towns and cities, but only until school climate and average socioeconomic status are included in the 
regression. Boys and girls in schools that group students by ability perform some 22-24 points above 
other students. Yet, the effect of student grouping by ability disappears once school climate and average 
socioeconomic status of students’ families are controlled for. This confirms that students in Turkey – 
both boys and girls - sort into school types along the socioeconomic lines. School’s emphasis on 
academic success, unlike for mathematics, does not emerge as significant for science. Finally, school’s 
discipline and safety matters for boys, while school’s average socioeconomic status matters both for 
boys and girls. One standard deviation increase in discipline and safety improves boys’ scores by 6 
points. One standard deviation increase in school-average socioeconomic status is associated with 
additional 22-31 points in science scores for boys and girls. This confirms that school environment or 
peer effects in Turkish schools are potentially high, already in the fourth grade. 
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Figure 4a. Education production function in science in the fourth grade  

Note. Elements significant at ** p < 0.05 or higher. Elements significant at * p < 0.1 are exceptionally included 
if they were significant at ** p < 0.05 or higher for the other sex or for other categories within a variable  

 

9.2. Decomposition of the gender gap in science in the fourth grade 
The predicted gender gap in science in the fourth grade, based on the estimated model, is close to 3 
points in favour of boys, but it is not statistically significant (Table 7c). Although in the fourth grade 
one would expect relatively little selection into enrolment, girls’ higher endowments contribute 7 highly 
significant points in total to the gender gap in science in the fourth grade in favour of girls. On the other 
hand, boys obtain higher returns on endowments, by 10 points in total and highly significant. 
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Figure 4b.  Decomposition of the gender gap in science in the fourth grade 

Note. Elements significant at ** p < 0.05 or higher. NS – non significant. 

 

The detailed decomposition of the gender gap (Table 7d, Figure 4b) shows that the difference in 
endowments in favour of girls arises because of the frequency of homework, the sense of belonging at 
school and self-confidence in science. Comparing to girls, boys are less likely to do homework every 
day, which costs them about 2 points in science scores overall. Their lower sense of belonging translates 
into a further one-point loss. Lower self-confidence in science costs boys 3 points vis-à-vis girls. These 
magnitudes are small but point to three areas where attention could be paid to help boys improve their 
performance.  

The scrutiny of the returns on endowments offers rather little insight. Overall, boys obtain higher returns 
on endowments, by highly significant 10 points, and this is very much driven by boys’ higher returns 
on school discipline and safety. 

9.3. Education production function in science for boys and girls in the eighth 
grade 
Table 8a and 8b present regression results in science for boys and girls in the eighth grade, respectively, 
and Figure 5a summarises the results for Model 8. In the eighth grade, unlike in the fourth, neither boys’ 
nor girls’ age correlates with science scores. However, the extent of speaking Turkish at home matters 
now for boys and girls throughout all models, exactly like in mathematics in the eighth grade. Students 
who always or almost always speak Turkish at home earn additional 40-48 points in TIMSS science in 
grade eight. As in the case of mathematics, this discrepancy observed between fourth and eighth graders 
in 2015 might be due to the cohort or age effect and, given the limitations of this study, it is not possible 
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to precisely attribute it. At the very least, one can say that for the cohort of eighth graders in 2015, 
student segregation into schools by performance does not run strictly along linguistic lines.15   

 
Figure 5a. Education production function in science in the eighth grade  

Note. Elements significant at ** p < 0.05 or higher. Elements significant at * p < 0.1 are exceptionally included 
if they were significant at ** p < 0.05 or higher for the other sex or for other categories within a variable  

 

Parental education – mother or father having at least a high school degree - correlates significantly with 
scores both for boys and girls, adding some 10 points. Given that parental employment is not known for 
the eighth-graders, parental education likely picks up also some of the effect of parental employment 
status. As a result, for boys, the effect of father’s education is more persistent than mother’s, which is 
consistent with the fact that father’s education and employment tend to be a stronger determinant of 
family’s socioeconomic status in Turkey. Moreover, boys being unsure about their father’s education 
and girls about their mothers’ education score significantly below their peers. This negative effect makes 

																																																													
15 It is possible that stricter segregation along linguistic lines becomes the case after the transition to high school, 
as seen in PISA 2015 (Batyra (2017)). Alternatively, given data limitations in TIMSS, school types might not be 
sufficiently controlled for. 
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sense because these students are likely to come from families with less educated mothers and fathers, 
who are also less likely to be employed. Both for boys and girls, family’s intellectual capital represented 
by the number of books at home matters a lot for science scores in the eighth grade. The effect of books 
at home on scores remains important even when school environment is controlled for. In contrast, as in 
the fourth grade, more general material status as proxied by the number of digital devices is less 
persistent, its effect disappearing once school’s characteristics are accounted for, meaning that there is 
relatively more student segregation across schools by wealth, both for boys and girls. 

As expected, absenteeism from school at least once a month harms academic performance for all, by 
about 30-31 points. But the amount of time spent on science homework plays out differently for boys 
and girls. Boys doing a moderate amount of science homework per week, up to 3 hours, score 15 points 
above male peers who devote too much time to it. Too much time spent on homework may stand for the 
remedial nature of homework, whereby weaker students spend more time on science after school. 
Science homework time does not seem to affect much the scores of girls. The effect of the sense of 
belonging at school emerges as negative, but this arises only after student’s attitudes to science are 
controlled for, as in the case of mathematics. Because the sense of belonging, liking and valuing science 
and self-confidence in science are all positively correlated, the effect of the sense of belonging both for 
boys and girls, as well as of valuing science for boys are pushed below zero. This is illustrated in Tables 
A4a and A4b in the appendix, where attitude variables are incorporated stepwise. They show that one 
has to be cautious in interpretation. It would be difficult to explain why the sense of belonging and 
valuing science should have negative effect on scores. The result essentially says that, as in mathematics 
for the eighth graders, self-confidence in science is very crucial both for boys and girls, and dominates 
other attitude variables in the regression. An additional standard deviation in self-confidence gains boys 
and girls additional 22-24 points in TIMSS science scores. The effect of liking science nevertheless 
persists for boys – a standard deviation in the liking of science gains boys 8 points in scores. This is not 
the case for girls. 

Turning to teacher characteristics and class instruction, teacher tenure correlates positively with boys’ 
and girls’ scores throughout all models, and an additional year of teacher’s tenure translates into 1-2 
points in science scores. Science teacher holding a postgraduate degree has some effect on girls’ scores 
but only until school climate and school’s average socioeconomic status are accounted for, meaning that 
better performing girls attend better schools that also employ longer-serving teachers. Evidence emerges 
that teacher-directed instruction benefits the academic achievement of boys in a significant manner. 
Boys based in classes where teacher engages in teacher-directed instruction score about 13 points above 
their peers who are not. On the other hand, girls in classes where teacher puts emphasis on science 
investigation score below girls in classes where teacher does not. There is no such effect for boys. These 
findings imply that different teaching methods might have to be geared towards boys and girls.  

Class size, science hours per week and school’s resources emerge of little importance, and so does 
school’s location. Unlike in the fourth grade, the grouping of students by ability is non-significant in the 
eighth grade. But boys and girls in schools that put a high emphasis on academic success score additional 
8-9 points per one standard deviation of academic success index. The effect of school’s emphasis on 
academic success does not disappear once school climate and school’s average socioeconomic status of 
students’ families are controlled for. This tells that student segregation into schools along the 
socioeconomic lines manifests more in mathematics than science, that is, the inequality of opportunity 
is more persistent in mathematics – which was also observed in PISA 2015 (Batyra (2017)). Finally, the 
degree of student needs at school and school-average socioeconomic status of student families matter 
both for boys and girls. One standard deviation decrease in student needs improves student scores in 
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science by 10 points. One standard deviation increase in school’s average socioeconomic status is 
associated with additional 30 points in scores for boys and girls. This confirms that school environment 
or peer effects in Turkish schools are potentially high, and possibly higher in the eighth than in the fourth 
grade. 

9.4. Decomposition of the gender gap in science in the eight grade 
The predicted gender gap in science in the eighth grade, based on the estimated model, is close to 18 
points in favour of girls, and statistically significant (Table 8c). This is due both to girls’ higher 
endowments (12 points in favour of girls) and returns on endowments (6 points in favour of girls).  

	
Figure 5b.  Decomposition of the gender gap in science in the eighth grade 

Note. Elements significant at ** p < 0.05 or higher 

 

Consistent with the fact that by the eighth grade there might be more selection into enrolment, especially 
for girls, in the eighth grade girls do seem to have higher endowments that contribute to the gender gap. 
The detailed decomposition of the gender gap is presented in Table 8d and Figure 5b. Girls are more 
likely to draw from families speaking Turkish at home more often, and having many books. Girls are 
also less likely than boys to report unknown parental education or unknown time spent on homework. 
Moreover, girls gain over boys on account of lower absenteeism and higher self-confidence in science.16  

																																																													
16 As can be seen in Figure 5, boys score slightly higher than girls on account of their sense of belonging at school. 
On average, boys have a lower sense of belonging than girls. However, because in the regressions for the eighth 
graders the coefficient on the sense of belonging is pushed below zero by the inclusion of self-confidence, boys’ 
lower sense of belonging shows as a positive endowment in the gender gap decomposition. This result is 
counterintuitive and hence left out of the discussion. 
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The scrutiny of the returns on endowments offers relatively little insight. Boys obtain very high returns 
on their liking to learn science. Otherwise boys’ and girls’ individual returns do not show much 
difference but - overall - girls’ returns add to be above boys’. 

9.5. Summary 
The gender gap in science scores in TIMSS 2015 is small and not statistically significant in the fourth 
grade, but stands at 18 points in favour of girls in the eighth grade. This is the only case that a significant 
gender gap emerges in TIMSS 2015 for Turkey.  

The decomposition of the gender gap in the fourth grade shows that girls’ higher endowments already 
gain them 7 points in science above boys on average. In particular, girls do homework more often, and 
have higher sense of belonging at school and self-confidence in science. However, boys obtain 
significantly higher returns on endowments, by 10 points in total. In particular, boys benefit from 
studying at schools characterised by high discipline and safety. Overall, this results in a statistically non-
significant gender gap in the fourth grade.  

In the eighth grade, as the positive selection of girls into enrolment is expected, girls’ higher endowments 
contribute a lot more to the gender gap in science in favour of girls, 12 points. In particular, girls come 
from families where they speak Turkish more often and have more books. They also have lower 
absenteeism and higher self-confidence in science. On the other hand, in terms of returns, boys capitalise 
a lot on liking science. This leads to the returns on endowments contributing close to 10 points in science 
in favour of boys in the eighth grade. 

10. Summary and policy implications 
This work looks at gender gaps in student achievement in mathematics and science in Turkey, based on 
TIMSS 2015. In the fourth grade, there are almost no gender gaps in student achievement. However, in 
the eighth grade, girls outperform boys in science – by 18 points, and gender gaps are significant in 
biology, chemistry and physics. 

Education production function 

Education production functions for mathematics and science were estimated for boys and girls 
separately. The estimation of the education production functions leads to the following conclusions for 
Turkey: 

• Fourth grade 
(i) Older girls perform better in mathematics and science than their younger female classmates.  

(ii) The extent of speaking Turkish at home is positively correlated with scores in mathematics and 
science only until teacher characteristics and class instruction are controlled for. This suggests student 
segregation along the linguistic lines at the class level.  

(iii) Parental education – a parent having at least a high school degree – correlates significantly both 
with boys’ and girls’ scores in mathematics and science. Point estimates on father’s education are 
systematically larger than on mother’s, which is consistent with the fact that father’s education is more 
of a determinant of family’s socioeconomic status in Turkey. 

(iv) Some positive effect of mother’s and father’s employment on mathematics and science scores is 
observed. In the case of mathematics, this effect dies out when student attitudes to mathematics are 
controlled for (father’s employment for boys and girls), and when class and school characteristics are 
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controlled for (mother’s employment for boys and girls).  In the case of science, it dies out when school 
environment is controlled for (father’ employment for boys), and when teacher and class characteristics 
are controlled for (mother’s employment for girls). These findings point to the importance of productive 
parental role models for all children to excel in mathematics and science, especially if students lack self 
confidence or in the absence of alternative role models such as teachers or peers.   

(v) Family’s intellectual capital as represented by the number of books at home systematically matters 
for scores, even when school environment and average socioeconomic status are controlled for, 
especially for girls. This suggests that overcoming intergenerational transmission of inequality is harder 
for girls. Family’s material status as proxied by the number of digital devices is less persistent both for 
boys and girls, suggesting stronger student segregation across schools by wealth.  

(vi) Early childhood education emerges as important for mathematics and science scores both for boys 
and girls, but its effect is more persistent for girls. Again this suggests that overcoming intergenerational 
transmission of inequality is harder for girls. Although parental attitudes to mathematics and science 
never emerge as significant, the amount of early literacy and numeracy activities received by child prior 
to enrolling at school stands out as significant in both subjects for both sexes.   

(v) Absenteeism from school at least once a month, and doing homework less frequently than every day, 
harm academic performance of all students in both subjects. On the other hand, the sense of belonging 
at school benefits boys and girls in both subjects. 

(vi) The effects of student’s attitudes to subjects are mixed. Liking to learn mathematics translates into 
higher scores for boys only; liking to learn science does not emerge as significant for either sex. Yet, it 
is self-confidence in mathematics and science that is the most crucial attitude affecting the scores of all 
students both in mathematics and science.  

(vii) Both boys and girls benefit from more mathematics instruction per week. Instruction hours do not 
emerge as significant for science scores. Teacher tenure emerges as important in both subjects for both 
sexes, but girls somewhat more than boys benefit from teachers with longer tenure. 

(vii) There is some evidence that students in schools that group students by ability perform better in 
mathematics and science, yet this effect weakens and disappears in mathematics and science, 
respectively, when school climate and average socioeconomic status are controlled for. School’s 
emphasis on academic success also emerges as important for mathematics scores, but its effect also 
disappears when school climate and average socioeconomic status are included. These findings point to 
the segregation of the school system in Turkey.  

(viii) While there is little evidence of the importance of school resources, school’s climate is important.  
Discipline and safety matter for boys’ science scores. School-average socioeconomic status is 
persistently associated with much higher scores both for boys and girls, in both subjects. These point to 
the effects of school environment or peers being potentially very high in Turkish schools. 

• Eighth grade 
 (i) The extent of speaking Turkish at home is positively correlated with scores in mathematics and 
science throughout all models, and speaking Turkish at home always or almost always adds up to 50 
points in scores in both subjects. 

(ii) Parental education – a parent having at least a high school degree – correlates significantly both with 
boys’ and girls’ scores in mathematics and science. Point estimates on father’s and mother’s education 
are similar, but the effect of father’s education emerges as somewhat more persistent than mother’s, 
which is consistent with the fact that father’s education is more of a determinant of family’s 
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socioeconomic status in Turkey. As parental employment is not known for the eighth graders, it is very 
likely that parental education picks up some of the effect that otherwise would be attributed to parental 
occupational status. 

(iii) Family’s intellectual capital as represented by the number of books at home systematically matters 
for scores of boys and girls, even when school environment and average socioeconomic status are 
controlled for. Family’s material status as proxied by the number of digital devices is less persistent, 
suggesting stronger student segregation across schools by wealth. As material status is less persistent 
for girls across the models, girls in the eighth grade are more likely than boys to be segregated into 
schools by performance and wealth. 

(iv) Absenteeism from school at least once a month harms academic performance of all students in both 
subjects. The amount of time spent weekly on homework is more important for boys, both in 
mathematics and science.  

(v) Liking to learn the subject translates into higher scores for boys in science only. In the eighth grade, 
as in the fourth grade, the attitude variable that emerges as most crucial both for boys and girls in both 
subjects is self-confidence. 

(vii) As in the fourth grade, girls benefit somewhat more than boys from teachers with longer tenure in 
mathematics, but only until school characteristics are controlled for. In science, both boys and girls 
benefit from teachers with longer tenure, and the effect persists throughout all model specifications. 
Teacher holding a post-graduate degree translates into higher scores in both subjects for boys and girls, 
but for girls it persists only until school climate and average socioeconomic status is controlled for. This 
again points to a stronger segregation of girls across schools in the eighth grade. Instruction hours per 
week do not emerge as significant in the eighth grade. For mathematics, there is some – although weak 
- evidence that enquiry-based instruction might be detrimental to scores, while the correlation between 
teacher-directed instruction and scores is positive. Also in science, teacher-directed instruction benefits 
boys, while emphasis on science investigation leads to lower achievement for girls.  

(vii) Boys and girls in schools that put a high emphasis on academic success score above their peers in 
mathematics and science, but this effect disappears for mathematics when school climate and average 
socioeconomic status are accounted for. This points to the segregation of the school system in Turkey, 
but also to the fact that the inequality of opportunity is harder to overcome in mathematics. 

(viii) While there is little evidence of the importance of school resources, as in the fourth grade, school’s 
climate is important for academic achievement in both subjects. Classes not being hindered by student 
needs lead to a higher performance of boys and girls in mathematics and science. School-average 
socioeconomic status is persistently associated with much higher scores both for boys and girls, in both 
subjects. These results point to the effects of school environment or peers being potentially very high in 
Turkish schools. 

Gender gaps in student achievement 

Taking into account a large number of student, family, teacher, class and school characteristics, it 
emerged that boys and girls in the fourth grade in Turkey perform alike in mathematics and science, but 
in the eighth grade girls outperform boys in science by 18 points. There are no gender gaps in 
mathematics in the eighth grade. Gender gaps in mathematics and science scores were then decomposed 
into two components - due to endowments and returns on endowments. The study of gender gaps in 
academic achievement lends itself to the following conclusions: 

• Fourth grade 
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(i) There is little evidence of girls being positively selected in the fourth grade, but girls in the fourth 
grade are more likely than boys to do homework every day, they have a higher sense of belonging at 
school and more self-confidence in science. Overall, girls’ outdo boys on account of endowments only 
in science.   

(ii) Both in mathematics and science, boys obtain higher returns on endowments overall. In science they 
capitalise especially strongly on positive discipline and safety in their schools.  

(iii) Yet, in spite of some differences in endowments and returns on endowments for boys and girls, 
gender gaps in mathematics and science in the fourth grade are not statistically significant.    

• Eighth grade 
(i) By the eighth grade the effect of positive selection of girls into school enrolment is expected and is 
potentially manifested in the results. The endowments that put girls ahead of boys are speaking Turkish 
at home more often, having more books at home, lower absenteeism, as well as more self-confidence in 
science. Overall, girls’ outdo boys on account of endowments by 4 points in mathematics and 12 points 
in science.  

(ii) In mathematics, differences in the returns on endowments are negligible. In science, on the other 
hand, boys capitalise strongly on liking to learn science, but overall the total returns still favour girls, by 
6 points. 

(iii) Overall, there is no gender gap in mathematics in the eighth grade, but girls outperform boys by 18 
points in science. Had there been no positive selection into school enrolment for girls by the eighth 
grade, there results would most likely be different. Gender gap in mathematics might have arisen, and 
girls’ advantage in science might have diminished.  

Policy implications 

Although only rare gender gaps in student achievement are observed in TIMSS 2015, this research sheds 
light on a number of policy measures in view of allowing both boys and girls perform to their full 
potential. Policy recommendations originating from this work complement prior research on academic 
achievement in Turkey, but also add new insights, especially on the importance of parent-child 
relationship prior to school enrolment and of non-cognitive attributes such as self-confidence in 
mathematics and science. 

• School system 
(i) First observation – in line with prior research - is that Turkish school system remains segregated into 
high- and low-performing schools along the socioeconomic lines. This affects the academic performance 
of boys and girls coming from lower economic, social and cultural backgrounds. Often, student’s 
socioeconomic background – especially when proxied in TIMSS by the number of digital devices at 
home - correlates with academic achievement only until school’s climate and average socioeconomic 
status are accounted for, both in the fourth and eighth grade. This points to the importance of learning 
environment or peers for student performance at all ages. It also suggests that student’s background 
would be less likely to correlate with scores, had the school system not perpetuated the existing 
inequality of opportunity. The correlation of school’s emphasis on academic success with scores also 
weakens or disappears once school climate and average socioeconomic status are controlled for. In the 
case of Turkey, the school system segregation is the artefact of the system that streams students by 
ability very early, currently already in 5th grade following “4+4+4” education reform of 2012. 
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• Family background and home environment 
(ii) The extent of speaking Turkish at home affects all students’ scores in both subjects, especially in the 
eighth grade. This suggests that additional language support should be offered to students whose mother 
tongue is not Turkish. 

(iii) Although they do not seem to contribute to gender gaps, parental education and employment status 
emerge as important, for all students in mathematics and science. Both in the fourth and eighth grade, 
father’s education turns out somewhat a stronger determinant of scores. In the fourth grade, where 
parental employment status is known, it is observed that the effect of parental occupation on scores 
survives until either student attitudes to subjects, or teacher, class and school characteristics are 
accounted for. This suggests that parental role models are important, especially if students lack self-
confidence in the subject, or when role models are not available through teachers or peers.  

(iv) The study provides strong evidence that growing-up environment is instrumental for academic 
achievement in the fourth grade. Although parental attitude to mathematics and science does not emerge 
as significant, attending early childhood education improves mathematics and science scores of boys 
and girls. The effect of early childhood education is also more persistent for girls, meaning that 
overcoming intergenerational inequality is harder for girls. Early literacy and numeracy activities that 
parents do with children prior to entering school stand out as important for mathematics and science 
scores in the fourth grade, for both sexes. Thus, sensitising parents about the importance of early 
childhood education and parent-child engagement could play a role in improving both boys’ and girls’ 
academic performance. Moreover, policy should address in a comprehensive manner relatively low 
levels of enrolment in early childhood education in Turkey (Batyra (2018b)).  

• Study time and the “facilitators” of learning 
(v) The performance of all students in both subjects and both grades is systematically harmed by 
absenteeism. Boys are also more affected by absenteeism than girls, which leads to them lagging behind 
girls in the eighth grade. Doing homework less often than every day is detrimental to mathematics and 
science scores in the fourth grade, especially for boys. In the eighth grade, it is also boys who are more 
affected by not spending sufficient amount of time on homework. Some recommendations in this area 
are sensitising parents about the importance of school attendance and homework, especially for boys; 
and sensitising teachers about the importance of homework format to fight discouragement. 

(vi) The sense of belonging at school benefits all students in both subjects in the fourth grade, but girls 
develop more sense of belonging than boys. Creating school environments that are conducive to building 
the attachment of children to their schools thus seems important, as well as developing strategies to 
make students more comfortable in school setting.  

(vii) In the fourth grade, liking mathematics translates into higher mathematics scores for boys only. In 
the eighth grade, liking science translates into higher science scores for boys only. It is disconcerting 
because girls report higher enjoyment of learning in both subjects and both grades.17 It remains an open 
question why this is so. There is scope to learn from education research literature on how to ameliorate 
this shortcoming. On the other hand, instrumental motivation as measured for the eighth graders in 
TIMSS by the extent to which students value the subject does not emerge as significant. 

(viii) The most crucial “facilitator” of learning for all students, in all subjects and grades, appears to be 
self-confidence. Moreover, girls emerge as more confident in science than boys, both in the fourth and 
eighth grade, which contributes in a significant manner to the gender gap in science in their favour. 

																																																													
17 This finding is curious becuase in PISA 2015 girls report less interest in science than boys. 
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There is clearly a role to play for parents, teachers, school principals and peers in building student self-
confidence. In mathematics, although it does not contribute statistically to the gender gap, boys are more 
self-confident than girls.  

• Teaching and class format 
(ix) Instruction hours per week seem to affect only mathematics scores in the fourth grade. Both boys 
and girls, but especially girls, benefit in mathematics and science from teachers with longer tenure, in 
both grades. Also, teachers holding postgraduate degrees improve students’ scores in mathematics and 
science in the eighth grade. Yet, in the light of school segregation, longer serving teachers and teachers 
with postgraduate degrees tend to be employed by better schools. Addressing the school segregation in 
Turkey is thus one of the ways to allow all students reach their full potential by benefiting from qualified 
teachers. Promoting teacher career incentives and investment in education is another one. 

(x) Instruction format does not emerge as significant in the fourth grade. In the eight grade, there is some 
evidence that teacher-directed instruction improves student performance, while enquiry-based 
instruction and emphasis on science investigation (e.g. through experiments and field work) are 
detrimental. This is in line with international evidence and suggests that teachers should rely on teacher-
directed instruction methods. 

• School types, resources and school climate 
(xi) School’s emphasis on academic success is important for boys’ and girls’ mathematics and science 
performance, but its effect disappears when school’s climate and average socioeconomic status are 
controlled for. This again points to the segregation of the school system. 

(xii) There is little evidence for school resources to have much impact on academic performance. This 
is in line with evidence for the developed countries. On the other hand, school’s climate persistently 
emerges as important for academic achievement, both for boys and girls, in both subjects and both 
grades.  Discipline and safety is particularly important for boys and their science scores in the fourth 
grade. Classes not hindered by student needs are important for boys’ and girls’ performance in 
mathematics and science in the eighth grade. School-average socioeconomic status is systematically 
associated with much higher scores in both subjects for both sexes. All of the above suggest the 
importance of learning environments or peers in fostering good learning outcomes. 

11. Discussion 

Two major student assessments carried out in Turkey in 2015 were TIMSS and PISA. This study used 
TIMSS 2015 data for Turkey to explore education production and gender gaps in mathematics and 
science. A companion work (Batyra (2017)) studied education production and gender gaps in reading, 
mathematics and science with PISA 2015 data. Both works are the most up-to-date investigations of 
student achievement and academic gender gaps at different ages in Turkey, and provide some common 
insights regarding the performance of the Turkish school system, as well as the determinants of 
differential student outcomes between boys and girls. It must nevertheless be stressed that, when 
discussing the common threads in the results obtained with TIMSS and PISA data, one must be cautious 
because TIMSS and PISA measure different knowledge and skills, and use different samples. TIMSS is 
a curriculum-based test in mathematics and science, carried out on fourth graders (elementary school) 
and eighth graders (lower secondary school). PISA is a skill-based test in reading, mathematics and 
science, administered to fifteen-year-olds who are predominantly in the first year of high school. Batyra 
(2017) focuses exclusively on high school students.  
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The first observation for mathematics and science based on the two - TIMSS and PISA - studies is that, 
after controlling for a large battery of student, family and school characteristics, gender gaps in Turkey 
materialise in later grades in 2015 – or put otherwise, for the older cohorts of students. In the fourth 
grade there are no gender gaps in mathematics and science. In the eighth grade, while there is no gender 
gap in mathematics either, girls outdo boys by 18 points in science. Yet for fifteen-year-olds, 
predominantly ninth graders in high schools, Batyra (2017) shows that girls do lag behind boys in 
mathematics, by at least 7 points, while performing at par in science. The score differences between 
fourth, eighth and ninth graders in 2015 may well be due to a number of factors, such as cohort or age 
effects, or selection due to the dropout of some students as they progress through school, especially in 
the transition to high school. It is beyond the scope of these papers to disentangle the relative importance 
of such effects. Yet, the finding that ninth-grade girls in high school perform significantly worse vis-à-
vis boys, comparing to eighth graders, is troubling. First, there is only one-year age difference between 
eighth and ninth graders, so it is unlikely that cohort and age effects are very strong. On the other hand, 
positive selection of students into school enrolment – especially girls – when they transit to high school 
implies that the pool of female students in the ninth grade is skewed towards better female performers. 
Nevertheless, girls in the ninth grade lag behind boys much more than girls in the eighth grade. This 
could be the artefact of TIMSS and PISA design differences, as the surveys measure different types of 
academic performance. Alternatively, this could be the effect of structural differences in the way 
students are taught in lower and upper secondary schools, or behavioural factors that lead to lower 
female performance after the transition to high school. These dilemmas remain open to future research.  

Because the positive selection of female students into enrolment tends to be stronger than that of male 
students in Turkey, especially by the eighth or ninth grade, one must also be careful in interpreting the 
gender gaps estimated in the two studies. The gender gaps in the two studies relate to boys and girls 
currently enrolled at school, and cannot be generalised to the overall population of school-age children. 
This means that, in most likelihood, the estimated gender gaps are biased in favour of girls. One 
indication that positive selection favours girls as they proceed through school is reflected in the fact that 
differences in endowments in favour of girls are substantial in more senior grades. In TIMSS, in the 
eighth grade, comparing to the fourth grade, girls already outdo boys on a number of endowment items 
related to family background – especially on speaking more Turkish at home and having more books at 
home. These are important indicators of social status, and likely correlate with unobservable positive 
characteristics that make these girls high performers. In PISA, at age 15, endowment differences are 
even more telling – girls receive more parental support than boys, talk to parents more often and are less 
likely to work for pay. They are more ambitious and more instrumentally motivated, and attend better 
schools. 

Interpreting the results conditional on enrolment, as far as gender gaps in TIMSS and PISA are 
concerned, the key finding from TIMSS and PISA studies is that commonly girls outdo boys on account 
of endowments, but boys obtain higher returns on endowments. In terms of endowments that put girls 
ahead of boys in both studies are (i) family background (as mentioned above - language spoken at home, 
number of books at home, engagement with parents or (not) working for pay) and (ii) a higher sense of 
belonging at school. The latter is consistent with the fact that girls attend better schools and are more 
likely than boys to be segregated at schools along the socioeconomic lines. Important contributors to 
girls’ higher endowments in TIMSS are also girls’ having lower absenteeism, more devotion to 
homework and a higher self-confidence in science. Additional contributors to girls’ higher endowments 
in PISA are their attending better schools in terms of instruction time and instruction type, and being 
more ambitious than boys. On the other hand, in PISA, anxiety is found an important detriment to female 
academic performance. 
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In contrast, it is boys who tend to obtain higher returns on endowments in terms of mathematics and 
science scores in both studies. In TIMSS, boys capitalise in particular on positive discipline and safety 
at school, while in PISA they benefit substantially from schools with high socioeconomic status. In 
TIMSS they obtain high returns on enjoying learning, while in PISA on their instrumental motivation 
to learn. The latter two findings are somewhat discouraging from the viewpoint of gender gaps because, 
both in TIMSS and PISA samples, it is girls who enjoy learning more, are more ambitious and 
instrumentally motivated than boys. Why boys obtain higher returns than girls on their investments is a 
puzzle and is possibly related to the fact that, in gender-unequal societies in terms of opportunities, such 
as Turkey, it is harder for girls than boys to capitalise on their characteristics.  

Finally, TIMSS and PISA studies offer a number of common conclusions related to education 
production in Turkey. Both studies indicated that Turkish school system is segregated by socioeconomic 
status, already in the fourth grade, and thus propagates the inequality of opportunity that children are 
born into. Yet, the effect of family socioeconomic background does not fully disappear when I control 
for school environment and school-average socioeconomic status. In fact, socioeconomic status is 
stickier for girls, and for all students in mathematics – suggesting that mitigating inequality of 
opportunity is harder for girls, and that inequality manifests itself for all students more in mathematics 
than in science. Both studies also confirm a degree of student segregation along linguistic (or ethnic) 
lines – at least at the class level (TIMSS) or school level (PISA). Parental attributes emerge as important 
both in TIMSS and PISA, and it is father’s education that has a more persistent effect on scores than 
mother’s. Moreover, both studies suggest that parental employment serves as an important role model. 
However, TIMSS study shows additionally that parental role models matter especially if child has low 
self-confidence, or if he or she lacks role models in the form of teachers or peers. Both studies also 
vindicate further the importance of home environment. In TIMSS, early literacy and numeracy activities 
with child come out as fundamental to student achievement, while in PISA parental emotional support 
- but especially talking to parents on regular basis - correlate significantly with academic performance. 
TIMSS study also corroborates evidence that early childhood education has beneficial effects that last, 
at least, until the fourth grade. 

Both studies suggest the importance of time and attention devoted to study. TIMSS analysis suggests 
that daily homework matters in the fourth grade, while in the eighth grade the effect of hours spent on 
study at home may be non-linear – both too much and too little time spent studying at home are 
detrimental to scores, possibly indicating the remedial nature of homework for weaker students. On the 
other hand, PISA analysis uncovers that work for pay, and even house chores, are detrimental to 
academic performance, especially in mathematics. Additionally, the negative effect of absenteeism is 
manifested very clearly in the results based on TIMSS data. In terms of class time at school, class 
instruction hours per week emerge somehow as more important in PISA than in TIMSS, but they are 
also present in TIMSS analysis in the fourth grade in mathematics. While it is common that at a country 
level the number of classroom hours may be correlated with scores, it cannot be ignored that the 
efficiency of instruction is equally important.  

With respect to class characteristics and class instruction, class size does not emerge as important in 
either of the studies, but both analyses suggest that teacher-directed instruction is preferable to enquiry-
based teaching. TIMSS survey accounts better than PISA survey for teacher characteristics in Turkey, 
and TIMSS analysis indicates that longer teacher tenure and postgraduate degrees are good for scores, 
especially for girls. In PISA, on the other hand, it was found that girls capitalise well on educated 
teachers – those with bachelor degrees – in science, but not in mathematics. In both studies, the effect 
of school selectivity – in TIMSS recorded as school’s emphasis on academic success, in PISA proxied 
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by programme types – weakens or disappears after I control for school environment and school-average 
socioeconomic status, again pointing to the segregation of the school system in Turkey. School’s 
material resources do not emerge as important, neither in TIMSS nor PISA, but school’s disciplinary 
climate and average socioeconomic status remain crucial in both studies. In TIMMS, one additionally 
observes the negative effect of teaching being hindered by student needs. These results suggest that 
learning environments and peer effects are potentially very important in Turkey. 

Regarding non-cognitive attributes, or “facilitators of learning,” two most important commonalities 
between TIMSS and PISA are the importance of the sense of belonging at school, as well as student’s 
self-perception. Self-confidence in mathematics and science in TIMSS emerges as immensely important 
for student achievement, while school-related anxiety is consistently detrimental to performance in 
PISA. The conclusions regarding general ambition, the enjoyment of learning, and instrumental 
motivation to learn are more tenuous, yet - overall – they point in the same direction: that non-cognitive 
attributes are important correlates with scores, even in models that account for a large battery of student, 
family and school characteristics. General ambition is only measured in PISA and not in TIMSS, and 
Batyra (2017) shows that it matters for both sexes in mathematics, but only for boys in science. In 
TIMSS, the enjoyment of learning translates into higher scores for boys only, while in PISA it benefits 
both boys and girls. Valuing the subject (TIMSS) or instrumental motivation (PISA) are not statistically 
significant in TIMSS but emerge as important for boys in PISA. The caveat nevertheless remains that 
rather strong correlation between subject enjoyment, subject valuing and self-confidence in TIMSS 
prevents a reliable assessment of their relative effects – in fact, self-confidence effects in TIMSS are so 
strong that they often override the effects of enjoyment and instrumental motivation. 

12. Conclusions 
Based on the data collected by Trends in International Mathematics and Science Study (TIMSS) in 2015, 
this work finds that Turkish girls perform at par with boys in mathematics in the fourth and eighth grade, 
as well as in mathematics in the eighth grade, but outperform boys by 18 points in science in the eighth 
grade. The estimations of education production functions for mathematics and science, for boys and 
girls, are carried out using a large battery of student, family, teacher, class and school characteristics. 
Gender gaps predicted by the model are decomposed into the effects due to endowments, and due to the 
returns on them. This work takes a particular interest in two groups of variables: (i) the features of child 
upbringing related to home environment, in particular early literacy and numeracy activities, as well as 
parental attitudes to mathematics and science; and (ii) the “facilitators” of learning - the sense of 
belonging at school, student’s liking to learn mathematics and science, student’s self-confidence in 
mathematics and science, and finally – for the eighth graders – the extent to which student values 
mathematics and science. While studies for Turkey occasionally accounted for these variables in the 
estimations of education production functions, the contribution of them to gender gaps has hardly been 
studied, especially in TIMSS. As such, this work provides not only the most up-to-date insight into 
education production in primary and lower-secondary school in Turkey, but also into the differentials in 
academic performance between boys and girls in the fourth and eighth grade. 

First, based on the estimation of education production functions and in line with earlier studies for 
Turkey, this works draws attention to the segmented nature of the Turkish school system. Turkish 
students are streamed into low- and high-performing schools along the socioeconomic lines. This 
propagates further the inequalities that arise due to differences in family background and household 
wealth. While school resources rarely emerge as significant contributors to academic achievement, the 



																																																																																																																																																	 	

	
53	

persistent importance of school environment and school-average socioeconomic background speak to 
the centrality of school environment, peers and community to children’s academic performance.  

Second, based on the estimation of education production functions but with regards to the two groups 
of variables of particular interest, the study establishes the importance of parental role models, early 
literacy and numeracy activities with children, as well as early childhood education. The study also 
suggests the detrimental effect of absenteeism and insufficient attention to homework.  It also points to 
the instrumental role played by non-cognitive attributes, especially by the sense of school belonging and 
student’s self-confidence in mathematics and science. 

Third, regarding the gender gaps in academic performance, it emerges that gender gaps in mathematics 
are negligible in both grades, there are no gender gaps in science in the fourth grade, but girls outperform 
boys by 18 points in science in the eighth grade. Girls’ endowments tend to be somewhat higher than 
boys’ in Turkey – especially in the eighth grade, which could well be the result of the positive selection 
of girls into school enrolment. On the other hand, boys tend to be better in translating their endowments 
into returns and scores, especially in the fourth grade. This may be related to the fact that in societies 
where gender-based discrimination is high, and where boys face fewer obstacles to educational and 
professional development, girls find it harder to capitalise on their investments, even as early as in the 
fourth grade. 
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Table 1a. Mathematics scores 
 

 Grade 4 2011 2015 Grade 8 2011 2015 
Turkey Boys 469 484 Boys 448 455 
 Girls 470 482 Girls 457 461 
 Boys-Girls -1 2 Boys-Girls -9 -6 
       
Chile Boys 466 459 Boys 424 436 
 Girls 457 458 Girls 409 418 
 Boys-Girls 9 1 Boys-Girls 15 18 
       
Iran Boys 431 426 Boys 418 435 
 Girls 431 437 Girls 411 438 
 Boys-Girls 0 -11 Boys-Girls 7 -3 
       
Saudi Arabia Boys 402 363 Boys 387 360 
 Girls 418 405 Girls 401 375 
 Boys-Girls -16 -42 Boys-Girls 14 -15 
       
Sweden Boys 506 519 Boys 482 504 
 Girls 501 518 Girls 486 497 
 Boys-Girls 5 1 Boys-Girls -4 7 

 
Note. In bold if significant at least at 0.05 level. Source: IEA. 
 
Table 1b. Science scores 
 

 Grade 4 2011 2015 Grade 8 2011 2015 
Turkey Boys 461 483 Boys 475 484 
 Girls 465 484 Girls 491 503 
 Boys-Girls -4 -1 Boys-Girls -16 -19 
       
Chile Boys 486 478 Boys 470 460 
 Girls 474 477 Girls 454 448 
 Boys-Girls 12 1 Boys-Girls 16 12 
       
Iran Boys 454 415 Boys 472 454 
 Girls 452 427 Girls 477 459 
 Boys-Girls 2 -12 Boys-Girls -5 -5 
       
Saudi Arabia Boys 405 352 Boys 424 368 
 Girls 453 431 Girls 450 423 
 Boys-Girls -48 -79 Boys-Girls -26 -55 
       
Sweden Boys 535 536 Boys 508 522 
 Girls 532 544 Girls 511 523 
 Boys-Girls 3 -9 Boys-Girls -3 -1 

 
Note. In bold if significant at least at 0.05 level. Source: IEA. 
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Table 2. Model specifications 
 

  Details 
Model 1 Baseline Age, language spoken at home, parental education, parental 

employment (Grade 4 only), number of books at home, number of 
digital resources at home 
 

Model 2 
(Grade 4 only) 

Model 1 + Home 
environment and upbringing 

Early childhood education, early literacy and numeracy activities, 
parental attitudes to math and science 
 

Model 3 Model 2 + Engagement with 
school and homework  

Absenteeism, time spent on homework, sense of belonging at school 

   
Model 4 Model 3 + Attitudes to 

subject (Math or science) 
Likes learning the subject, values the subject (Grade 8 only), has self-
confidence in the subject 

   
Model 5 Model 4 + Teacher and 

instruction 
Teacher’s sex, tenure, tenure squared, if has postgraduate degree, 
major, enquiry-based instruction, confidence in student-directed 
instruction, teacher-directed instruction, emphasis on science 
investigation (Science only) 

   
Model 6 Model 5 + Class resources Class size, class size squared, instruction hours per week, instruction 

hours per week squared 
   
Model 7 Model 6 + School 

characteristics 
Location, if students grouped by ability, emphasis on academic 
success, shortage of resources 

   
Model 8 Model 7 + School climate Discipline and safety, teaching not limited by student needs, school-

average educational resources in students’ families 
  



																																																																																																																																																	 	

	
62	

Table 3. Descriptive statistics by sex – Grade 4 
 

 Boys Girls Boys-Girls 
 Mean SD Mean SD  
Scores      
Math 489.24 91.95 485.93 87.66 3.31 
Science 488.65 87.40 488.41 83.51 0.24 
Earth Science 488.61 96.49 481.18 94.16 7.43** 
Life Science 476.21 83.29 479.00 80.20 -2.79 
Physics 501.24 91.76 501.46 87.82 -0.22 
      
Student      
Age 9.87 0.41 9.85 0.39  
Speaks Turkish at home (Always/Almost always) 0.80 0.40 0.82 0.38  
      
Parental education      
Mother - Less than high school 0.67 0.47 0.69 0.46  
Mother - At least high school 0.26 0.44 0.25 0.43  
Mother - Unknown  0.08 0.27 0.06 0.24  
      
Father - Less than high school 0.55 0.50 0.56 0.50  
Father - At least high school 0.39 0.49 0.38 0.49  
Father - Unknown  0.06 0.24 0.06 0.23  
      
Parental employment status      
Mother - Not employed 0.57 0.50 0.60 0.49  
Mother - Employed 0.23 0.42 0.22 0.41  
Mother - Other 0.21 0.41 0.18 0.39 

 
 

Father - Not employed 0.06 0.23 0.06 0.24  
Father - Employed 0.81 0.40 0.81 0.39  
Father - Other 0.14 0.34 0.13 0.33  
      
Family background      
Number of books at home      

<10 0.38 0.48 0.38 0.49  
11-25 0.28 0.45 0.27 0.44  

26-100 0.21 0.41 0.22 0.41  
101-200 0.07 0.26 0.07 0.26  

>200 0.06 0.23 0.06 0.24  
Number of digital devices at home      

None 0.17 0.37 0.18 0.38  
1-3 0.53 0.50 0.53 0.50  
4-6 0.24 0.43 0.23 0.42  

7-10 0.05 0.21 0.05 0.22  
>10 0.01 0.11 0.01 0.10  

Years in early childhood education      
None 0.28 0.45 0.28 0.45  
<=1 0.49 0.50 0.51 0.50  
>=2 0.23 0.42 0.22 0.41  

Early literacy and numeracy activities (SCL) 8.98 2.19 9.10 2.18  
Parents’ attitude to math and science (SCL) 10.69 1.77 10.68 1.80  
      
Study time      
Absent from school at least once a month 0.38 0.49 0.36 0.48  
Homework - Every day  0.73 0.44 0.81 0.39  
Homework - Less than every day 0.24 0.43 0.16 0.37  
Homework - Other 0.03 0.17 0.03 0.16  
      
Student’s attitudes      
Sense of belonging at school (SCL) 10.68 1.88 10.94 1.82  
Likes learning math (SCL) 11.31 1.52 11.35 1.48  
Likes learning science (SCL) 11.04 1.74 11.30 1.58  
Self-confidence in math (SCL) 10.49 2.10 10.40 2.06  
Self-confidence in science (SCL) 10.75 1.97 11.05 1.90  
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Teacher      
Female 0.59 0.49 0.60 0.49  
Tenure (Years) 15.35 10.14 15.27 10.19  
Has postgraduate degree 0.03 0.18 0.03 0.18  
      
Has math and education major 0.14 0.35 0.14 0.34  
Has math major only 0.01 0.10 0.01 0.08  
Has education major only 0.66 0.47 0.66 0.47  
Other major 0.19 0.39 0.20 0.40 

 
 

Has science and education major 0.13 0.34 0.13 0.34  
Has science major only 0.04 0.19 0.03 0.18  
Has education major only 0.67 0.47 0.67 0.47  
Other major 0.16 0.37 0.17 0.37  
      
Class format      
Enquiry-based instruction (Always/Almost always) 0.60 0.49 0.57 0.49  
Confidence in student-directed instruction in math (Very high/High) 0.68 0.47 0.67 0.47  
Confidence in student-directed instruction in science (Very high/High) 0.57 0.49 0.57 0.50  
Teacher-directed instruction in math (Always/Almost always) 0.82 0.39 0.82 0.38  
Teacher-directed instruction in science (Always/Almost always) 0.89 0.31 0.89 0.31  
Emphasis on science investigation (SCL) 11.03 2.09 11.01 2.09  
Class size 26.91 9.45 26.63 9.72  
Math hours per week 3.34 1.37 3.29 1.22  
Science hours per week 2.33 0.71 2.31 0.69  
      
School      
Location      

Pop < 15,000 0.22 0.42 0.25 0.43  
15,000 < Pop < 500,000 0.46 0.50 0.44 0.50  

Pop > 500,000 0.31 0.46 0.31 0.46  
      
Students grouped by ability for math - No 0.95 0.22 0.95 0.22  
Students grouped by ability for math - Yes 0.03 0.16 0.02 0.15  
Students grouped by ability for math - Unknown 0.02 0.16 0.03 0.17  
      
Students grouped by ability for science - No 0.95 0.23 0.95 0.23  
Students grouped by ability for science - Yes 0.03 0.16 0.02 0.15  
Students grouped by ability for science - Unknown 0.03 0.16 0.03 0.18  
      
School’s emphasis on academic success (SCL) 9.41 1.99 9.34 1.96  
Shortage of resources (SCL) 9.06 2.22 8.97 2.20  
School environment – Discipline and safety  (SCL) 9.74 2.16 9.71 2.13  
Teaching not limited by student needs (SCL) 8.86 1.74 8.80 1.78  
      
Average educational resources in students’ families (SCL) 8.40 1.42 8.34 1.44  
Observations - Math 2,737  2,721   
Observations – Science 2,836  2,795   

 
Note. *** p < 0.01. ** p < 0.05. * p < 0.1 
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Table 4. Descriptive statistics by sex – Grade 8 
 

 Boys Girls Boys-Girls 
 Mean SD Mean SD  
Scores      
Math 458.84 101.47 463.54 100.78 -4.71 
Science 488.37 93.34 505.83 86.52 -17.45*** 
Earth Science 479.35 90.91 481.93 84.07 -2.58 
Biology 482.77 91.40 506.12 82.91 -23.35*** 
Chemistry 481.59 108.25 514.23 100.64 -32.64*** 
Physics 501.12 101.65 517.66 92.92 -16.54*** 
      
Student      
Age 13.95 0.58 13.89 0.57  
Speaks Turkish at home (Always/Almost always) 0.89 0.31 0.94 0.25  
      
Parental education      
Mother - Less than high school 0.65 0.48 0.71 0.45  
Mother - At least high school 0.27 0.45 0.25 0.43  
Mother - Unknown  0.07 0.26 0.04 0.19  
      
Father - Less than high school 0.51 0.50 0.55 0.50  
Father - At least high school 0.41 0.49 0.40 0.49  
Father - Unknown  0.08 0.27 0.05 0.22  
      
Family background      
Number of books at home      

<10 0.19 0.39 0.13 0.33  
11-25 0.34 0.47 0.36 0.48  

26-100 0.30 0.46 0.31 0.46  
101-200 0.09 0.29 0.12 0.33  

>200 0.08 0.27 0.09 0.28  
Number of digital devices at home      

None 0.06 0.24 0.06 0.23  
1-3 0.32 0.47 0.37 0.48  
4-6 0.34 0.47 0.34 0.47  

7-10 0.18 0.39 0.17 0.38  
>10 0.09 0.29 0.07 0.25  

      
Study time      
Absent from school at least once a month 0.46 0.50 0.37 0.48  
Math homework per week (Hours)       

>3 0.13 0.34 0.10 0.31  
2/3 - 3 0.42 0.49 0.41 0.49  
<2/3 0.43 0.49 0.47 0.50  

Unknown 0.02 0.16 0.02 0.13  
Science homework per week (Hours)       

>3 0.10 0.30 0.07 0.26  
2/3 - 3 0.37 0.48 0.39 0.49  
<2/3 0.50 0.50 0.52 0.50  

Unknown 0.04 0.19 0.02 0.13  
      
Student’s attitudes      
Sense of belonging at school (SCL) 10.43 1.99 10.82 1.99  
Likes learning math (SCL) 10.22 1.93 10.29 2.02  
Likes learning science (SCL) 10.60 1.96 10.94 1.94  
Values math (SCL) 9.98 2.20 10.14 1.95  
Values science (SCL) 10.31 1.97 10.54 1.83  
Self-confidence in math (SCL) 9.83 2.17 9.71 2.41  
Self-confidence in science (SCL) 10.56 2.20 10.83 2.36  
      
Math teacher      
Female 0.48 0.50 0.48 0.50  
Tenure (Years) 9.84 8.39 9.54 8.27  
Has postgraduate degree 0.07 0.26 0.07 0.26  
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Has math and education major 0.53 0.50 0.54 0.50  
Has math major only 0.17 0.38 0.16 0.37  
Has education major only 0.27 0.45 0.27 0.45  
Other major 0.02 0.16 0.03 0.16  
      
Science teacher      
Female 0.50 0.50 0.50 0.50  
Tenure (Years) 11.85 8.96 11.60 8.68  
Has postgraduate degree 0.08 0.26 0.07 0.26  
      
Has science and education major 0.31 0.46 0.31 0.46  
Has science major only 0.28 0.45 0.27 0.44  
Has education major only 0.41 0.49 0.42 0.49  
Other major 0.00 0.06 0.00 0.06  
      
Math class format      
Enquiry-based instruction (Always/Almost always) 0.49 0.50 0.48 0.50  
Teacher’s confidence in student-directed instruction (Very high/High) 0.66 0.47 0.63 0.48  
Teacher-directed instruction (Always/Almost always) 0.79 0.41 0.79 0.41  
Class size 30.00 8.91 29.69 8.94  
Math hours per week 3.19 1.09 3.25 1.13  
      
Science class format      
Enquiry-based instruction (Always/Almost always) 0.56 0.50 0.54 0.50  
Teacher’s confidence in student-directed instruction (Very high/High) 0.60 0.49 0.59 0.49  
Teacher-directed instruction (Always/Almost always) 0.84 0.37 0.82 0.39  
Emphasis on science investigation (SCL) 10.75 1.92 10.63 1.88  
Class size 30.22 8.77 29.90 8.81  
Science hours per week 3.04 1.12 3.09 1.14  
      
School - described by the principal      
Location      

Pop < 15,000 0.21 0.41 0.21 0.40  
15,000 < Pop < 500,000 0.45 0.50 0.46 0.50  

Pop > 500,000 0.34 0.47 0.33 0.47  
      
Students grouped by ability for math – No 0.78 0.42 0.78 0.41  
Students grouped by ability for math – Yes 0.11 0.31 0.10 0.31  
Students grouped by ability for math – Unknown 0.11 0.31 0.11 0.31  
      
Students grouped by ability for science – No 0.77 0.42 0.78 0.42  
Students grouped by ability for science – Yes 0.12 0.32 0.11 0.31  
Students grouped by ability for science – Unknown 0.11 0.31 0.11 0.32  
      
School - described by math teacher      
School’s emphasis on academic success (SCL) 9.19 1.96 9.18 1.92  
Shortage of resources (SCL) 8.92 2.15 8.91 2.13  
School environment  (SCL) 9.20 2.19 9.21 2.20  
Teaching limited by student needs (SCL) 8.68 1.65 8.67 1.58  
      
School – described by science teacher      
School’s emphasis on academic success (SCL) 9.13 1.81 9.16 1.80  
Shortage of resources (SCL) 8.92 1.95 8.85 1.97  
School environment – Discipline and safety  (SCL) 9.16 1.94 9.31 1.97  
Teaching not limited by student needs (SCL) 8.87 1.68 8.94 1.68  
      
Average educational resources in students’ families (SCL) 9.15 1.30 9.14 1.26  
Observations - Math 2,796  2,668   
Observations - Science 2,825  2,706   

 
Note. *** p < 0.01. ** p < 0.05. * p < 0.1 
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Table 5a. Mathematics - Grade 4 – Boys 
 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) -4.67 -0.89 1.66 0.25 -0.22 0.19 0.10 0.71 
 (4.57) (4.61) (4.49) (4.32) (4.25) (4.16) (3.97) (4.02) 
Speaks Turkish at home (Always/Almost always) 24.10*** 16.84** 12.95* 14.25** 7.49 5.94 5.77 2.50 
 (6.96) (6.59) (6.65) (5.94) (5.80) (5.60) (5.22) (5.22) 
Mother’s education (Ref.: Less than high school)         
         
At least high school  41.20*** 37.42*** 36.58*** 32.35*** 29.44*** 27.67*** 23.60*** 17.62*** 
 (5.70) (5.96) (5.89) (5.25) (5.38) (4.58) (4.64) (4.50) 
Unknown 13.43* 10.92 9.00 11.55 11.57 10.90 9.68 7.78 
 (7.86) (8.17) (7.83) (7.46) (7.55) (7.18) (7.05) (7.46) 
Father’s education (Ref.: Less than high school)         
         
At least high school 32.96*** 30.77*** 28.63*** 25.33*** 24.69*** 23.41*** 21.05*** 18.04*** 
 (4.16) (4.20) (3.92) (3.82) (3.90) (3.76) (3.74) (3.73) 
Unknown -13.71 -16.66* -18.76* -17.43** -15.66* -15.66** -14.10* -13.66* 
 (10.08) (10.03) (9.72) (8.60) (8.08) (7.69) (7.78) (7.82) 
Mother’s employment status (Ref.: Not employed)         
         
Employed 8.11 6.48 7.70 11.47*** 9.64** 9.00** 7.67* 5.79 
 (6.00) (5.51) (5.16) (4.44) (4.45) (4.45) (4.33) (4.46) 
Other -12.17** -15.37** -12.65** -10.31** -12.06** -11.25** -9.95** -11.19** 
 (5.69) (6.08) (5.63) (5.24) (5.33) (4.84) (4.98) (4.99) 
Father’s employment status (Ref.: Not employed)         
         
Employed 24.55*** 20.47*** 19.59*** 12.43* 10.14 10.88* 11.08* 10.76* 
 (8.21) (7.81) (6.86) (6.92) (6.65) (6.24) (6.10) (6.00) 
Other 5.32 4.12 4.30 -0.60 -1.59 -1.67 1.49 1.93 
 (9.58) (9.38) (8.82) (8.91) (8.71) (8.18) (8.22) (8.03) 
Number of books at home (Ref.: <10)         
         

11-25 21.62*** 14.44*** 11.46*** 8.89** 8.34** 7.80** 6.24* 5.15 
 (4.44) (4.51) (4.24) (3.74) (3.67) (3.69) (3.74) (3.56) 

26-100 31.06*** 22.38*** 20.98*** 17.82*** 16.12*** 16.24*** 13.43*** 11.40** 
 (5.33) (5.20) (4.97) (4.66) (4.55) (4.43) (4.66) (4.78) 

101-200 36.84*** 27.35*** 24.23*** 20.13*** 19.69*** 20.70*** 18.01*** 12.76* 
 (9.05) (8.76) (8.42) (7.76) (7.55) (7.02) (6.69) (6.67) 

>200 44.99*** 34.48*** 28.80*** 25.38*** 25.20*** 28.12*** 24.67*** 17.97** 
 (9.07) (9.76) (9.35) (8.59) (8.73) (7.52) (7.55) (7.57) 

Number of digital devices at home (Ref.: None)         
         

1-3 24.28*** 17.62** 14.54* 14.50** 12.42* 12.29* 10.00 5.53 
 (6.96) (7.28) (7.45) (6.77) (6.66) (6.60) (6.14) (5.71) 

4-6 31.03*** 21.98** 19.79** 17.70* 15.58* 16.74* 12.14 4.21 
 (9.88) (10.00) (9.79) (9.16) (9.11) (9.00) (8.37) (7.91) 

7-10 32.44*** 23.72** 23.32** 17.32 13.71 13.41 9.74 0.45 
 (11.67) (11.75) (11.67) (10.87) (10.66) (10.70) (10.43) (9.92) 

>10 -14.63 -17.93 -18.25 -14.54 -14.49 -16.44 -21.83 -32.89** 
 (18.82) (18.80) (17.58) (15.14) (15.78) (15.64) (14.85) (15.10) 
         
Years in early childhood education (Ref.: None)         
         

<=1  13.65** 11.23** 13.38*** 12.56** 10.11** 10.14** 8.26* 
  (5.51) (5.24) (4.98) (5.17) (5.11) (4.96) (4.98) 

>=2  5.26 3.37 4.04 3.76 1.14 -0.83 -5.09 
  (6.38) (5.96) (5.41) (5.38) (5.31) (5.44) (5.43) 
         
Early literacy and numeracy activities (SCL)  7.65*** 5.94*** 4.38*** 3.62*** 4.18*** 4.15*** 3.19*** 
  (1.28) (1.25) (1.18) (1.28) (1.07) (1.03) (1.00) 
Parents’ attitude to math and science (SCL)  -0.30 -0.57 -0.94 -1.03 -0.91 -0.71 0.01 
  (1.01) (0.93) (0.89) (0.84) (0.84) (0.84) (0.82) 
         
Absent from school at least once a month   -28.11*** -16.92*** -16.68*** -16.37*** -15.94*** -14.89*** 
   (3.91) (3.57) (3.50) (3.51) (3.52) (3.59) 
Homework (Ref.: Every day)         
         
Less than every day   -30.38*** -26.56*** -25.36*** -24.82*** -23.02*** -22.19*** 
   (5.13) (5.03) (4.91) (4.73) (4.64) (4.44) 
Other   -5.23 -0.69 -0.50 -0.53 0.00 -2.02 
   (11.65) (11.73) (11.14) (10.45) (10.69) (10.40) 
         
Sense of belonging at school (SCL)   5.63*** 2.00* 2.09* 1.84 1.77* 1.77* 
   (1.25) (1.13) (1.15) (1.16) (1.00) (0.98) 
         
Likes learning math (SCL)    2.54* 2.39* 2.72* 3.07** 3.82*** 
    (1.40) (1.39) (1.40) (1.33) (1.33) 
Self-confidence in math (SCL)    13.64*** 13.46*** 13.33*** 13.17*** 13.09*** 
    (0.92) (0.88) (0.86) (0.79) (0.80) 
         
Teacher is female     -4.01 -1.88 -2.59 -6.09 
     (6.57) (6.47) (6.16) (5.69) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
  

Teacher’s tenure (Years)     1.96* 2.25** 1.73* 1.15 
     (1.09) (1.09) (0.91) (0.87) 
Teacher’s tenure squared     -0.03 -0.03 -0.03 -0.02 
     (0.03) (0.03) (0.02) (0.02) 
Teacher has postgraduate degree     2.06 9.35 5.74 -2.03 
     (10.59) (9.59) (9.28) (13.20) 
Teacher’s major (Ref.: Major in math and education)         
         
Math major only     -33.84 -42.27 -33.20 -34.26 
     (42.43) (44.65) (41.30) (27.90) 
Education major only     -4.31 -11.16 -9.61 -6.96 
     (7.93) (7.42) (6.65) (6.90) 
Other     -8.63 -13.28 -15.45* -12.15 
      (11.71) (10.50) (9.15) (9.51) 
         
Enquiry-based instruction (Always/Almost always)     4.36 6.51 3.76 -1.26 
     (5.67) (5.58) (5.14) (4.98) 
Confidence in student-directed instruction in math 
(Very high/High)     -0.90 -0.91 -4.71 -4.12 
     (5.63) (5.83) (5.67) (6.16) 
Teacher-directed instruction in math  
(Always/Almost always)     -1.14 -2.31 -1.69 -1.73 
     (6.96) (6.87) (5.94) (6.01) 
         
Class size      0.85 -0.70 -0.36 
      (1.73) (1.63) (1.72) 
Class size squared      -0.02 0.00 -0.01 
      (0.03) (0.03) (0.03) 
Math hours per week      17.07** 20.29*** 15.08** 
      (7.94) (7.66) (7.69) 
Math hours per week squared      -2.04** -2.35*** -1.76** 
      (0.86) (0.81) (0.84) 
School’s location (Ref.: Village – Pop. < 15,000)         
         
Town (15,000 < Pop. < 1,000,000)       29.42*** 21.24*** 
       (7.08) (7.23) 
City  (Pop. > 500,000)       29.79*** 19.44** 
       (8.19) (8.51) 
Students grouped by ability  (Ref. No)         
         
Yes       28.33*** 18.31* 
       (8.88) (10.39) 
Other       8.26 5.10 
       (6.68) (6.56) 
School’s emphasis on academic success (SCL)       3.89** -0.28 
       (1.67) (1.73) 
Shortage of resources (SCL)       0.59 -1.14 
       (1.28) (1.43) 
         
School environment – discipline and safety  (SCL)        1.65 
        (1.45) 
Teaching not limited by student needs (SCL)        1.29 
        (1.54) 
Average educational resources in student families 
(SCL)        15.44*** 
        (2.82) 
R-squared 2,737 2,737 2,737 2,737 2,737 2,737 2,737 2,737 
Observations 0.32 0.35 0.41 0.49 0.50 0.51 0.53 0.55 
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Table 5b. Mathematics - Grade 4 – Girls 
 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) 9.73 12.18* 11.94** 10.73* 11.87** 12.76** 12.11** 12.04** 
 (6.39) (6.31) (5.70) (5.80) (5.57) (5.22) (5.00) (4.97) 
Speaks Turkish at home (Always/Almost always) 25.78*** 20.94*** 14.80** 15.42*** 10.64* 8.37* 7.86* 4.69 
 (7.47) (7.20) (6.67) (5.89) (5.44) (4.92) (4.73) (4.82) 
Mother’s education (Ref.: Less than high school)         
         
At least high school  33.65*** 29.41*** 26.03*** 22.75*** 21.91*** 21.48*** 18.69*** 12.76*** 
 (4.95) (5.05) (5.04) (4.30) (4.30) (4.11) (3.92) (4.03) 
Unknown -0.13 -2.86 3.93 5.39 4.71 5.70 4.37 4.38 
 (7.71) (7.39) (6.62) (6.64) (6.66) (6.68) (6.73) (6.96) 
Father’s education (Ref.: Less than high school)         
         
At least high school 38.68*** 34.92*** 28.53*** 28.03*** 26.84*** 25.06*** 22.89*** 20.28*** 
 (4.20) (4.37) (4.17) (4.11) (4.18) (3.87) (3.91) (3.93) 
Unknown 9.64 6.35 4.69 5.27 6.72 6.92 8.23 7.77 
 (10.73) (10.31) (9.81) (9.68) (9.53) (9.38) (8.96) (8.88) 
Mother’s employment status (Ref.: Not employed)         
         
Employed 10.15** 7.30* 8.76** 11.10*** 10.03** 7.86* 7.73* 4.80 
 (4.38) (4.36) (4.27) (4.09) (4.10) (4.06) (4.01) (4.06) 
Other 0.31 -3.13 -1.82 -2.52 -3.56 -2.88 -1.32 -1.98 
 (5.47) (5.37) (4.63) (4.71) (4.81) (4.43) (4.61) (4.53) 
Father’s employment status (Ref.: Not employed)         
         
Employed 32.54*** 27.76** 20.80** 15.87 15.05 14.82 13.24 11.75 
 (12.13) (11.77) (10.60) (10.21) (10.00) (9.86) (9.55) (9.52) 
Other 12.77 9.63 2.58 -1.48 -1.47 -3.18 -1.77 -3.51 
 (13.25) (12.81) (12.00) (11.61) (11.63) (11.48) (11.59) (11.67) 
Number of books at home (Ref.: <10)         
         

11-25 21.62*** 14.51*** 13.30*** 10.67** 9.49** 10.64** 8.94** 7.09* 
 (4.86) (4.50) (4.55) (4.52) (4.54) (4.61) (4.32) (4.26) 

26-100 33.55*** 25.16*** 24.05*** 20.29*** 19.55*** 20.75*** 18.26*** 15.04*** 
 (5.84) (5.72) (5.56) (5.43) (5.40) (5.37) (5.21) (5.15) 

101-200 29.32*** 20.03*** 21.24*** 16.32** 16.85** 18.86*** 15.57** 10.17 
 (7.07) (7.02) (6.97) (6.87) (7.03) (6.98) (6.58) (6.52) 

>200 45.45*** 36.19*** 35.44*** 28.95*** 27.70*** 31.03*** 25.16*** 17.91** 
 (8.39) (8.76) (8.47) (8.82) (8.99) (7.59) (7.67) (7.62) 

Number of digital devices at home (Ref.: None)         
         

1-3 12.59** 5.99 7.45 8.74* 6.99 7.24 4.64 1.75 
 (5.79) (6.08) (5.67) (5.31) (5.18) (5.10) (5.16) (5.14) 

4-6 23.14*** 13.58** 15.90** 14.81** 12.49** 14.12** 10.39* 4.85 
 (6.75) (6.85) (6.59) (6.46) (6.23) (6.19) (6.26) (6.33) 

7-10 34.36*** 24.36** 28.83*** 25.49*** 23.44*** 23.91*** 19.70** 11.22 
 (9.66) (10.00) (9.42) (8.90) (8.87) (8.60) (8.49) (8.39) 

>10 8.37 -2.69 0.90 -10.88 -9.90 -10.01 -12.55 -21.19* 
 (17.55) (16.05) (15.14) (12.08) (12.65) (12.52) (12.51) (12.70) 
         
Years in early childhood education (Ref.: None)         
         

<=1  20.53*** 16.10*** 15.02*** 14.74*** 12.26*** 12.26*** 11.63*** 
  (4.96) (4.82) (4.50) (4.48) (4.33) (4.28) (4.15) 

>=2  11.87** 8.86 8.42* 8.94* 5.75 3.10 1.61 
  (5.69) (5.61) (4.87) (4.74) (4.72) (4.74) (4.69) 
         
Early literacy and numeracy activities (SCL)  7.32*** 6.12*** 5.25*** 4.74*** 5.30*** 5.22*** 4.57*** 
  (1.26) (1.25) (1.18) (1.21) (1.01) (0.98) (0.97) 
Parents’ attitude to math and science (SCL)  1.31 0.19 -0.51 -0.34 -0.37 -0.12 0.37 
  (1.32) (1.26) (1.20) (1.21) (1.24) (1.25) (1.24) 
         
Absent from school at least once a month   -20.52*** -12.07*** -10.84*** -10.54*** -11.90*** -10.95*** 
   (4.15) (3.40) (3.53) (3.66) (3.43) (3.45) 
Homework (Ref.: Every day)         
         
Less than every day   -38.07*** -33.16*** -32.05*** -30.13*** -28.08*** -27.56*** 
   (5.58) (5.31) (5.25) (5.04) (5.05) (5.19) 
Other   -37.38** -26.78 -26.92* -26.63* -24.52 -24.61* 
   (17.65) (16.92) (16.28) (15.20) (15.11) (14.96) 
         
Sense of belonging at school (SCL)   7.15*** 4.02*** 3.94*** 3.88*** 3.26*** 3.24*** 
   (1.03) (1.02) (1.04) (1.03) (1.01) (1.02) 
         
Likes learning math (SCL)    0.07 0.28 0.47 0.95 1.04 
    (1.26) (1.30) (1.28) (1.25) (1.23) 
Self-confidence in math (SCL)    12.94*** 12.70*** 12.73*** 12.61*** 13.03*** 
    (1.21) (1.26) (1.22) (1.22) (1.22) 
         
Teacher is female     3.27 5.11 5.49 1.97 
     (5.18) (5.22) (5.28) (5.32) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Teacher’s tenure (Years)     2.10** 2.49*** 2.09*** 1.58** 
     (0.84) (0.85) (0.80) (0.77) 
Teacher’s tenure squared     -0.04* -0.05** -0.04** -0.04* 
     (0.02) (0.02) (0.02) (0.02) 
Teacher has postgraduate degree     -1.81 3.69 0.74 -5.58 
     (8.30) (6.59) (6.94) (7.55) 
Teacher’s major (Ref.: Major in math and education)         
         
Math major only     -22.22 -30.59 -26.08 -21.79 
     (18.31) (18.82) (21.19) (15.88) 
Education major only     -2.16 -8.20 -6.91 -1.71 
     (8.09) (7.34) (7.45) (7.50) 
Other     -4.43 -7.79 -10.16 -3.88 
      (9.20) (7.94) (7.73) (7.61) 
         
Enquiry-based instruction (Always/Almost always)     -0.50 0.56 -2.70 -5.06 
     (5.52) (5.25) (5.18) (5.07) 
Confidence in student-directed instruction in math 
(Very high/High)     2.04 1.48 -1.98 -0.31 
     (4.88) (4.84) (4.85) (5.04) 
Teacher-directed instruction in math  
(Always/Almost always)     -0.99 -3.67 -3.10 -2.81 
     (7.08) (7.03) (6.89) (6.46) 
         
Class size      1.37 0.11 -0.26 
      (1.29) (1.30) (1.32) 
Class size squared      -0.04 -0.02 -0.01 
      (0.02) (0.02) (0.02) 
Math hours per week      19.63** 23.58** 17.83* 
      (8.96) (9.26) (9.24) 
Math hours per week squared      -2.35** -2.72** -2.14* 
      (1.08) (1.11) (1.14) 
School’s location (Ref.: Village – Pop. < 15,000)         
         
Town (15,000 < Pop. < 1,000,000)       20.78*** 12.85* 
       (7.11) (7.21) 
City  (Pop. > 500,000)       20.00** 9.77 
       (8.09) (8.47) 
Students grouped by ability  (Ref. No)         
         
Yes       29.37*** 22.28** 
       (8.25) (10.80) 
Other       1.77 -1.85 
       (7.12) (7.00) 
School’s emphasis on academic success (SCL)       3.57** 1.90 
       (1.80) (1.93) 
Shortage of resources (SCL)       0.90 0.39 
       (1.33) (1.29) 
         
School environment  - discipline and safety  (SCL)        -0.85 
        (1.45) 
Teaching not limited by student needs (SCL)        -0.72 
        (1.29) 
Average educational resources in student families 
(SCL)        12.47*** 
        (2.16) 
R-squared 2,721 2,721 2,721 2,721 2,721 2,721 2,721 2,721 
Observations 0.32 0.36 0.42 0.49 0.50 0.51 0.53 0.54 
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Table 5c. Decomposition of the gender gap in mathematics – Grade 4 
 
 Mathematics 
Predicted - Boys 489.24*** 
 (3.54) 
Predicted - Girls 485.93*** 
 (3.48) 
Predicted gender gap 3.31 
 (2.75) 
Endowments  -2.67 
 (1.93) 
Coefficients 5.98*** 
 (2.27) 
Observations 5,458 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 5d. Detailed decomposition of the gender gap in mathematics – Grade 4 
 
 Mathematics Endowments Coefficients 
Predicted - Boys 489.24***   
 (3.54)   
Predicted - Girls 485.93***   
 (3.48)   
Predicted gender gap 3.31   
 (2.75)   
Age  0.13 -111.73* 
  (0.10) (57.90) 
Speaks Turkish at home (Always/Almost always)  -0.09 -1.78 
  (0.10) (4.61) 
Mother’s education – At least high school   0.05 1.23 
  (0.14) (1.43) 
Mother’s education - Unknown  0.10 0.24 
  (0.12) (0.66) 
Father’s education – At least high school  0.17 -0.86 
  (0.24) (2.10) 
Father’s education - Unknown  -0.01 -1.24* 
  (0.03) (0.73) 
Mother’s employment status - Employed  0.03 0.22 
  (0.10) (1.35) 
Mother’s employment status - Other  -0.16 -1.79 
  (0.11) (1.19) 
Father’s employment status - Employed  -0.08 -0.80 
  (0.18) (7.67) 
Father’s employment status - Other  -0.00 0.71 
  (0.09) (1.66) 
Number of books at home 11-25  0.08 -0.53 
  (0.07) (1.53) 
Number of books at home 26-100  -0.08 -0.79 
  (0.16) (1.45) 
Number of books at home 101-200  -0.04 0.19 
  (0.08) (0.65) 
Number of books at home >201  -0.05 0.00 
  (0.13) (0.56) 
Number of digital devices at home 1-3  0.02 2.01 
  (0.07) (4.45) 
Number of digital devices at home 4-6  0.03 -0.15 
  (0.10) (2.58) 
Number of digital devices at home 7-10  -0.03 -0.53 
  (0.07) (0.65) 
Number of digital devices at home  >10  -0.09 -0.13 
  (0.07) (0.20) 
Years in early childhood education <=1  -0.16 -1.67 
  (0.17) (3.21) 
Years in early childhood education >=2  -0.02 -1.52 
  (0.04) (1.65) 
Early literacy and numeracy activities (SCL)  -0.46* -12.54 
  (0.25) (10.57) 
Parents’ attitude to math and science (SCL)  0.00 -3.89 
  (0.03) (14.68) 
Absent from school at least once a month  -0.31 -1.46 
  (0.20) (1.72) 
Homework - Less than every day  -1.81*** 1.00 
  (0.37) (1.23) 
Homework - Other  -0.03 0.65 
  (0.07) (0.45) 
Sense of belonging at school (SCL)  -0.60** -15.89 
  (0.24) (13.58) 
Likes learning math (SCL)  -0.12 31.43 
  (0.16) (19.34) 
Self-confidence in math (SCL)  1.19 0.60 
  (0.90) (14.54) 
Teacher is female  0.01 -4.81 
  (0.05) (2.99) 
Teacher’s tenure (Years)  0.11 -6.56 
  (0.39) (12.05) 
Teacher’s tenure squared  -0.04 4.45 
  (0.32) (6.36) 
Teacher has postgraduate degree  -0.00 0.12 
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  (0.01) (0.39) 
Teacher’s major - Math major only  -0.09 -0.10 
  (0.09) (0.18) 
Teacher’s major - Education major only  0.01 -3.46 
  (0.06) (3.74) 
Teacher’s major - Other  0.07 -1.60 
  (0.11) (1.58) 
Enquiry-based instruction (Always/Almost always)  -0.08 2.22 
  (0.13) (2.96) 
Confidence in student-directed instruction in math (Very high/High)  -0.02 -2.56 
  (0.05) (3.95) 
Teacher-directed instruction in math (Always/Almost always)  0.03 0.88 
  (0.06) (4.49) 
Class size  -0.09 -2.68 
  (0.37) (37.36) 
Class size squared  -0.09 6.30 
  (0.25) (19.30) 
Math hours per week  0.86 -9.10 
  (0.75) (17.97) 
Math hours per week squared  -1.44 4.74 
  (1.08) (7.71) 
Town (15,000 < Pop. < 500,000)  0.48* 3.77 
  (0.28) (3.79) 
City (Pop. > 500,000)  0.00 3.04 
  (0.15) (2.85) 
Students grouped by ability - Yes  0.09 -0.10 
  (0.12) (0.24) 
Students grouped by ability - Other  -0.01 0.19 
  (0.02) (0.23) 
School’s emphasis on academic success (SCL)  0.06 -20.42 
  (0.14) (14.02) 
Shortage of resources (SCL)  -0.03 -13.82 
  (0.11) (10.66) 
School environment – discipline and safety  (SCL)  0.01 24.23* 
  (0.04) (14.40) 
Teaching not limited by student needs (SCL)  0.01 17.73* 
  (0.07) (10.60) 
Average educational resources in student families (SCL)  0.85* 24.90 
  (0.45) (23.65) 
Constant   97.64 
   (66.01) 
Total  -2.67 5.98*** 
  (1.93) (2.27) 
Observations 5,458   

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 6a. Mathematics - Grade 8 – Boys 
 

VARIABLES Model 1 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) -6.99 -4.42 -5.08 -5.11 -5.10 -4.62 -4.60 
 (5.19) (4.66) (4.23) (4.20) (4.24) (4.13) (4.27) 
Speaks Turkish at home (Always/Almost always) 60.49*** 57.74*** 60.38*** 53.17*** 53.77*** 52.95*** 47.82*** 
 (10.02) (9.22) (8.90) (9.23) (9.64) (9.64) (9.85) 
Mother’s education (Ref.: Less than high school)        
        
At least high school  21.20*** 23.91*** 17.26*** 13.61*** 13.39*** 9.95** 1.74 
 (5.37) (4.96) (4.59) (4.38) (4.44) (4.39) (4.14) 
Unknown -24.55*** -18.90** -18.53** -19.67*** -19.39*** -19.29*** -20.28*** 
 (8.93) (9.16) (7.37) (7.01) (6.86) (6.89) (6.99) 
Father’s education (Ref.: Less than high school)        
        
At least high school 28.70*** 23.81*** 19.59*** 17.47*** 17.11*** 15.09*** 9.89** 
 (4.71) (4.62) (4.29) (4.26) (4.18) (4.03) (3.86) 
Unknown -17.39** -19.29** -10.11 -10.53 -10.93 -12.56 -15.69** 
 (8.48) (8.96) (8.62) (8.23) (8.17) (8.16) (7.85) 
Number of books at home (Ref.: <10)        
        

11-25 23.15*** 19.35*** 19.37*** 18.23*** 18.17*** 16.79*** 15.82*** 
 (6.36) (6.06) (5.93) (6.00) (6.09) (6.01) (5.90) 

26-100 57.83*** 50.99*** 44.49*** 42.24*** 42.19*** 38.91*** 34.09*** 
 (6.77) (6.56) (5.74) (5.86) (6.06) (6.20) (6.17) 

101-200 76.96*** 66.83*** 51.42*** 48.51*** 48.64*** 44.63*** 36.35*** 
 (9.31) (9.19) (8.23) (7.80) (7.97) (7.80) (7.47) 

>200 96.84*** 87.26*** 64.78*** 58.58*** 58.44*** 53.39*** 44.01*** 
 (10.53) (9.60) (7.60) (7.85) (7.95) (8.15) (8.00) 

Number of digital devices at home (Ref.: None)        
        

1-3 16.70* 17.18** 18.27** 16.69** 17.16** 14.95* 10.18 
 (9.06) (8.41) (8.16) (8.30) (8.36) (8.30) (8.05) 

4-6 33.58*** 32.68*** 33.06*** 30.65*** 31.38*** 29.12*** 18.73** 
 (9.17) (8.59) (8.52) (8.78) (8.88) (8.77) (8.35) 

7-10 39.16*** 39.84*** 38.72*** 35.28*** 35.92*** 33.25*** 20.59** 
 (9.54) (9.29) (8.78) (9.02) (8.99) (8.91) (8.69) 

>10 31.01*** 34.96*** 34.01*** 28.16*** 28.52*** 26.20*** 12.65 
 (10.76) (10.66) (9.68) (9.62) (9.57) (9.46) (9.18) 
        
Absent from school at least once a month  -46.50*** -32.52*** -31.48*** -31.22*** -30.25*** -28.93*** 
  (4.03) (3.66) (3.58) (3.63) (3.60) (3.67) 
Math homework per week - Hours (Ref.: >3)        
        

2/3 - 3  22.80*** 20.43*** 21.30*** 21.62*** 20.90*** 20.17*** 
  (6.29) (5.88) (5.60) (5.59) (5.67) (5.82) 

<2/3  5.57 -0.54 1.76 2.16 2.84 3.74 
  (7.12) (6.29) (5.83) (5.62) (5.64) (5.42) 

Unknown  -42.26*** -42.25*** -40.85*** -41.27*** -40.93*** -41.44*** 
  (9.17) (10.40) (10.19) (10.03) (9.76) (9.58) 
        
Sense of belonging at school (SCL)  -0.85 -2.82*** -2.36** -2.43** -2.66*** -2.94*** 
  (0.96) (1.06) (0.98) (0.99) (1.01) (1.03) 
        
Likes learning math (SCL)   -4.26** -4.30** -4.28** -3.82** -3.05* 
   (1.67) (1.70) (1.71) (1.70) (1.67) 
Values math (SCL)   0.20 0.46 0.41 0.33 0.54 
   (1.12) (1.07) (1.07) (1.04) (0.99) 
Self-confidence in math (SCL)   20.64*** 20.37*** 20.40*** 20.21*** 19.37*** 
   (1.05) (1.06) (1.07) (1.05) (1.02) 
        
Teacher is female    0.75 0.95 3.42 1.73 
    (4.84) (4.77) (4.77) (3.94) 
Teacher’s tenure (Years)    2.16** 2.32** 1.67 -0.47 
    (1.05) (1.11) (1.12) (0.95) 
Teacher’s tenure squared    -0.05 -0.06 -0.04 0.00 
    (0.03) (0.03) (0.03) (0.03) 
Teacher has postgraduate degree    39.90*** 39.16*** 30.55*** 15.81** 
    (8.38) (8.94) (7.93) (7.02) 
Teacher’s major (Ref.: Major in math and education)        
        
Math major only    -1.18 -0.91 -3.57 -0.64 
    (7.15) (7.46) (7.01) (6.04) 
Education major only    -3.07 -3.13 -2.73 -2.29 
    (5.53) (5.61) (5.58) (5.04) 
Other    7.65 8.96 11.32 13.56 
     (14.53) (15.34) (13.63) (11.43) 
        
Enquiry-based instruction (Always/Almost always)    -3.82 -4.77 -7.54 -8.27* 
    (5.09) (5.19) (5.03) (4.68) 
Confidence in student-directed instruction in math 
(Very high/High)    1.04 1.02 -3.02 0.83 
    (5.92) (6.05) (5.84) (5.32) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
  

Teacher-directed instruction in math  
(Always/Almost always)    11.56* 10.83* 9.48 8.93 
    (6.29) (6.30) (6.10) (5.64) 
        
Class size     0.41 -0.32 -1.05 
     (1.31) (1.40) (1.31) 
Class size squared     -0.01 0.01 0.01 
     (0.02) (0.02) (0.02) 
Math hours per week     4.79 7.92 2.28 
     (12.01) (13.05) (11.58) 
Math hours per week squared     -0.23 -0.57 -0.06 
     (1.18) (1.31) (1.17) 
School’s location (Ref.: Village – Pop. < 15,000)        
        
Town (15,000 < Pop. < 1,000,000)      11.06* 0.06 
      (6.45) (6.80) 
City  (Pop. > 500,000)      12.12* -2.69 
      (6.84) (7.19) 
Students grouped by ability  (Ref. No)        
        
Yes      -5.95 -6.41 
      (7.04) (6.56) 
Other      -0.45 0.50 
      (7.36) (6.01) 
School’s emphasis on academic success (SCL)      5.98*** 1.34 
      (1.65) (1.89) 
Shortage of resources (SCL)      -0.87 -1.47 
      (1.30) (1.22) 
        
School environment – discipline and safety  (SCL)       -0.89 
       (1.59) 
Teaching not limited by student needs (SCL)       4.26*** 
       (1.53) 
Average educational resources in student families 
(SCL)       21.15*** 
       (2.71) 
R-squared 2,796 2,796 2,796 2,796 2,796 2,796 2,796 
Observations 0.31 0.37 0.50 0.51 0.51 0.52 0.55 
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Table 6b. Mathematics - Grade 8 – Girls 
 

VARIABLES Model 1 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) -0.33 0.87 2.32 2.24 2.25 2.28 1.27 
 (4.27) (4.22) (3.96) (3.93) (3.78) (3.67) (3.56) 
Speaks Turkish at home (Always/Almost always) 55.87*** 50.89*** 61.08*** 53.72*** 53.67*** 53.29*** 48.58*** 
 (11.65) (11.36) (11.74) (11.69) (12.27) (11.95) (12.08) 
Mother’s education (Ref.: Less than high school)        
        
At least high school  31.67*** 30.11*** 20.89*** 15.79*** 15.52*** 12.27*** 5.62 
 (5.47) (5.28) (4.10) (3.97) (3.95) (3.85) (3.68) 
Unknown -47.86*** -46.43*** -38.61*** -40.89*** -40.82*** -44.75*** -47.77*** 
 (15.13) (14.46) (13.09) (12.95) (12.89) (12.46) (12.29) 
Father’s education (Ref.: Less than high school)        
        
At least high school 27.42*** 24.67*** 20.28*** 19.47*** 19.67*** 18.21*** 10.50*** 
 (4.78) (4.73) (4.01) (3.98) (3.99) (3.94) (3.90) 
Unknown -21.35** -13.84 -11.62 -11.99 -11.89 -10.81 -12.20 
 (10.59) (10.39) (9.23) (8.97) (8.97) (8.73) (8.54) 
Number of books at home (Ref.: <10)        
        

11-25 42.17*** 38.52*** 34.09*** 33.08*** 33.11*** 31.33*** 28.64*** 
 (7.82) (7.30) (7.46) (7.39) (7.43) (7.42) (7.03) 

26-100 65.38*** 59.65*** 47.37*** 45.32*** 45.92*** 42.39*** 36.32*** 
 (8.02) (7.38) (7.48) (7.50) (7.56) (7.55) (7.06) 

101-200 75.86*** 71.46*** 53.06*** 49.63*** 49.97*** 47.36*** 39.18*** 
 (8.72) (8.13) (8.01) (7.91) (7.93) (7.90) (7.49) 

>200 105.07*** 98.03*** 67.22*** 62.42*** 62.58*** 58.95*** 48.53*** 
 (11.55) (11.06) (11.34) (11.14) (11.22) (10.94) (10.33) 

Number of digital devices at home (Ref.: None)        
        

1-3 -3.07 -0.48 2.91 1.89 2.96 1.62 -5.50 
 (9.69) (9.91) (8.40) (8.28) (8.48) (8.61) (8.14) 

4-6 21.04** 24.52** 24.45*** 21.80** 23.16*** 21.16** 10.28 
 (9.90) (10.04) (8.35) (8.55) (8.70) (8.66) (8.51) 

7-10 23.24** 26.65*** 26.88*** 22.36** 23.95*** 21.16** 7.93 
 (10.13) (10.20) (8.57) (8.74) (8.88) (8.88) (8.59) 

>10 8.60 12.81 11.86 7.60 8.94 5.27 -8.97 
 (11.57) (11.62) (11.00) (10.85) (10.93) (10.93) (10.89) 
        
Absent from school at least once a month  -49.07*** -34.39*** -34.33*** -34.11*** -32.41*** -31.94*** 
  (5.01) (4.48) (4.45) (4.42) (4.55) (4.26) 
Math homework per week - Hours (Ref.: >3)        
        

2/3 - 3  7.92 6.96 9.47 9.89 9.83* 8.48 
  (6.82) (6.04) (5.91) (6.05) (5.91) (5.82) 

<2/3  -1.01 -4.95 -1.58 -0.11 1.03 -0.35 
  (7.22) (6.19) (5.79) (6.13) (5.82) (5.49) 

Unknown  -38.33*** -42.56*** -37.27*** -39.45*** -40.10*** -35.58*** 
  (13.43) (12.46) (12.59) (12.63) (12.38) (12.16) 
        
Sense of belonging at school (SCL)  0.25 -2.36** -1.91* -2.08** -2.11** -2.25** 
  (1.06) (0.99) (0.98) (0.99) (0.96) (0.95) 
        
Likes learning math (SCL)   -6.12*** -6.06*** -6.05*** -5.38*** -4.55*** 
   (1.44) (1.46) (1.45) (1.51) (1.46) 
Values math (SCL)   -1.48 -1.24 -1.23 -1.22 -1.33 
   (1.17) (1.20) (1.19) (1.18) (1.15) 
Self-confidence in math (SCL)   21.48*** 21.49*** 21.41*** 21.26*** 20.78*** 
   (1.26) (1.27) (1.25) (1.26) (1.24) 
        
Teacher is female    3.15 3.39 4.29 1.66 
    (5.59) (5.74) (5.81) (4.85) 
Teacher’s tenure (Years)    2.75*** 2.95*** 2.37** 0.26 
    (0.99) (1.06) (1.15) (1.05) 
Teacher’s tenure squared    -0.06** -0.07** -0.06* -0.01 
    (0.03) (0.03) (0.03) (0.03) 
Teacher has postgraduate degree    24.24*** 23.15*** 17.82* 7.14 
    (8.63) (8.43) (9.25) (7.65) 
Teacher’s major (Ref.: Major in math and education)        
        
Math major only    0.80 2.20 -3.21 1.01 
    (7.43) (7.59) (8.01) (6.97) 
Education major only    -1.51 -0.76 -0.33 0.56 
    (5.90) (6.17) (5.89) (5.78) 
Other    12.49 15.60 17.17 21.94 
     (15.40) (16.34) (14.73) (13.85) 
        
Enquiry-based instruction (Always/Almost always)    -6.81 -7.75 -10.23* -11.49** 
    (5.68) (5.81) (5.96) (5.70) 
Confidence in student-directed instruction in math 
(Very high/High)    2.31 2.96 -1.19 1.50 
    (5.85) (5.89) (6.07) (5.66) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
  

Teacher-directed instruction in math  
(Always/Almost always)    12.83* 11.63 12.26* 13.35** 
    (7.52) (7.46) (7.29) (6.74) 
        
Class size     0.11 -0.56 -1.25 
     (1.29) (1.29) (1.15) 
Class size squared     -0.01 0.01 0.02 
     (0.02) (0.02) (0.02) 
Math hours per week     -4.52 -6.06 -9.75 
     (12.99) (13.60) (12.29) 
Math hours per week squared     0.76 0.80 1.15 
     (1.31) (1.40) (1.27) 
School’s location (Ref.: Village – Pop. < 15,000)        
        
Town (15,000 < Pop. < 1,000,000)      4.86 -2.41 
      (6.35) (6.19) 
City  (Pop. > 500,000)      5.00 -4.49 
      (8.30) (7.97) 
Students grouped by ability  (Ref. No)        
        
Yes      4.86 2.80 
      (8.08) (7.28) 
Other      11.64 10.40 
      (9.28) (8.08) 
School’s emphasis on academic success (SCL)      6.54*** 1.02 
      (1.52) (1.90) 
Shortage of resources (SCL)      -1.40 -2.35* 
      (1.49) (1.41) 
        
School environment – discipline and safety  (SCL)       1.03 
       (1.55) 
Teaching not limited by student needs (SCL)       3.20** 
       (1.54) 
Average educational resources in student families 
(SCL)       20.72*** 
       (3.87) 
R-squared 2,668 2,668 2,668 2,668 2,668 2,668 2,668 
Observations 0.29 0.35 0.50 0.51 0.52 0.52 0.54 
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Table 6c. Decomposition of the gender gap in mathematics – Grade 8 
 

 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
 
  

 Mathematics 
Predicted - Boys 458.84*** 
 (5.58) 
Predicted - Girls 463.54*** 
 (5.08) 
Predicted gender gap -4.71 
 (3.69) 
Endowments  -4.47* 
 (2.47) 
Coefficients -0.23 
 (2.67) 
Observations 5,464 
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Table 6d. Detailed decomposition of the gender gap in mathematics – Grade 8 
 
 Mathematics Endowments Coefficients 
Predicted - Boys 458.84***   
 (5.58)   
Predicted - Girls 463.54***   
 (5.08)   
Predicted gender gap -4.71   
 (3.69)   
Age  -0.11 -81.73 
  (0.13) (86.19) 
Speaks Turkish at home (Always/Almost always)  -2.00*** -0.71 
  (0.62) (9.43) 
Mother’s education – At least high school   0.08 -1.01 
  (0.06) (1.51) 
Mother’s education - Unknown  -1.03*** 1.37** 
  (0.25) (0.67) 
Father’s education – At least high school  0.10 -0.25 
  (0.16) (2.10) 
Father’s education - Unknown  -0.49*** -0.19 
  (0.18) (0.83) 
Number of books at home 11-25  -0.34 -4.48 
  (0.28) (2.83) 
Number of books at home 26-100  -0.31 -0.68 
  (0.42) (2.22) 
Number of books at home 101-200  -1.01*** -0.33 
  (0.35) (1.09) 
Number of books at home >201  -0.45 -0.37 
  (0.39) (0.88) 
Number of digital devices at home 1-3  -0.10 5.43* 
  (0.29) (3.14) 
Number of digital devices at home 4-6  0.08 2.86 
  (0.29) (3.31) 
Number of digital devices at home 7-10  0.15 2.23 
  (0.20) (1.79) 
Number of digital devices at home  >10  0.06 1.73* 
  (0.20) (1.00) 
Absent from school at least once a month  -2.56*** 1.26 
  (0.46) (2.21) 
Math homework hours per week 2/3-3  0.06 4.84 
  (0.20) (3.45) 
Math homework hours per week <2/3  -0.10 1.86 
  (0.17) (3.40) 
Math homework hours per week unknown  -0.31* -0.12 
  (0.17) (0.28) 
Sense of belonging at school (SCL)  0.99*** -7.27 
  (0.29) (16.20) 
Likes learning math (SCL)  0.24 15.40 
  (0.27) (23.37) 
Values math (SCL)  0.04 18.75 
  (0.13) (14.93) 
Self-confidence in math (SCL)  2.48 -13.78 
  (1.51) (15.39) 
Teacher is female  0.01 0.03 
  (0.03) (2.05) 
Teacher’s tenure (Years)  -0.03 -7.11 
  (0.26) (8.66) 
Teacher’s tenure squared  -0.04 2.61 
  (0.19) (4.00) 
Teacher has postgraduate degree  0.01 0.64 
  (0.08) (0.71) 
Teacher’s major - Math major only  0.00 -0.28 
  (0.06) (1.22) 
Teacher’s major - Education major only  0.00 -0.78 
  (0.03) (1.63) 
Teacher’s major - Other  -0.02 -0.21 
  (0.05) (0.40) 
Enquiry-based instruction (Always/Almost always)  -0.06 1.57 
  (0.14) (2.72) 
Confidence in student-directed instruction in math (Very high/High)  0.04 -0.44 
  (0.16) (3.65) 
Teacher-directed instruction in math (Always/Almost always)  0.00 -3.50 
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  (0.11) (4.29) 
Class size  -0.37 6.21 
  (0.58) (26.77) 
Class size squared  0.30 -2.50 
  (0.46) (11.40) 
Math hours per week  0.24 38.75 
  (0.60) (33.74) 
Math hours per week squared  -0.28 -14.10 
  (0.50) (12.94) 
Town (15,000 < Pop. < 500,000)  0.01 1.14 
  (0.07) (3.57) 
City (Pop. > 500,000)  -0.03 0.60 
  (0.07) (2.89) 
Students grouped by ability - Yes  -0.01 -0.99 
  (0.03) (0.74) 
Students grouped by ability - Other  0.00 -1.10 
  (0.02) (0.79) 
School’s emphasis on academic success (SCL)  0.00 2.93 
  (0.07) (16.89) 
Shortage of resources (SCL)  -0.03 7.84 
  (0.15) (12.06) 
School environment – discipline and safety  (SCL)  -0.00 -17.59 
  (0.02) (12.14) 
Teaching not limited by student needs (SCL)  0.03 9.27 
  (0.17) (13.60) 
Average educational resources in student families (SCL)  0.24 3.92 
  (0.99) (32.80) 
Constant   28.04 
   (107.73) 
Total  -4.47* -0.23 
  (2.47) (2.67) 
Observations 5,464   

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 7a. Science - Grade 4 – Boys 
 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) -5.90 -2.16 0.06 0.59 -0.13 -0.19 -0.10 1.02 
 (4.70) (4.69) (4.61) (4.19) (4.23) (4.36) (4.08) (4.84) 
Speaks Turkish at home (Always/Almost always) 26.32*** 18.83*** 14.47** 14.12** 6.96 6.25 6.27 7.54 
 (6.68) (6.39) (6.45) (6.63) (6.35) (6.29) (5.95) (6.16) 
Mother’s education (Ref.: Less than high school)         
         
At least high school  40.50*** 37.26*** 36.26*** 33.82*** 30.66*** 30.79*** 27.83*** 15.24*** 
 (5.67) (5.85) (5.75) (5.73) (5.77) (5.66) (5.70) (5.29) 
Unknown 2.76 0.47 -0.97 -0.50 0.65 0.74 0.07 -1.30 
 (9.80) (9.79) (9.65) (9.22) (8.72) (9.08) (8.90) (8.89) 
Father’s education (Ref.: Less than high school)         
         
At least high school 32.45*** 30.29*** 27.77*** 26.26*** 24.79*** 24.11*** 22.19*** 21.40*** 
 (4.10) (4.18) (3.96) (3.83) (3.84) (3.78) (3.79) (3.71) 
Unknown -7.26 -9.68 -13.53* -13.40* -11.60 -11.01 -10.47 -10.70 
 (8.02) (8.18) (8.18) (7.73) (7.58) (7.39) (7.75) (7.21) 
Mother’s employment status (Ref.: Not employed)         
         
Employed 7.87 5.99 7.48 6.63 4.90 4.55 3.22 5.28 
 (5.75) (5.35) (4.96) (4.79) (4.95) (5.05) (4.89) (4.77) 
Other -10.01* -13.32** -10.97** -8.53 -10.31** -11.14** -10.18* -7.32 
 (5.36) (5.80) (5.30) (5.19) (5.19) (5.31) (5.42) (5.61) 
Father’s employment status (Ref.: Not employed)         
         
Employed 28.84** 24.32** 22.41** 21.30** 17.16** 17.63** 18.39** 13.15 
 (11.36) (10.60) (8.82) (8.73) (7.82) (7.68) (7.60) (8.94) 
Other 7.83 6.27 5.63 4.45 2.40 2.91 6.88 6.32 
 (10.71) (10.33) (9.15) (9.18) (8.65) (8.54) (8.70) (9.55) 
Number of books at home (Ref.: <10)         
         

11-25 20.00*** 12.59*** 10.08** 8.89** 8.53** 8.49** 6.97* 4.34 
 (4.39) (4.43) (4.27) (3.96) (3.83) (3.74) (3.90) (4.44) 

26-100 31.57*** 22.73*** 21.27*** 18.84*** 17.09*** 17.19*** 14.73*** 4.94 
 (4.82) (4.71) (4.59) (4.17) (4.20) (4.29) (4.49) (5.85) 

101-200 36.39*** 26.24*** 23.56*** 18.54** 18.94*** 19.60*** 16.90** 6.21 
 (8.41) (8.26) (8.04) (7.59) (7.31) (7.33) (6.99) (6.71) 

>200 45.88*** 35.19*** 29.90*** 25.99*** 27.15*** 28.65*** 25.77*** 6.16 
 (8.63) (9.42) (9.04) (8.89) (8.85) (8.69) (8.76) (7.94) 

Number of digital devices at home (Ref.: None)         
         

1-3 24.63*** 18.25*** 14.87** 14.24** 11.60* 12.04* 10.21 8.68 
 (6.77) (7.00) (7.19) (6.96) (6.87) (6.80) (6.21) (6.39) 

4-6 32.79*** 24.01** 21.34** 18.23* 15.86* 16.85* 13.17 5.83 
 (9.43) (9.60) (9.49) (9.39) (9.22) (9.26) (8.41) (8.54) 

7-10 35.39*** 26.91** 26.01** 24.93** 20.94* 21.97** 19.05* 5.78 
 (11.57) (11.72) (11.70) (11.43) (11.04) (11.08) (10.60) (11.34) 

>10 -12.75 -16.04 -16.43 -18.09 -19.04 -19.14 -22.97 -20.92 
 (18.45) (18.43) (17.46) (17.69) (18.17) (18.35) (18.24) (19.02) 
         
Years in early childhood education (Ref.: None)         
         

<=1  11.44** 9.15* 9.60* 9.61* 7.59 7.85 7.16 
  (5.41) (5.16) (4.99) (5.04) (5.19) (5.03) (4.56) 

>=2  3.21 0.98 2.28 2.51 0.48 -0.59 2.42 
  (6.07) (5.68) (5.10) (5.00) (5.05) (5.26) (5.82) 
         
Early literacy and numeracy activities (SCL)  8.02*** 6.30*** 5.73*** 4.88*** 5.19*** 5.17*** 4.67*** 
  (1.27) (1.22) (1.17) (1.20) (1.13) (1.07) (0.99) 
Parents’ attitude to math and science (SCL)  0.79 0.46 -0.03 -0.34 -0.22 -0.00 0.48 
  (1.35) (1.25) (1.19) (1.06) (1.09) (1.06) (1.08) 
         
Absent from school at least once a month   -29.82*** -22.46*** -22.03*** -22.10*** -21.69*** -16.76*** 
   (3.88) (3.66) (3.56) (3.56) (3.69) (3.75) 
Homework (Ref.: Every day)         
         
Less than every day   -28.82*** -27.69*** -26.71*** -26.16*** -24.10*** -16.30*** 
   (5.08) (4.96) (4.85) (4.74) (4.76) (4.29) 
Other   -2.28 0.26 -1.54 -1.05 -0.27 -4.24 
   (11.82) (11.31) (10.72) (10.88) (10.61) (10.01) 
         
Sense of belonging at school (SCL)   6.23*** 3.89*** 3.99*** 3.90*** 3.96*** 2.24** 
   (1.23) (1.09) (1.09) (1.10) (1.01) (1.05) 
         
Likes learning science (SCL)    0.43 0.28 0.27 0.15 3.03** 
    (1.29) (1.29) (1.30) (1.27) (1.18) 
Self-confidence in science (SCL)    10.13*** 9.91*** 9.80*** 9.66*** 11.09*** 
    (1.05) (0.99) (1.02) (0.98) (0.91) 
         
Teacher is female     -7.29 -7.00 -7.43 -8.48* 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
  

     (6.55) (6.30) (6.06) (4.79) 
Teacher’s tenure (Years)     2.10** 2.20** 1.53* 0.95 
     (1.00) (1.02) (0.91) (0.87) 
Teacher’s tenure squared     -0.03 -0.03 -0.02 -0.02 
     (0.02) (0.02) (0.02) (0.02) 
Teacher has postgraduate degree     2.99 3.08 -2.71 -0.32 
     (10.23) (11.00) (10.97) (14.47) 
Teacher’s major (Ref.: Major in science and education)         
         
Science major only     -15.81 -17.05 -10.70 -9.83 
     (13.54) (13.30) (10.28) (9.95) 
Education major only     -7.04 -7.61 -5.03 -6.77 
     (6.11) (6.30) (5.44) (6.26) 
Other     -7.76 -6.46 -8.23 -6.10 
      (10.54) (10.30) (9.03) (8.56) 
         
Enquiry-based instruction (Always/Almost always)     7.71 8.24 6.64 -1.68 
     (5.43) (5.30) (5.06) (4.58) 
Confidence in student-directed instruction in science 
(Very high/High)     -7.51 -7.12 -10.14* -5.21 
     (5.24) (5.33) (5.58) (5.24) 
Teacher-directed instruction in science  
(Always/Almost always)     5.91 6.07 6.97 2.98 
     (6.93) (7.18) (7.06) (5.18) 
Emphasis on science investigation (SCL)     0.82 0.87 0.30 -0.09 
     (1.16) (1.13) (1.12) (1.12) 
         
Class size      1.65 0.22 0.16 
      (1.73) (1.67) (1.58) 
Class size squared      -0.04 -0.02 -0.01 
      (0.03) (0.03) (0.03) 
Science hours per week      2.61 -1.59 -2.70 
      (15.42) (15.18) (14.07) 
Science hours per week squared      -1.28 -0.61 -0.16 
      (3.09) (2.96) (2.70) 
School’s location (Ref.: Village – Pop. < 15,000)         
         
Town (15,000 < Pop. < 1,000,000)       31.20*** 14.63* 
       (8.02) (8.31) 
City  (Pop. > 500,000)       30.25*** 11.33 
       (8.61) (8.88) 
Students grouped by ability  (Ref. No)         
         
Yes       24.44*** 9.11 
       (8.21) (11.62) 
Other       3.98 8.91 
       (7.54) (5.89) 
School’s emphasis on academic success (SCL)       2.94 -2.39 
       (2.02) (1.82) 
Shortage of resources (SCL)       0.41 -1.49 
       (1.31) (1.14) 
         
School environment – discipline and safety  (SCL)        2.85** 
        (1.31) 
Teaching not limited by student needs (SCL)        1.21 
        (1.42) 
Average educational resources in student families 
(SCL)        14.50*** 
        (2.46) 
R-squared 2,836 2,836 2,836 2,836 2,836 2,836 2,836 2,836 
Observations 0.33 0.36 0.42 0.46 0.47 0.48 0.49 0.49 
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Table 7b. Science – Grade 4 – Girls 
 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) 10.30* 12.40** 12.06** 12.51** 13.38*** 14.31*** 13.94*** 13.88*** 
 (6.14) (6.09) (5.46) (5.39) (5.19) (4.96) (4.86) (4.82) 
Speaks Turkish at home (Always/Almost always) 24.71*** 20.17*** 14.36** 13.85** 9.39 8.08 7.48 4.72 
 (7.40) (7.16) (6.64) (6.29) (5.87) (5.37) (5.20) (5.26) 
Mother’s education (Ref.: Less than high school)         
         
At least high school  32.91*** 28.87*** 26.06*** 24.06*** 22.76*** 24.02*** 22.18*** 16.79*** 
 (4.71) (4.82) (4.83) (4.54) (4.38) (4.43) (4.57) (4.72) 
Unknown -0.08 -3.09 4.11 2.02 0.92 1.98 1.23 1.11 
 (7.33) (6.86) (6.16) (6.24) (6.16) (6.19) (6.30) (6.44) 
Father’s education (Ref.: Less than high school)         
         
At least high school 37.94*** 34.36*** 28.24*** 26.29*** 24.93*** 24.31*** 23.05*** 20.63*** 
 (4.16) (4.33) (4.09) (4.01) (4.06) (3.96) (3.99) (3.98) 
Unknown 5.02 2.74 2.07 2.72 5.61 6.17 7.22 6.93 
 (11.30) (10.71) (10.20) (10.72) (10.45) (10.06) (9.80) (9.70) 
Mother’s employment status (Ref.: Not employed)         
         
Employed 9.04** 6.40 7.77* 8.05* 7.19* 6.09 6.16 3.39 
 (4.37) (4.35) (4.27) (4.19) (4.21) (4.15) (4.10) (3.99) 
Other -0.22 -3.59 -2.80 -2.85 -3.46 -2.93 -1.75 -2.47 
 (5.14) (5.07) (4.39) (4.42) (4.58) (4.41) (4.67) (4.54) 
Father’s employment status (Ref.: Not employed)         
         
Employed 33.49*** 28.20** 20.76** 16.63* 14.43 14.52 13.86 12.69 
 (11.69) (11.31) (10.18) (9.55) (9.39) (9.27) (9.11) (9.02) 
Other 14.61 10.64 3.41 1.20 0.33 -0.06 1.94 0.41 
 (13.17) (12.72) (11.87) (11.53) (11.55) (11.36) (11.57) (11.60) 
Number of books at home (Ref.: <10)         
         

11-25 20.86*** 13.81*** 12.49*** 11.70*** 10.32** 10.92** 9.38** 8.20* 
 (4.55) (4.28) (4.31) (4.35) (4.46) (4.57) (4.40) (4.35) 

26-100 33.62*** 25.26*** 23.92*** 20.79*** 19.88*** 20.41*** 18.48*** 15.97*** 
 (5.86) (5.71) (5.52) (5.62) (5.45) (5.41) (5.40) (5.23) 

101-200 28.69*** 19.35*** 19.84*** 19.47*** 20.02*** 20.22*** 17.24** 13.13** 
 (7.07) (7.00) (6.76) (6.80) (7.00) (7.03) (6.87) (6.58) 

>200 46.34*** 36.58*** 36.22*** 34.00*** 33.15*** 33.86*** 28.52*** 22.69*** 
 (8.20) (8.57) (8.31) (8.34) (8.70) (8.31) (8.45) (8.47) 

Number of digital devices at home (Ref.: None)         
         

1-3 13.41** 7.08 7.76 7.61 5.18 5.58 3.11 0.57 
 (5.93) (6.03) (5.70) (5.56) (5.38) (5.37) (5.48) (5.47) 

4-6 24.18*** 14.93** 16.49*** 14.67** 11.57* 12.81** 9.52 4.68 
 (6.60) (6.52) (6.30) (6.22) (6.06) (6.18) (6.32) (6.41) 

7-10 36.66*** 27.30*** 30.56*** 27.22*** 23.52*** 25.43*** 21.61** 14.29* 
 (9.07) (9.24) (8.74) (8.63) (8.42) (8.46) (8.54) (8.43) 

>10 13.34 0.64 3.22 -3.21 -1.21 1.56 -1.34 -9.10 
 (17.39) (15.97) (15.07) (14.73) (15.61) (15.89) (16.04) (16.37) 
         
Years in early childhood education (Ref.: None)         
         

<=1  20.08*** 16.00*** 16.51*** 15.80*** 14.00*** 13.83*** 13.32*** 
  (4.84) (4.67) (4.55) (4.37) (4.46) (4.49) (4.39) 

>=2  11.85** 8.91 10.62** 10.77** 8.20 6.14 4.69 
  (5.58) (5.52) (5.08) (5.03) (5.18) (5.18) (5.11) 
         
Early literacy and numeracy activities (SCL)  7.18*** 6.02*** 5.47*** 4.96*** 5.27*** 5.19*** 4.62*** 
  (1.23) (1.20) (1.22) (1.23) (1.16) (1.16) (1.15) 
Parents’ attitude to math and science (SCL)  1.38 0.11 -0.03 0.07 0.03 0.24 0.68 
  (1.28) (1.22) (1.16) (1.16) (1.17) (1.18) (1.18) 
         
Absent from school at least once a month   -20.16*** -17.33*** -15.82*** -15.70*** -17.17*** -16.45*** 
   (4.09) (3.84) (3.96) (4.12) (3.90) (3.91) 
Homework (Ref.: Every day)         
         
Less than every day   -37.47*** -33.73*** -33.28*** -32.67*** -31.21*** -30.63*** 
   (5.65) (5.24) (5.15) (4.99) (5.02) (5.14) 
Other   -37.05** -35.37** -35.12** -35.84** -34.33** -35.10** 
   (16.96) (15.67) (14.80) (14.24) (14.28) (14.01) 
         
Sense of belonging at school (SCL)   7.17*** 5.12*** 5.04*** 5.05*** 4.71*** 4.72*** 
   (0.99) (0.98) (0.96) (0.95) (0.93) (0.94) 
         
Likes learning science (SCL)    1.64 1.33 1.33 1.15 0.95 
    (1.29) (1.26) (1.24) (1.27) (1.22) 
Self-confidence in science (SCL)    7.99*** 8.01*** 7.98*** 7.73*** 7.83*** 
    (1.10) (1.09) (1.10) (1.12) (1.07) 
         
Teacher is female     1.04 1.25 1.43 -0.96 
     (4.89) (4.80) (4.93) (4.83) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
  

Teacher’s tenure (Years)     2.33*** 2.49*** 2.11** 1.79** 
     (0.78) (0.84) (0.86) (0.84) 
Teacher’s tenure squared     -0.04** -0.05** -0.04** -0.04* 
     (0.02) (0.02) (0.02) (0.02) 
Teacher has postgraduate degree     -10.26 -10.36 -14.66** -18.67** 
     (8.03) (6.47) (7.26) (7.73) 
Teacher’s major (Ref.: Major in science and education)         
         
Science major only     -16.50* -20.17** -17.36 -15.16 
     (9.08) (8.52) (10.91) (9.46) 
Education major only     -5.41 -5.90 -4.81 -1.86 
     (6.73) (6.69) (7.12) (7.19) 
Other     -3.27 -0.35 -2.94 0.96 
      (8.35) (8.09) (8.13) (7.94) 
         
Enquiry-based instruction (Always/Almost always)     0.73 1.22 -1.18 -3.48 
     (5.59) (5.57) (5.49) (5.30) 
Confidence in student-directed instruction in science 
(Very high/High)     -5.26 -5.04 -9.33* -7.88 
     (4.66) (4.55) (5.15) (4.96) 
Teacher-directed instruction in science  
(Always/Almost always)     10.28 10.98 11.63* 10.03 
     (6.58) (6.86) (6.71) (6.74) 
Emphasis on science investigation (SCL)     1.26 1.13 1.10 0.96 
     (1.02) (1.01) (1.03) (1.00) 
         
Class size      2.13 1.09 0.81 
      (1.40) (1.54) (1.55) 
Class size squared      -0.05* -0.03 -0.03 
      (0.03) (0.03) (0.03) 
Science hours per week      4.83 3.74 0.64 
      (11.61) (11.43) (11.65) 
Science hours per week squared      -1.55 -1.35 -0.70 
      (2.54) (2.53) (2.55) 
School’s location (Ref.: Village – Pop. < 15,000)         
         
Town (15,000 < Pop. < 1,000,000)       16.69** 10.33 
       (7.59) (7.41) 
City  (Pop. > 500,000)       15.35* 6.91 
       (7.92) (8.00) 
Students grouped by ability  (Ref. No)         
         
Yes       22.03** 15.20 
       (10.14) (9.82) 
Other       -8.96 -8.50 
       (6.50) (6.20) 
School’s emphasis on academic success (SCL)       3.05 1.17 
       (1.96) (2.05) 
Shortage of resources (SCL)       1.06 0.35 
       (1.34) (1.27) 
         
School environment – discipline and safety  (SCL)        0.10 
        (1.35) 
Teaching not limited by student needs (SCL)        -0.49 
        (1.44) 
Average educational resources in student families 
(SCL)        10.95*** 
        (2.10) 
R-squared 2,795 2,795 2,795 2,795 2,795 2,795 2,795 2,795 
Observations 0.32 0.36 0.42 0.45 0.46 0.47 0.48 0.49 
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Table 7c. Decomposition of the gender gap in science – Grade 4 
 
 Science 
Predicted - Boys 488.44*** 
 (3.64) 
Predicted - Girls 485.78*** 
 (3.50) 
Predicted gender gap 2.65 
 (2.92) 
Endowments  -7.26*** 
 (1.84) 
Coefficients 9.91*** 
 (2.45) 
Observations 4,263 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 7d. Detailed decomposition of the gender gap in science – Grade 4 
 
 Science Endowments Coefficients 
Predicted - Boys 488.44***   
 (3.64)   
Predicted - Girls 485.78***   
 (3.50)   
Predicted gender gap 2.65   
 (2.92)   
Age  0.11 -132.54* 
  (0.09) (58.03) 
Speaks Turkish at home (Always/Almost always)  -0.10 -1.84 
  (0.12) (5.14) 
Mother’s education – At least high school   0.04 1.05 
  (0.17) (1.58) 
Mother’s education - Unknown  -0.02 -0.14 
  (0.10) (0.72) 
Father’s education – At least high school  0.23 -0.64 
  (0.25) (2.03) 
Father’s education - Unknown  -0.01 -0.99 
  (0.02) (0.73) 
Mother’s employment status - Employed  0.01 -0.52 
  (0.06) (1.37) 
Mother’s employment status - Other  -0.14 -1.67 
  (0.10) (1.11) 
Father’s employment status - Employed  -0.17 4.26 
  (0.25) (8.13) 
Father’s employment status - Other  0.05 0.79 
  (0.11) (1.64) 
Number of books at home 11-25  0.12 -0.72 
  (0.09) (1.53) 
Number of books at home 26-100  -0.14 -0.78 
  (0.17) (1.32) 
Number of books at home 101-200  -0.02 -0.08 
  (0.09) (0.66) 
Number of books at home >201  -0.03 -0.24 
  (0.14) (0.58) 
Number of digital devices at home 1-3  0.02 2.91 
  (0.07) (4.79) 
Number of digital devices at home 4-6  0.04 0.15 
  (0.10) (2.61) 
Number of digital devices at home 7-10  -0.10 -0.28 
  (0.11) (0.66) 
Number of digital devices at home  >10  -0.08 -0.27 
  (0.07) (0.22) 
Years in early childhood education <=1  -0.17 -3.68 
  (0.17) (3.12) 
Years in early childhood education >=2  0.00 -2.26 
  (0.06) (1.66) 
Early literacy and numeracy activities (SCL)  -0.49* -2.97 
  (0.29) (10.65) 
Parents’ attitude to math and science (SCL)  -0.00 -1.40 
  (0.06) (16.89) 
Absent from school at least once a month  -0.48 -1.55 
  (0.31) (1.90) 
Homework - Less than every day  -1.75*** 1.24 
  (0.38) (1.18) 
Homework - Other  -0.05 0.94** 
  (0.09) (0.46) 
Sense of belonging at school (SCL)  -1.16*** -5.94 
  (0.32) (11.67) 
Likes learning science (SCL)  -0.11 -10.39 
  (0.25) (19.47) 
Self-confidence in science (SCL)  -2.56*** 19.46 
  (0.62) (14.95) 
Teacher is female  0.05 -5.34 
  (0.10) (3.25) 
Teacher’s tenure (Years)  0.10 -12.14 
  (0.40) (12.93) 
Teacher’s tenure squared  -0.01 6.69 
  (0.32) (6.64) 
Teacher has postgraduate degree  -0.01 0.35 
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  (0.05) (0.43) 
Teacher’s major - Science major only  -0.03 0.03 
  (0.08) (0.49) 
Teacher’s major - Education major only  -0.02 -2.28 
  (0.05) (4.81) 
Teacher’s major - Other  0.05 -1.27 
  (0.09) (1.55) 
Enquiry-based instruction (Always/Almost always)  -0.01 2.66 
  (0.09) (3.15) 
Confidence in student-directed instruction in science (Very high/High)  -0.07 -0.74 
  (0.13) (3.39) 
Teacher-directed instruction in science (Always/Almost always)  -0.03 -6.56 
  (0.06) (6.15) 
Emphasis on science investigation (SCL)  0.01 -9.65 
  (0.04) (13.20) 
Class size  0.19 -9.95 
  (0.57) (38.16) 
Class size squared  -0.35 9.16 
  (0.53) (19.65) 
Science hours per week  -0.07 -10.92 
  (0.32) (20.46) 
Science hours per week squared  -0.03 3.95 
  (0.28) (8.47) 
Town (15,000 < Pop. < 500,000)  0.47 5.38 
  (0.29) (3.88) 
City (Pop. > 500,000)  -0.02 3.90 
  (0.14) (2.99) 
Students grouped by ability - Yes  0.06 -0.04 
  (0.08) (0.23) 
Students grouped by ability - Other  -0.00 0.43 
  (0.02) (0.29) 
School’s emphasis on academic success (SCL)  -0.02 -26.81* 
  (0.16) (15.10) 
Shortage of resources (SCL)  -0.07 -20.30* 
  (0.11) (12.18) 
School environment – discipline and safety  (SCL)  0.01 28.80** 
  (0.08) (14.50) 
Teaching not limited by student needs (SCL)  0.01 14.03 
  (0.05) (12.41) 
Average educational resources in student families (SCL)  0.77* 43.68* 
  (0.47) (24.40) 
Constant   135.16* 
   (64.64) 
Total  -7.26*** 9.91*** 
  (1.84) (2.45) 
Observations 5,631   

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 8a. Science - Grade 8 – Boys 
 

VARIABLES Model 1 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) -6.66 -3.76 -3.32 -2.90 -2.39 -2.55 -2.77 
 (5.00) (4.63) (4.20) (4.20) (4.24) (4.12) (4.02) 
Speaks Turkish at home (Always/Almost always) 63.74*** 60.99*** 62.15*** 57.74*** 56.24*** 52.83*** 47.78*** 
 (9.29) (8.54) (7.49) (7.38) (7.48) (8.08) (7.98) 
Mother’s education (Ref.: Less than high school)        
        
At least high school  19.41*** 21.18*** 19.20*** 16.41*** 16.48*** 9.63** 5.15 
 (5.44) (5.02) (4.33) (4.11) (4.18) (3.99) (4.12) 
Unknown -20.93** -15.81 -12.97 -11.71 -11.66 -11.97 -14.63* 
 (9.67) (10.25) (9.06) (8.84) (8.65) (8.68) (8.52) 
Father’s education (Ref.: Less than high school)        
        
At least high school 24.90*** 22.02*** 19.98*** 17.47*** 17.69*** 13.77*** 10.16*** 
 (4.53) (4.33) (3.90) (3.78) (3.75) (3.78) (3.75) 
Unknown -25.48** -24.89** -17.58* -20.01** -19.37* -23.13** -23.31** 
 (10.82) (11.52) (10.14) (9.93) (9.92) (9.55) (9.28) 
Number of books at home (Ref.: <10)        
        

11-25 21.09*** 17.21*** 13.57** 12.89** 13.79** 14.18*** 13.03** 
 (6.12) (6.04) (5.51) (5.61) (5.46) (5.17) (5.06) 

26-100 55.52*** 47.45*** 39.08*** 36.82*** 38.35*** 36.87*** 32.12*** 
 (6.10) (6.16) (5.35) (5.53) (5.46) (5.38) (5.39) 

101-200 68.07*** 57.44*** 47.01*** 44.05*** 45.14*** 39.93*** 34.82*** 
 (8.64) (8.59) (7.79) (7.57) (7.50) (7.35) (7.20) 

>200 78.50*** 67.71*** 51.28*** 48.65*** 49.80*** 44.27*** 36.41*** 
 (10.11) (9.61) (8.97) (9.36) (9.51) (9.43) (9.23) 

Number of digital devices at home (Ref.: None)        
        

1-3 19.97** 21.99*** 18.47** 16.11** 16.24** 12.07 9.23 
 (8.68) (8.13) (7.72) (7.83) (7.82) (7.71) (7.76) 

4-6 32.18*** 32.51*** 29.29*** 25.57*** 26.17*** 20.54*** 13.93* 
 (8.62) (8.02) (7.41) (7.63) (7.69) (7.55) (7.62) 

7-10 36.55*** 38.76*** 33.39*** 29.68*** 30.21*** 22.36*** 15.17* 
 (9.43) (9.11) (7.98) (7.98) (7.96) (7.70) (7.87) 

>10 24.54** 29.64*** 26.33*** 23.39** 23.03** 13.89 4.66 
 (10.06) (9.80) (9.06) (9.54) (9.48) (9.45) (9.50) 
        
Absent from school at least once a month  -41.43*** -32.76*** -32.83*** -33.36*** -31.49*** -29.81*** 
  (3.93) (3.79) (3.83) (3.85) (3.65) (3.58) 
Science homework per week - Hours (Ref.: >3)        
        
2/3 - 3  11.62* 14.40** 12.74** 13.63** 15.15** 15.14** 
  (6.74) (6.57) (6.36) (6.39) (6.43) (6.31) 
<2/3  9.23 12.93* 11.08 12.57* 14.51** 15.30** 
  (7.88) (7.35) (6.91) (7.00) (6.82) (6.64) 
Unknown  -47.79*** -38.37*** -38.46*** -36.57*** -31.76*** -30.37*** 
  (11.28) (11.22) (11.07) (10.88) (10.35) (10.01) 
        
Sense of belonging at school (SCL)  -0.52 -3.48*** -3.43*** -3.60*** -3.87*** -3.65*** 
  (0.89) (0.84) (0.82) (0.82) (0.81) (0.79) 
        
Likes learning science (SCL)   3.52*** 3.79*** 3.70*** 3.82*** 3.86*** 
   (1.23) (1.19) (1.15) (1.15) (1.15) 
Values science (SCL)   -2.23** -2.23** -2.29*** -1.97** -1.74** 
   (0.92) (0.89) (0.88) (0.88) (0.84) 
Self-confidence in science (SCL)   12.41*** 12.35*** 12.30*** 12.05*** 11.85*** 
   (1.13) (1.07) (1.04) (0.99) (1.01) 
        
Teacher is female    -1.05 -3.06 -4.32 -5.30 
    (4.72) (5.07) (4.56) (4.37) 
Teacher’s tenure (Years)    2.53*** 2.77*** 2.40*** 1.40** 
    (0.89) (0.93) (0.84) (0.71) 
Teacher’s tenure squared    -0.05** -0.05** -0.04* -0.03 
    (0.02) (0.02) (0.02) (0.02) 
Teacher has postgraduate degree    1.14 3.81 11.02 6.83 
    (7.83) (7.59) (8.37) (6.77) 
Teacher’s major (Ref.: Major in science and education)        
        
Science major only    -4.30 -4.03 -11.20* -12.70** 
    (6.22) (6.12) (6.50) (5.60) 
Education major only    8.36 9.04* 8.57 6.77 
    (5.50) (5.33) (5.28) (5.05) 
Other    -41.15 -40.07 -43.90 -52.33 
     (46.67) (45.72) (46.13) (54.41) 
        
Enquiry-based instruction (Always/Almost always)    -2.34 -3.16 -2.97 0.93 
    (4.84) (4.90) (4.80) (4.64) 
Confidence in student-directed instruction in science 
(Very high/High)    6.91* 7.78* 1.01 -0.89 
    (4.12) (4.40) (4.19) (3.94) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
  

Teacher-directed instruction in science  
(Always/Almost always)    14.12*** 13.96*** 15.79*** 13.19*** 
    (5.35) (5.05) (4.68) (4.68) 
Emphasis on science investigation (SCL)    -0.52 -0.62 -2.26* -1.77 
    (1.22) (1.18) (1.21) (1.17) 
        
Class size     -0.98 -1.92 -2.04* 
     (1.26) (1.20) (1.19) 
Class size squared     0.01 0.02 0.02 
     (0.02) (0.02) (0.02) 
Science hours per week     -4.56 -6.40 -8.98 
     (6.39) (7.23) (6.82) 
Science hours per week squared     0.44 0.53 0.82 
     (0.64) (0.69) (0.70) 
School’s location (Ref.: Village – Pop. < 15,000)        
        
Town (15,000 < Pop. < 1,000,000)      9.71 4.22 
      (6.82) (6.60) 
City  (Pop. > 500,000)      11.57* 1.55 
      (7.02) (6.98) 
Students grouped by ability  (Ref. No)        
        
Yes      -6.64 -2.67 
      (6.18) (5.76) 
Other      -11.09 -9.28 
      (8.12) (6.01) 
School’s emphasis on academic success (SCL)      8.24*** 3.94** 
      (1.48) (1.71) 
Shortage of resources (SCL)      1.94 0.17 
      (1.32) (1.19) 
        
School environment – discipline and safety  (SCL)       -1.02 
       (1.57) 
Teaching not limited by student needs (SCL)       5.34*** 
       (1.30) 
Average educational resources in student families 
(SCL)       14.56*** 
       (2.52) 
R-squared 2,825 2,825 2,825 2,825 2,825 2,825 2,825 
Observations 0.30 0.36 0.45 0.46 0.46 0.49 0.50 
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Table 8b. Science - Grade 8 – Girls 
 

VARIABLES Model 1 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Age (Years) -0.07 1.30 1.26 1.15 1.94 2.07 1.51 
 (3.98) (3.85) (3.56) (3.48) (3.22) (3.14) (3.03) 
Speaks Turkish at home (Always/Almost always) 51.62*** 48.23*** 50.99*** 46.75*** 45.46*** 43.68*** 39.19*** 
 (9.44) (9.10) (8.41) (8.33) (9.12) (9.16) (8.54) 
Mother’s education (Ref.: Less than high school)        
        
At least high school  25.78*** 24.10*** 22.23*** 20.86*** 20.20*** 15.98*** 9.13** 
 (4.96) (4.74) (4.53) (4.39) (4.26) (4.36) (4.34) 
Unknown -39.62*** -36.63*** -31.25** -32.00** -32.20** -34.45*** -38.09*** 
 (13.87) (12.98) (12.74) (12.72) (12.71) (12.27) (12.09) 
Father’s education (Ref.: Less than high school)        
        
At least high school 23.09*** 21.41*** 20.05*** 18.12*** 18.25*** 15.50*** 10.16** 
 (4.35) (4.29) (4.12) (3.94) (4.05) (3.99) (4.16) 
Unknown -22.52** -17.21* -15.05* -13.92 -13.40 -11.91 -12.47 
 (9.62) (9.54) (8.91) (8.91) (8.73) (8.46) (8.19) 
Number of books at home (Ref.: <10)        
        

11-25 38.99*** 35.16*** 30.64*** 29.35*** 29.61*** 28.46*** 26.49*** 
 (7.55) (6.73) (6.55) (6.86) (7.01) (6.94) (6.84) 

26-100 55.23*** 48.44*** 42.47*** 41.19*** 42.53*** 41.16*** 36.05*** 
 (7.11) (6.18) (6.13) (6.39) (6.31) (6.24) (6.38) 

101-200 69.05*** 63.73*** 53.43*** 52.18*** 53.34*** 50.00*** 44.99*** 
 (8.03) (7.16) (7.36) (7.50) (7.38) (7.10) (6.90) 

>200 78.14*** 70.27*** 59.78*** 55.84*** 56.33*** 52.88*** 44.79*** 
 (10.04) (9.52) (10.02) (9.71) (9.46) (9.05) (8.80) 

Number of digital devices at home (Ref.: None)        
        

1-3 1.56 4.71 6.23 3.40 5.32 4.47 -1.64 
 (8.36) (8.11) (8.03) (7.91) (7.99) (7.99) (8.19) 

4-6 18.41** 22.01*** 23.71*** 19.13** 22.27*** 19.12** 10.69 
 (8.44) (8.35) (7.90) (8.11) (8.19) (8.03) (8.21) 

7-10 22.84*** 26.17*** 26.80*** 21.79*** 25.55*** 21.49*** 11.00 
 (8.29) (8.24) (7.64) (7.67) (7.58) (7.51) (7.68) 

>10 8.33 12.46 15.04 10.92 14.12 9.28 -1.92 
 (10.26) (10.45) (9.97) (10.16) (10.09) (9.57) (9.65) 
        
Absent from school at least once a month  -43.97*** -34.12*** -33.98*** -33.68*** -32.91*** -31.40*** 
  (4.01) (3.86) (3.91) (3.88) (3.91) (3.65) 
Science homework per week - Hours (Ref.: >3)        
        
2/3 - 3  6.73 11.22* 10.82* 10.64* 8.12 4.61 
  (6.31) (6.30) (6.26) (6.31) (6.72) (6.40) 
<2/3  11.07 14.55** 13.40* 14.68** 13.08* 9.93 
  (6.85) (6.98) (6.92) (7.24) (7.54) (7.19) 
Unknown  -46.12*** -40.83*** -41.51*** -42.26*** -44.08*** -40.95*** 
  (15.27) (15.00) (14.60) (15.46) (16.21) (14.60) 
        
Sense of belonging at school (SCL)  -0.25 -2.20** -2.08** -2.48*** -2.57*** -2.29** 
  (0.97) (0.93) (0.90) (0.93) (0.95) (0.95) 
        
Likes learning science (SCL)   -0.86 -0.86 -1.14 -1.03 -0.97 
   (1.30) (1.25) (1.21) (1.17) (1.17) 
Values science (SCL)   -1.02 -1.03 -0.88 -0.83 -0.90 
   (1.10) (1.09) (1.09) (1.06) (1.00) 
Self-confidence in science (SCL)   10.59*** 10.86*** 10.98*** 11.05*** 11.28*** 
   (1.05) (1.00) (0.96) (0.93) (0.91) 
        
Teacher is female    -1.57 -3.81 -3.70 -3.72 
    (4.81) (4.99) (5.25) (5.01) 
Teacher’s tenure (Years)    2.39*** 2.73*** 2.91*** 1.65* 
    (0.90) (1.00) (1.00) (0.90) 
Teacher’s tenure squared    -0.04 -0.04 -0.05* -0.02 
    (0.02) (0.03) (0.03) (0.02) 
Teacher has postgraduate degree    13.83* 17.29** 18.59* 13.60 
    (8.35) (8.38) (10.20) (9.11) 
Teacher’s major (Ref.: Major in science and education)        
        
Science major only    -14.60* -13.49* -19.82** -21.62*** 
    (7.59) (7.17) (7.75) (7.16) 
Education major only    3.67 4.45 4.16 1.88 
    (6.51) (6.16) (5.85) (5.63) 
Other    -42.16 -39.80 -48.11 -56.17 
     (40.72) (38.61) (44.52) (49.55) 
        
Enquiry-based instruction (Always/Almost always)    -5.31 -5.91 -6.76 -1.20 
    (5.35) (5.20) (5.27) (5.07) 
Confidence in student-directed instruction in science 
(Very high/High)    4.83 5.79 0.30 -1.65 
    (5.95) (6.27) (6.04) (5.77) 
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Note. Standard errors in parentheses  
*** p < 0.01. ** p < 0.05. * p < 0.1 
 
  

Teacher-directed instruction in science  
(Always/Almost always)    9.20 7.58 10.25* 7.75 
    (6.17) (6.05) (5.72) (6.20) 
Emphasis on science investigation (SCL)    -1.52 -1.54 -2.40* -2.39** 
    (1.32) (1.32) (1.27) (1.21) 
        
Class size     -1.04 -1.34 -1.50 
     (1.30) (1.25) (1.22) 
Class size squared     0.00 0.01 0.02 
     (0.02) (0.02) (0.02) 
Science hours per week     0.79 -0.76 -2.50 
     (8.27) (8.70) (7.61) 
Science hours per week squared     0.22 0.30 0.48 
     (0.78) (0.81) (0.73) 
School’s location (Ref.: Village – Pop. < 15,000)        
        
Town (15,000 < Pop. < 1,000,000)      -1.45 -6.98 
      (6.70) (7.09) 
City  (Pop. > 500,000)      2.97 -5.71 
      (8.06) (8.71) 
Students grouped by ability  (Ref. No)        
        
Yes      1.57 4.19 
      (7.36) (7.12) 
Other      -5.83 -5.17 
      (6.17) (5.06) 
School’s emphasis on academic success (SCL)      7.37*** 4.41** 
      (1.90) (1.98) 
Shortage of resources (SCL)      -0.39 -2.06 
      (1.42) (1.36) 
        
School environment – discipline and safety  (SCL)       -1.73 
       (1.46) 
Teaching not limited by student needs (SCL)       5.34*** 
       (1.66) 
Average educational resources in student families 
(SCL)       14.77*** 
       (3.53) 
R-squared 2,706 2,706 2,706 2,706 2,706 2,706 2,706 
Observations 0.27 0.34 0.39 0.41 0.42 0.43 0.45 
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Table 8c. Decomposition of the gender gap in science – Grade 8 
 
 Science 
Predicted - Boys 487.09*** 
 (4.37) 
Predicted - Girls 505.40*** 
 (4.13) 
Predicted gender gap -18.31*** 
 (3.19) 
Endowments  -12.44*** 
 (2.22) 
Coefficients -5.87*** 
 (2.27) 
Observations 5,531 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 8d. Detailed decomposition of the gender gap in science – Grade 8 
 
 Science Endowments Coefficients 
Predicted - Boys 487.09***   
 (4.37)   
Predicted - Girls 505.40***   
 (4.13)   
Predicted gender gap -18.31***   
 (3.19)   
Age  -0.05 -59.51 
  (0.10) (83.87) 
Speaks Turkish at home (Always/Almost always)  -1.90*** 7.87 
  (0.54) (9.23) 
Mother’s education – At least high school   0.14* -1.01 
  (0.08) (1.69) 
Mother’s education - Unknown  -0.85*** 1.26* 
  (0.28) (0.75) 
Father’s education – At least high school  0.07 0.00 
  (0.18) (2.53) 
Father’s education - Unknown  -0.68*** -0.65 
  (0.24) (0.92) 
Number of books at home 11-25  -0.29 -4.68* 
  (0.31) (2.84) 
Number of books at home 26-100  -0.43 -1.19 
  (0.39) (2.38) 
Number of books at home 101-200  -1.05** -1.08 
  (0.41) (1.11) 
Number of books at home >201  -0.43 -0.68 
  (0.36) (0.97) 
Number of digital devices at home 1-3  -0.26 3.87 
  (0.37) (3.12) 
Number of digital devices at home 4-6  0.07 1.07 
  (0.22) (3.15) 
Number of digital devices at home 7-10  0.20 0.73 
  (0.19) (1.80) 
Number of digital devices at home  >10  0.03 0.53 
  (0.19) (0.98) 
Absent from school at least once a month  -2.79*** 0.65 
  (0.47) (1.98) 
Science homework hours per week 2/3-3  -0.25 4.02 
  (0.21) (3.32) 
Science homework hours per week <2/3  -0.27 2.75 
  (0.22) (4.97) 
Science homework hours per week unknown  -0.73*** 0.29 
  (0.21) (0.45) 
Sense of belonging at school (SCL)  1.11*** -14.46 
  (0.32) (12.39) 
Likes learning science (SCL)  -0.58* 52.30*** 
  (0.31) (16.65) 
Values science (SCL)  0.31* -8.76 
  (0.18) (13.51) 
Self-confidence in science (SCL)  -3.08*** 6.08 
  (0.97) (14.24) 
Teacher is female  0.01 -0.79 
  (0.08) (2.67) 
Teacher’s tenure (Years)  0.37 -2.97 
  (0.42) (11.10) 
Teacher’s tenure squared  -0.27 -0.86 
  (0.27) (4.71) 
Teacher has postgraduate degree  0.03 -0.50 
  (0.06) (0.66) 
Teacher’s major - Science major only  -0.29 2.45 
  (0.21) (1.82) 
Teacher’s major - Education major only  -0.09 2.04 
  (0.14) (2.44) 
Teacher’s major - Other  0.01 0.01 
  (0.01) (0.05) 
Enquiry-based instruction (Always/Almost always)  -0.01 1.18 
  (0.08) (3.07) 
Confidence in student-directed instruction in science (Very high/High)  -0.02 0.45 
  (0.06) (3.45) 
Teacher-directed instruction in science (Always/Almost always)  0.19 4.51 
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  (0.15) (4.41) 
Emphasis on science investigation (SCL)  -0.24 6.67 
  (0.17) (13.35) 
Class size  -0.61 -16.19 
  (0.68) (34.95) 
Class size squared  0.40 7.28 
  (0.48) (15.36) 
Science hours per week  0.28 -19.83 
  (0.35) (20.13) 
Science hours per week squared  -0.24 3.60 
  (0.30) (6.40) 
Town (15,000 < Pop. < 500,000)  0.01 5.04 
  (0.10) (3.52) 
City (Pop. > 500,000)  -0.01 2.41 
  (0.09) (3.05) 
Students grouped by ability - Yes  0.00 -0.80 
  (0.02) (0.86) 
Students grouped by ability - Other  0.03 -0.49 
  (0.06) (0.82) 
School’s emphasis on academic success (SCL)  -0.10 -4.33 
  (0.19) (18.09) 
Shortage of resources (SCL)  -0.07 19.82 
  (0.10) (12.35) 
School environment – discipline and safety  (SCL)  0.19 6.51 
  (0.19) (13.25) 
Teaching not limited by student needs (SCL)  -0.38 -0.02 
  (0.25) (14.39) 
Average educational resources in student families (SCL)  0.07 -1.97 
  (0.72) (32.37) 
Constant   -8.49 
   (99.58) 
Total  -12.44*** -5.87*** 
  (2.22) (2.27) 
Observations 5,531   

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
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Table A1a. School attendance region and sex 
 

 Age 10 
Region Boys Girls 
All .99 .99 
Istanbul .97 1 
West Marmara .95 1 
Aegean 1 1 
East Marmara 1 1 
West Anatolia 1 1 
Mediterranean .99 .96 
Central Anatolia 1 .92 
West Black Sea 1 1 
East Black Sea 1 1 
Northeast Anatolia 1 1 
Central East Anatolia .97 .98 
Southeast Anatolia .98 .98 

 
 

 Age 14 
Region Boys Girls 
All .95 .87 
Istanbul .97 .94 
West Marmara 1 1 
Aegean 1 .91 
East Marmara 1 .88 
West Anatolia .90 .97 
Mediterranean .96 .90 
Central Anatolia .96 .93 
West Black Sea 1 .93 
East Black Sea .95 .97 
Northeast Anatolia .94 .76 
Central East Anatolia .91 .84 
Southeast Anatolia .90 .68 

  
Note. Own calculations based on the Turkish Demographic Health Survey 2013. 
 
 
Table A1b. School attendance by wealth (low/high) and sex  
 

 Age 10 
Wealth Boys Girls 
Below median .98 .98 
Above median .99 .99 

 
 

 Age 14 
Wealth Boys Girls 
Below median .90 .76 
Above median .99 .99 

 
Note. Own calculations based on the Turkish Demographic Health Survey 2013. 
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Table A2. Content of the indices used in the analysis 
 

Index Components 
  
Family background  
  
Home educational resources – Grade 4 
(SCL) 

Number of books at home 
Number of children’s books at home 
Number of study supports (e.g. Internet connection) 
Highest level of parental education 
Highest level of parental occupation 

  
Home educational resources – Grade 8 
(SCL) 

Number of books at home 
Number of study supports (e.g. Internet connection) 
Highest level of parental occupation 

  
Early literacy and numeracy activities before 
beginning primary school – Grade 4 (SCL)  

Before your child began primary/elementary school, how often did you or 
someone else in your home do the following with him/her? 
Read books 
Tell stories 
Sing songs 
Play with alphabet toys 
Talk about things you (parent) had done 
Talk about what you (parent) had read 
Play word games 
Write letters or words 
Read aloud signs and labels 
Say counting rhymes or sing counting songs 
Play with number toys 
Count different things 
Play games involving shapes 
Play with building blocks or construction toys 
Play board or card games 
Write numbers 

  
Parental attitudes towards math and science 
– Grade 4 (SCL) 

As parent, how much do you agree with these statements? 
Most occupations need skills in math, science or technology 
Science and technology can help solve world’s problems 
Science explains how things in the world work 
My child needs mathematics to get ahead in the world 
Learning science is for everyone 
Technology makes life easier 
Mathematics is applicable to real life 
Engineering is necessary to design things that are safe and useful 

  
Student  
  
Sense of belonging at school (SCL) How much do you agree with these statements? 

I like being in school 
I feel safe when I am at school 
I feel like I belong at this school 
I like to see my classmates at school 
Teachers at my school are fair to me 
I am proud to go to this school 
I learn a lot at school 

  
Likes math (SCL) How much do you agree with these statements? 

I enjoy learning mathematics 
I wish I did not have to study mathematics 
Mathematics is boring 
I learn many interesting things in mathematics 
I like mathematics 
I like any schoolwork that involves numbers 
I like to solve mathematics problems 
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I look forward to mathematics lessons 
Mathematics is one of my favourite subjects 

  
Likes science (SCL) How much do you agree with these statements? 

I enjoy learning science 
I wish I did not have to study science 
Science is boring 
I learn many interesting things in science 
I like science 
I look forward to learning science in school 
Science teaches me how things in the world work 
I like to do science experiments 
Science is one of my favourite subjects 

  
Values math/science – Grade 8 (SCL) How much do you agree with these statements? 

Learning mathematics/science will help me in my daily life 
I need mathematics/science to learn other school subjects 
I need to do well in mathematics/science to get into the university of my choice 
I need to do well in mathematics/science to get the job I want 
I would like a job that involves using mathematics/science 
It is important to learn mathematics/science to get ahead in the world 
Learning mathematics/science will give me more job opportunities when I am an 
adult 
My parents think that it is important that I do well in mathematics/science 
It is important to do well in mathematics/science 

  
Self-confidence in math (SCL) How much do you agree with these statements? 

I usually do well in mathematics 
Mathematics is harder for me than for many of my classmates 
Mathematics is not one of my strengths 
I learn things quickly in mathematics 
Mathematics makes me nervous 
I am good at working out difficult mathematics problems 
My teacher tells me I am good at mathematics 
Mathematics is harder for me than any other subject 
Mathematics makes me confused 

  
Self-confidence in science (SCL) How much do you agree with these statements? 

I usually do well in science 
Science is harder for me than for many of my classmates 
I am just not good at science 
I learn things quickly in science 
My teacher tells me I am good at science 
Science is harder for me than any other subject 
Science makes me confused 

  
Class format – general (Reported by 
teacher) 

 

  
Enquiry-based instruction (Always/Almost 
always) 

How often do you do the following in teaching this class? 
Ask students to explain their answers 
Ask students to complete challenging exercises that require them to go beyond 
the instruction 
Encourage classroom discussion among students 
Ask students to decide their own problem solving procedures 
Encourage students to express their ideas in class 

  
Class format – math (Reported by teacher)  
  
Teacher’s confidence in student-oriented 
instruction (Very high/High) 

In teaching mathematics to this class, how would you characterise your 
confidence in doing the following? 
Inspiring students to learn mathematics 
Showing a variety of problem solving strategies 
Providing challenging task for high achieving students 
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Adapting my teaching to engage students’ interest 
Helping students appreciate the value of mathematics 
Assessing student comprehension of mathematics 
Improving the understanding of struggling students 
Making mathematics relevant  
Developing students’ higher-order thinking skills 

  
Teacher-directed instruction 
(Always/Almost always) 

In teaching mathematics to this class, how often do you ask students to do the 
following? 
Listen to me explain new content 
Listen to me explain how to solve problems 
Work problems individually or in groups with my guidance 
Work problems in the whole class with direct guidance from me 

  
Class format – science (Reported by 
teacher) 

 

  
Teacher’s confidence in student-oriented 
instruction (Very high/High) 

In teaching science to this class, how would you characterise your confidence in 
doing the following? 
Inspiring students to learn science 
Explaining concepts or principles by doing science experiments 
Providing challenging task for high achieving students 
Adapting my teaching to engage students’ interest 
Helping students appreciate the value of science 
Assessing student comprehension of science 
Improving the understanding of struggling students 
Making science relevant  
Developing students’ higher-order thinking skills 
Teaching science using inquiry methods 

  
Teacher-directed instruction 
(Always/Almost always) 

In teaching science to this class, how often do you ask students to do the 
following? 
Listen to me explain new content 

  
Emphasis on science investigation (SCL) In teaching science to the students in this class, how often do you ask them to do 

the following? 
Observe and describe natural phenomena 
Watch teacher demonstrate an experiment or investigation 
Design or plan an experiment or investigation 
Conduct experiments or investigations 
Present data from experiments or investigations 
Interpret data from experiments or investigations 
Use evidence from experiments or investigations to support conclusions 
Do filed work outside the class 

  
School (Reported by teacher)  
  
School’s emphasis on academic success 
(SCL) 

How would you characterise each of the following within your school? 
Teachers’ understanding of school’s curricular goals 
Teachers’ degree of success in implementing curriculum 
Teachers’ expectations for student achievement 
Teachers working together to improve student achievement 
Teachers’ ability to inspire students 
Parental involvement in school activities 
Parental commitment to ensure that students are ready to learn 
Parental expectations for student achievement 
Parental support for student achievement 
Parental pressure for school’s high academic standards 
Students’ desire to do well in school 
Students’ ability to reach school’s academic goals 
Students’ respect for classmates who excel in school 
Collaboration between school leadership and teachers 

  
Shortage of resources (SCL) In your current school, how severe is each problem? 
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School building needs significant repair 
Teachers do not have adequate workspace 
Teachers do not have adequate instructional materials and supplies 
Classrooms are not cleaned enough 
Classrooms need maintenance work 
Teachers do not have adequate technological resources 
Teachers do not have adequate support for using technology 

  
School environment (SCL)  Indicate the extent to which you agree or disagree with each of the following 

statements. 
This school is located in a safe neighbourhood 
I feel safe at this school 
School’s security policies and practices are sufficient 
Students behave in an orderly manner 
Students are respectful of the teachers 
Students respect school property 
School has clear rules about student conduct 
School’s rules are enforced in a fair and consistent manner 

  
Teaching not limited by student needs (SCL) To what extent do the following limit how you teach this class? 

Students lacking prerequisite knowledge or skills 
Students suffering from lack of basic nutrition 
Students suffering from not enough sleep 
Disruptive students 
Uninterested students 
Students with mental, emotional or psychological problems 

 
Note. TIMSS scales (SCL) were constructed by the IEA using item response theory (IRT) scaling methods. In a 
number of questions, respondents (students, parents, teachers and principals) were asked to indicate the degree of 
their agreement with multiple statements. For each item, IRT estimated the probability that the respondent chooses 
a particular response level. The overall scores were then estimated for each respondent using weighted maximum 
likelihood estimation (WLE), taking into account the fact that items under an index are correlated and thus should 
be weighted. Individual data thus obtained were then placed on a scale with centre-point at the mean equal 10, 
with standard deviation equal 2, across all TIMSS countries.  
In a few instances of interest where indices were not provided by the IEA (teacher’s confidence in student-directed 
instruction, the use of enquiry-based instruction, the use of teacher-directed instruction), 0-1 indicators were 
created, with 1 standing for teacher on average reporting Very high or High confidence, or using Always or Almost 
always the instruction method in question.  
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Table A3a. Mathematics – Grade 8 - Boys: Student’s attitudes to mathematics 
 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
 
 
Table A3b. Mathematics – Grade 8 - Girls: Student’s attitudes to mathematics 
 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
 
 
Table A4a. Science – Grade 8 - Boys: Student’s attitudes to science 
 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
 
 
Table A4b. Science – Grade 8 - Girls: Student’s attitudes to science 
 

 
Note. Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
 
 
	

VARIABLES Model 3 Model 4a Model 4b Model 4c Model 5 Model 6 Model 7 Model 8 
Sense of belonging at school (SCL) -0.85 -4.53*** -4.77*** -2.82*** -2.36** -2.43** -2.66*** -2.94*** 
 (0.96) (1.04) (1.07) (1.06) (0.98) (0.99) (1.01) (1.03) 
Likes learning math (SCL)  10.89*** 10.09*** -4.26** -4.30** -4.28** -3.82** -3.05* 
  (1.26) (1.60) (1.67) (1.70) (1.71) (1.70) (1.67) 
Values math (SCL)   1.32 0.20 0.46 0.41 0.33 0.54 
   (1.26) (1.12) (1.07) (1.07) (1.04) (0.99) 
Self-confidence in math (SCL)    20.64*** 20.37*** 20.40*** 20.21*** 19.37*** 
    (1.05) (1.06) (1.07) (1.05) (1.02) 

VARIABLES Model 3 Model 4a Model 4b Model 4c Model 5 Model 6 Model 7 Model 8 
Sense of belonging at school (SCL) 0.25 -3.75*** -3.83*** -2.36** -1.91* -2.08** -2.11** -2.25** 
 (1.06) (1.12) (1.08) (0.99) (0.98) (0.99) (0.96) (0.95) 
Likes learning math (SCL)  11.49*** 10.99*** -6.12*** -6.06*** -6.05*** -5.38*** -4.55*** 
  (0.89) (1.10) (1.44) (1.46) (1.45) (1.51) (1.46) 
Values math (SCL)   0.89 -1.48 -1.24 -1.23 -1.22 -1.33 
   (1.21) (1.17) (1.20) (1.19) (1.18) (1.15) 
Self-confidence in math (SCL)    21.48*** 21.49*** 21.41*** 21.26*** 20.78*** 
    (1.26) (1.27) (1.25) (1.26) (1.24) 

VARIABLES Model 3 Model 4a Model 4b Model 4c Model 5 Model 6 Model 7 Model 8 
Sense of belonging at school (SCL) -0.52 -3.64*** -3.46*** -3.48*** -3.43*** -3.60*** -3.87*** -3.65*** 
 (0.89) (0.84) (0.84) (0.84) (0.82) (0.82) (0.81) (0.79) 
Likes learning science (SCL)  10.97*** 11.69*** 3.52*** 3.79*** 3.70*** 3.82*** 3.86*** 
  (0.80) (0.95) (1.23) (1.19) (1.15) (1.15) (1.15) 
Values science (SCL)   -1.40 -2.23** -2.23** -2.29*** -1.97** -1.74** 
   (0.92) (0.92) (0.89) (0.88) (0.88) (0.84) 
Self-confidence in science (SCL)    12.41*** 12.35*** 12.30*** 12.05*** 11.85*** 
    (1.13) (1.07) (1.04) (0.99) (1.01) 

VARIABLES Model 3 Model 4a Model 4b Model 4c Model 5 Model 6 Model 7 Model 8 
Sense of belonging at school (SCL) -0.25 -2.44** -2.45*** -2.20** -2.08** -2.48*** -2.57*** -2.29** 
 (0.97) (0.96) (0.95) (0.93) (0.90) (0.93) (0.95) (0.95) 
Likes learning science (SCL)  7.31*** 7.25*** -0.86 -0.86 -1.14 -1.03 -0.97 
  (1.04) (1.13) (1.30) (1.25) (1.21) (1.17) (1.17) 
Values science (SCL)   0.11 -1.02 -1.03 -0.88 -0.83 -0.90 
   (1.08) (1.10) (1.09) (1.09) (1.06) (1.00) 
Self-confidence in science (SCL)    10.59*** 10.86*** 10.98*** 11.05*** 11.28*** 
    (1.05) (1.00) (0.96) (0.93) (0.91) 


