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Gender,	Self-concept	and	Mathematics	and	Science	
Performance	of	South	African	Grade	9	Students1	

By	Debra	Lynne	Shepherd2	
	

ABSTRACT	

Despite	 improvements	over	 the	past	decade,	 South	African	women	continue	 to	
be	underrepresented	in	tertiary	studies	and	professional	careers	in	the	fields	of	
science,	 technology,	 engineering	 and	 math.	 This	 has	 implications	 not	 only	 for	
economic	 development	 and	 growth,	 but	 also	 for	 social	 inequality	 as	 women	
continue	to	have	lower	access	to	higher	paying	employment	opportunities.	Using	
data	from	the	Trends	in	Mathematics	and	Science	Study	of	2011,	this	paper	finds	
that	whilst	grade	9	girls	in	the	poorest	80%	of	South	African	schools	experience	
no	difference	in	domain	specific	performance,	self-concept	and	motivation,	girls	
in	 the	wealthiest	 subset	 of	 schools	 are	 found	 to	 significantly	 underperform	 in	
both	subjects,	as	well	as	possess	 lower	self-concept	and	motivation,	and	higher	
anxiety.	Teacher	gender	and	education	are	shown	to	correlate	with	these	results;	
specifically,	 female	 teachers	with	math	 backgrounds	 negatively	 influence	 girls’	
performances	in	wealthy	schools.	This	is	argued	to	be	in	keeping	with	stereotype	
threat	 theory	 (Steele,	 2003)	 whereby	 women	 that	 are	 highly	 identified	 with	
math	 are	 subject	 to	 greater	 anxiety	 and	 concern	 over	 their	 performance.	 The	
relative	difference	in	the	performance	of	girls	taught	by	a	female	versus	a	male	
teacher	 compared	 to	 the	 performance	 of	 boys	 is	 smaller	 when	 exposed	 to	
teachers	with	education	training,	suggesting	that	classroom	methodology	plays	a	
role	 in	 the	attainment	of	 girls.	 Student	 fixed	effects	estimation	 reveals	 that	 the	
teacher	characteristics	mentioned	above	play	important	roles	for	moderating	the	
relationship	between	student	self-concept	and	performance	of	boys	and	girls.		
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1.	 Introduction	
Many	 high-paying,	 high-skilled	 occupations	 in	 developed	 countries	 are	 in	 the	
fields	 of	 science,	 technology,	 engineering	 and	 math	 (STEM),	 with	 the	 South	
African	labour	market	being	no	exception.	This	 is	not	surprising	as	science	and	
technology	 have	 been	 the	 engines	 of	 profound	 social	 change	 and	 economic	
growth	(Atkinson	and	Mayo,	2010).	Consequently,	they	can	play	a	significant	role	
in	 the	 economic	 empowerment	 of	 women.	 However,	 women	 continue	 to	 be	
underrepresented	 in	STEM	fields.	Gender	equity	 in	STEM	education	and	 jobs	 is	
needed	 not	 only	 because	 the	 education	 of	 women	 in	 STEM	 fields	 would	 give	
access	 to	 a	 larger	 number	 of	 highly-skilled	 (and	 productive)	 labour,	 thereby	
meeting	the	scientific	and	technological	needs	of	an	economy,	but	also	because	
society	can	benefit	from	the	insights	and	knowledge	that	women	possess/	bring	
to	the	manner	in	which	science	and	technology	are	used.	

At	 the	 level	 of	 tertiary	 education	 in	 South	 Africa,	 less	 than	 30%	 of	
students	 enrolled	 for	 undergraduate	 degrees	 in	 the	 fields	 of	 engineering	 and	
computer	 science	 in	 2012	 were	 women,	 whilst	 about	 half	 of	 science	
undergraduate	 enrolments	 were	 women;	 this	 is	 compared	 to	 65%	 of	 all	
undergraduate	students	being	women.	Whilst	there	has	been	some	improvement	
in	the	representation	of	women	in	STEM	fields	–	for	example,	the	proportion	of	
female	enrolments	for	engineering	and	computer	science	undergraduate	degrees	
increased	from	16.4%	to	24.8%	between	2007	and	2012,	a	growth	rate	of	50%	–	
women	 continue	 to	 be	 underrepresented,	 particularly	 at	masters	 and	 doctoral	
levels.	Approximately	35%	of	all	professional	occupations	over	the	period	2000	
to	2014	have	been	in	the	fields	of	science	and	technology,	with	women	holding	
approximately	45%	of	professional	science	and	technology	jobs	(Statistics	SA	LF3	
2000	 –	 2007;	 Statistics	 SA	 QLFS4	2008-2014).	 Removing	 nursing	 occupations	
from	the	numerator,	approximately	25%	to	30%	of	science	and	technology	(non-
nursing)	jobs	are	held	by	women,	indicating	that	approximately	35%	to	40%	of	
professional	STEM	women	are	in	nursing.	This	gender	gap	in	STEM	occupations	
can	 contribute	 significantly	 to	 the	 overall	 gender	 wage	 gap	 as	 well	 as	 social	
inequality	(Barres,	2006).	

Oakes	(1990)	points	towards	three	factors	that	are	critical	to	attainment	
in	STEM	 fields:	opportunities	 to	 learn	science	and	mathematics;	achievement	 in	
these	subjects;	and	the	decision	to	pursue	them	(choice).	Women	can	lose	ground	
on	all	 three	of	 these	 factors	during	 their	education,	such	that	 the	STEM	gender	
gap	apparent	in	university	and	the	labour	market	can	begin	at	the	stages	of	basic	
education,	even	when	girls	are	performing	at	the	same	level	or	better	than	boys	
in	science	and	mathematics.	Overall,	gender	differences	in	either	mathematics	or	
science	 achievement	 tend	 not	 to	 appear	 until	 high	 school	 levels	 (c.f.	 Lindberg,	

																																																								
3	Labour	Force	Survey	
4	Quarterly	Labour	Force	Survey	
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Hyde,	 Petersen	&	 Linn,	 2010),	 although	 recent	 research	 has	 shown	 the	 gap	 to	
emerge	as	early	as	the	grades	1	and	2	(Levine	et	al,	2005;	Rathbun	et	al,	2004).	
Educational	foundations,	which	include	social	comparisons	of	performance	with	
peers,	 can	 have	 important	 implications	 for	 teacher	 expectations,	 student	
motivation	and	future	academic	achievement	(Farkas,	2003).		

Research	on	gender	differences	in	brain	structure	and	inherent	biological	
ability	has	been	inconclusive	in	explaining	differences	in	gender	participation	in	
STEM	fields	(Ceci,	Williams	&	Barnett,	2009).		Other	research	has	pointed	to	the	
existence	of	negative	stereotypes	within	society	that	affect	the	math	and	science	
performance	 of	 female	 students	 through	 undermining	 their	 confidence	 (Hill,	
Corbett	&	Rose,	2010;	Steele	and	Aronson	1995).	Whilst	children	may	view	boys	
and	girls	as	equally	able	in	mathematics,	they	view	adult	men	as	being	better	at	
maths	 than	 adult	 women	 (Steele,	 2003);	 similar	 tendencies	 to	 stereotype	 the	
domain	of	mathematics	as	a	male	one	have	been	shown	to	exist	amongst	parents	
(c.f.	Frome	&	Eccles,	1998)	and	teachers	(c.f.	Helwig,	Anderson	&	Tindal,	2001).		

It	is	also	important	to	take	cognisance	of	the	fact	that	gender	inequalities	
do	not	operate	within	a	vacuum,	but	 interact	with,	 for	example,	 race	and	class.	
Whilst	 previous	 studies	 have	 shown	 that	 gender	 gaps	 in	 achievement	 interact	
with	 race	 and	 SES	 (e.g.	 Jencks	 &	 Phillips,	 1998;	 Lee	 &	 Burkam,	 2002),	 limited	
research	(e.g.	Fin	&	 Ishak,	2012;	Goni	&	Bello,	2016;	Vyas	&	Choudhary,	2016)	
has	 examined	 how	 gender	 differences	 in	 self-concept	 and	motivation	 differ	 by	
socioeconomic	 status;	 and	 this	 despite	 the	 increasing	 cultural	 diversity	 of	 the	
school-aged	 population.	 	 It	 is	 crucial	 that	 we	 understand	 how	 students	 of	
different	 genders	 and	 socio-economic	 backgrounds	 construct	 their	 academic	
identities,	 particularly	 in	 the	 context	 of	 gender	 and	 cultural	 norms,	 as	well	 as	
socialization	 experiences.	 Although	 numerous	 studies	 have	 investigated	 the	
effect	of	various	conventional	schooling	inputs	on	educational	outcomes	in	South	
Africa,	 peer	 effects	 and	 (to	 a	 greater	 degree)	 school	 composition	 and	 social	
comparison	have	been	investigated	to	a	limited	extent.		

This	study	aims	to	analyse	gender	differences	in	self-concept,	motivation	
and	 subsequent	 performance	 in	 mathematics	 and	 science	 amongst	 grade	 9	
students	 in	 South	 Africa.	 To	 this	 end,	 the	 Trends	 in	 Mathematics	 and	 Science	
studies	 (TIMSS)	 of	 2011	 is	 used	 to	 construct	 measures	 of	 self-concept	 and	
motivation	 that	 are	 then	 regressed	 onto	 TIMSS	 mathematics	 and	 science	
performance	using	classroom	and	student	fixed	effects	estimation.	Fixed	effects	
regression	 models	 are	 estimated	 separately	 for	 the	 wealthiest	 and	 poorer	
subsets	of	the	South	African	schooling	system	in	order	to	identify	whether	or	not	
competence	beliefs	and	motivation/	attitudes	play	different	roles	in	determining	
performance	 depending	 on	 the	 social	 context	 of	 the	 school	 environment,	 and	
whether	 a	 gender	 gap	 in	 STEM	 achievement	 exists	 after	 controlling	 for	 these	
factors.	Finally,	 the	analysis	 investigates	the	role	of	 teacher	gender	and	teacher	
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training	as	a	determinant	of	differences	in	gender	outcomes	in	performance,	as	
well	as	a	moderator	of	the	effect	of	self-concept	on	performance.		

The	paper	proceeds	with	a	review	of	the	theory	and	existing	literature	on	
gender,	self-belief	(efficacy)	and	motivation	in	section	2,	followed	by	a	discussion	
of	social	comparison	theory	and	stereotype	threat	in	section	3.	Sections	4	and	5	
describe	 the	 data	 and	 the	 constructs	 to	 be	 used	 in	 the	 analysis	 and	 the	
methodological	 approach,	 respectively.	 Section	 6	 provides	 a	 discussion	 of	 the	
empirical	results,	and	section	7	concludes.		

2.	 Gender,	self-beliefs	and	motivation	
2.1	 Self-(competence)	beliefs	

Self-beliefs	 such	 as	self-concept	and	self-efficacy	 have	 received	 prominence	 in	
theories	about	the	motivational	sources	of	individual	differences	in	performance,	
for	 example	 self-regulation	 theory	 (Carver	 &	 Schreier,	 1981),	social	 learning	
(cognitive)	theory	(Bandura,	1986)	and	self-determination	theory	(Deci	&	Ryan,	
1985).	 The	 effect	 of	 self-concept	 on	 student	 achievement	 has	 received	 most	
attention	(Valentine,	DuBois	&	Cooper,	2004;	Marsh	&	Craven,	2006).	Although	
known	to	be	distinct	constructs,	self-concept	and	self-efficacy	are	related	both	in	
their	 conception	 and	 in	 their	 effects	 on	 student	 achievement.	 Pivotal	 to	
Bandura’s	 (1986)	 social	 cognitive	 theory	 is	 the	 concept	 of	 self-efficacy,	 which	
refers	to	“the	beliefs	in	one’s	capabilities	to	organize	and	execute	the	courses	of	
action	to	produce	given	attainments”	(Bandura,	1997:	3).	Central	to	this	theory	is	
the	 reciprocity	 between	 self-efficacy	 beliefs,	 classroom	 structures	 and	 social	
interactions	 with	 peers,	 and	 the	 mediating	 effects	 that	 these	 can	 have	 on	 a	
student’s	 performance	 and	 motivation.	 For	 example,	 20	 years	 of	 self-efficacy	
research	has	shown	that	people	with	augmented	self-efficacy	beliefs	tend	to	have	
higher	academic	achievement	than	those	with	lower	self-efficacy	beliefs	(Jinks	&	
Morgan,	1999;	Pajares	&	Schunk,	2001;	Usher	&	Pajares,	2008),	as	well	as	better	
engagement	(Schunk	&	Mullen,	2012).		

Although	linked	to	judgments	of	one’s	capabilities	in	a	given	domain,	the	
construct	of	self-concept	represents	a	quite	different	view	of	self	to	self-efficacy.	
Whereas	 self-efficacy	 beliefs	 revolve	 around	 questions	 of	 “can”	 (confidence),	
self-concept	beliefs	 reflect	questions	of	 “being”	 (self-worth)	 (Pajares	&	Schunk,	
2001).	 Prior	 to	 the	 1980s,	 over	 90	 percent	 of	 studies	 linking	 self-concept	 to	
achievement	 reported	moderate	 to	weak	 correlations	 (Byrne,	 1984).	However,	
this	 was	 because	 global	 rather	 than	 domain-specific	 measures	 of	 self-concept	
were	 being	 compared	 to	 achievement.	 When	 domain-specific	 (for	 example,	
academic)	self-concept	 is	 compared	with	achievement	 in	 the	same	domain,	 the	
relationship	is	evidenced	to	be	positive	and	significant	(Marsh,	1993).	Academic	
self-concept	can	furthermore	be	defined	as	“an	evaluative	self-perception	that	is	
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formed	 through	 experience	 with,	 and	 interpretation	 of	 one’s	 school	
environment”	(Guay,	et	al.,	2004:	53).5		

Gender	 differences	 of	 mathematics	 self-concept	 have	 generally	 been	
consistent	 with	 traditional	 gender	 role	 expectations	 and	 stereotypes,	 with	
research	showing	higher	mathematics	self-concept	scores	for	males	(Eccles	et	al,	
1993;	 Marsh	 &	 Yeung,	 1997)	 and	 higher	 mathematics	 self-efficacy	 scores	 for	
males	 (Pajares	 &	 Miller,	 1994;	 OECD,	 2004).	 As	 early	 as	 school-entry	 age,	
children	 have	 been	 shown	 to	 make	 distinct	 judgments	 about	 their	 abilities	 in	
different	 domains	 (Eccles,	 Wigfield	 et	 al,	 1993).	 These	 competency	 beliefs	
decline	 over	 the	 course	 of	 schooling,	 although	 the	 rate	 of	 change	 differs	 by	
gender	(Jacobs	et	al,	2002)	and	ethnicity	(Okeke,	2009).	Higher	self-perception	
of	mathematics	 ability	 in	 boys	 has	 been	 found	 to	 be	 relatively	 independent	 of	
performance	history	(e.g.,	Frome	&	Eccles,	1998),	achievement	level,	and	ability	
(Holling	&	Preckel,	2005).		
	
2.2	 Achievement	motivation		

Self-Determination	Theory	 (SDT;	Deci	 and	Ryan,	 1985)	 laid	 down	much	 of	 the	
foundation	for	contemporary	research.	Based	on	the	different	goals	that	give	rise	
to	 action,	 SDT	 distinguishes	 between	 different	 types	 of	 motivation,	 the	 most	
basic	 distinction	 being	 between	 intrinsic	 (doing	 something	 because	 it	 is	
inherently	 interesting	 or	 enjoyable)	 and	 extrinsic	 (doing	 something	 because	 it	
leads	 to	 an	 independent	 outcome,	 such	 as	 good	 performance).	 A	 natural	
(intrinsic)	motivational	tendency	is	critical	to	cognitive	and	social	development;	
however,	 intrinsic	 motivation	 does	 not	 only	 exist	 within	 individuals,	 but	 can	
exist	 in	 relation	 between	 individuals	 or	 in	 the	 activity	 itself	 (Skinner,	 1953).	
Because	 most	 activities	 people	 do	 are	 not	 intrinsically	 motivated,	 such	 as	
completing	non-intrinsically	interesting	tasks	at	school,	intrinsic	motivation	does	
appear	to	become	weaker	as	individuals	move	up	grade	levels.		

SDT	suggests	 that	extrinsic	motivation	can	vary	according	 to	 its	 relative	
autonomy.	For	example,	a	child	doing	their	math	homework	only	out	of	 fear	of	
the	 parental	 sanctions	 that	 would	 result	 from	 not	 doing	 it	 is	 very	 differently	
extrinsically	motivated	 to	 a	 child	 that	 believes	 that	 completing	 the	 same	math	
homework	is	valuable	for	getting	into	university.	Deci	and	Ryan	(1985)	describe	
within	SDT	a	process	of	promoting	the	internalisation	and	integration	of	values	
and	 behavioural	 regulations	 that	 motivate	 students	 value	 and	 self-regulate	
educational	 activities.	Whilst	 internalisation	 is	 the	 process	 of	 taking	 in	 a	 value	
(e.g.	 mathematics	 is	 necessary	 for	 getting	 into	 the	 university	 of	 your	 choice),	
integration	is	the	process	by	which	individuals	transform	this	value/	regulation	
																																																								
5	The	 term	 ‘academic	 self-concept’	 can	 be	 characterised	 by	 two	 elements	 consistent	 with	 the	
Shavelson	 model:	 first,	 academic	 self-concept	 reflects	 descriptive	 (e.g.,	 I	 like	 math)	 as	 well	 as	
evaluative	(e.g.	I	am	good	at	math)	aspects	of	self-belief;	and	second,	self-beliefs	tend	to	focus	on	
achievement	in	school	rather	than	attitudes	(Reyes,	1984).	
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into	 their	 own	 (identification	 and	 integrated	 regulation).	 Increased	
internalisation	 of	 values	 and	 commitment	 to	 these	 values	 leads	 to	 greater	
persistence	and	better	engagement	(Deci	&	Ryan,	2000).	This	can	be	contrasted	
to	amovitation	(lack	of	any	intention	to	act	resulting	from	not	valuing	an	activity	
and	 not	 feeling	 competent	 to	 do	 an	 activity),	 external	 regulation	 (activities	
performed	 to	 satisfy	 an	 external	 demand)	 and	 introjected	 regulation	 (activites	
performed	to	avoid	anxiety	or	to	attain	ego-enhancements).	Studies	concerning	
the	 different	 types	 of	 extrinsic	motivation	 have	 shown	 that	more	 autonomous	
extrinsic	 motivation	 is	 related	 to	 greater	 engagement,	 better	 performance	
(Miserandino,	 1996),	 lower	 drop-out	 (Vallerand	 &	 Bissonnette,	 1992),	 higher	
quality	 learning	 (Grolnick	 &	 Ryan,	 1987)	 and	 greater	 psychological	well-being	
(Sheldon	&	Kasser,	1995).		

Studies	conducted	since	the	early	1990s	have	revealed	no	clear	pattern	of	
gender	 differences	 in	 students'	 achievement	 goal	 orientations	 and	motivation.	
Where	differences	have	been	found,	these	are	usually	moderated	by	ability,	race,	
and	classroom	context.	Several	studies	in	economics	have	examined	the	effect	of	
having	 a	 female	 teacher	 on	 academic	performance,	 especially	 in	math,	 and	 the	
choice	 of	 a	 math	 and	 science	 major	 of	 female	 students	 in	 high	 school	 (c.f.	
Ehrenberg,	Goldhaber,	and	Brewer,	1995;	Dee,	2005,	2007;	Winters	et	al.,	2013,	
Antecol	et	al,	2014).	These	studies	have	often	found	that	having	a	female	teacher	
has	positive	or	no	effects	on	the	test	scores	of	girls.	Antecol	et	al	(2014),	on	the	
other	 hand,	 find	 that	 having	 a	 female	 teacher	 lowers	 the	math	 scores	 of	 girls	
attending	primary	schools	 in	disadvantaged	neighbourhoods;	 this	 is	eliminated	
with	a	stronger	math	background	of	the	female	teacher.	The	findings	of	Antecol	
et	 al	 (2014)	 are	 in	 agreement	 with	 research	 in	 the	 educational	 psychology	
literature	 that	 finds	 that	 primary	 school	 classrooms	with	more	 anxious	 female	
math	 teachers	as	well	 as	a	greater	endorsement	 for	 stereotypes	 that	 “boys	are	
goods	at	math”	is	related	to	lower	math	achievements	of	girls	relative	to	boys.	It	
is	 therefore	 important	 to	 understand	 the	 role	 that	 teacher	 gender	 plays	 as	 a	
mechanism	 linking	 lower	 self-concept	 amongst	 girls	 to	 lower	 achievement	 in	
STEM	subjects.	 

3.	 Social	comparison	and	stereotype	threat	
Socialisation	 and	 achievement	 experiences	 play	 a	 pivotal	 role	 in	 the	

development	 of	 gender	 differences	 in	 motivation.	 Social	 comparison	 is	
concerned	with	 the	processes	 involved	 in	 comparing	ourselves	with	 others,	 or	
thinking	about	the	self	 in	relation	to	others.	This	can	include	comparisons	with	
stereotypes	 and	 hypothetical	 characters	 (Festinger,	 1954;	Wood,	 1996;	Webb-
Williams,	 2006).	 	 Festinger	 (1954)	 defined	 social	 comparison	 as	 a	 deliberate	
process	of	selecting	social	information	to	evaluate	one's	opinions	and	abilities,	as	
well	 as	 to	 reduce	 uncertainty	 with	 regard	 to	 beliefs	 of	 self-worth.	 Social	
comparisons	with	peers	can	be	markedly	increased	by	teachers,	parents	and	the	
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students	themselves,	especially	in	relation	to	the	domains	of	school	achievement.	
As	mentioned	above,	social	cognitive	theory	hypothesizes	that	the	cognitions	of	
individuals	 regarding	 performance	 are	 influenced	 by	 social-contextual	 factors	
inter	 alia	 messages	 from	 teachers	 about	 task	 difficulty,	 perceived	 abilities	 of	
classroom	 peers,	 and	 information	 about	 the	 importance	 of	 learning	 (Bandura,	
1986;	Dweck	&	Leggett,	1988).	Motivation	and	self-efficacy	and	-concept	beliefs,	
therefore,	emerge	from	the	interaction	between	agents	within	the	social	contexts	
of	the	home,	classroom	and	school	(Bandura,	1986;	Pajares,	1996;	Schunk,	1984;	
Schunk	&	Miller,	2002).		

Social	 interactions	 in	 schools	 can	 take	many	 forms,	having	 complex	and	
varying	effects	on	students’	academic	and	self-efficacy	belief.	Until	recently,	 the	
impact	 of	 social	 comparison	on	performance	had	not	been	 thoroughly	 studied,	
which	is	surprising	given	that	students	tend	to	compare	their	own	performance	
to	that	of	their	peers	rather	than	to	their	past	performances.	Social	comparisons	
are	 critical	 to	 the	 development	 of	 self-concept	 and	 self-efficacy	 beliefs;	 for	
example,	 the	 Big-Fish-Little-Pond-Effect	 describes	 how	 students	 form	 self-
concept	 beliefs	 in	 part	 by	 comparing	 their	 own	 academic	 ability	 with	 the	
perceived	abilities	of	other	 students	 in	 their	peer	group.	Both	 self-concept	and	
self-efficacy	research	agrees	 that	social-comparative	school	practices	can	assist	
in	destroying	the	self-beliefs	of	weaker	performer,	whilst	social	comparisons	can	
be	minimized	through	individualized	classroom	structures	(Marsh,	1993).		

Because	gender	differences	are	found	so	early	in	development,	the	home	
environment	plays	an	 important	 role	 in	 the	 shaping	of	 competency	beliefs	and	
interests.	 At	 school,	 children	will	 then	 have	 an	 opportunity	 to	 validate,	 refine,	
and	 enact	 their	 already	 learned	 gender	 beliefs	 and	 behaviour.	 According	 to	
the	social	cognitive	model	of	Eccles,	Adler,	Futterman,	Goff,	Kaczala	et	al	(1983),	
culture,	 parents	 and	 teachers	 contribute	 to	 shaping	 gender	 differences	 in	
competency,	 value	 beliefs	 and	 in	 several	 ways,	 including	 modelling	 sex-typed	
behaviour,	 communicating	 different	 expectations	 and	 goals	 for	 boys	 and	 girls	
and	 encouraging	 different	 activities	 and	 skills.	 The	 development	 of	 male	
advantaged	 in	mathematics	 has	 also	 been	 shown	 to	 vary	with	 socio-economic	
status	 (Levine	 et	 al,	 2005),	 suggesting	 that	 gender	 segregation	 in	 STEM	
occupation	 may	 be	 related	 to	 gender	 dynamics	 in	 middle	 and	 upper	 class	
families.		

Research	has	shown	that	cultural	stereotypes	(e.g.	boys	are	better	in	math	
and	science)	influence	parents’	perceptions	of	their	child’s	abilities,	which	in	turn	
affects	 a	 child’s	 perception	 of	 their	 own	 abilities	 (Parsons,	 Adler,	 et	 al,	 1982;	
Jacobs	&	Eccles,	1992).	Parental	influence	has	also	been	shown	to	have	enduring	
influences	 on	 achievement	 and	 attitudes	 through	 its	 impact	 a	 child’s	 career	
interests	and	choices	(Bleeker	&	Jacobs,	2004;	Jacobs,	Chhin	&	Bleeker,	).	At	the	
level	of	 the	school,	 socialisation	 in	 the	 form	of	gender	norms	and	roles	may	be	
even	 more	 rigid	 and	 polarised	 than	 what	 is	 found	 in	 broader	 society;	 for	
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example,	staffing	patterns	where	men	hold	roles	of	leadership	whilst	women	are	
found	in	nurturing/	caring	roles.			

Curriculum	and	teaching	materials	can	also	reinforce	gender	role	lessons.	
Classroom	 interactions	 that	 follow	 gendered	 differentiated	 patterns	 (e.g.	 boys	
receiving	more	praise	or	being	called	on	to	answer	more	difficult	questions)	also	
serve	to	communicate	different	learning	expectations	for	boys	and	girls	(Brophy	
&	 Good,	 1974).	 These	 gender-differentiated	 interaction	 patterns	 appear	 to	 be	
more	pronounced	 in	 stereotypically	male	 sex-typed	 subjects	 such	 as	math	 and	
science	(Jones	&	Dindia,	2004;	Kahle	&	Meece,	1994),	but	can	be	moderated	by	
classroom	 structures	 and	 environments	 (e.g.	 degree	 of	 competitiveness	 and	
teacher	control).	As	high	school	teachers	tend	to	use	whole-class	instruction	and	
discussion,	 and	 boys	 are	 more	 likely	 to	 take	 an	 active	 role	 in	 these	 kinds	 of	
classroom	 settings,	 the	 emergence	 of	 gender	 differences	 in	 performance	 in	
favour	of	boys	(or	the	narrowing	of	gender	differences	in	performance	favouring	
girls)	may	be	related	to	a	shift	in	teaching	environments.	

Value	 beliefs	 (the	 activities	 that	 students	 value)	 are	 also	 evidenced	 to	
follow	 gender	 and	 stereotype	 norms,	 and	 decline	 in	 relation	 to	 achievement	
values	 of	 time.	 Socialization	 processes	 that	 lead	 to	 internalization	 and	
acceptance	of	stereotypes	responsible	 for	group	differences	 in	competency	and	
value	 beliefs	 can	 therefore	 have	 significant	 effects	 for	 engagement	 and	
performance	(Eccles	et	al,	1983).	However,	it	needs	to	be	recognised	that	gender	
differences	 can	 vary	 across	 ethnic	 and	 socioeconomic	 groups;	 along	 with	
gendered	 expectations,	 black	 students	 must	 also	 contend	 with	 stereotypes	 of	
their	 intellectual	 inferiority	 and	 discrimination	 (Spencer	 et	 al,	 1991;	 Steele,	
1992).	 Black	 boys,	 in	 particular,	 experience	 more	 academic	 and	 discipline	
problems	than	their	 female	counterparts;	 this	can	 lead	to	gender	differences	 in	
value	and	self-efficacy	beliefs.		 	

Finally,	 identity	 processes	 play	 a	 central	 role	 in	 the	 development	 of	
motivation.	As	 shown	 in	 the	 seminal	 work	 of	 Steele,	 Spencer	 and	 Aronson,	
members	of	 negatively	 stereotyped	 groups	 (for	 example,	 girls	 in	mathematics)	
may	worry	 that	 their	 weak	 academic	 achievement	 could	 confirm	 the	 negative	
stereotype	about	 their	 group;	 the	 resultant	 stress	 leads	 to	worse	performance.	
Even	 if	 the	 individual	 does	 not	 believe	 the	 stereotype,	 the	 threat	 of	 being	
evaluated	 in	 terms	 of	 the	 stereotype	 could	 be	 felt	 nonetheless.	 	 If	 the	
psychological	environment	is	able	to	render	the	stereotype/	s	irrelevant,	then	it	
stands	to	reason	that	performance	amongst	these	groups	would	improve.	Steele	
(1997)	proposed	that	individuals	who	are	most	affected	by	stereotype	threat	can	
be	 categorised	 as	 being	 ‘highly	 identified’	 with	 the	 academic	 domain;	 for	
example,	 a	 woman	 who	 identifies	 as	 being	 good	 at	 mathematics.	 Therefore,	
stereotype	 threat	 is	 “felt	most	 by	 people	who	 care	 or	who	 are	 invested	 in	 the	
domain	where	the	stereotype	threat	applies”	(Crocker,	Major	&	Steele,	1998).		
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4.	 Data	and	constructs		
4.1	 Trends	in	Mathematics	and	Science	Study		

The	 data	 used	were	 taken	 from	 the	 Trends	 in	Mathematics	 and	 Science	 Study	
(TIMSS)	for	2011.	The	focus	of	TIMSS	is	 to	assess	the	mathematics	and	science	
knowledge	 of	 students	 in	 the	 fourth	 and	 eighth	 grade,	 respectively	 (TIMSS	
International	 Report,	 2011).	 For	 South	 Africa,	 the	 TIMSS	 2011	 survey	 was	
carried	out	in	285	schools,	among	11	969	grade	9	students	(HSRC,	2011).	TIMSS	
was	 specifically	 chosen	 for	 the	 analysis	 of	 this	 paper,	 as	 the	 data	 is	 rich	 in	
contextual	 information	 regarding	 student	 attitudes	 towards	 school,	 their	
teachers	and	learning.		

The	sampling	and	assessment	designs	for	TIMSS	pose	some	complexities	
for	analysis.		Specifically,	 the	assessment	design	 is	a	balanced	 incomplete	block	
design	 that	 is	 used	 to	 increase	 content-area	 coverage	 without	 simultaneously	
increasing	 the	 assessment	 time	 demanded	 of	 students.	 As	 a	 result,	 student	
achievement	in	mathematics	and	science	is	represented	by	five	plausible	values	
for	each	student.	For	purposes	of	this	study,	only	the	first	plausible	value	is	used,	
which	is	Rasch-scaled	to	an	international	mean	of	500	and	standard	deviation	of	
100.	 Furthermore,	 sampling	 weighting	 is	 applied	 in	 all	 model	 estimation	 and	
clustering	 at	 classroom	 level	 is	 taken	 into	 account	 for	 the	 computation	 of	
standard	errors.		
	 As	 interest	 is	 specifically	 in	 determining	 the	 relationship	 between	
performance	and	self-concept	and	motivation	whilst	controlling	for	the	cultural	
and	gender	diversity	of	the	South	African	schooling	system	and	classrooms,	table	
1	 summarises	 descriptive	 statistics	 for	 the	 sample	 by	 school	 socioeconomic	
(SES)	quintile,	 the	 gender	of	 the	 student,	 gender	 composition	of	 the	 classroom	
and	 the	 gender	 of	 the	 teacher.	 In	 line	with	 existing	 research,	 large	 disparities	
between	the	average	performances	of	students	in	the	poorest	60	to	80	percent	of	
schools	(Q1to4)	and	the	wealthiest	20	percent	(Q5)	are	evident;	students	in	the	
top	 quintile	 of	 school	 SES	 attained	 average	 scores	 close	 to	 two	 international	
standard	deviations	higher	than	students	in	the	1st	quintile.	 	The	distribution	of	
girls	across	schools	and	classrooms	are	fairly	uniform	across	all	quintiles,	except	
in	 the	 case	 of	 single-sex	 schools	 where	 representation	 is	 largely	 concentrated	
within	the	top	quintile	of	schools.	In	contrast,	approximately	a	third	of	all	grade	9	
mathematics	 teachers	 in	 the	 top	 school	 SES	 quintile	 are	 male,	 whereas	
approximately	60	percent	of	teachers	 in	the	remaining	school	SES	quintiles	are	
male.	The	gender	distribution	amongst	science	teachers	is	fairly	uniform	across	
school	SES	quintiles.	
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4.2	 Measures	of	academic	self-concept	and	motivation	

This	paper	relies	on	the	use	of	two	key	constructs,	namely	academic	self-concept	
and	 motivation.	 These	 constructs	 are	 generated	 from	 student	 responses	 to	 a	
number	 of	 survey	 questions	 as	 they	 appear	 in	 the	 TIMSS	 2011	 student	
questionnaire.	Students	responded	on	a	Likert	scale	 from	1	(“Agree	a	 lot”)	 to	4	
(“Disagree	a	lot”).	In	order	to	generate	these	measures,	polychoric	factor	analysis	
was	 used,	 which	 serves	 as	 an	 alternative	 approach	 to	 the	 analysis	 of	 discrete	
data	 when	 interest	 is	 in	 the	 computation	 of	 correlations	 between	 ordinal	
variables,	such	as	in	the	case	of	Likert	scale	type	responses.		The	factor	weights	
assigned	 to	 each	 item	 and	 their	 distribution	 across	 the	 three	 measures	 are	
shown	in	table	2.	As	can	be	seen,	similar	factor	weights	are	assigned	to	the	same	
item	across	the	domains	of	mathematics	and	science.		

Table	 1:	 descriptive	 statistics	 (mean)	 for	 performance	 and	 gender	 distribution	 of	
students	and	teachers,	by	school	SES	quintile		

	 School	SES	quintile	 	
	 1	 2	 3	 4	 5	 All	
Mathematics	score	 309	 339	 347	 359	 485	 368	
Science	score	 261	 312	 324	 350	 504	 331	
Girls	 46.6	 50.4	 48.1	 49.2	 51.8	 49.2	
Prop.	boys	in	class	 53.4	 49.6	 51.9	 50.8	 48.2	 50.8	
Prop.	classes	where	boys	>60%	 26.8	 18.4	 16.1	 17.8	 22.6	 20.4	
Prop.	classes	where	boys	<40%	 13.4	 17.8	 9.3	 15.0	 29.0	 16.9	
Prop.	male	only	classrooms	 0	 0	 3.5	 0	 9.5	 3.2	
Prop.	female	only	classrooms	 0	 0	 0	 0	 6.0	 1.6	
Male	mathematics	teacher	 60.3	 69.7	 58.5	 52.7	 36.4	 56.3	
Male	science	teacher	 43.2	 45.4	 44.9	 54.9	 40.9	 45.4	
Number	of	students	 2	415	 2	373	 2	413	 2	395	 2	373	 11	969	
Number	of	classrooms	 56	 59	 57	 61	 84	 317	
Number	of	schools	 56	 58	 55	 53	 63	 285	

Note:	mathematics	 and	 science	 scores	 are	measured	 by	 the	 first	 plausible	 value	 (scaled	 to	 an	
international	M	=	500	and	SD	=	100).	School	SES	quintile	is	calculated	using	the	average	SES	of	
students	in	each	school,	where	SES	is	computed	using	principal	component	analysis	of	11	home	
possessions/	assets.	 

The	 sample	 (Cronbach’s	 alpha)	 reliabilities	 of	 the	 self-concept	 and	
motivation	 composites	 for	 each	 subject	 are	 shown	 in	 table	 3.	 There	 is	 some	
variation	 in	 the	 internal	 consistency	 of	 particularly	 the	 self-concept	 and	
amotivation	 constructs	 across	 school	 SES.	 Closer	 inspection	 of	 item-test	 and	
item-rest	correlations	within	school	SES	quintiles	reveals	that	items	8,	9	and	15	
in	 table	 2	 do	 not,	 as	 expected,	 correlate	 negatively	 with	 the	 remaining	 self-
concept	 items	 in	 quintile	 1	 schools.	 This	 suggests	 that	 students	 in	 the	 poorest	
schools	 are	 possibly	 receiving	 poor	 signals/	 feedback	 regarding	 their	
performance	 such	 that	 they	 can	 effectively	 evaluate	 their	 own	 performance	
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against	 that	of	 their	peers,	or	 conversely,	performance	 is	generally	very	 low	 in	
this	 context	 such	 that	 assessment	 of	 own	 performance	 in	 one	 subject	 against	
another	 and	 in	 comparison	with	 peers	 is	 impractical.	 A	 correlation	 analysis	 of	
the	three	constructs	(see	bottom	panel	of	table	3)	indicates,	as	expected,	positive	
correlations	between	self-concept	and	motivation	and	negative	correlations	with	
amotivation.	

Table	2:	Academic	self-concept	and	motivation	 item	distribution	and	weighting	results	
from	polychoric	factor	analysis	
	 	 Construct	

Item	
Self-concept	 Motivation	 Amotivation/	

anxiety	
Math	 Science	 Math	 Science	 Math	 Science	

1	 I	enjoy	learning	______.	 	 	 0.70	 	0.77	 	 	
2	 I	 wish	 I	 did	 not	 have	 to	 study	

______.	 	 	 	 	 0.72	 0.73	
3	 ______	is	boring.	 	 	 	 	 0.70	 0.73	
4	 I	learn	many	interesting	things	in	

______.	 	 	 0.64	 	0.61	 	 	
5	 I	like	______.	 	 	 0.74	 	0.82	 	 	
6	 It	is	important	to	do	well	in	______.	 	 	 0.66	 	0.75	 	 	
7	 I	usually	do	well	in	______.	 	0.74	 	0.74	 	 	 	 	
8	 ______	is	more	difficult	for	me	than	

for	many	of	my	classmates.	 -0.38	 -0.37	 	 	 	 	
9	 ______	is	not	one	of	my	strengths.	 -0.50	 -0.43	 	 	 	 	
10	 I	learn	things	quickly	in	______.	 	0.72	 	0.73	 	 	 	 	
11	 ______	 makes	 me	 confused	 and	

nervous.	 	 	 	 	 0.50	 0.60	
12	 I	am	good	at	working	out	difficult	

______	problems.	 	0.68	 	0.71	 	 	 	 	
13	 My	teacher	thinks	I	can	do	well	in	

______	 lessons	 with	 difficult	
materials.	

	0.57	 	0.67	 	 	 	 	

14	 My	teacher	 tells	me	 I	am	good	at	
______.	 	0.72	 	0.71	 	 	 	 	

15	 ______	 is	 harder	 for	 me	 than	 any	
other	subject.	 -0.46	 -0.39	 	 	 	 	

16	 I	think	learning	______	will	help	me	
in	my	daily	life.	 	 	 0.75	 	0.81	 	 	

17	 I	need	______	to	learn	other	school	
subjects.	 	 	 0.55	 	0.67	 	 	

18	 	I	 need	 to	 do	well	 in	 ______	 to	 get	
into	the	university	of	my	choice.	 	 	 0.73	 	0.83	 	 	

19	 I	 need	 to	 do	 well	 in	 ______	 to	 get	
the	job	I	want.	 	 	 0.75	 	0.83	 	 	

20	 I	 would	 like	 a	 job	 that	 involves	
using	______.	 	 	 0.64	 	0.81	 	 	
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Table	3:	Cronbach’s	alpha	and	factor	correlation	across	constructs	

	 School	SES	quintile	 	
	 1	 2	 3	 4	 5	 All	

Math	self-concept	 0.52	 0.69	 0.72	 0.77	 0.90	 0.76	
Science	self-concept	 0.62	 0.71	 0.74	 0.75	 0.89	 0.75	
Math	motivation	 0.82	 0.81	 0.78	 0.78	 0.84	 0.81	
Science	motivation	 0.84	 0.84	 0.85	 0.86	 0.91	 0.87	
Math	amotivation/	anxiety	 0.56	 0.63	 0.63	 0.63	 0.74	 0.64	
Science	amotivation/	anxiety	 0.61	 0.69	 0.69	 0.68	 0.77	 0.69	
	 	 	 	 	 	 	
	 Self-concept	 Motivation	 Amotivation	

Self-concept	 1.00	
(1.00)	 	 	

Motivation	 0.54***	
(0.61***)	

1.00	
(1.00)	 	

Amotivation	 -0.45***	
(-0.45***)	

-0.46***	
(-0.38***)	

1.00	
(1.00)	

Note:	correlations	 for	science	constructs	shown	 in	parentheses.	 ***	p	=	0.01,	 **	p	=	0.05,	 *,	p	=	
0.10.		

5.	 Methodological	 approach:	 classroom	 and	 within-student	 fixed	 effects	
estimation	

In	order	to	make	inferences	of	causality,	self-concept	research	should	include	a	
sufficiently	large	and	diverse	sample.	Furthermore,	domain-specific	self-concept	
and	achievement	should	be	measured	at	 least	 twice	so	 that	a	reciprocal	effects	
(non-recursive)	model	 that	 allows	 for	 feedback	 between	multiple	 endogenous	
variables	can	be	estimated	(Pajares	&	Schunk,	2001).	Whilst	the	TIMSS	data	does	
satisfy	the	condition	of	a	large	and	diverse	sample,	the	cross-sectional	nature	of	
the	 data	 prevents	 the	 estimation	 of	 a	 non-recursive	model.	However,	 evidence	
does	 suggest	 that	 self-concept	may	play	 a	 stronger	 causal	 role	 at	 higher-grade	
levels	(Skaalvik	&	Hagtvet,	1990).	Therefore,	this	paper	models	the	relationship	
between	self-concept,	motivation	and	academic	performance	as	a	recursive	one,	
with	the	self-concept	and	motivation	constructs	assumed	to	be	exogenous.	

The	following	equation	is	estimated	using	ordinary	least	squares:	
(1)	 𝑦𝑦!",! =  𝛼𝛼 + 𝛽𝛽𝛽𝛽!",! + 𝛿𝛿𝑆𝑆𝑆𝑆!",! + 𝛾𝛾𝑀𝑀!",! + 𝜌𝜌𝐴𝐴𝐴𝐴!",! + 𝜃𝜃𝑿𝑿!",! + 𝜗𝜗!,! + 𝜀𝜀!",!	

where	𝑦𝑦!"# 	is	 the	 test	 score	 for	 student	 i,	 in	 subject	 t	 and	 in	 classroom	c.	F	 is	 a	
dummy	variable	representing	whether	the	student	is	a	girl,	and	SC,	M	and	AM	are	
the	 self-concept,	 motivation	 and	 amotivation	 constructs,	 respectively.	𝑿𝑿!"# 	is	 a	
vector	of	student	i's	specific	characteristics,	including	language	spoken	at	home,	
exposure	 to	 English	 and	 home	 socio-economic	 status.	𝜗𝜗!" 	represent	 classroom	
fixed	effects.	Given	the	potential	for	error	correlation	across	students	in	the	same	
class,	all	standard	errors	are	corrected	to	reflect	classroom	clustering.			
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There	 are	 two	 important	 identification	 issues	 that	 may	 cause	 bias	 in	
conventional	 ordinary	 least	 squares	 estimation.	 First,	 unobserved	 teacher	 and	
student	 traits	 that	are	correlated	with	student	 test	 scores	may	 further	bias	 the	
conventional	OLS	estimates.	The	classroom	 fixed	effects	are	 included	such	 that	
unobserved	differences	(common	treatments)	across	classrooms	and	schools	are	
dealt	with.6	Furthermore,	controlling	for	classroom	specific	fixed	effects	exploits	
for	 the	 natural	 variation	 in	 student	 self-concept	 and	 motivation	 and	 cohort	
compositions	 within	 classrooms	 in	 order	 to	 identify	 the	 relationship	 between	
these	factors	and	performance	in	math	and	science.	Second,	students	may	not	be	
assigned	 randomly	 across	 and	 within	 schools	 (c.f.	 Clotfelter,	 Ladd	 &	 Vikdor,	
2006;	Kane,	Taylor,	Tyler	&	Wooten,	2011).	 If	better-performing	students	with	
higher	 self-concept	 and	motivation	 select	 into,	 for	 example,	 quality	 schools	 or	
classrooms	 taught	by	better-educated/	higher-quality	 teachers,	 the	 coefficients	
of	interest	will	be	overstated.		Common	practice	for	dealing	with	this	issue	is	to	
control	for	students’	prior	achievement	(c.f.	Hanushek	&	Rivkin,	2010).		

A	within-student,	between-subject	estimation	procedure	would	be	able	to	
deal	 with	 non-random	 sorting	 and	 subject-invariant	 student	 and	 teacher/	
classroom	 unobservables.	 However,	 any	 student	 and	 classroom	 characteristics	
that	 are	 invariant	 across	 subjects,	 such	 as	 student	 gender	 and	 the	 gender	
composition	of	the	class,	cannot	be	included	in	the	model.	Separation	of	the	full	
grade	 9	 sample	 by	 school	 SES	 and	 a	 suitable	 set	 of	 student	 and	 home	 level	
characteristics	as	controls	 in	 the	model	may	correct	 for	non-random	sorting	of	
students	 across	 schools.	 Restricting	 the	 model	 further	 to	 single-class	 schools	
eliminates	within	school	sorting.7	

As	 there	 are	 two	 observations	 for	 each	 student	 (math	 and	 science),	
within-student	variation	in	performance	and	self-concept	and	motivation	can	be	
exploited	 to	 identify	 δ,	 γ	 and	 ρ	 after	 accounting	 for	 subject-invariant	
unobservable	 student	 and	 home	 background	 traits.	 Following	 Clotfelter	 et	 al	
(2007),	the	preferred	model	now	takes	the	following	form:	
(2)	 𝑦𝑦!",! − 𝑦𝑦!",! =  𝛼𝛼! − 𝛼𝛼! + 𝛿𝛿(𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆!!,!)+  𝛾𝛾(𝑀𝑀!",! −𝑀𝑀!",!)	
																																											+𝜌𝜌 (𝐴𝐴𝐴𝐴!",! − 𝐴𝐴𝐴𝐴!",!)+ 𝜀𝜀!"(𝑠𝑠)− 𝜀𝜀!"(𝑚𝑚)	

where	𝜑𝜑! 	refers	 to	 a	 set	 of	 student	 specific	 fixed	 effects.	 As	 student	 prior	
achievements	 are	 not	 available,	 the	 assumption	 is	made	 that	 the	 student	 fixed	
effect	 captures	 any	 overall	 ability	 or	 achievement	 level,	 and	 furthermore	 that	
ability	 is	 independent	 of	 subject.	 Finally,	 the	 effects	 of	 student	 gender,	 self-

																																																								
6	80	 percent	 of	 the	 schools	 surveyed	 only	 had	 one	 grade	 9	 classroom,	 with	 the	 remaining	 20	
percent	of	schools	had	predominantly	2	classrooms.	Therefore,	the	classroom	fixed	effect	is	also	
a	school	effect.		
7	However,	single-class	schools	are	not	randomly	distributed	across	the	school	system.	
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concept,	 motivation	 and	 amotivation	 are	 assumed	 to	 be	 subject-invariant,	 for	
example,	𝛽𝛽𝛽𝛽!",! = 𝛽𝛽𝛽𝛽!",!.	It	can	be	shown	that	equation	(2)	is	equivalent	to:	
(3)	 					 𝑦𝑦!",! − 𝑦𝑦! ∗ =  𝛿𝛿 𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆! ∗ +  𝛾𝛾(𝑀𝑀!",! −𝑀𝑀!

 ∗)+ 𝜌𝜌 (𝐴𝐴𝐴𝐴!",! − 𝐴𝐴𝐴𝐴!
 ∗)	

																																																+ (𝜀𝜀!,! − 𝜀𝜀! ∗)+ (𝜀𝜀!",! − 𝜀𝜀!,!)	

where	 the	variables	with	asterisks	are	 student-specific	means,	(𝜀𝜀!,! − 𝜀𝜀! ∗)	refers	
to	a	student-specific	error	term	that	varies	across	subject	and	(𝜀𝜀!",! − 𝜀𝜀!,!)	refers	
to	 a	 subject-specific	 error	 term	 that	 varies	 with	 unobservable	 student	 (and	
classroom)	characteristics.		A	student’s	achievement		in	subject	t	(in	classroom	c)	
is	therefore	measured	relative	to	the	average	of	their	achievement	based	on	both	
tests.	Similarly,	teacher	and	classroom	characteristics	will	be	measured	relative	
to	the	average	classroom	and	teacher	characteristics	of	that	student.		

Model	 (3)	 will	 provide	 unbiased	 estimates	 of	 δ,	 γ	 and	 ρ	 if	 neither	
(𝜀𝜀!,! − 𝜀𝜀! ∗)	nor	(𝜀𝜀!",! − 𝜀𝜀!,!) are	 correlated	 with	 the	 demeaned	 variables.	 Taking	
𝜀𝜀!,!	to	represent	the	student’s	ability	in	subject	t,	the	term	(𝜀𝜀!,! − 𝜀𝜀! ∗)	would	equal	
zero	if	student	ability	does	not	differ	across	math	and	science,	and	therefore	no	
statistical	 issues	would	 arise.	 The	 second	 error	 term,	(𝜀𝜀!",! − 𝜀𝜀!,!),	 accounts	 for	
the	 effects	 on	 student	 achievement	 of	 unobservable	 student	 and	 classroom	
characteristics,	such	as	global	self-esteem	and	learning	strategies.	This	term	will	
not	 bias	 the	 coefficients	 of	 interest	 if	 these	 characteristics	 are	 randomly	
distributed	 among	 students	 and	 classrooms.	 It	 cannot	 be	 proven	 conclusively	
that	the	above-mentioned	conditions	hold,	and	therefore	the	analysis	conducted	
in	this	paper	cannot	be	interpreted	as	completely	free	from	bias.			 

One	 consequence	 of	 fixed	 effects	 estimation	 is	 that	 any	 student	 and	
classroom	characteristics	that	are	invariant	across	subjects	cannot	be	included	in	
the	 model.	 As	 student	 gender	 is	 fixed	 within	 a	 student,	 student	 fixed	 effects	
estimation	 prevents	 estimation	 of	 the	 relationship	 between	 gender	 and	
performance;	however,	 it	 is	possible	 to	estimate	and	compare	 the	 results	 from	
separate	models	for	male	and	female	students.	

6.	 Empirical	Results		
6.1	 Distribution	of	achievement,	self-concept	and	motivation	

Means	and	cluster	robust	standard	errors	for	girls'	and	boys'	achievement	(test	
scores),	 self-concept,	motivation	 and	 amotivation/	 anxiety	 in	mathematics	 and	
science	 across	 school	 SES	 quintile	 are	 indicated	 in	 table	 4	 below.	 Whilst	 no	
significant	 gender	 difference	 in	 mathematics	 and	 science	 performance	 is	
observed	 for	 the	 full	 sample	of	 schools,	 a	 significant	difference	 in	mathematics	
scores	of	33	points	(approximately	0.4	quintile	5	standard	deviations)	in	favour	
of	boys	is	observed	for	Q5	schools,	and	similarly	a	significant	(at	the	10	percent	
level)	 difference	 of	 33	 points	 for	 science;	 no	 significant	 gender	 difference	 is	
evidenced	for	the	remaining	Q1to4	schools.		
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With	 regards	 to	 self-concept,	 motivation	 and	 amotivation,	 again	
significant	 gender	 differences	 in	 favour	 of	 boys	 are	 found	 for	 Q5	 schools.	
Therefore,	the	findings	from	the	international	literature	only	appear	to	hold	for	
the	wealthiest	 subset	 of	 the	 South	African	 schooling	 system.	 In	 addition	 to	 the	
gender	differences	across	school	SES	quintile,	 it	 is	 interesting	to	point	out	that,	
amongst	 all	 school	 quintile	 and	 gender	 groupings,	 girls	 attending	 Q5	 schools	
have	the	lowest	expected	mathematics	and	science	self-concept	whilst	their	male	
counterparts	 have	 the	 highest.	 Girls	 attending	 Q5	 schools	 are	 also	 the	 least	
motivated	and	most	amotivated	of	the	student	groups.		

Table	4:	Mean	domain	specific	achievement,	self-concept,	motivation	and	amotivation/	
anxiety	of	grade	9	boys	and	girls,	by	school	SES	quintile	

	 School	SES		
	 Quintile	1-3	 Quintile	4	 Quintile	5	 All	
	 girls	 boys	 girls	 boys	 girls	 boys	 girls	 boys	

																															Mathematics	
Test	score	 327.6	

(3.10)	
325.3	
(2.88)	

368.7	
(5.53)	

364.7	
(5.48)	

477.8	
(6.93)	

509.4**	
(10.23)	

354.0	
(4.03)	

352.1	
(4.60)	

Self-concept	 0.09	
(0.03)	

0.12	
(0.03)	

-0.20	
(0.05)	

0.03**	
(0.05)	

-0.39	
(0.07)	

0.09***	
(0.07)	

-0.03	
(0.03)	

0.10**	
(0.02)	

Motivation	 0.07	
(0.03)	

-0.04	
(0.04)	

0.06	
(0.04)	

0.20*	
(0.04)	

-0.45	
(0.06)	

-0.18***	
(0.05)	

-0.01	
(0.03)	

-0.01	
(0.03)	

Amotivation	 -0.05	
(0.03)	

-0.01	
(0.02)	

-0.03	
(0.05)	

-0.10	
(0.05)	

0.27	
(0.05)	

0.04**	
(0.05)	

0.00	
(0.03)	

-0.02	
(0.03)	

																															Science	
Test	score	 297.0	

(4.80)	
291.9	
(4.27)	

363.1	
(7.73)	

353.5	
(6.95)	

495.3	
(7.56)	

528.2*	
(10.18)	

333.8	
(5.73)	

328.0	
(6.04)	

Self-concept	 0.04	
(0.03)	

0.06	
(0.03)	

-0.06	
(0.08)	

0.09	
(0.05)	

-0.50	
(0.09)	

-0.08**	
(0.07)	

-0.05	
(0.03)	

0.05	
(0.03)	

Motivation	 0.08	
(0.03)	

0.10	
(0.03)	

-0.06	
(0.08)	

0.08	
(0.05)	

-0.62	
(0.09)	

-0.31***	
(0.07)	

-0.04	
(0.04)	

0.05	
(0.02)	

Amotivation	 0.03	
(0.04)	

0.10	
(0.03)	

-0.11	
(0.06)	

-0.08	
(0.05)	

0.10	
(0.07)	

-0.01	
(0.05)	

0.01	
(0.03)	

0.06	
(0.03)	

Note:	mathematics	 and	 science	 scores	 are	measured	 by	 the	 first	 plausible	 value	 (scaled	 to	 an	
international	M	=	500	and	SD	=	100).	School	SES	quintile	is	calculated	using	the	average	SES	of	
students	in	each	school,	where	SES	is	computed	using	principal	component	analysis	of	11	home	
possessions/	assets.	Mathematics	 and	 science	 self-concept	 is	 computed	using	polychoric	 factor	
analysis	 on	 7	 items,	 motivation	 is	 computed	 using	 polychoric	 factor	 analysis	 on	 7	 items,	 and	
amotivation/	 anxiety	 is	 computed	 using	 polychoric	 factor	 analysis	 on	 3	 items.	 Cluster	
(classroom)	 robust	 standard	 errors	 are	 shown	 in	 parentheses.	 Sample	weighting	 is	 taken	 into	
account.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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6.2	 Classroom	fixed	effects	results		

Tables	5	and	6	summarise	the	model	results	for	math	and	science	performance	
of	 the	 full	 sample	 of	 students,	 respectively.	 Self-concept,	 motivation	 and	
amotivation	 have	 the	 expected	 (and	 statistically	 significant)	 relationships	with	
performance.	 However,	 controlling	 for	 all,	 domain-specific	 motivation	 is	
negatively	 (and	 significantly)	 related	 to	 science	 performance.	 Furthermore,	 a	
significant	gender	difference	in	favour	of	boys	of	approximately	3	to	4	points	is	
found	 for	 both	 subjects,	 although	 gender	 is	 not	 a	 significant	moderator	 of	 the	
relationship	between	self-concept	and	performance.	Controlling	 further	 for	 the	
gender	composition	of	the	classroom,	the	coefficient	on	student	gender	becomes	
larger	 (although	 turns	 insignificant	 for	 science).	 This	 indicates	 that	 the	 gender	
effect	 in	 favour	 of	 boys	 is	 related	 to	 gender	 compositions	 in	 the	 classroom;	
specifically,	girls	taught	in	classrooms	that	are	either	male	or	female	dominated	
perform	 significantly	 lower	 than	 their	 male	 counterparts,	 controlling	 for	 self-
concept	and	motivation.	Where	gender	compositions	are	more	equal,	there	is	no	
significant	 gender	 difference	 in	 performance	 when	 comparing	 students	 with	
similar	levels	of	self-concept	and	motivation.8	However,	it	should	be	pointed	out	
that	 larger	 gender	 performance	 gaps	 in	 gender-skewed	 classrooms	 are	
accompanied	by	higher	average	performance	for	both	genders.		

Tables	7	to	11	report	results	for	the	same	model	specification	estimated	
for	the	samples	of	Q1to4	students	and	Q5	students	separately.	 It	 is	noteworthy	
that	 motivation	 and	 amotivation	 appear	 to	 have	 different	 relationships	 with	
performance	 (controlling	 for	 self-concept)	 in	 Q5	 and	Q1to4	 schools.	Whilst	 all	
three	 of	 the	 self-belief	 and	 attitude	 measures	 appear	 to	 be	 correlated	 in	 Q5	
schools	(that	 is,	 the	effect	of	self-concept	captures	the	effect	of	motivation),	the	
role	of	self-concept	and	motivation	on	performance	in	the	poorer	schools	appear	
to	be	distinct;	a	 student	who	has	a	 low	or	average	self-concept	 in	mathematics	
can	 still	 experience	 a	 positive	 performance	 effect	 through	 high	 motivation	
and/or	interest	in	the	subject.	In	science,	as	with	the	full	sample,	the	relationship	
is	 negative.	 Closer	 analysis	 of	 the	 components	 of	 the	 motivation	 construct	
indicates	 that	 external	 regulation,	 which	 may	 induce	 feelings	 of	 anxiety,	 is	
negatively	 related	 to	 performance,	 whilst	 integrated	 regulation	 is	 positively	
related	to	performance.		

One	result	that	 is	common	to	both	school	samples	is	a	stronger	negative	
relationship	 between	 performance	 and	 amotivation/	 anxiety	 for	 science	 than	
what	 is	estimated	 for	mathematics.	Conversely,	a	significant	gender	gap	 is	only	
estimated	 for	Q5	 schools,	which	 is	 only	 eliminated	 in	mathematics	 classrooms	
with	more	equal	distributions	of	boys	and	girls.	The	coefficient	on	self-concept	in	
mathematics	 in	 the	sample	of	Q5	schools	 is	estimated	 to	be	significantly	 larger	
than	the	coefficient	on	science	self-concept	in	the	same	sample,	as	well	as	in	both
																																																								
8	This	result	remains	even	when	removing	single-sex	classrooms.		



	

	 17	

Table	5:	Classroom	fixed	effects	model	of	mathematics	achievement,	whole	sample	of	schools	

	 Dependent	variable	=	mathematics	test	score		
	 (1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 	
Girl	 -4.41**	

(1.55)	
	 	 	 -3.46**	

(1.48)	
-3.42**	
(1.48)	

-8.87**	
(4.25)	

	

Girl	*	self-concept	 	 	 	 	 	 -0.79	
(1.55)	

-0.77	
(1.54)	

	

Self-concept	 	 18.44***	
(0.93)	

	 	 9.59***	
(1.01)	

9.22***	
(1.19)	

9.23***	
(1.20)	

	

Motivation	 	 	 14.25	***	
(0.82)	

	 3.43***	
(0.93)	

3.40**	
(0.92)	

3.39***	
(0.92)	

	

Amotivation/	anxiety	 	 	 	 -21.14***	
(0.82)	

-15.92***	
(0.89)	

-15.91***	
(0.88)	

-15.86***	
(0.88)	

	

Girl	*	class	40%-60%	boys	 	 	 	 	 	 	 8.44*	
(4.62)	

	

Girl	*	class	>	60%	boys	 	 	 	 	 	 	 0.54	
(5.87)	

	

Student	controls	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
Classroom	fixed	effets	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
R-squared	 0.037	 0.027	 0.030	 0.090	 0.058	 0.076	 0.053	 	
Observations	 11	821	 10	293	 10	439	 10	365	 9	401	 9	401	 9	401	 	
Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	SD	=	100).	Self-concept,	motivation	and	amotivation/	anxiety	are	
computed	using	polychoric	 factor	 analysis	 and	 z-scored.	 Cluster	 (classroom)	 robust	 standard	 errors	 are	 shown	 in	parentheses.	 Sample	weighting	 is	 taken	 into	
account.	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	the	student	speaks	the	language	of	the	test,	socio-economic	status	of	
the	household,	mother’s	education	and	father’s	education.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
	



	

	 18	

Table	6:	Classroom	fixed	effects	model	of	science	achievement,	whole	sample	of	schools	

	 Dependent	variable	=	science	test	score		
	 (1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 	
Girl	 -2.45	

(2.02)	
	 	 	 -3.76**	

(1.76)	
-3.84**	
(1.76)	

-6.28	
(3.85)	

	

Girl	*	self	concept	 	 	 	 	 	 -2.99*	
(1.55)	

-2.87	
(1.56)	

	

Self-concept	 	 16.26***	
(1.05)	

	 	 6.23***	
(1.27)	

7.66***	
(1.43)	

7.60***	
(1.43)	

	

Motivation	 	 	 9.83***	
(1.01)	

	 -3.71***	
(1.21)	

-3.71***	
(1.20)	

-3.73***	
(1.20)	

	

Amotivation/	anxiety	 	 	 	 -29.36***	
(1.11)	

-27.86***	
(1.29)	

-27.88***	
(1.29)	

-27.87***	
(1.29)	

	

Girl	*	class	40%-60%	boys	 	 	 	 	 	 	 4.09	
(4.42)	

	

Girl	*	class	>	60%	boys	 	 	 	 	 	 	 -0.76	
(6.04)	

	

Student	controls	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
Classroom	fixed	effets	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
R-squared	 0.159	 0.109	 0.104	 0.173	 0.145	 0.143	 0.140	 	
Observations	 11	821	 10	268	 10	486	 10	524	 9	577	 9	577	 9	577	 	
Note:	science	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	SD	=	100).	Self-concept,	motivation	and	amotivation/	anxiety	
are	computed	using	polychoric	factor	analysis	and	z-scored.	Cluster	(classroom)	robust	standard	errors	are	shown	in	parentheses.	Sample	weighting	is	taken	into	
account.	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	the	student	speaks	the	language	of	the	test,	socio-economic	status	of	
the	household,	mother’s	education	and	father’s	education.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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Table	7:	Classroom	fixed	effects	model	of	mathematics	achievement,	quintile	5	schools	

	 Dependent	variable	=	mathematics	test	score		
	 (1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 	
Girl	 -16.03***	

(3.19)	
	 	 	 -6.28**	

(2.83)	
-6.10**	
(2.90)	

-12.55**	
(5.12)	

	

Girl	*	self	concept	 	 	 	 	 	 0.90	
(1.98)	

1.01	
(1.97)	

	

Self-concept	 	 24.42***	
(1.01)	

	 	 23.26***	
(1.58)	

23.65***	
(1.75)	

23.77***	
(1.71)	

	

Motivation	 	 	 17.65***	
(1.41)	

	 -3.36	
(2.21)	

-3.37	
(2.22)	

-3.55	
(2.21)	

	

Amotivation/	anxiety	 	 	 	 -21.51***	
(1.36)	

-5.34***	
(1.86)	

-5.34***	
(1.86)	

-5.41***	
(1.84)	

	

Girl	*	class	40%-60%	boys	 	 	 	 	 	 	 12.32**	
(6.11)	

	

Girl	*	class	>	60%	boys	 	 	 	 	 	 	 -0.62	
(8.14)	

	

Student	controls	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
R-squared	 0.178	 0.329	 0.189	 0.225	 0.342	 0.341	 0.318	 	
Observations	 2	130	 2	009	 2	035	 2	050	 1	898	 1	898	 1	898	 	

Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	SD	=	100).	Self-concept,	motivation	and	amotivation/	anxiety	are	
computed	using	polychoric	 factor	 analysis	 and	 z-scored.	 Cluster	 (classroom)	 robust	 standard	 errors	 are	 shown	 in	parentheses.	 Sample	weighting	 is	 taken	 into	
account.	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	the	student	speaks	the	language	of	the	test,	socio-economic	status	of	
the	household,	mother’s	education	and	father’s	education.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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Table	8:	Classroom	fixed	effects	model	of	science	achievement,	quintile	5	schools	

	 Dependent	variable	=	science	test	score		
	 (1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 	
Girl	 -16.13***	

(3.89)	
	 	 	 -11.94***	

(3.69)	
-13.09***	
(3.76)	

-15.17**	
(6.83)	

	

Girl	*	self	concept	 	 	 	 	 	 -3.69	
(2.75)	

-3.88	
(2.74)	

	

Self-concept	 	 18.74***	
(1.44)	

	 	 10.67***	
(1.86)	

8.84***	
(2.46)	

8.78***	
(2.48)	

	

Motivation	 	 	 12.16***	
(1.57)	

	 -0.94	
(2.26)	

-0.86	
(2.26)	

-0.88	
(2.26)	

	

Amotivation	 	 	 	 -20.76***	
(1.55)	

-13.80***	
(2.15)	

-13.76***	
(2.15)	

-13.71***	
(2.16)	

	

Girl	*	class	40%-60%	boys	 	 	 	 	 	 	 5.23	
(8.18)	

	

Girl	*	class	>	60%	boys	 	 	 	 	 	 	 -3.45	
(9.47)	

	

Student	controls	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
R-squared	 0.196	 0.210	 0.210	 0.221	 0.231	 0.244	 0.224	 	
Observations	 2	130	 2	024	 2	064	 2	059	 1	966	 1	966	 1	966	 	
Note:	science	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	SD	=	100).	Self-concept,	motivation	and	amotivation/	anxiety	
are	computed	using	polychoric	factor	analysis	and	z-scored.	Cluster	(classroom)	robust	standard	errors	are	shown	in	parentheses.	Sample	weighting	is	taken	into	
account.	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	the	student	speaks	the	language	of	the	test,	socio-economic	status	of	
the	household,	mother’s	education	and	father’s	education.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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Table	9:	Classroom	fixed	effects	model	of	mathematics	achievement,	quintile	1	to	4	schools	

	 Dependent	variable	=	mathematics	test	score		
	 (1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 	
Girl	 -3.28*	

(1.69)	
	 	 	 -3.40**	

(1.67)	
-3.28**	
(1.64)	

-7.97	
(5.14)	

	

Girl	*	self	concept	 	 	 	 	 	 -1.39	
(1.88)	

-1.34	
(1.88)	

	

Self-concept	 	 16.58***	
(1.09)	

	 	 7.28***	
(1.10)	

6.62***	
(1.35)	

6.63***	
(1.35)	

	

Motivation	 	 	 13.52***	
(0.91)	

	 4.71***	
(0.98)	

4.65***	
(0.97)	

4.67***	
(0.97)	

	

Amotivation/	anxiety	 	 	 	 -20.83***	
(0.94)	

-16.93***	
(0.94)	

-16.92***	
(0.94)	

-16.86***	
(0.94)	

	

Girl	*	class	40%-60%	boys	 	 	 	 	 	 	 7.29	
(5.51)	

	

Girl	*	class	>	60%	boys	 	 	 	 	 	 	 -0.06	
(6.77)	

	

Student	controls	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
R-squared	 0.035	 0.053	 0.069	 0.135	 0.132	 0.132	 0.134	 	
Observations	 9	691	 8	284	 8	404	 8	315	 7	503	 7	503	 7	503	 	
Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	SD	=	100).	Self-concept,	motivation	and	amotivation/	anxiety	are	
computed	using	polychoric	 factor	 analysis	 and	 z-scored.	 Cluster	 (classroom)	 robust	 standard	 errors	 are	 shown	 in	parentheses.	 Sample	weighting	 is	 taken	 into	
account.	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	the	student	speaks	the	language	of	the	test,	socio-economic	status	of	
the	household,	mother’s	education	and	father’s	education.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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Table	10:	Classroom	fixed	effects	model	of	science	achievement,	quintile	1	to	4	schools	

	 Dependent	variable	=	mathematics	test	score		
	 (1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 	
Girl	 -1.18	

(2.20)	
	 	 	 -2.76	

(1.90)	
-3.09	
(1.90)	

-4.84	
(4.25)	

	

Girl	*	self	concept	 	 	 	 	 	 4.45**	
(1.81)	

4.37**	
(1.81)	

	

Self-concept	 	 15.49***	
(1.23)	

	 	 5.90***	
(1.46)	

8.03***	
(1.63)	

8.00***	
(1.63)	

	

Motivation	 	 	 9.00***	
(1.18)	

	 -3.63***	
(1.42)	

-3.61***	
(1.41)	

-3.63***	
(1.40)	

	

Amotivation	 	 	 	 -30.36***	
(1.23)	

-29.02***	
(1.39)	

-29.05***	
(1.39)	

-29.04***	
(1.39)	

	

Girl	*	class	40%-60%	boys	 	 	 	 	 	 	 3.11	
(4.85)	

	

Girl	*	class	>	60%	boys	 	 	 	 	 	 	 -1.25	
(6.64)	

	

Student	controls	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
Classroom	fixed	effects	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 	
R-squared	 0.099	 0.083	 0.083	 0.211	 0.203	 0.202	 0.203	 	
Observations	 9	691	 8	244	 8	422	 8	465	 7	611	 7	611	 7	611	 	
Note:	science	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	SD	=	100).	Self-concept,	motivation	and	amotivation/	anxiety	
are	computed	using	polychoric	factor	analysis	and	z-scored.	Cluster	(classroom)	robust	standard	errors	are	shown	in	parentheses.	Sample	weighting	is	taken	into	
account.	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	the	student	speaks	the	language	of	the	test,	socio-economic	status	of	
the	household,	mother’s	education	and	father’s	education.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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academic	domains	of	the	Q1to4	school	sample.			

6.3	 Teacher	 gender	 and	 training	 as	 potential	 mechanisms	 for	 the	 test	
performances	of	female	students	relative	to	male	students	

One	 environmental	 factor	 that	 might	 influence	 the	 relationship	 between	 the	
constructs	 of	 self-concept	 and	motivation	 and	 performance,	 as	 well	 as	 gender	
and	 performance,	 is	 the	 gender	 of	 the	 teacher.	 As	mentioned	 in	 the	 literature	
review,	classroom	interactions,	which	may	or	may	not	differ	by	teacher	gender,	
can	 allow	 for	 gender-differentiated	 learning	 expectations	 and	 experiences.	 For	
example,	 a	 teacher’s	 expectations	 based	 on	 stereotypical	 gender	 beliefs	 can	
become	 self-fulfilling	 prophecies	 (e.g.	 Cushman,	 2010).	 The	 teaching	 styles	 of	
male	and	female	teacher’s	can	also	conform	to	normative	gender	roles,	with	male	
teachers	preferring	 compliant	 students	and	a	 teacher-centred	 instruction	 style,	
whilst	female	teachers	may	rely	on	more	collaborative	classroom	environments	
(Brophy,	1985).		

In	 order	 to	 formally	 determine	 the	 effect	 of	 female	 teachers	 on	 student	
achievement,	the	following	regression	is	estimated	for	mathematics:9	
	(4)	 𝑦𝑦!" =  𝛼𝛼 + 𝜋𝜋!Girl!" + 𝜋𝜋!FemaleTeacher!"+ 𝜋𝜋!Girl ∗ FemaleTeacher!"          	
                          + 𝜃𝜃𝑿𝑿!" + 𝜗𝜗𝑻𝑻𝑻𝑻!" + 𝜀𝜀!"   	

where	 the	 interaction	 allows	 for	 teacher	 gender	 to	 differentially	 affect	 female	
and	 male	 students,	 the	 vector	 of	 student	 characteristics,	𝑿𝑿,	 now	 includes	 the	
constructs	 for	 self-concept,	 motivation	 and	 amotivation,	 and	𝜀𝜀!",!	is	 defined	 as	
previously.	 Note	 that	 this	 model	 does	 not	 include	 classroom	 fixed	 effects,	 but	
other	teacher/	classroom	controls,	such	as	teacher	age,	teaching	experience	and	
job	 satisfaction,10 	are	 included	 in	 the	 vector	𝑻𝑻𝑻𝑻 .	 Single-sex	 classrooms	 are	
excluded	and	standard	errors	are	clustered	at	the	classroom	level.	 

The	results	for	the	Q5	and	Q1toQ4	school	samples	are	presented	in	table	
12.	 Focusing	 first	 on	 the	 results	 for	 Q5,	 relative	 to	 male	 students	 taught	 by	
female	 teachers,	 female	 students	 score	 worse	 on	 the	 mathematics	 test,	
approximately	9%	of	 a	 sample	 standard	deviation.	This	difference	 is,	 however,	
insignificant	 at	 conventional	 levels.	 Similarly,	 girls	 taught	by	male	 teachers	 are	
not	 estimated	 to	 perform	 significantly	 better	 or	 worse	 than	 boys	 taught	 by	 a	
																																																								
9	This	part	of	the	analysis	is	limited	to	mathematics	given	that	the	negative	coefficient	on	girl	was	
largely	confined	to	this	domain.	
10	Teacher	 age	 is	 a	 categorical	 variable	 that	 takes	 on	 6	 values:	 younger	 than	 25	 years;	 25-29	
years;	 30-39	 years;	 40-49	 years;	 50-59	 years;	 and	 60	 years	 or	 older.	 Teaching	 experience	 is	 a	
categorical	variable	that	takes	on	4	values:	0-5	years;	6-10	years;	1	1-15	years;	and	16	years	or	
more.	Job	sentiment	is	a	continuous	variable	(z-scored)	that	is	generated	using	polychoric	factor	
analysis	of	6	survey	items	relating	to	teacher	sentiments	about	their	profession	e.g.	“I	had	more	
enthusiasm	when	 I	 began	 teaching	 than	 I	 have	 now.”	 A	 higher	 value	 of	 this	 variable	 implies	 a	
more	positive	sentiment.		
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male	teacher	in	Q5	schools.	The	difference-in-differences	coefficient	(𝜋𝜋!),	which	
gives	the	relative	difference	in	mathematics	test	scores	between	female	students	
with	 female	 versus	male	 teachers	 and	male	 students	with	 female	 versus	male	
teachers,	 is	 large	 (-11.1,	 which	 is	 approximately	 15%	 of	 a	 sample	 standard	
deviation)	 and	 statistically	 significant	 at	 the	 10%	 level.	 These	 results	 are	 very	
similar	to	those	of	Antecol	et	al	(2014),	and	taken	together	suggest	that	 female	
grade	9	mathematics	teachers	relative	to	male	teachers	in	Q5	schools	adversely	
influence	 the	mathematics	outcomes	of	 female	 students	but	not	male	 students.	
With	regards	to	Q1toQ4	schools,	the	relative	difference	in	the	math	performance	
of	 female	 and	 male	 students	 taught	 by	 a	 female	 teacher	 is	 very	 large	 and	
significant	(-38	points,	or	59%	of	a	standard	deviation).	The	relative	difference	in	
scores	 of	 female	 and	male	 students	 taught	 by	 a	male	 teacher	 is	 similarly	 large	
and	 significant	 (-30	 points),	 but,	 as	 indicated	 by	 the	 difference-in-differences	
coefficient,	 is	 significantly	 smaller	 than	 the	 relative	 difference	 under	 a	 female	
teacher.	Therefore,	in	Q1toQ4	schools,	both	male	and	female	teachers	adversely	
influence	the	mathematics	outcomes	of	girls,	but	more	so	in	the	case	of	the	latter.		

Table	12:	Classroom	fixed	effects	model	of	math	achievement	with	gender	interactions		
	 (1)	 (2)	 (3)	 (4)	
	 Q1toQ4	 Q5	 Q1toQ4	 Q5	
Girl	(𝜋𝜋!)	 -30.09***	

(8.82)	
4.52	

(11.33)	
-4.93	
(5.06)	

-8.79*	
(4.62)	

Female	Teacher	(𝜋𝜋!)	 16.37***	
(4.67)	

6.56	
(9.20)	

	 	

Girl*Female	Teacher	(𝜋𝜋!)	 -7.96**	
(3.97)	

-11.10*	
(6.64)	

-5.66	
(3.63)	

-2.17	
(4.89)	

Girl	*	class	40%-60%	boys	 -18.85***	
(6.20)	

29.83***	
(10.11)	

7.05	
(5.22)	

10.94**	
(4.66)	

Girl	*	class	>	60%	boys	 -28.16***	
(8.21)	

8.44	
(10.67)	

-1.20	
(6.54)	

-2.07	
(6.71)	

𝜋𝜋! + 𝜋𝜋!	 -38.06***	
(8.69)	

-6.58	
(10.51)	

-10.60**	
(5.24)	

-10.95***	
(3.93)	

Student	controls	 Yes	 Yes	 Yes	 Yes	
Teacher	controls	 Yes	 Yes	 No	 No	
Classroom	fixed	effects	 No	 No	 Yes	 Yes	
R-squared	 0.239	 0.472	 0.131	 0.335	
Observations	 6	861	 1	422	 7	492	 1	571	

Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	
SD	 =	 100).	 Cluster	 (classroom)	 robust	 standard	 errors	 are	 shown	 in	 parentheses.	 Sample	
weighting	is	taken	into	account.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.	

The	 model	 results	 in	 columns	 (3)	 and	 (4)	 control	 for	 classroom	 fixed	
effects	 in	 order	 to	 ensure	 that	 the	 results	 are	 not	 driven	 by	 unobservable	
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differences	between	male	and	female	teachers.11	The	relative	difference	between	
female	and	male	students	taught	by	a	female	teacher	in	Q5	schools	is	now	larger	
negative	 (-10.95	 points,	 or	 14.4%	 of	 a	 standard	 deviation)	 and	 statistically	
significant.	 Girls	 taught	 by	 male	 teachers	 are	 also	 estimated	 to	 perform	 8.79	
points	 (approximately	 12%	 of	 a	 standard	 deviation)	 worse	 relative	 to	 boys	
taught	 by	 male	 teachers,	 implying	 that,	 after	 controlling	 for	 unobservable	
teacher	 characteristics,	 the	 mathematics	 performance	 gap	 in	 favour	 of	 boys	
under	a	 female	 teacher	does	not	appear	 to	be	 relatively	 larger	 than	 that	 found	
under	 a	 male	 teacher	 in	 wealthier	 school	 settings.	 In	 poorer	 school	 settings,	
accounting	 for	 teacher	 unobservables	 dramatically	 reduces	 the	 male-female	
performance	 gap	 under	 a	 female	 teacher	 to	 a	 coefficient	 that	 is	 now	 also	 10.6	
points	(16%	of	a	standard	deviation),	as	in	the	case	of	Q5	schools.			Girls	taught	
by	 male	 teachers	 are	 estimated	 to	 perform	 4.93	 points	 worse,	 although	 this	
coefficient	 is	 not	 statistically	 significant.	 Therefore,	 the	 mathematics	
performance	 gap	 in	 favour	 of	 boys	 under	 a	 female	 teacher	 is	 relatively	 larger	
than	that	found	under	a	male	teacher	in	poorer	school	settings.		

It	is	conceivable	that	the	teaching	styles	of	teachers	may	differ	depending	
on	the	strength	of	their	backgrounds	in	the	subject	of	teaching,	as	too	could	the	
teaching	 styles	 between	 male	 and	 female	 teachers,	 and	 this	 may	 affect	 the	
academic	 achievements	 of	 male	 and	 female	 students	 differently.	 Antecol	 et	 al	
(2014)	posit	 three	ways	 in	which	a	weaker	 test	 score	 for	 girls	 in,	 for	 example,	
mathematics	could	arise.	First,	teachers	without	strong	subject	backgrounds	may	
adopt	a	more	mechanical	teaching	style	that	is	fine	for	male	students	but	not	for						
female	students.	Alternatively,	female	teachers	may	teach	STEM	subjects	just	as	
well	 as	 male	 teachers,	 but	 female	 students	 may	 respond	 more	 positively	
(negatively)	to	a	male	(female)	teacher	at	certain	ages.	Both	of	these	reasons	are	
judged	 as	 unlikely	 by	 Antecol	 et	 al	 (2014),	 and	 rather	 they	 find	 suggestive	
evidence	 in	 support	 of	 math	 anxiety,	 which	 may	 be	 reduced	 the	 stronger	 the	
math	background	of	the	female	teacher	and/	or	the	less	held	stereotypical	beliefs	
are	 in	 the	 classroom.	 Recent	 evidence	 from	 the	 educational	 psychology	
literature,	 in	particular	 that	of	Beilock,	Gunderson,	Ramirez	and	Levine	(2010),	
finds	that	higher	math	anxiety	in	female	primary	school	teachers	hurts	the	math	
performances	of	 female	students	but	not	that	of	male	students.	Specifically,	 the	
more	anxious	female	teachers	are	in	mathematics	classes,	the	more	likely	female	
students	 are	 to	 endorse	 the	 stereotype	 that	boys	are	better	 at	math	 than	girls.	
This	seems	to	suggest	that	stereotype	threat	does	not	only	affect	the	girl	students	
in	 a	 classroom,	 but	 female	 teachers	 as	 well.	 Interestingly,	 the	 gender	
achievement	 gap	 is	 closed	 when	 students	 are	 taught	 by	 female	 teachers	 in	
classrooms	 with	 more	 equal	 distributions	 of	 student	 gender.	 This	 could	 be	

																																																								
11	In	 this	case,	 the	regression	will	 take	 the	 form	𝑦𝑦!" =  𝛼𝛼 + 𝜋𝜋!Girl!"+ 𝜋𝜋!Girl ∗ FemaleTeacher!" +
 𝜃𝜃𝑿𝑿!" + 𝜗𝜗!,! + 𝜀𝜀!" , where	𝜗𝜗!,!	are	classroom	fixed	effects.		
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suggestive	 of	 an	 environment	 in	 which	 previously	 held	 stereotypes	 can	 be	
challenged.											

The	 main	 area	 of	 study	 of	 the	 teacher	 is	 observed	 from	 the	 TIMSS	
contextual	surveys,	with	some	interesting	differences	in	the	distribution	of	post-
secondary	 study-area	 across	 subjects	 and	 teacher	 gender	 emerging.	 Table	 13	
indicates	 the	 distribution	 of	 teacher	 study	 area	 by	 school	 SES	 quintile,	 gender	
and	subject.	It	is	evident	that	the	majority	of	male	and	female	teachers	in	Q1toQ4	
schools	 tend	 to	 be	 specialists	 in	 their	 subjects,	 with	 math	 teachers	 showing	
slightly	more	generalisation	with	training	in	both	mathematics	and	sciences.	This	
may	 correlate	 to	differences	 in	 the	quality	of	 teaching	across	mathematics	 and	
science	 classrooms.	 Overall,	 there	 do	 not	 appear	 to	 be	 any	 important	 gender	
differences	 in	 the	 distribution	 of	 focal	 areas	 across	 grade	 9	 science	 and	math	
teachers	 in	Q1toQ4	 schools.	 Interesting	differences,	 however,	 are	 found	 for	Q5	
schools.	Male	mathematics	and	science	 teachers	 in	Q5	schools	 tend	 to	be	more	
generalist	 than	 their	 female	 counterparts;	 whilst	 just	 more	 than	 half	 of	 male	
mathematics	 teachers	and	close	 to	40	percent	of	male	science	 teachers	studied	
both	mathematics	 and	 science,	 just	 less	 than	 a	 quarter	 of	 female	mathematics	
and	 science	 teachers	 have	 similar	 focal	 areas.	 A	 fifth	 of	 female	 mathematics	
teachers	 in	Q5	 schools	 do	not	 denote	 their	 post-secondary	 focal	 area	 as	 either	
mathematics	or	science,	or	even	general	education.		

Following	 Antecol	 et	 al	 (2014),	 a	 teacher’s	 training	 background	 is	
controlled	for	using	the	following	regression	specification	for	mathematics:12	

(5)	 𝑦𝑦!" =  𝛼𝛼 + 𝜋𝜋!Girl!" +  𝜋𝜋!Girl ∗ FemaleTeacher!" + 𝜋𝜋!Girl ∗ Training!" 	
+ Girl ∗ FemaleTeacher ∗ Training!" +  𝜃𝜃𝑿𝑿!" + 𝜗𝜗!" + 𝜀𝜀!" 	

where	 all	 variables	 are	 defined	 as	 previously,	 single-sex	 classrooms	 are	 again	
excluded,	and	classroom	fixed	effects	are	added.13	The	variable	‘training’	is	coded	
to	 take	 three	 values:	 diploma	 or	 degree	 in	mathematics;	 diploma	 or	 degree	 in	
math	 and	 science;	 and	 a	 diploma	 or	 degree	 with	 neither	 a	 mathematics	 nor	
science	 focus.	 The	 distribution	 of	 these	 post-secondary	 qualifications	 across	
school	SES,	teacher	gender	and	subject	are	indicated	in	the	second	panel	of	table	
13.	 	As	not	all	 teachers	studied	a	degree	or	diploma	with	a	 focus	on	education,	
equation	(5)	is	estimated	separately	for	two	groups	of	teachers,	those	with	post-
secondary	studies	that	included	a	focus	on	education	and	those	that	did	not.	The	
																																																								
12	The	same	model	is	estimated	for	science	and	shown	in	table	A3	of	the	appendix.	However,	the	
results	 are	 not	 as	 easily	 interpretable,	 especially	 for	 the	 Q5	 sample,	 given	 the	 substantial	
differences	 in	 the	 distributions	 of	male	 and	 female	 teachers	 across	 tertiary	 training	 categories	
(see	table	13).		
13	The	coefficient	subscripts	have	been	intentionally	chosen	to	compare	with	equation	(4).		
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Table	13:	Distribution	of	teacher	main	area	of	post-secondary	study	over	school	SES	quintile,	teacher	gender	and	subject	

	 Q1toQ4	 Q5	
Post-secondary	main	area	of	study	 Male	 Female	 Male	 Female	

Math	 Science	 Math	 Science	 Math	 Science	 Math	 Science	
Mathematics,	physics,	science	and	biology	 5.6	 8.0	 1.7	 3.7	 18.2	 32.6	 0.9	 5.6	
Math,	no	science	 30.6	 8.3	 41.1	 7.9	 28.1	 0.0	 42.4	 0.0	
Math	and	science	 47.0	 18.3	 39.0	 21.2	 37.5	 4.6	 20.6	 16.9	
Science,	no	math	 4.6	 48.0	 5.0	 42.6	 7.1	 57.6	 6.9	 57.0	
Math	education,	no	general	education	 3.1	 1.7	 2.0	 0.1	 0.0	 0.0	 1.8	 0	
Science	education,	no	general	education	 0	 3.4	 0	 2.9	 0.0	 0.0	 0	 6.8	
General	education	and	math	education	 0	 0.1	 2.4	 0.8	 0.0	 0.0	 3.3	 0	
General	education	and	science	education	 0	 1.7	 0	 1.4	 0.0	 0.0	 0	 0	
General	education	only	 2.3	 3.4	 2.4	 7.4	 0.0	 0.0	 4.1	 5.2	
Other/	not	provided	 6.8	 7.1	 6.4	 12.0	 9.1	 5.2	 20.0	 8.5	
Education	diploma/	degree	with	subject	specific	
(math	or	science)	focus	 8.1	 22.7	 21.5	 17.3	 15.3	 26.6	 21.4	 33.3	
Education	diploma/	degree	with	math	and	science	 28.8	 17.9	 14.0	 9.8	 14.6	 39.8	 18.1	 1.6	
Education	diploma/	degree	with	other	subject	
focus	 12.0	 13.9	 13.3	 20.0	 2.3	 0.0	 20.8	 18.3	
Diploma/	degree	with	subject	specific	(math	or	
science)	focus	 22.6	 25.1	 19.6	 25.3	 5.3	 26.1	 17.5	 20.8	
Diploma/	degree	with	math	and	science		 23.9	 8.5	 26.7	 15.0	 45.6	 1.8	 10.1	 18.4	
Other	diploma/	degree	 4.5	 11.1	 4.8	 12.6	 16.9	 5.7	 12.1	 7.6	

Note:	Sample	weights	are	applied.		



	

	 28	

results	 are	presented	 in	 table	14.	Three	 coefficients	 of	 interest	 are	 included	 in	
the	 table.	 (𝜋𝜋! + 𝜋𝜋!)	 indicates	 the	 relative	 difference	 in	 the	 scores	 of	 girls	 and	
boys	 taught	 by	 female	 teachers	 that	 studied	 a	 diploma	 or	 diploma	 without	 a	
math	focus;	(𝜋𝜋! + 𝜋𝜋!,!)	indicates	the	relative	difference	in	the	math	scores	ofgirls	
taught	by	 female	 versus	male	 teachers	 and	boys	 taught	by	 female	 versus	male	
teachers	 with	 mathematics	 as	 a	 main	 area	 of	 post-secondary	 study;	 similarly,	
(𝜋𝜋! + 𝜋𝜋!,!)	 and	𝜋𝜋!	indicate	 the	 relative	 performances	 of	 girls	 and	 boys	 when	
taught	by	a	 female	versus	male	 teacher	whose	post-secondary	studies	 included	
mathematics	and	science	and	no	mathematics,	respectively.	

Within	poorer	(Q1toQ4)	school	contexts,	girls	relative	to	boys	taught	by	a	
female	teacher	with	a	teaching	qualification	with	no	math	focus	perform	worse	(-
19.18	or	29.4%	of	a	sample	standard	deviation),	and	this	coefficient	is	significant	
at	the	5%	level.	The	gender	performance	gap	for	students	taught	by	a	similarly	
qualified	male	 teacher	 is	 large	negative	 (-16.81	or	25.8%	of	a	 sample	standard	
deviation)	and	statistically	significant.	The	coefficients	(𝜋𝜋! + 𝜋𝜋!,!)	and	(𝜋𝜋! + 𝜋𝜋!,!)	
are	 not	 estimated	 to	 be	 significantly	 different	 from	 zero,	 indicating	 that,	 in	
Q1toQ4	 schools,	 girls	 taught	 by	 female	 teachers	 with	 education	 qualifications	
without	 a	 focus	 on	 math	 do	 not	 have	 significantly	 lower	 math	 achievement	
outcomes	 than	 girls	 taught	 by	 similarly	 educated	 female	 teachers	 with	 math	
backgrounds.	However,	 it	 can	be	noted	 that	 the	coefficient	𝜋𝜋!,!	is	 large	positive	
(11.29	or	17.3%	of	a	sample	standard	deviation).	Even	though	the	result	 is	not	
significant	 at	 conventional	 levels,	 girls	 see	 an	 improvement	 in	 their	 relative	
performance	when	 taught	by	a	 female	 teacher	with	a	mathematics	background	
compared	to	being	taught	by	a	female	teacher	with	no	mathematics	background.		

When	attention	is	turned	to	teachers	without	education	qualifications,	the	
relative	difference	in	scores	between	girls	with	female	versus	male	teachers	and	
boys	 with	 female	 versus	 male	 teachers	 is	 large	 and	 negative	 when	 teachers	
report	having	studied	both	math	and	science	at	tertiary	level.	When	taught	by	a	
teacher	 reporting	no	or	only	a	 focus	on	mathematics,	 the	 relative	performance	
difference	 is	 not	 significantly	 different;	 the	 test	 score	 of	 girls	 remains	 at	
approximately	 20-24%	 of	 a	 sample	 standard	 deviation	 lower	 than	 boys	 when	
taught	 by	 a	 female	 teacher.	However,	when	 taught	 by	 teachers	with	 a	 broader	
study	 focus	 (math	and	 science),	 the	 relative	gender	 gap	 is	doubled.	 It	 is	worth	
noting	 that	 the	 coefficient	π!,!	is	 large	 and	 positive,	 indicating	 that	 there	 is	 a	
benefit	for	girls	being	taught	by	female	teachers	with	tertiary	qualifications	with	
a	focus	on	mathematics.	The	small	sample	size	of	the	group	of	female	and	male	
teachers	 in	 Q1toQ4	 schools	 that	 studied	 a	 diploma	 or	 degree	 that	 had	 no	
mathematics	 focus	 may	 be	 generating	 this	 result,	 especially	 if	 there	 are	
significant	differences	in	the	subject/s	that	formed	the	focus	of	the	qualification	
across	gender.		
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In	 the	 case	of	wealthier	 school	 contexts,	 a	dissimilar	 result	 is	 found.	No	
statistically	 significant	 difference	 in	 the	 relative	 performances	 of	 female	 and	
male	 students	 in	 Q5	 schools	 is	 estimated	 when	 the	 gender	 and	 relative	
mathematics	 background	 of	 the	 teachers	 are	 changed.	 It	 is	 interesting	 to	 note,	
however,	 that	the	relative	performance	gap	between	girls	and	boys	taught	by	a	
female	 versus	 a	 male	 teacher	 reported	 to	 have	 majored	 in	 both	 math	 and	
education	 is	 18.3%	of	 a	 standard	 deviation	 larger	 (not	 statistically	 significant)	
than	the	relative	performance	gap	when	comparing	the	performance	of	girls	and	
boys	 taught	 by	 female	 versus	 male	 teachers	 with	 education	 training	 but	 no	
mathematics	 focus.	 Finally,	 when	 comparing	 Q5	 teachers	 that	 did	 not	 report	
education	as	a	major	area	of	study,	 the	relative	performance	gap	between	girls	
and	boys	when	taught	by	a	female	teacher	versus	a	male	teacher	increases	with	
the	math	background	of	 the	 teacher.	As	with	 the	Q1toQ4	 sample,	 these	 results	
may	 be	 driven	 by	 differences	 in	 the	 distribution	 of	 male	 and	 female	 teachers	
across	the	difference	domains	of	post-secondary	study.		

An	 alternative	 interpretation	 for	 the	 result	 that	 female	 teachers	 versus	
male	teachers	adversely	influence	the	mathematics	performance	of	girls	but	not	
that	of	boys	is	that	male	teachers	relative	to	female	teachers	positively	influence	
the	 performance	 of	 girls.	 Re-estimations	 of	model	 (5)	 for	 separate	 samples	 of	
male	 and	 female	 teachers	 are	 shown	 in	 tables	A1	and	A2	of	 the	 appendix.	The	
adverse	 effect	 of	 female	 teachers	 on	 the	 mathematics	 performances	 of	 girls	
persists	 even	when	male	 teachers	 are	 excluded	 from	 the	 analysis.	 No	 positive	
influence	of	male	teachers	on	girls	is	suggested	from	the	estimates,	except	in	the	
case	of	male	teachers	in	Q5	schools	that	studied	an	education	degree	where	girls	
are	estimated	to	perform	significantly	better	than	boys.	In	combination	with	the	
findings	 of	 table	 14,	 this	 suggests	 a	 higher	 relative	 performance	 of	 girls	 in	 Q5	
schools	 taught	 by	 teachers	 with	 university	 qualifications	 in	 education,	 and	
proposes	that	differences	in	the	socialisation	of	girls	and	boys	may	interact	with	
the	 styles	 and/or	 modes	 of	 teaching	 that	 may	 be	 utilised	 by	 teachers	 with	
different	 training	 rather	 than	mathematics	backgrounds.	 In	 the	 case	of	Q1toQ4	
schools,	 the	 relative	 performance	 of	 girls	 in	 comparison	 to	 boys	 is	 improved	
when	taught	by	a	 female	teacher	with	qualifications	 in	education,	although	this	
positive	influence	is	cancelled	out	when	the	teacher	has	a	university	degree.		

These	findings	are	different	to	those	of	Antecol	et	al	(2014)	 in	that	they	do	not	
provide,	 at	 least	 direct,	 evidence	 in	 support	 of	 the	 math	 anxiety	 hypothesis.	
However,	 where	 suggestive	 evidence	 may	 exist	 is	 in	 the	 comparison	 of	 the	
relative	performance	of	girls	assigned	to	 female	versus	male	teachers	and	boys	
assigned	to	female	versus	male	teachers	when	teachers	do	not	report	having	an	
education	qualification.	When	assigned	to	a	female	teacher	with	higher	exposure	
to	 mathematics	 at	 post-secondary	 levels,	 the	 math	 performances	 of	 girls	 in	
relation	 to	 that	 of	 boys	 worsen	 when	 compared	 with	 assignment	 to	 male	
teachers	with	(assumedly)	similar	backgrounds	in	mathematics.		
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Table	 14:	 Classroom	 fixed	 effects	 model	 of	 math	 achievement	 controlling	 for	 teacher	
education,	by	school	SES	
	 (1)	 (2)	 (3)	 (4)	
	 Education	included	in	

main	area/	s	of	study	
Education	not	
included	in	main	
area/	s	of	study		

	 Q1toQ4	 Q5	 Q1toQ4	 Q5	
Girl	(𝜋𝜋!)	 -16.81**	

(7.39)	
-11.58	
(7.31)	

16.99**	
(6.77)	

-7.63	
(10.29)	

Girl	*	Female	Teacher	(𝜋𝜋!)	 -2.36	
(8.80)	

4.67	
(6.53)	

-15.88	
(13.69)	

-5.03	
(11.39)	

Girl	*	Studied	math	(𝜋𝜋!,!)	 -6.02	
(7.97)	

4.41	
(9.65)	

-17.83**	
(7.36)	

25.61***	
(7.93)	

Girl	*	Female	Teacher	*	Studied	
math	(𝜋𝜋!,!)	

11.29	
(12.16)	

-17.98	
(11.97)	

20.44	
(14.83)	

-14.73	
(12.60)	

Girl	*	Studied	math	&	science	(𝜋𝜋!,!)	 0.44	
(7.05)	

-1.87	
(8.12)	

-15.88**	
(6.95)	

1.35	
(10.49)	

Girl*Female	Teacher	*	Studied	
math	&	science	(𝜋𝜋!,!)	

2.98	
(10.81)	

-7.75	
(9.86)	

-0.01	
(14.44)	

-12.89	
(16.46)	

Girl	*	class	40%-60%	boys	 17.63***	
(6.33)	

21.87***	
(4.87)	

-0.05	
(5.68)	

-12.50*	
(6.86)	

Girl	*	class	>	60%	boys	 18.68**	
(7.66)	

6.81	
(8.46)	

-12.29*	
(6.69)	

3.83	
(8.29)	

𝜋𝜋! + 𝜋𝜋!	 -19.18**	
(9.72)	

-6.91	
(5.33)	

1.11	
(13.13)	

-12.67*	
(7.12)	

𝜋𝜋! + 𝜋𝜋!,!	 8.92	
(8.60)	

-13.32	
(9.23)	

4.56	
(6.03)	

-19.77***	
(5.38)	

𝜋𝜋! + 𝜋𝜋!,!	 0.62	
(5.57)	

-3.09	
(8.31)	

-15.88***	
(5.31)	

-17.92*	
(9.52)	

Student	controls	 Yes	 Yes	 Yes	 Yes	
Teacher	controls	 No	 No	 No	 No	
Classroom	fixed	effects	 Yes	 Yes	 Yes	 Yes	
R-squared	 0.133	 0.325	 0.143	 0.378	
Observations	 4	310	 963	 3	182	 608	
Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	
SD	 =	 100).	 Cluster	 (classroom)	 robust	 standard	 errors	 are	 shown	 in	 parentheses.	 Sample	
weighting	is	taken	into	account.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		

One	 explanation	 for	 this	 might	 be	 found	 in	 stereotype	 threat	 theory	
(Steele,	1997),	whereby	women	that	identify	strongly	with	a	particular	domain,	
in	 this	 case	mathematics,	may	 experience	more	 anxiety	 or	 concern	when	 they	
have	the	potential	to	confirm	a	negative	stereotype	about	their	social	group,	such	
as	 “women	are	worse	at	math	 than	men”.	This	 implies	 that	 the	 ‘threat’	may	be	
stronger	 for	 highly	 identified	 women.	 The	 threat	 associated	 with	 domain	
identification	may	operate	differently	across	the	different	school	SES	contexts.	In	
relatively	poorer	 school	 contexts	where	performance	 is	dramatically	weaker,	 a	
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woman	 who	 has	 obtained	 a	 university	 degree	 (academically	 identified)	 may	
experience	greater	threat	as	the	expectations	of	performance,	and	hence	anxiety,	
are	much	greater.	

The	level	of	(stereotype)	threat	could,	amongst	other	things,	be	influenced	
by	the	relative	distributions	of	boys	and	girls	in	classrooms,	as	well	as	the	gender	
distribution	 of	 other	 mathematics	 and	 science	 teachers	 in	 their	 school.	 From	
table	 14	 we	 see	 that	 girls	 perform	 relatively	 better	 in	 gender	 equal	
environments,	 when	 the	 teacher	 has	 an	 education	 qualification.	 Therefore,	
teaching	 styles	 and	 classroom	 interactions	 that	 generate	 more	 equity	 in	 the	
performances	 of	 boys	 and	 girls	 are	 likely	 to	 arise	 from	 particular	 education	
training,	 as	 well	 as	 classrooms	 in	 which	 representation	 is	 more	 equal.	 TIMSS	
unfortunately	does	not	provide	 information	on	 the	gender	distribution	of	math	
and	science	teachers	in	each	school,	making	it	difficult	to	assume	that	the	sample	
of	teachers	(or	the	teacher	selected	from	each	school)	is	necessarily	random.	For	
example,	in	a	country	such	as	South	Africa	where	the	school-exit	(matriculation)	
exam	determines	a	student’s	access	to	and	placement	in	university,	some	schools	
may	decide	to	allocate	higher	quality	math	teachers,	which	the	person/	s	making	
the	hiring-decision	might	assume	to	be	men,	at	grades	10	and	above.		

6.4	 Student	fixed	effect	model	results	

In	 order	 to	 determine	whether	 or	 not	 the	 gender	 and	qualification	 of	 teachers	
plays	 a	 role	 on	 performance	 through	 the	 self-concept	 of	 a	 student,	 a	 within-
student	between-subject	model	is	estimated.	This	allows	for	bias	driven	by	non-
random	sorting	of	students	into	and	within	schools	to	be	eliminated.	As	there	are	
two	observations	for	each	student	(math	and	science),	within-student	variation	
in	performance	and	self-concept	and	motivation	can	be	exploited	to	identify	δ,	γ	
and	 ρ	 after	 accounting	 for	 subject-invariant	 unobservable	 student	 and	 home	
background	 traits.	 Following	 Clotfelter	 and	 Ladd	 (2007),	 the	model	 now	 takes	
the	following	form:	
(6)	 	 𝑦𝑦!",! − 𝑦𝑦!",! =  𝛼𝛼! − 𝛼𝛼! + 𝛿𝛿(𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆!",!)+  𝛾𝛾(𝑀𝑀!",! −𝑀𝑀!",!)	
																																																									+𝜌𝜌 (𝐴𝐴𝐴𝐴!",! − 𝐴𝐴𝐴𝐴!",!)+ 𝜀𝜀!"(𝑠𝑠)− 𝜀𝜀!"(𝑚𝑚)	

where	𝜑𝜑! 	refers	 to	 a	 set	 of	 student	 specific	 fixed	 effects.	 As	 student	 prior	
achievements	 are	 not	 available,	 the	 assumption	 is	made	 that	 the	 student	 fixed	
effect	 captures	 any	 overall	 ability	 or	 achievement	 level,	 and	 furthermore	 that	
ability	 is	 independent	 of	 subject.	 Finally,	 the	 effects	 of	 self-concept,	motivation	
and	 amotivation	 are	 assumed	 to	 be	 subject-invariant,	 for	 example,	𝛽𝛽𝛽𝛽!",! =
𝛽𝛽𝛽𝛽!",!.		
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Equation	(6)	is	equivalent	to:	
(7)	 					 𝑦𝑦!",! − 𝑦𝑦! ∗ =  𝛿𝛿 𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆! ∗ +  𝛾𝛾(𝑀𝑀!",! −𝑀𝑀!

 ∗)+ 𝜌𝜌 (𝐴𝐴𝐴𝐴!",! − 𝐴𝐴𝐴𝐴!
 ∗)	

																																																+ (𝜀𝜀!,! − 𝜀𝜀! ∗)+ (𝜀𝜀!",! − 𝜀𝜀!,!)	

where	 the	variables	with	asterisks	are	 student-specific	means,	(𝜀𝜀!,! − 𝜀𝜀! ∗)	refers	
to	a	student-specific	error	term	that	varies	across	subject	and	(𝜀𝜀!",! − 𝜀𝜀!,!)	refers	
to	 a	 subject-specific	 error	 term	 that	 varies	 with	 unobservable	 student	 (and	
classroom)	characteristics.		A	student’s	achievement	in	subject	t	(in	classroom	c)	
is	therefore	measured	relative	to	the	average	of	their	achievement	based	on	both	
tests.	Similarly,	teacher	and	classroom	characteristics	will	be	measured	relative	
to	the	average	classroom	and	teacher	characteristics	of	that	student.		

Model	 (7)	 will	 provide	 unbiased	 estimates	 of	 δ,	 γ	 and	 ρ	 if	 neither	
(𝜀𝜀!,! − 𝜀𝜀! ∗)	nor	(𝜀𝜀!",! − 𝜀𝜀!,!) are	 correlated	 with	 the	 demeaned	 variables.	 Taking	
𝜀𝜀!,!	to	represent	the	student’s	ability	in	subject	t,	the	term	(𝜀𝜀!,! − 𝜀𝜀! ∗)	would	equal	
zero	if	student	ability	does	not	differ	across	math	and	science,	and	therefore	no	
statistical	 issues	would	 arise.	 The	 second	 error	 term,	(𝜀𝜀!",! − 𝜀𝜀!,!),	 accounts	 for	
the	 effects	 on	 student	 achievement	 of	 unobservable	 student	 and	 classroom	
characteristics,	such	as	global	self-esteem	and	learning	strategies.	This	term	will	
not	 bias	 the	 coefficients	 of	 interest	 if	 these	 characteristics	 are	 randomly	
distributed	 among	 students	 and	 classrooms.	 It	 cannot	 be	 proven	 conclusively	
that	the	above-mentioned	conditions	hold,	and	therefore	the	analysis	cannot	be	
interpreted	as	completely	free	from	bias.			 
	 As	 gender	 is	 fixed	within	 a	 student	 and	 across	 subjects,	 equation	 (7)	 is	
estimated	separately	for	boys	and	girls.	Furthermore,	interactions	between	self-
concept	 and	 the	 gender	 and	 training	 of	 the	 teacher,	 specifically	 whether	 the	
teacher	studied	an	education	qualification,	are	included	as	follows:	

	(8)	       𝑦𝑦!",! − 𝑦𝑦! ∗ =  𝛿𝛿! 𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆! ∗ + 𝛿𝛿! 𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆! ∗ ∗ StudiedEducation!",!	
+ 𝛿𝛿! 𝑆𝑆𝑆𝑆!",! − 𝑆𝑆𝑆𝑆! ∗ ∗ FemaleTeacher!",! ∗ StudiedEducation!",! + 𝜃𝜃 𝑻𝑻𝑻𝑻!",! − 𝑻𝑻𝑻𝑻! ∗ 	

+ 𝛾𝛾(𝑀𝑀!",! −𝑀𝑀!
 ∗)+ 𝜌𝜌 (𝐴𝐴𝐴𝐴!",! − 𝐴𝐴𝐴𝐴!

 ∗)+  (𝜀𝜀!",! − 𝜀𝜀! ∗)+ (𝜀𝜀!",! − 𝜀𝜀!,!)	

where	 SC,	 M	 and	 AM	 are	 as	 previously	 defined,	 and	 TC,	 a	 vector	 of	 teacher	
characteristics,	 includes	teacher	age,	 teaching	experience,	 job	sentiment	and	an	
indicator	of	whether	they	studied	at	university.		
	 The	estimation	results	of	model	(8)	are	shown	in	table	15.	Focusing	first	
on	 the	 results	 for	 the	Q5	sample,	 the	coefficients	on	 the	subject	of	 focus	 in	 the	
post-secondary	studies	of	teachers	agree	with	those	found	in	table	14	and	table	
A2	 of	 the	 appendix;	 controlling	 for	 learner	 subject-invariant	 characteristics,	
subject	 focus	 is	 not	 found	 to	 have	 a	 significant	 effect	 on	 the	 performance	 of	
students,	although	a	more	narrow	focus	on	the	subject	of	teaching	as	opposed	to	
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a	broad	STEM	focus	is	positively	related	to	performance.	The	significantly	higher	
performance	(at	the	10%	level)	of	boys	taught	by	female	teachers	suggests	that	
the	 negative	 influence	 of	 female	 teachers	 on	 girls	may	 be	 driven	 by	 a	 positive	
influence	of	 female	 teachers	have	on	boys’	performance.	 It	 is	possible	 that	 this	
coefficient	 arises	 from	 the	 fact	 that	 significantly	 fewer	male	math	 and	 science	
teachers	 in	quintile	5	 schools	have	post-secondary	 education	 that	 is	 not	 in	 the	
subject	 of	 teaching	 (with	 no	 indication	 of	 the	 relative	 quality	 of	 these	
qualifications	 across	 male	 and	 female	 teachers).	 As	 these	 teachers	 are	 not	
specialised	 in	 the	subject	 that	 is	being	 taught,	 the	 teaching	style	adopted	by,	 in	
this	 case,	 predominantly	women	 teachers,	may	 be	more	mechanical	 in	 nature,	
which	might	be	less	harmful	to	boys	than	girls.			

A	positive	large	(approximately	12-17%	of	a	sample	standard	deviation)	
and	 significant	 relationship	 is	 estimated	 between	 student	 performance	 and	
teacher	 training	 that	did	not	 include	education.	This	 is	accompanied	by	a	 large	
positive	 and	 statistically	 significant	 influence	 of	 university	 teacher	 training	 for	
girls	 (13.96	 points,	 or	 17%	 of	 a	 sample	 standard	 deviation).	 This	 result	 is	 an	
important	 one,	 as	 it	 provides	 additional	 evidence	 that	 the	 gender	 gap	 in	
performance	 (or	 relative	performance	of	girls)	 is	 smaller	 (higher)	when	 taught	
by	teachers	with	university	training.		

When	 the	 above	 is	 combined	with	 education	 training	 as	 a	moderator	of	
self-concept,	the	result	is	even	more	powerful.	The	coefficients	at	the	bottom	of	
table	15,	namely	𝛿𝛿!,	𝛿𝛿! + 𝛿𝛿!, 𝛿𝛿! +  𝛿𝛿!,!	and	𝛿𝛿! + 𝛿𝛿! + 𝛿𝛿!,!	represent	 the	estimated	
relationship	 between	 self-concept	 and	 test	 scores	 for	 students	 taught	 by	male	
teachers	 trained	 in	 (at	 a	 minimum)	 education,	 males	 teachers	 not	 trained	 in	
education,	 female	 teachers	 trained	 in	 (at	 a	 minimum)	 education	 and	 female	
teachers	not	trained	in	education,	respectively.	The	effect	of	self-concept	on	test	
scores	is	positive	and	statistically	significant	(at	the	5%	and	10%	level)	for	girls	
taught	 by	 teachers	 whose	 training	 included	 a	 focus	 on	 education;	 for	 each	 1	
standard	deviation	increase	in	self-concept,	test	scores	of	girls	improve	by	6.5	to	
8.5	percent	of	a	sample	standard	deviation.	The	self-concept	effect	for	girls	when	
taught	 by	 teachers	 without	 education	 training	 is	 not	 statistically	 significantly	
different	 from	 zero.	 For	 boys,	 the	 only	 similar	 positive	 self-concept	 effect	 is	
estimated	when	 taught	 by	 female	 teachers	with	 education	 training	 (8.8%	 of	 a	
sample	 standard	deviation).	A	 large	positive,	 but	 statistically	 insignificant,	 self-
concept	 effect	 is	 also	 estimated	 when	 boys	 are	 taught	 by	 male	 teachers	 not	
trained	in	education.	It	is	relevant	to	point	out	that	the	effects	of	self-concept	are	
substantially	smaller	than	those	estimated	under	a	classroom	fixed	effects	model,	
suggesting	 a	 positive	 relationship	 between	 student	 and	 home	 background	
unobservables	and	self-concept.		
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Table	15:	Learner	fixed	effects	model	of	achievement					
	 (1)	 (2)	 (3)	 (4)	
	 Q1toQ4	 Q5	
	 Girl	 Boy	 Girl	 Boy	
Female	teacher	 	1.12	 (3.52)	 -5.96*	 (3.34)	 	5.56	 (5.47)	 14.32*	 (7.38)	
Training	did	not	include	math	or	science	 	8.30	 (5.16)	 	6.24	 (5.48)	 	7.74	 (6.97)	 	9.92	 (7.69)	
Training	focused	on	subject	of	teaching	 17.81***	 (4.45)	 14.79***	 (5.00)	 -3.34	 (5.42)	 -10.85	 (8.07)	
Teacher	did	not	do	education	training	 -5.46	 (4.47)	 -1.70	 (3.69)	 10.85*	 (6.17)	 15.42*	 (8.58)	
Self-concept	(𝛿𝛿!)	 15.17***	 (2.03)	 12.68***	 (2.19)	 	7.03**	 (3.13)	 	2.29	 (3.89)	
Self-concept	*	Teacher	not	trained	in	education	(𝛿𝛿!)	 	1.83	 (2.90)	 	2.65	 (2.90)	 -4.23	 (3.43)	 	3.26	 (5.40)	
Self-concept	*	Teacher	trained	in	education	*	Female	teacher	(𝛿𝛿!,!)	 -1.97	 (2.82)	 	0.57	 (2.82)	 -1.72	 (3.62)	 	5.00	 (4.63)	
Self-concept	*	Teacher	not	trained	in	education	*	Female	teacher	(𝛿𝛿!,!)	 -1.36	 (2.58)	 -2.07	 (3.18)	 -0.32	 (3.35)	 -8.49*	 (4.31)	
Motivation		 	1.82	 (1.81)	 	4.59***	 (1.64)	 -0.74	 (2.23)	 	1.78	 (3.20)	
Amotivation	 -5.85***	 (1.46)	 -6.96***	 (1.51)	 -8.18***	 (2.57)	 -9.26***	 (2.63)	
Teacher	job	sentiment	 	4.33**	 (4.68)	 	1.51	 (1.78)	 -5.13*	 (2.70)	 -5.02	 (3.60)	
Teacher	has	a	university	degree	 	4.23	 (11.02)	 	3.24	 (3.82)	 13.96**	 (6.67)	 -5.05	 (9.73)	
𝛿𝛿!	 15.17***	 (2.03)	 12.68***	 (2.19)	 	7.03**	 (3.13)	 	2.29	 (3.89)	
𝛿𝛿! + 𝛿𝛿!	 17.00***	 (2.57)	 15.33***	 (2.52)	 	2.80	 (2.29)	 	5.55	 (4.10)	
𝛿𝛿! + 𝛿𝛿!,!	 13.21***	 (2.61)	 13.25***	 (2.42)	 	5.32*	 (3.05)	 	7.29*	 (3.72)	
𝛿𝛿! + 𝛿𝛿! + 𝛿𝛿!,!	 15.65***	 (2.22)	 13.26***	 (2.46)	 	2.49	 (3.15)	 -2.94	 (3.97)	
Constant		 328.97	 (13.40)	 341.47	 (8.36)	 463.32	 (14.68)	 493.89	 (15.57)	
School	fixed	effects	 Yes	 Yes	 Yes	 Yes	
Learner	fixed	effects	 Yes	 Yes	 Yes	 Yes	
Teacher	controls	 Yes	 Yes	 Yes	 Yes	
R-squared	 0.053	 0.064	 0.081	 0.053	
Observations	 6	675	 6	894	 1	701	 1	477	

Note:	 test	 scores	 are	 measured	 by	 the	 first	 plausible	 value	 (scaled	 to	 an	 international	 M	 =	 500	 and	 SD	 =	 100).	 Single-sex	 classrooms	 are	 excluded.	 Cluster	
(classroom)	 robust	 standard	 errors	 are	 shown	 in	 parentheses.	 Sample	 weighting	 is	 taken	 into	 account.	 ***	 p	 =	 0.01,	 **	 p	 =	 0.05,	 *,	 p	 =	 0.10.		



	

	 35	

	 Turning	 the	 focus	 to	students	 in	Q1toQ4	schools,	both	boys	and	girls	do	
significantly	better	(19%	to	23%	of	a	sample	standard	deviation)	when	taught	by	
a	 teacher	 that	 is	more	broadly	 trained	 in	both	math	and	science	as	opposed	 to	
neither	or	math	alone.	No	significant	effect	of	university	and	education	training	
is	 estimated.	 The	 coefficient	 on	 self-concept	 for	 girls	 and	 boys	 is	 very	 large	
positive	(13-15	points	or	16-19%	of	a	standard	deviation)	and	highly	significant;	
this	coefficient	is	not	altered	much	when	interacted	with	the	training	and	gender	
of	the	teacher.	It	is	clear	that	reported	self-concept	of	students	in	Q1toQ4	schools	
is	 negatively	 correlated	 with	 unobserved	 student	 and	 home	 background	
characteristics.	 This	 might	 suggest	 that	 a	 relatively	 small	 proportion	 of	 (most	
likely)	 higher	 ability	 students	 in	 poorer	 school	 settings	 are	 able	 to	 correctly	
gauge	 their	 academic	 efficacy	 against	 that	 of	 their	 peers.	 The	 feedback	
mechanisms,	such	as	 frequent	and	reliable	assessments,	may	be	of	such	a	poor	
quality	 that	 students	 are	 unable	 to	 properly	 rate	 their	 abilities	 within	 the	
classroom.	Therefore,	 the	 large	significant	coefficient	on	self-concept	estimated	
in	table	15	indicates	that,	accounting	for	student	ability,	a	strong	self-concept	is	
related	to	augmented	test	performance,	albeit	it	from	a	low	base.		

7.	 Concluding	remarks	and	policy	recommendations	
Despite	 recent	 improvements,	 the	 under-representation	 of	 women	 in	 tertiary	
enrolments	 in	 STEM	 fields	 of	 study,	 and	 subsequently	 professional	 STEM	
careers,	 continues	 to	 be	 an	 issue	 faced	 by	 the	 South	 African	 economy.	 To	 the	
knowledge	of	the	author,	this	is	the	first	paper	that	has	attempted	to	understand	
the	 role	of	 self-concept	on	observed	achievement	patterns	 in	mathematics	 and	
science	 in	 South	 Africa.	 The	 analysis	 of	 this	 paper	 and	 interpretation	 of	 the	
results	 borrows	 considerably	 from	 the	 social	 psychology	 and	 educational	
psychology	literatures,	specifically	the	role	of	stereotypes	in	formulating	the	self-
efficacy	 and	 value	 beliefs	 of	 children.	 The	 TIMSS	 2011	 dataset	 was	 used,	 as	 a	
multitude	 of	 questions	 related	 to	 student	 attitudes	 towards	 mathematics	 and	
science	 were	 integrated	 into	 the	 contextual	 surveys,	 allowing	 for	 a	 number	 of	
constructs	to	be	developed	through	factor	analysis.		
	 In	summary,	this	paper	finds	significant	and	large	gaps	in	domain	specific	
self-concept,	motivation	and	anxiety	for	girls	and	boys,	as	well	as	in	mathematics	
and	science	performance,	for	the	wealthiest	subset	of	schools	(Q5);	no	significant	
differences	 are	 found	 for	 the	 poorer	 school	wealth	 (SES)	 quintiles.	 Controlling	
for	 student	 observable	 characteristics	 and	 the	 domain	 specific	 constructs	 in	
classroom	 fixed	 effects	 models	 of	 mathematics	 and	 science	 achievement,	 a	
performance	 gap	 of	 13-15	 points	 (14-19%	 of	 a	 sample	 standard	 deviation)	 in	
favour	of	boys	is	estimated	for	the	sample	of	Q5	schools,	and	only	eliminated	in	
classrooms	where	 the	distribution	of	boys	and	girls	 is	more	equal.	The	 finding	
that,	 conditional	 on	 the	 same	 level	 self-concept	 and	 motivation,	 a	 substantial	
gender	 performance	 gap	 remains	 is	 concerning.	 The	 relationship	 between	 the	
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achievement	outcomes	of	girls	and	boys	and	teacher	gender	is	examined	through	
the	 inclusion	 of	 interactions	 between	 student	 and	 teacher	 gender	 in	 the	
classroom	 fixed	 effects	 model.	 Controlling	 for	 teacher	 and	 classroom	
unobservables,	a	significant	gender	gap	in	math	test	scores	of	approximately	11	
points	is	estimated	for	students	taught	by	female	teachers.	A	sizeable	gap	is	also	
estimated	 for	 male	 teachers,	 indicating	 that	 teacher	 gender	 alone	 does	 not	
explain	the	performance	gap.		

Following	 Antecol	 et	 al	 (2014),	 teacher	 training	 and	 education	 in	
combination	with	teacher	gender	is	explored.	It	is	conceivable	that	the	teaching	
styles,	 and	 hence	 effectiveness,	 of	 teachers	 may	 contribute	 to	 differential	
performances	 amongst	 boys	 and	 girls,	 particularly	 in	 the	 manner	 in	 which	
classroom	 interactions	 and	 engagement	 interplay	 with	 different	 socialisation	
experiences	 of	 girls	 and	 boys,	 as	 well	 as	 the	 stereotype	 beliefs	 of	 both	 the	
students	and	the	teacher.	A	distinction	is	made	between	the	subject	background	
of	the	teacher	and	the	type	of	tertiary	qualification,	as	South	African	high-school	
teachers,	 particularly	 in	 the	 STEM	 fields,	 may	 have	 completed	 their	 education	
training	either	 in	 combination	with	or	after	 their	mathematics	 and/	or	 science	
training,	 or	 may	 have	 transitioned	 into	 teaching	 after	 more	 specialist	 tertiary	
education.14		

The	results	show	that	 the	relative	performance	gap	between	female	and	
male	 students	 is	 reduced	 when	 taught	 by	 teachers	 whose	 tertiary	 training	
included	 a	 focus	 on	 education.	 This	 is	 suggestive	 of	 differences	 in	 teaching	
methods	 that	may	be	 less	harmful	 to	 girls	 adopted	by	 teachers	with	education	
backgrounds;	 specialist,	 non-educationalist	 training	 may	 lend	 itself	 to,	 for	
example,	more	mechanical	styles	of	teaching	that	boys	find	less	harmful	or	more	
beneficial.	 In	 the	 case	 of	 poorer	 schools,	 some	 evidence	 of	 the	 math-anxiety	
hypothesis	posited	by	Antecol	et	al	(2014)	is	suggested	by	the	results;	that	is,	the	
negative	effect	of	having	a	female	teacher	on	the	math	scores	of	girls	is	reduced	
for	 students	 taught	 by	 female	 teachers	 whose	 training	 included	 a	 focus	 on	
mathematics.15		

In	 Q5	 schools,	 however,	 quite	 the	 opposite	 result	 is	 found;	 the	 relative	
difference	 in	 mathematics	 test	 scores	 between	 girls	 with	 female	 versus	 male	
teachers	and	boys	with	female	versus	male	teachers	is	larger	the	more	exposure	
the	teacher	has	had	to	mathematics.	Whilst	this	seems	to	be	in	contradiction	to	
the	 math-anxiety	 hypothesis,	 this	 paper	 argues	 that	 this	 result	 relates	 well	 to	
stereotype	threat	theory,	whereby	strong	domain	identification	of	an	individual	
																																																								
14	This	section	of	the	analysis	focused	only	on	mathematics	given	dissimilar	distributions	in	the	
training	 of	 male	 and	 female	 science	 teachers	 in	 Q5	 schools,	 which	 complicates	 the	 ease	 of	
interpretability	of	the	model	results.	
15	The	results	are	 less	clear	with	respect	 to	Q1toQ4	teachers	without	an	education	background,	
and	 are	 possibly	 related	 to	 systematic	 differences	 in	 the	 quality	 of	 training	 across	 male	 and	
female	teachers.	
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holding	membership	with	a	group	facing	a	negative	stereotype	is	likely	to	result	
in	greater	threat,	and	hence	anxiety.		

As	 a	 final	 exploration	 of	 the	 mechanisms	 for	 female	 student	 math	 and	
science	 test	 scores,	 a	 student	 fixed	 effects	models	 that	 exploits	within	 student	
variation	in	performance,	self-concept	and	motivation	across	the	two	subjects	is	
estimated.	The	relationship	between	self-concept	and	performance	is	allowed	to	
vary	with	teacher	gender	and	education	qualification.	In	poorer	school	contexts,	
the	 relationship	 between	 self-concept	 and	 performance	 does	 not	 appear	 to	 be	
influenced	by	these	teacher	observables.	However,	given	that	the	coefficient	on	
self-concept	 is	 dramatically	 increased	 once	 controlling	 for	 student	
unobservables,	 this	 suggests	 that	 the	 process	 of	 social	 comparison	 on	 self-
efficacy,	 from	 which	 self-concept	 derives,	 may	 be	 hampered	 by	 the	 larger	
dysfunctional	 nature	 of	 schooling	within	 the	 poorest	 part	 of	 the	 South	African	
education	system.	 If	 feedback	on	performance	 is	 invalid	or	unreliable,	students	
will	 struggle	 to	 accurately	 evaluate	 their	 performance	 and	 define	 their	 self-
efficacy.	 It	 therefore	 comes	 as	 no	 surprise	 that,	 on	 average,	 better	 performing	
students	with	higher	ability	or	better	equipped	to	evaluate	their	self-efficacy.		

Of	more	 interest	 and	 relevance	 to	 the	primary	question	at	hand	are	 the	
results	estimated	for	the	sample	of	Q5	schools.	As	would	be	expected,	and	unlike	
what	was	found	for	Q1toQ4	schools,	student	unobservable	characteristics	(or	at	
least,	 subject	 invariant	 ones)	 are	 positively	 correlated	 with	 self-concept	 and	
motivation.	 Furthermore,	 controlling	 for	 these	 student	 unobservables	 and	
teacher	 observable	 characteristics,	 girls’	 test	 scores	 are	 positively	 significantly	
influenced	 by	 teacher	 education,	 in	 terms	 of	 both	 the	 level	 and	 type.	 What	 is	
clearly	 suggested	 by	 the	 results	 of	 table	 15	 is	 that	 teacher	 characteristics	
influence	 the	 relationship	 between	 student	 self-concept	 and	 performance.	
Specifically,	girls	experience	a	stronger	self-concept	to	performance	relationship	
when	 taught	 by	 a	 teacher	 with	 a	 focus	 on	 education	 training	 than	 not.	
Additionally,	 the	 self-concept	 effect	 is	 larger	 when	 girls	 are	 taught	 by	 male	
teachers	with	education	backgrounds,	which	might	 suggest	 that	girls,	believing	
in	 the	 stereotype	 that	 men	 are	 better	 than	 women	 at	 maths	 and	 science,	 are	
likely	 to	 undervalue	 their	 own	 efficacy	 when	 taught	 by	 a	 female	 teacher.	 An	
alternative	 argument	 might	 be	 that	 male	 teachers	 are	 able	 to	 instil	 more	
discipline	 in	 their	 classrooms,	 especially	 at	 an	 age	 where	 posturing	 and	
competition	 amongst	 boys	 could	 occur,	 which	 can	 assist	 in	 creating	 an	
environment	 that	 is	beneficial	 to	girls’	 learning	experiences.	 	Whilst	 this	might	
work	 to	 the	 favour	 of	 girls,	 it	 appears	 to	 hurt	 boys;	 similarly,	 boys	 taught	 by	
women	 with	 education	 training	 experience	 a	 significant	 self-concept	 to	
performance	relationship.		

This	 latter	 finding	 (although	 based	 on	 a	 relatively	 small,	 albeit	 better	
functioning,	 sample	 of	 South	 African	 high	 schools),	 in	 combination	 with	 the	
findings	 from	 the	 classroom	 fixed	 effect	 models,	 provides	 suggestive	 evidence	
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that	 student	 endorsement	 of	 gender	 stereotypes	 as	 well	 as	 stereotype	 threat	
experienced	 by	 female	 teachers	 may	 be	 contributing	 to	 poorer	 performance,	
particularly	 in	math,	 among	 female	 students.	This	 finding	 is	 in	agreement	with	
the	 recent	 findings	 of	 Antecol	 et	 al	 (2014)	 in	 the	 economics	 literature,	 and	
stresses	the	importance	of	future	work	in	this	area	as	well	as	advocates	for	the	
use	of	path-analysis	modelling	that	can	reveal	not	only	the	moderating	role,	but	
also	 the	mediating	 role	 of	 teacher	 characteristics	 on	 girls’	 attainment	 in	 STEM	
subjects.		

However,	 it	 needs	 to	 be	 pointed	 out	 that,	 given	 the	 differences	 in	 the	
gender	and	training-background	distribution	of	teachers	across	subject	domain,	
it	is	difficult	to	argue	that	the	estimated	coefficients	are	free	from	bias	driven	by	
teacher	unobservables,	both	subject-variant	and	subject-invariant.	The	teacher-
gender	 dynamics	 observed	 here	 would	 need	 to	 be	 tested	 against	 other	 data,	
preferably	 the	 TIMSS	 grade	 4	 and	 grade	 8	 2015	 datasets.	 Modelling	 similar	
relationships	 in	 the	 grade	 4	 data	 would	 serve	 to	 understand	 whether	 or	 not	
indications	 of	 differential	 self-concept	 linked	 to	 performance	 across	 boys	 and	
girls	 emerge	 at	 younger	 ages.	 This	 could	 explain	 at	 which	 stage	 of	 the	 school	
experience	 the	 academic	 course	 of	 students,	 particularly	 of	 girls,	 is	 shaped.	
Pooling	the	TIMSS	2011	and	2015	datasets	would	help	to	determine	whether	or	
not	the	results	presented	here	are	sample	driven.	A	further	mediating	factor	that	
was	 not	 directly	 explored	 by	 this	 paper	 is	 the	 SES	 of	 the	 home	 and	 parental	
involvement.	 The	 stereotype	 threat	 observed	 within	 the	 wealthier	 part	 of	 the	
school	 system,	 and	 hence	 amongst	 middle	 class	 families,	 may	 be	 due	 to	
differences	in	the	manner	in	which	math	related	“cultural	resources”	are	shared	
amongst	boys	and	girls	(c.f.	Muller,	1998).		

The	 findings	 of	 this	 paper	 and	 the	 proposed	 future	 work	 present	 a	
number	of	policy	 implications.	We	need	to	better	understand	at	which	stage	of	
schooling	 gender	 differences	 in	 performance	 emerge;	 knowing	 that	 there	 is	 a	
gender	difference	in	the	performance	and	self-concepts	of	grade	9	boys	and	girls	
in	math	and	science	might	be	met	with	a	desire	to	better	target	and	inform	the	
subject	 choices	 of	 girls	 in	 high	 school,	 but	 this	 alone	 is	 not	 likely	 to	 solve	 the	
problem.	Consideration	needs	to	be	given	to	the	social	factors	that	contribute	to	
gender	differences	during	earlier	stages	of	schooling,	as	well	as	perpetuate	and	
extend	 them	 as	 students	 move	 through	 the	 education	 system,	 need	 to	 be	
developed.	As	argued	by	Penner	and	Paret	(2008:	251),	“strategies	for	reducing	
gaps…	 need	 to	 be	 [placed]…	 within	 larger	 structures	 of	 inequality...	 it	 is	
important	to	focus	on	the	ways	in	which	processes	of	academic	achievement	are	
embedded	 in	 and	 shaped	 by	 the	 hierarchical	 structures	 of	 difference	 and	
inequality”.		

Classroom	 practices	 and	 methodologies	 that	 reflect	 and	 reinforce	
structures	of	gender	inequality	need	to	be	identified,	and	replaced	with	ones	that	
enhance	gender	parity.	For	example,	whilst	the	learning	styles	of	female	students	
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tend	 to	 emphasise	 mastery	 (pursuing	 work	 in	 the	 hope	 of	 understanding	 the	
material)	 over	 performance	 (focus	 on	 one’s	 marks)	 in	 task	 completion,	 the	
reverse	has	been	shown	for	male	students	(Kenney-Benson	et	al,	2006).	Which	of	
these	 are	 emphasised	 or	 encouraged	 in	 a	 classroom	 setting	 (or	 by	 the	 school	
system	 in	 general)	 may	 play	 an	 important	 role	 in	 the	 relative	 performance	 of	
girls	 and	boys.	 	 Similarly,	 gender	differences	 in	 socialisation	 that	 contribute	 to	
differences	 in	 activity	 level	 and	 temperament	 could	 affect	 teachers’	 subjective	
perceptions	of	students,	and	therefore	their	performances	(Bennet	et	al,	1993).	
Finally,	 complimentary	 to	 the	 above	 mentioned	 could	 be	 policies	 targeted	 at	
creating	and	raising	the	gender	awareness	of	teachers’	and	parents’	 in	order	to	
counteract	stereotypes	about	female	math	inferiority	could	also	be	emphasised.		
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Appendix	

Table	A1:	Determinants	of	math	achievement	for	the	Q1toQ4	sample,	by	teacher	gender	
	 (1)	 (2)	 (3)	 (4)	
	 Female	 Male	
Girl	(𝜋𝜋!)	 -33.92*	

(18.49)	
-18.86*	
(9.56)	

-25.64**	
(10.27)	

2.29	
(6.58)	

Studied	math	 1.54	
(8.77)	

	 5.98	
(6.58)	

	

Studied	math	and	science	 -1.06	
(8.68)	

	 2.71	
(6.30)	

	

Girl*	Studied	math	(𝜋𝜋!,!)	 4.02	
(6.51)	

1.62	
(6.61)	

-12.49***	
(4.66)	

-10.68**	
(4.79)	

Girl*	Studied	math	and	science	
(𝜋𝜋!,!)	

-9.82	
(6.70)	

-8.62	
(6.72)	

-4.56	
(4.73)	

-4.92	
(4.79)	

Studied	education	 4.07	
(8.73)	

	 0.25	
(6.37)	

	

Girl*Studied	education	 12.74**	
(5.99)	

18.95***	
(5.36)	

-2.13	
(5.39)	

-3.84	
(5.14)	

Studied	a	degree	 -3.47	
(10.96)	

	 6.01	
(8.58)	

	

Girl	*	studied	a	degree	 -12.42**	
(6.07)	

5.98	
(7.65)	

12.62**	
(4.96)	

12.86**	
(5.41)	

Studied	a	degree	*	studied	
education	

-6.74	
(12.32)	

	 -4.30	
(8.81)	

	

Girl	*	studied	a	degree	*	studied	
education	

5.07	
(10.69)	

-22.75**	
(9.05)	

-3.47	
(7.69)	

-8.56	
(7.07)	

Girl	*	class	40%-60%	boys	 26.90	
(21.49)	

16.50**	
(7.37)	

1.69	
(6.90)	

-3.97	
(5.11)	

Girl	*	class	>	60%	boys	 23.14	
(14.92)	

-0.86	
(9.89)	

21.27***	
(7.67)	

-8.16	
(6.08)	

Student	controls	 Yes	 Yes	 Yes	 Yes	
Teacher	controls	 Yes	 No	 Yes	 No	
Classroom	fixed	effects	 No	 Yes	 No	 Yes	
R-squared	 0.273	 0.120	 0.243	 0.143	
Observations	 2	713	 2	713	 4	148	 4	204	

Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	
SD	=	100).	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	
the	 student	 speaks	 the	 language	 of	 the	 test	 and	 the	 socio-economic	 status	 of	 the	 household.	
Cluster	(classroom)	robust	standard	errors	are	shown	in	parentheses.	Sample	weighting	is	taken	
into	account.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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Table	A2:	Determinants	of	math	achievement	for	the	Q5	sample,	by	teacher	gender	
	 (1)	 (2)	 (3)	 (4)	
	 Female	 Male	
Girl	(𝜋𝜋!)	 -28.15	

(22.38)	
-27.04**	
(10.99)	

-22.13	
(13.42)	

4.08	
(11.28)	

Studied	math	 3.67	
(12.47)	

	 43.28***	
(8.53)	

	

Studied	math	and	science	 23.95	
(16.09)	

	 43.73***	
(9.89)	

	

Girl*	Studied	math	(𝜋𝜋!,!)	 -10.65	
(9.33)	

-2.43	
(7.21)	

-.4.59	
(10.18)	

-4.08	
(10.36)	

Girl*	Studied	math	and	science	
(𝜋𝜋!,!)	

-11.50	
(8.70)	

-8.53	
(6.93)	

-3.12	
(7.38)	

-3.94	
(7.16)	

Studied	education	 -53.27	
(34.55)	

	 -26.99**	
(10.83)	

	

Girl*Studied	education	 30.97**	
(12.22)	

24.02*	
(12.41)	

20.00	
(13.14)	

20.01*	
(10.05)	

Studied	a	degree	 -13.41	
(39.56)	

	 -12.34	
(15.46)	

	

Girl	*	studied	a	degree	 1.67	
(8.74)	

18.42	
(11.60)	

7.92	
(13.37)	

7.11	
(10.84)	

Studied	a	degree	*	studied	
education	

47.49	
(39.61)	

	 35.19**	
(15.23)	

	

Girl	*	studied	a	degree	*	studied	
education	

30.88	
(18.47)	

-17.43	
(14.04)	

18.10	
(16.46)	

19.08	
(15.40)	

Girl	*	class	40%-60%	boys	 -39.34	
(28.71)	

9.88	
(5.93)	

70.05***	
(10.73)	

-1.18	
(4.75)	

Girl	*	class	>	60%	boys	 -22.57	
(17.19)	

-6.95	
(8.73)	

-4.55	
(12.83)	

-9.96	
(9.97)	

Student	controls	 Yes	 Yes	 Yes	 Yes	
Teacher	controls	 Yes	 No	 Yes	 No	
Classroom	fixed	effects	 No	 Yes	 No	 Yes	
R-squared	 0.493	 0.360	 0.653	 0.230	
Observations	 953	 953	 469	 496	

Note:	math	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	and	
SD	=	100).	Student	controls	include	whether	the	student	has	their	own	books	at	home,	how	often	
the	 student	 speaks	 the	 language	 of	 the	 test	 and	 the	 socio-economic	 status	 of	 the	 household.	
Cluster	(classroom)	robust	standard	errors	are	shown	in	parentheses.	Sample	weighting	is	taken	
into	account.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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Table	A3:	Classroom	fixed	effects	model	of	science	achievement	controlling	for	teacher	
education,	by	school	SES	
	 (1)	 (2)	 (3)	 (4)	
	 Education	included	in	

main	area/	s	of	study	
Education	not	

included	in	main	
area/	s	of	study		

	 Q1toQ4	 Q5	 Q1toQ4	 Q5	
Girl	(𝜋𝜋!)	 -1.39	

(9.44)	
-0.83	

(20.55)	
-14.61	
(10.37)	

62.45***	
(13.04)	

Girl	*	Female	Teacher	(𝜋𝜋!)	 4.35	
(8.89)	

-29.51	
(24.51)	

15.47	
(11.08)	

-44.46***	
(13.93)	

Girl	*	Studied	science	(𝜋𝜋!,!)	 3.43	
(7.97)	

-21.37	
(24.07)	

8.12	
(9.33)	

-56.10***	
(13.66)	

Girl	*	Female	Teacher	*	Studied	
science	(𝜋𝜋!,!)	

0.15	
(11.61)	

37.34	
(25.49)	

-15.51	
(13.28)	

29.13*	
(16.96)	

Girl	*	Studied	math	&	science	(𝜋𝜋!,!)	 17.29*	
(9.27)	

-19.48	
(22.34)	

14.07	
(12.01)	

-36.90***	
(10.29)	

Girl*Female	Teacher	*	Studied	
math	&	science	(𝜋𝜋!,!)	

-3.88	
(14.53)	

40.52*	
(23.49)	

-0.01	
(14.44)	

25.99	
(21.72)	

Girl	*	class	40%-60%	boys	 -5.08	
(7.73)	

9.68	
(10.76)	

2.98	
(8.21)	

-26.49***	
(7.67)	

Girl	*	class	>	60%	boys	 -12.05	
(8.29)	

-4.48	
(10.24)	

-8.69	
(9.71)	

-27.42*	
(14.70)	

𝜋𝜋! + 𝜋𝜋!	 2.96	
(8.78)	

-30.34**	
(11.51)	

0.86	
(10.18)	

17.99*	
(9.36)	

𝜋𝜋! + 𝜋𝜋!,!	 4.50	
(7.98)	

7.83	
(9.73)	

-0.04	
(8.20)	

-15.33	
(9.85)	

𝜋𝜋! + 𝜋𝜋!,!	 0.47	
(11.33)	

11.01	
(9.61)	

1.91	
(10.78)	

-18.48	
(19.43)	

Student	controls	 Yes	 Yes	 Yes	 Yes	
Teacher	controls	 No	 No	 No	 No	
Classroom	fixed	effects	 Yes	 Yes	 Yes	 Yes	
R-squared	 0.145	 0.110	 0.178	 0.142	
Observations	 3	574	 946	 3	428	 700	

Note:	science	score	is	measured	by	the	first	plausible	value	(scaled	to	an	international	M	=	500	
and	 SD	 =	 100).	 Cluster	 (classroom)	 robust	 standard	 errors	 are	 shown	 in	 parentheses.	 Sample	
weighting	is	taken	into	account.	***	p	=	0.01,	**	p	=	0.05,	*,	p	=	0.10.		
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