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Abstract

We study the effects of random assignment to coeducational and single-sex classes on the
academic performance of female high school students. Our estimation results show that
single-sex schooling improves the performance of female students in mathematics. This
positive effect increases if the single-sex class is taught by a male teacher. An accompanying
survey reveals that single-sex schooling also strengthens female students’ self-confidence and
renders the self-assessment of their mathematics skills more level-headed. Single-sex
schooling thus has profound implications for human capital formation and the mind-set of
female students.
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Gender gaps in academic performance, especialiyathematics, continue
to be observed worldwide (Guiso, Monte, Sapienad, Zingales, 2008; Else-
Quest, Hyde, and Linn, 2010). Since low achievemennhathematics may
discourage women from pursuing a career in highAgagccupational fields
such as engineering, it is conceivable that theriof math performance of
female students contributes to the persistencéne@fgender wage gap. The
identification of the root causes of gender differes in academic
performance is therefore a fundamental economieidsspecially the relative
importance of societal factors as opposed to bic&glifferences influencing
the gender gap in mathematics has recently beecua bf economic research.

Our study investigates a particular aspect of th@as environment — the
gender composition of female students’ peer gronjike classroom.So far,
the gender composition of peer groups has recdittledattention in empirical
education economics which can be attributed tock & suitable data. The
gender composition often does not vary a great @@aiss classes or schools,
and the data is almost always plagued with (seliejgion problems which
make it impossible to identify the causes of thesewbed differences in
academic performance.

Lee and Lockheed’s (1990) study on ninth-grade esttglin Nigeria, for
example, indicates that single-sex schools impragms' mathematics
achievements and engender less stereotype thresttirematic$.The authors
acknowledge, however, that a self-selection bias,differences between the
types of students choosing to attend single-sexcaeducational schools, may
to some extent be responsible for their result. édwver, in the Nigerian all-
girls schools, which represent a subset of the atveample, mathematics

teachers happen to be exclusively female, impltiag in this particular study

Goldin and Katz (2010) analyze the timing of cagation in U.S. higher education and its consequeifice
women’s general educational attainment.

In this context, stereotype threat representeeiperience of anxiety or concern in a situation nehee female
student faces the risk of confirming the negatieeentype about females’ inferior mathematics gbfbteele, 1997).



gender-specific peer effects cannot be isolateoh faopotential indirect peer
effect working through the teacher’s gender.

In an influential recent contribution, Carell, Pagand West (2010)
circumvent this problem by using a sample thatudet both male and female
instructors. Their estimation results suggest pawerofessor gender effects
on female students’ performance in mathematics smehce. Interestingly,
these effects were identified in a coeducationalirenment at the college
level (United States Air Force Academy). Based lmsé findings one could
argue that similar effects may be at work in a hsghool environment with
younger and more impressionable students.

The objective of our study is to follow up the tature on gender
differences in educational outcomes by investigatime impact of gender-
specific peer effects on the academic performarickernale students. Our
identification strategy exploits a natural expemina@t an upper-secondary
high school in Switzerland, where the school boaathidomly assigns
incoming female students to coeducational and sisgk classes. Compared
to the traditional research designs of single-shication studies, we are thus
in the fortunate position to perform our investigatin an environment in
which self-selection problems at the class-levallza ruled out.

In addition to the gender of classmates, we am iaterested in the impact
of teacher gender. The reason is that peer eftigend on how the teacher
relates to his or her class, and this relationghip turn likely to be influenced
by the gender composition of the class. In linehviite existing literature on
gender-specific peer effects on academic performane main focus is on
mathematics achievement. However, in order to alloiva comparison, we
also use data on German language skills.

The estimation results indicate that gender-spe@éer group effects are
indeed at work: we find a positive effect of singkx education on female

students’ proficiency in mathematics but not in@an. In addition, the effect



in mathematics tends to be stronger if female stigd@ a single-sex class are
taught by a male teacher.

We argue that the identified influence of singl&-seducation on
mathematics achievement relies, at least to soneniexon a channel of
influence running from the single-sex environmemttite female student’s
mindset which, in turn, facilitates higher academibhievements. To support
our conjecture, we conducted a questionnaire sur/eg responses indicate
that female students educated in single-sex classesompared to female
students assigned to coeducational classes, ewaluait mathematics skills
more positively and are more likely to attributeeith performance in
mathematics to their own efforts rather than togexmus talent or luck.
Again, in German we do not observe these differendéis is a clear
indication for a specific kind of social learninga single-sex environment.

The remainder of the study is structured as follo®sction | provides a
brief survey of related strands of the literatune advances three hypotheses.
Section Il describes the design of the study aedctillected data. Section Ili
elaborates on the empirical strategy, presentgigéise statistics, and reports
the regression results. Section IV presents theegtlased evidence, and

Section V offers some conclusions.

I. Related Literature and Hypotheses

Many potential explanations for the existence ohdgx differences in
academic performance have been explored in thatlites. In this section, we
briefly discuss the five strands of this literattinat are most closely related to
our study. We begin with relevant studies on thedge gap in mathematics
and then turn to three potential sources of thelgegap: gender differences
in competitiveness, the role of students’ self-pption, and peer-group
effects. Based on the insights gained from thesdiest we advance our first

hypothesis on gender-specific (direct) peer effett&e then turn to the



literature on teacher characteristics as a fouotlergial source of the gender
gap in mathematics and advance two additional Ingsas on the role of

indirect peer effects and their interaction witredt peer effects.
A. The Math Gender Gap

The gender gap in mathematics has recently attraategreat deal of
attention in education economics. Guiso, Monte,iSga, and Zingales
(2008) find, for example, that the considerablessroountry variability in the
gender gap as measured by the 2003 PISA mathcagssis influenced by a
socio-economic indicator of gender equality th&ketinto account females’
education opportunities, economic activity, poéticempowerment, and
cultural attitudes toward woménln more gender-equal societies the math
gender gap turns out to be smaller; the gap eveapgears in countries
enjoying very high gender equality, such as Noraag Sweden.

In a large panel data set which is representativggdung schoolchildren in
the United States, Fryer and Levitt (2010) findmath gender gap upon entry
to school, but substantial differences between kan girls after six years
across every strata of society. Interestingly, theg little support for the pet
hypotheses of many experts maintaining that theserehces can be
explained by girls investing less effort in the aistfion of math skills, by
lower parental expectations, and by biased testgerFand Levitt's study
rather confirms the existing cross-country evidemicat relates the math
gender gap to gender equality at large. These tse¢ethd the authors to
speculate that the math gender gap is smalleruntdes in which schools are
gender-segregated, and, as a consequence, thdg simgthis influencing
factor as a worthwhile area for further investigati Needless to say, cross-
country evidence is notoriously difficult to integb. Furthermore, studies
based on evidence gathered from both coeducatamthtingle-sex schools in
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Cooray and Potrafke (2011) show that the primatgrd@nants of gender inequality in education oppaity
are culture and religion, and not political indiibas.



one country are plagued by serious issues of stdt:8on. In the light of these
considerations, making use of a natural experimantywe do in our study,

may well offer the most convincing identificatiotnagegy.
B. Explaining the Math Gender Gap

Gender Differences in Competitivenes®\ large body of literature

establishes that men are in general more willingcampete than women
(Gupta, Poulsen, and Villeval, 2005; Niederle arestérlund, 2007; Gneezy,
Leonard, and List, 2009). Sutter and Rutzler (26@n find a gender gap in
competitiveness among three-year olds. Since ¢bigeivable that standard
math tests take place in a more competitive enuemt than, for example,

writing essays, more competitive students have dwargage in math tests.
Thus, Niederle and Vesterlund (2010) argue thatdgespecific attitudes

towards competition may cause math test scoresotade a biased picture of
true gender differences in math skills, even if tbatent of these tests is not
biased against girls.

Returning to the main focus of our study — the germbmposition in the
classroom — one may wonder whether females’ willexy to compete is
affected by their competitor's gender. So far, dwdence on this issue is
mixed. While Gupta et al. (2005) indeed providedewce for a significant
effect of the competitor’s gender in a series giegiments, Gneezy, Niederle
and Rustichini (2003) and Gneezy and Rustichini0O@Q0find no effect.
Nevertheless, theoretical arguments support the Yieat the competitors’
gender matters. Steele (1997), for example, intteslithe concept of the so-
called ‘stereotype threat’ asserting that females raore likely to conform
with gender-specific stereotypes in the presencenales, since they sense
gender-specific expectations that they do not wadisappoint.

A potential reason why some of the above studiggddind a significant
influence of the competitors’ gender is that suffeots may relate to the

gender composition of the environment in which feenale students are



educated. In a field experiment, Booth and Nol€y0@&; 2009b) examine this
guestion with regard to students just under 15syeéiage attending publicly-
funded single-sex and coeducational schools. Thigoesiindeed find robust
differences between the competitive choices ofsgirbm single-sex and
coeducational schools. Moreover, girls from singga-schools turn out to be
more similar in competitiveness to boys even whamdomly assigned to
mixed-sex experimental groups, which implies that gender composition in
the classroom has a persistent effect on fematests’ competitive behavior.
Unfortunately, as pointed out by Niederle and Vidstel (2010), these
conclusions rest on the presumption that the iledtbehavior of the girls
from single-sex schools is not due to the selfetela of more self-assured
girls from wealthier families into this type of sm#l. Even though Booth and
Nolen go to great lengths to convince the readartttis is not likely to be the
case, only a true natural experiment can guaratieé the identified

differences in behavior are caused by single-sbadmg.

Students’ Self-Perceptioar-Whereas competitiveness plays undoubtedly an
important role, other psychological factors may énan even more direct
bearing on school achievements. A prime candidatéhe way students
perceive themselves and their achievements denatdtie psychological
literature as thdocus of controlwhich can be either internal or external.
People with an external locus of control believat timeir life is exogenously
determined by fate, whereas people with an intdowals of control attribute
success and failure to their own actions (Rott866). Borghans et al. (2008)
present experimental evidence showing that indedslwith an internal locus
of control perform relatively better in cognitivests. Since the literature
suggests that women are more likely to have anrmaitdocus of control
(Smith, Dugan, and Trompenaars, 1997), female stadeay be more easily
distracted from studying hard and acquiring skillse and Bryk (1986) go

even one step further and find that this effectedels on the gender of female



students’ peers. Their study shows that girls imglseisex schools are less
likely to blame exogenous factors for their perfarmoe, maybe because
failing in mathematics or physics can no longer éoglained away by
claiming that male classmates have an innate adgant

A second important dimension of students’ self-pption is the so-called
academic self-concepivhich refers to students' self-perceptions regardi
their academic achievements (Wigfield and Karpathi®91; Ferla, Valcke,
and Cai, 2009). The relationship between academcess and students’
academic self-concept and related judgments ofpsetieived competence,
such as self-confidence, self-esteem, interest, motivation, is a well-
researched issue in educational psychology. KéBenimert and Schnabel
(2001), for example, find that students’ interesimathematics at the end of
grade 10 has a direct and an indirect effect (warge selection) on
achievement in upper-secondary high schools, wdtiler studies (Trautwein,
Ludtke, Kdller, and Baumert, 2006a; Trautwein et 2006b) show that ninth-
graders’ math self-concepts and interests are lyeawiluenced by the
achievements of their peer group, their own achmerd, and their grades.
Placing students in high-achieving learning groumss, for example, a
negative effect on students’ academic self-concéptautwein, Ludtke,
Marsh, and Nagy, 2009).

Of particular interest for the design of our invgstion is the study by
Kessels and Hannover (2008) who show in a fieldedrment that single-sex
education in physics improves girls’ self-conceft ability. Kessels and
Hannover’s study does, however, not investigate Isowgle-sex education
affects the students’ development of cognitivelskiThis is the focus of our

study.

Peer-Group Effects—Analyzing peer-group effects has a long traditian
education economics. Neidell and Waldfogel (201i@yd fthat the unruly

behavior of children with limited self-control orsdipline has a bad influence



on their peers. Other studies investigate how dduwd outcomes are
affected by peer groups defined by race (Link andligbn, 1991), parents’
education level (McEwan, 2003), social proximityogker, 2006), and ability
or achievement (Arnott and Rowse, 1987; Lefgre®42E&isenkopf, 2010).

The empirical evidence on peer-group effects igral, rather mixed and
does not lend itself to being easily summarizedatry event, peer-group
effects are much harder to identify with rigorotegtistical methods than many
education professionals appear to assume (seMargski, 1993; 2000). It is,
therefore, all the more remarkable that Schneewapd Zweimuller (2009)
succeed in identifying a causal impact of the gendemposition in
coeducational classes on female students’ choiseaindary school type. By
exploiting the natural variation in the gender casipon of adjacent cohorts
within schools, they show that girls are less kel choose female-dominated
types of secondary schools and more likely to ce@otechnical school type if
they were exposed to a larger share of female pe@revious grades.

In combination, these studies lead us to conjectilna the gender
composition in the learning environment will havemediate effects on the
academic performance of female students and amesiiteffects working

through the differential acquisition of non-cogméiskills. We thus propose:

Hypothesis 1. Classmate Gender Effects
The academic performance of female students inenalics varies with the

gender composition of their classmates.

We deliberately limit our first hypothesis to theademic performance of
female students in mathematics since the literdtasehitherto focused on the
math gender gap. The three potential explanationghie math gender gap
may, of course, also apply to other academic stgjed/e conjecture,
however, that the respective channels of influeareenot at work in subjects

in which female students on average do not perfearse than male students.



To examine this conjecture we also investigate éctiSns Il and IV the

influence of single-sex schooling on German langugdlls.

Teacher Characteristics-A large body of literature analyzes the impact of
various teacher characteristics on student achiemenThe best researched
characteristic is teacher quality even though teaduality is extremely hard
to measure. Usually, it is either proxied by exgece and training, or it is
determined as a residual of regression estimatasnispires that the influence
of teacher quality is not as clear-cut as one m@e&. To be sure, some
studies do find a positive impact of teacher quabdih student achievement
(Rivkin, Hanushek and Kain, 2005; Rockoff, 2004 tBe other hand, Jepsen
(2005) uses survey data and finds that a numbemnoatstandard teacher
characteristics are insignificant predictors ofdstot achievement, especially
so in lower grades.

In addition, a number of studies investigate whettazial, ethnic, and
gender matching of students and teachers influéneestudents’ academic
achievements. While the studies by Dee (2004; 20id%) significant and
large effects for all three dimensions of studeaisher matching, Howsen and
Trawick (2007) provide evidence that race matclohgeachers and students
has no statistically significant effect if one ami$ for student innate ability
and teacher gender.

Lavy (2008) focuses on the interaction of studemd &geacher gender in
teacher’s evaluations of students’ performanceusts a natural experiment
performed at the academic track of Israeli high osth where the
matriculation examination comes in two parts, dudling the same structure:
an anonymous all-state test and a school-levelgexted by the student’s
teacher who, of course, is aware of the studeetslegr. Comparing the two
test components, Lavy finds that male students fdiserimination in all
segments of the ability and performance distributiSince the size of the

difference between the two test results is verysiigr to the teachers'

10



characteristics, the bias against male studenteaappto be the result of
teachers’, and not students', behavior.

In a similar attempt, Holmlund and Sund (2008) asta from upper-
secondary schools in Stockholm to investigate wdretihhe observed superior
academic performance of girls can be attributethéofemale domination in
the teacher profession. They find that gender-§pgmerformance differences
indeed increase with the share of female teacfdns. effect can, however,
not be interpreted as being causal because of mdmma assignment of
teachers to classrooms. Moreover, the authors tidin strong support for
their initial hypothesis when they relate changestudent performance to
reassignments of students to teachers of the saxne s

The fact that teacher gender may have a very deffect on student
performance has already been pointed out in thredattion. The study by
Carrell et al. (2010) makes use of a random asseghof students to classes
at the US Air Force Academy where all students tdke same exam.
Controlling for student ability as measured by S#cbres, two thirds of the
gender gap in grade points disappears when a feprafessor teaches a
mathematics or science class. On the other hawdegsor gender has little
impact on male students, while top-performing fesnsiudents benefit the
most from female professors.

Based on this extensive literature we put forwaedfollowing hypothesis:

Hypothesis 2: Teacher Gender Effect
The academic performance of female students inenadhics is influenced by

teacher gender.

The effect described in hypothesis 2 may be due teachers
(subconsciously) discriminating either against boysgirls, or it may arise
because the teacher develops a symbiotic relaifpmsth the class. The latter

effect is especially plausible if all students &enale. Therefore, our third
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hypothesis captures the fact that teacher-studetaictions may depend on

the gender composition of a class:

Hypothesis 3: Teacher Gender — Peer Gender Interaon
The influence of teacher gender on the academitonpesince of female

students in mathematics differs between singleasekcoeducational classes.

[l. Data

Our study was conducted at a Swiss high schobhe four-year curriculum
of this school prepares the students to obtairvegnbatriculation certificate.
Catering especially to students who, upon gradoatespire to attend a
college of education, the school’s curriculum ptaeenphasis on pedagogical
subjects, but covers all the basic subjects reduateupper-secondary schools
in Switzerland. The focus on teacher training alidive school’s graduates to
skip the basic first-year courses at the Universityeacher Education located
in the same town. This special arrangement incseade school's
attractiveness for students who intend to becoraehers, which, in turn,
explains why about 80% of the students are female.

The school board responded to this female-domingéstier composition
of the incoming student body by forming girls-oriasses in all but one of
the eight cohorts that we investigate. Accordingh® school’'s administration
these single-sex classes were introduced in oodrictease the share of male
students in the mixed classes. Most importantky,sthool does not apply any
specific criteria to the assignment of incomingdstuts to single-sex and
coeducational classes. The school, in particulaesdnot allow for self-

selection. The assignment is thus based on aaedbm process.

4 Padagogische Maturitatsschule (PMS) Kreuzlingen
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We have culled our key data from the school’'s adstriative records. These
records contain information on all students whoehattended the school from
the school years 2001/02 to 2008709ur dataset comprises 808 students for
whom we have information on characteristics suclyexsder, date of birth,
classmates, and report card grades. In each sgbanlthere are four to five
classes with about 18 to 25 students per clas$ Eacdent takes some 12 to
13 courses. Both German and math are compulsoityle Th describes the

composition of the sample.

TABLE 1—DISTRIBUTION OF STUDENTSACROSSCOHORTS ANDCLASS TYPES

Female students  Female Male students  Total Number of
in single-sex students in in coed size of single-sex
classes coed classes classes cohort classes
Cohort 1 (200-2005 18 5€ 13 88 1 of 5 classe
Cohort 2 (2002-2006) 24 57 15 96 1 of 4 classes
Cohort 3 (2003-2007) 24 71 23 118 1 of 5 classes
Cohort 4 (2004-2008) 18 62 16 96 1 of 5 classes
Cohort 5 (2005-2009) 20 70 18 108 1 of 5 classes
Cohort 6 (2006-2010) 22 62 15 99 1 of 5 classes
Cohort 7 (2007-2011) 52 32 13 97 3 of 5 classes
Cohort 8 (2008-2012) 0 79 27 106 0 of 5 classes
Total 17¢ 48¢ 14C 80¢ 9 of 39

Notes:Report cards are handed out twice a year in teetfivo school years and only once a year at the
end of the third and fourth school year.

Our data also allows us to reconstruct acrossudljests and semesters by
which female or male teacher each student has taegiht. Table 2 indicates
that single-sex classes were more often taughelale math teachers than
coeducational classes. On inquiry, the school memagt insisted that this
outcome certainly does not reflect any intentians irather considerations of
convenience that underlie the assignment of teadioeclasses. In any event,
we control in our regression analysis for teachardgr in order to properly

identify the peer gender effect.

5. . . .
Since these records essentially capture the sdiwaid’'s knowledge about the incoming students cadd
actually control for any non-random assignmentqyoli

13



TABLE 2—ASSIGNMENT OFFEMALE GERMAN AND MATH TEACHERS TOSINGLE-SEX AND COED CLASSES

Math classes German classes
Single-sex classe 62.C 25.1
Coed classes 31.2 19.4

Notes:Percentages denote the share of students taughfelnyale teacher (2001-2009)

We also obtained data detailing the incoming sttglgrerformance in the
entry exams. Students typically have to pass demrgéxam before enrolling at
an upper-secondary school in their respective hcaméon. Students can take
the exam at different locations and an overall ipgsgrade allows them to
attend any upper-secondary school in the cantonob¥&ined the entry exam
grades for most students (599 out of 808), wherkkee@ohorts are excluded
because of changes in the admission and examinptbcies. These entry
exam grades provide a standardized measure ofrdétatidity. We use these
grades to check whether the assignment to thereliffelass types (single-sex
versus coeducational) was actually effected acngrth a random process as
called for by the school’s policy statement. Theryeexam grades are, of
course, also a convenient control measure for éx-heterogeneity across
female students in single-sex and coeducationateia

Table 3 indicates a rather small grade differencé&serman in favor of
female students in coeducational classes but notathematics. It is thus not
the case that high-ability female students are eoinated in either single-sex
or coeducational classes, which would, in any evéet a very unlikely
outcome of a random assignment process. Tableo3ralgcates that the male
students in our sample did not perform significarietter or worse in the

gualifying examination than the female students.

14



TABLE 3—SUMMARY OF QUALIFYING EXxAM GRADES

Average grade in  Average grade in ~ Observations

math exam German exam
(Std. Dev.) (Std. Dev.)
Female students in sin-sex classe 3.81¢ 4.12¢ 122
(0.835) (0.657)
Female students in coed classes 3.824 4.257 375
(0.862) (0.667)
Difference -0.00¢ -0.133° 497
[t-statistic] [-0.049] [-1.925]
Male students in coed clas 3.85¢ 4.14¢ 10z
(0.879) (0.719)
Total 3.82¢ 4.21( 59¢
(0.858) (0.676)

The design of our study makes use of the natuaérxent deriving from
the random assignment of girls to single-sex aretigoational classes. Since
the two types of classes have exactly the samacualum and mode of
examination, the random assignment allows a clel@mtification of how
single-sex education of female students influendbgir academic
performance. Tables 10 to 12 in the appendix desail of the variables that

are included in the empirical analysis.

[ll. Empirical Results
A. Descriptive Analysis

We measure academic performance with ordinary tepard grades
because public schools in the canton of Thurganadoun standardized end-
of-school-year or exit exams. Grades are, howeaehighly incentivized
measure as they determine at the end of each sgbaoivhether a student is
promoted to the next grade or retained, and, inldéise two school years,
grades are an integral part of the matriculaticemgxation. Most importantly,
grading is based on criteria that apply to all ®¢&s and the teachers are likely

to apply these criteria very conscientiously siticey teach both types of
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classe$. In any event, the application of different stamdamcross the two
class types would cause additional costs (e.gingetlifferent exams or
preparing different classes), substantial uneasifmsthe teacher, and, given
the easy flow of information between students, saigholicy would never be
sustainable.

Figure 1 shows the distribution of math and Gerngaades of female
students. The best grade that can be achievedGsafles decline in steps of
0.5 and 1 is the worst possible grade. A grade «f the minimum grade
required to pass an exam and to avoid retentiore average grade in
mathematics is 4.496 (St.dev.: 0.712) for femaledeits in coeducational
classes and 4.665 (St.dev.:0.738) for female stadarsingle-sex classes. In
German classes, the average grade for female $sudeh813 (St.dev.: 0.402)

in coeducational classes and 4.807 (St.dev.: 0.#3ihgle-sex classes.

6 The nine single-sex classes in our sample wemghtawy eight math teachers (three female and fis&ejrand
twelve German teachers (three female and nine mae) out of the three female German teachers tabgth
single-sex and coeducational classes and six otiteohine male German teachers taught both typetas$es. In
mathematics, all three female teachers taughttyptts of classes and so did three of the five mmalth teachers.
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FGURE 1. DISTRIBUTION OF MATHEMATICS AND GERMAN GRADES ACROSS FEMALE STUDENTS
B. Identification strategy

Our empirical model has the following form:

Grade. = 0; + X + 6Singlesexclass+ uFemaleteacher
+ ¢Schoolyeag + (Singlesexclags*Schoolyeag
+ xSinglesexclags*Femaleteacher + oc + &g,

where the dependent variable measures the repott gade in either

mathematics or German. Subscript i denotes theectisp female student (i =
1, 2, ..., 668), c the respective class (c = 1, 2,39), and t the respective
report card (t=1,2,...,6).
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The vectorXi. includes the age of the student and the numbeudésts in
his or her class, while the cohort dummies capture the fact that some
cohorts may be more proficient in mathematics om@a than others. With
regard to the hypotheses outlined in sectidnis, relevant for hypothesis f,
for hypothesis 2, and; for hypothesis 3. The estimate @f provides
information on whether single-sex schooling, if has an effect at all,
immediately impacts on the female students’ perforoe or whether this
effect emerges only after some extended time gflesigex schooling.

To estimate equation (1), we rely on OLS estimatiaith random effects at
the student-level, and robust standard errors erledtat the class-level. This
procedure allows for a straightforward interpretatiof the estimated
coefficients. The alternative would be to use oedgurobit estimates. Ai and
Norton (2003) discuss the interpretation probleelated to the interaction
effects in logit and probit models run with stardatatistics programs. They
do provide a solution for binary logit and probibdels, but not for ordered
probit models. We acknowledge that German graddgeumath grades, are
perhaps rather ordinally scaled, depending, ofsmuwn the type of exam and
the teacher's grading policy. We therefore re-estéd the regressions
presented in the next section with an ordered presiimator and briefly
discuss the marginal effects of all relevant caoedfits except those of the

interaction termg.
C. Estimation Results

Our results presented in Table 4 suggest that stsida all-girls classes
obtain better grades in math than their femal®efektudents in coeducational
classes. This effect is rather large and in ling\wiypothesis 1. Since virtually

all grades range between 3.5 and 6, a coefficiedi2d implies a performance

7. . . . . .
Since grades are restricted between one and sig|s@ ran tobit estimations as a robustness chiéekresults
do not qualitatively differ from those obtained ®y.S. Figure 1 indicates that this result is nopssing given that
less than 5% of the students obtained the besedfdwhile nobody received the lowest grade (1).
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increase of about 10% of the relevant rahgéie math teacher dummies in
model 1 turn out to be jointly significant (the phre corresponds to
significance at the 5% level), indicating that gngd comprises an
idiosyncratic element. Model 2 includes a femalkeckeer dummy instead of
dummies for each teacher as in model 1. The estmatsults reject
hypothesis 2. Hence, it is not the teacher’s getturis driving the teacher-

specific grading differences.

TABLE 4— RANDOM EFFECTS ESTIMATIONS FEMALE STUDENTS(MATHEMATICS)

Dependent variable: math grade Model 1 Model 2 N8de
Single-sex clas 0.232%** 0.172%** 0.211***
(3.822) (3.137) (2.634)
School year 0.105** 0.109*** 0.102**
(4.361) (4.584) (4.008)
Age -0.069*** -0.070*** -0.068***
(-3.034) (-3.115) (-3.030)
Female math teacher -0.016
(-0.250)
Class size 0.009 0.008 0.009
(0.941) (0.861) (0.963)
Single-sex class * School ye 0.01C
(0.489)
Math teacher dummi YES NO YES
p-value for joint significance of 0.043 e 0.049
teacher dummies
R? 0.03¢ 0.04( 0.04(
Observations 3,281 3,281 3,281
Number of female students 668 668 668

Notes: All estimations include dummies for the eight diffint cohorts. t-statistics are in parentheses.
Standard errors are robust to heteroscedastiaitychustered at the class-level.

*** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.

In model 3, we include an interaction term betwekss type and school
year, testing whether the class type effect in@gawver time. This is not the
case. We find no evidence that the positive sisgbeclass effect on female

students’ performance significantly increases assthdents advance to higher

grades.

8 In the corresponding ordered probit estimationsnoflels 1 and 2, we find that female studentsnglsisex
math classes have a 2.32-2.61% higher probabiiigbtaining the highest grade of 6 than female estislin coed
classes. This effect is significant at the 10 petréevel for both models. In comparison, each ydaage reduces the
probability of obtaining the highest grade in mhth1.6%, while advancing to a higher school yeareaases this
probability by 2.25%. These two marginal effects also significant at the 10 percent level.
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The coefficient estimates of the remaining contraiiables included in the
regressions illustrate that students perform betsethey advance froni"@o
12" grade, whereas older students of a given cohafore worse. Both
effects are driven by a retention policy that ferp@orly performing students
to repeat a school year. Class size does not appdaave an influence on
academic achievemerts.

As already pointed out, model 2 shows no directhiea gender effect. In
Table 5, we investigate the teacher gender efferenslosely: we examine
how teacher gender affects the impact of class &ypstudent performance.
Models 4 and 5 reveal that single-sex schoolingefisnfemale students
regardless of teacher gender. However, the effecennaller for female
teachers. In model 6, we report results for a goa containing an
interaction term of class type and teacher gerides.significance of this term
shows that male and female teachers have indeeffeeedt impact on the
gender-specific peer effect. In models 7 and 8 report the teacher gender
effect separately for single-sex classes and caddual classes. These
models show that the students’ academic performanamly (negatively)
affected by female teachers in all-girls classdg figh t-stastistic of -12.375
is particularly noteworthy and shows the robustreggbe effect. In summary,
even though teacher gender has no influence onngyaeer se, there is an
interaction of teacher gender and the gender speudfer effect — teacher
gender affects the academic achievements of stsideiatl-girls classes. This
result supports hypothesis 3.

We also tested whether the academic performanbeys or girls increases
if the number of male students in a coeducatiofedscgradually increases.
Yet, we do not observe such an effect in our sample are therefore led to

conclude that it is the very absence of male stisdirat drives our results. At

Studies analyzing the degree to which class siagens for student achievement have provided ratiired
results. See Rockoff (2009) for a survey of eafl§ Bentury field experiments and a summary of theemecent
literature.
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a first glance, this result appears to be at vadganith a recent finding by
Lavy and Schlosser (2011) who suggest that anaserén the proportion of
girls improves cognitive outcomes of both boys @mnds. Since the effect
identified by Lavy and Schlosser works through letssroom disruption
when the share of girls is high, this channel dfuence is not likely to be
relevant in our elitist high school environment Switzerland only about 20%
of the 15- to 18-year-olds attend high school) Whimoreover, is dominated
by students who aspire to become teachers thensselve

TABLE 5— RANDOM EFFECTS ESTIMATIONS FEMALE STUDENTS(MATHEMATICS), SUBSAMPLES

Subsample criteria Female Male math Full Studentin  Student
math teacher sample single-sex  in coed
teacher class class
Dependent variable: math grade Model 4 Model 5 NMéde Model 7 Model 8
Single-sex clas 0.138*** 0.303*** 0.319***
(3.544) (4.023) (4.030)
School year 0.152%** 0.084*** 0.110%** 0.152%*  0.D2***
(3.576) (2.947) (4.638) (3.356) (3.552)
Age -0.120%** -0.047* -0.070**  -0.088** -0.065**
(-3.431) (-1.682) (-3.129) (-2.263) (-2.391)
Female math teacher 0.030 -0.389*** 0.037
(0.527) (-12.375) (0.652)
Class size 0.011 0.013 0.007 0.019 -0.000
(0.683) (0.947) (0.787) (1.420) (-0.030)
Single-sex class * Female teac -0.269***
(-2.950)
R? 0.057 0.04( 0.03¢ 0.04% 0.03:
Observations 1,316 1,965 3,281 898 2,383
Number of female students 366 444 668 180 489

Notes: All estimations include dummies for the eight diffint cohorts. t-statistics are in parentheses.
Standard errors are robust to heteroscedasticityclustered at the class-level. In models 4 artiésum

of female students is larger than 668 since soouests were taught by both male and female teaclmers
addition, with regard to models 7 and 8 there is stadent who switched classes.

*** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.

We now turn to the analysis of the academic peréorre in German. Table
6 reports the results. The estimates indicate ithdanguage arts (German)

students in all-girls classes do not outperforndetus instructed in mixed
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classes. Moreover, teacher gender has no impactfeorale students’

performance, neither in single-sex nor in coedocati classes?

TABLE 6— RANDOM EFFECTS ESTIMATIONS FEMALE STUDENTS(GERMAN)

Dependent variable: German grade Model 9 Model 10  odéfl11 Model 12
Single-sex clas -0.02¢ -0.012 -0.03¢ -0.03:
(-0.986) (-0.552) (-0.741) (-1.163)
School year 0.094**+* 0.091*+* 0.093**+* 0.093***
(4.532) (4.385) (4.286) (4.404)
Age -0.052%** -0.054*** -0.052%+* -0.053***
(-4.023) (-4.085) (-4.024) (-4.006)
Female German teacher 0.024 -0.007
(0.526) (-0.114)
Class size -0.012 -0.012 -0.012 -0.013
(-1.489) (-1.411) (-1.486) (-1.561)
Single-sex class * Schowyea 0.00z
(0.128)
Single-sex class * Female teacher 0.078
(1.105)
German teacher dumm YES NO YES NO
p-value for joint significance of 0.000 - 0.000 -
German teacher dummies
R? 0.01¢ 0.01¢ 0.01¢ 0.01¢
Observations 3,281 3,281 3,281 3,281
Number of female students 668 668 668 668

Notes: All estimations include dummies for the eight éiffint cohorts. t-statistics are in parentheses.
Standard errors are robust to heteroscedastiaitychustered at the class-level.

*** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.

D. Additional Specifications

Innate Ability—The results summarized in Table 7 illustrate tha
estimates presented in the previous tables argpemdient of students’ innate
abilities as measured by the grades received imtiaéifying exam. The four
models in Table 7A correspond to models 1 to 3abl& 4 and to model 6 in
Table 5. The second set of four models (Table dBjesponds to models 9 to
12 in Table 6. The grades received in the qualfyexam have, not

surprisingly, a strong explanatory power for thaudsihts’ subsequent

10
In the corresponding ordered probit estimationsnofiels 9 and 10, we also find that the coefficeamd the
marginal effect of the single-sex class dummy significant with t-statistics of -0.36 and-0.06spectively.
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academic performance and capture a substantiale sharthe ex-ante

heterogeneity among the student body.

TABLE 7A— ROBUSTNESSCHECK |: CONTROLLING FORQUALIFYING EXAM GRADES INMATHEMATICS

Dependent variable: Math grade
Model 13 Model 14 Model 15 Model 16
Math grade in qualifying exa 0.342%* 0.346*** 0.342%** 0.350%**
(9.161) (9.431) (9.169) (9.382)
Single-sex class 0.213** 0.156*** 0.172** 0.296***
(3.813) (2.829) (2.261) (4.234)
School year 0.130** 0.140%** 0.125** 0.140**
(4.731) (4.885) (4.356) (4.981)
Age -0.088*** -0.091*** -0.088*** -0.090%**
(-3.521) (-3.576) (-3.506) (-3.568)
Female Math teacher -0.004 0.031
(-0.062) (0.460)
Class size -0.001 -0.002 -0.001 -0.003
(-0.098) (-0.238) (-0.106) (-0.325)
Single-sex class * School ye 0.02(
(0.743)
Single-sex class * Female math -0.253***
(-2.684)
Math teacher dummi YES NO YES NO
R’ 0.19¢ 0.19¢ 0.19¢ 0.19¢
Observations 2,454 2,454 2,454 2,454
Number of female students 497 497 497 497

TABLE 7B—ROBUSTNESSCHECK I: CONTROLLING FORQUALIFYING EXAM GRADES IN GERMAN

Dependent variable:

German grade

Model 17 Model 18 Model 19 Model 20
German grade in qualifying exi 0.153*** 0.154*** 0.153*** 0.153***
(6.454) (6.529) (6.447) (6.368)
Single-sex class -0.041 -0.013 -0.049 -0.023
(-1.018) (-0.473) (-0.852) (-0.713)
School year 0.099** 0.096*** 0.098*** 0.097*+*
(4.493) (4.391) (4.315) (4.434)
Age -0.055*** -0.057*** -0.055*** -0.057*+*
(-4.047) (-4.107) (-4.037) (-4.068)
Female German teacher -0.006 -0.019
(-0.125) (-0.308)
Class size -0.013 -0.012 -0.013 -0.013
(-1.375) (-1.281) (-1.379) (-1.327)
Single-sex class * School ye 0.00¢
(0.184)
Single-sex class * Female German 0.042
(0.608)
German teacher dumm YES NO YES NO
R’ 0.08¢ 0.08¢ 0.08¢t 0.08¢
Observations 2,454 2,454 2,454 2,454
Number of female students 497 497 497 497

Notes: All estimations include dummies for the eight diffint cohorts. t-statistics are

Standard errors are robust to heteroscedastiaitychustered at the class-level.

*** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.
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Grading on a Curve-We also investigated whether grading-on-a-curve
might be responsible for the significant single-sgass coefficient. Even
though it would counteract the explicit school pgli it is not entirely
inconceivable that some teachers may grade acgptdia predefined grade
distribution that is imposed on each class. If bpggormed better than girls,
girls in single-sex classes would, under a gradingz-curve policy, obtain on
average better grades than in a coeducational atafsere are no boys present
to capture the highest grades.

In Table 8, we report the results of four regreassithat are based on the
grades of male and female students. Models 2128ngrovide evidence that
single-sex classes perform better in math thandcmagional classes even if
male students are taken into account. This camfieered from the single-sex
coefficient which is significant at the 1 perceevél in both cases. With
regard to the academic performance in German, stien&ion results for
models 23 and 24 do not indicate any differencesvdEn single-sex and
coeducational classes.

TABLE 8— ROBUSTNESSCHECK II: INCLUSION OFMALE STUDENTS TOINVESTIGATE GRADING-ON-A-CURVE

Dependent variable: Math grade German grade
Model 21 Model 22 Model 23 Model 24
Single-sex clas 0.210*** 0.225%** -0.01: -0.03(
(3.28) (3.61) (-0.40) (-0.98)
School year 0.097**=* 0.097*** 0.082%*=* 0.082***
(4.12) (4.11) (4.60) (4.54)
Age -0.072%** -0.072** -0.040*** -0.040***
(-3.57) (-3.56) (-3.21) (-3.13)
Class size 0.010 0.010 -0.008 -0.008
(0.99) (0.98) (-1.14) (-1.12)
Female student -0.068 0.082***
(-1.12) (3.29)
Teacher dummit YES YES YES YES
R? 0.03( 0.03:Z 0.02( 0.02¢
Observations 3,942 3,942 3,942 3,942
Number of students 808 808 808 808

Notes: All estimations include dummies for the eight éiffint cohorts. t-statistics are in parentheses.
Standard errors are robust to heteroscedastiaityckustered at the class-level.

*** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.
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Overall, our results support our first hypothedaming that the academic
performance of female students varies with the gemdmposition of their
classmates. Two qualifications with respect to ¢hdgect gender-specific
peer effects are however called for. First, thatr@hship between the gender
composition of the class and the academic perfocmari female students
appears to be highly non-linear in the sense thatntere presence of male
students compromises the educational environmemt s especially
conducive to the female students’ academic devetoph Second, single-sex
education is not advantageous to female studemtsst¢he board: in some
subjects (mathematics) the advantages are sizabi¢her subjects (German)
no significant effects can be identified.

Our hypothesis concerning the impact of teachedgenn gender-specific
peer effects are also confirmed for math perforreakiée show that class type
is crucial for the influence of teacher gender emdle students’ performance.
Teacher gender influences the high school studeasidemic achievements
only in single-sex classes and in specific subjelctsall-girls classes, male
teachers are able to elicit better accomplishmenteathematics, but not in

Germant?

IV. Survey Evidence

Studies in social psychology typically reveal asy relationship, usually
interpreted to be mutually reinforcing, between jsabspecific ability and
related assessments of self-perceived competenéde(K Baumert, and
Schnabel, 2001; Trautwein et al., 2006a; Trautveeial., 2006b; Trautwein et

al., 2009). Because of this established link betwssf-perceived competence

11 ) .
In our sample we have coeducational classes wifh & 8 male students.

12 This result raises two questions. First, why dodke high-school students respond positively tcentedichers,
whereas female college students derive benefita feamale instructors as documented by Carell e28l10). Is it
the age of the students or the different classreamironment (single-sex versus coeducational)? r@godo male
students in a single-sex education environmentraispond to the gender of their teachers? In aupkawe can, of
course, not investigate these questions.
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to performance we conducted a survey among themtlyrenrolled students
in order to check whether single-sex schooling abtuinfluences the
students’ self-assessment and thereby, presunadagemic achievement.

This survey was conducted in March 2010 and co2éBsfemale students,
62 of which were enrolled in single-sex classes &Bd in coeducational
classes. The teachers administrated the surveythenstudents answered the
guestions in an ordinary lesson without receiving mformation whatsoever
on the purpose of this survey. The survey comprigegbtions about students’
family background and their attitudes towards miatdgecs and German.

A by-product of our survey consists in our not firgl any worrying
statistical relationship between the students’ ceconomic family
background and their assignment to the two typedasises: out of 25 family
background characteristics only three indicatedgaificant correlation with
the girls’ assignment to the two types of clasles:families of girls assigned
to single-sex classes own fewer musical instrumamid their mothers or
fathers are more likely to have had vocationalntrey (as compared to no
training or higher education). If anything, thisghi hint at a slightly lower
economic status of the families of girls assignedinhgle sex-classes. If this
were indeed the case, our results would actuallgusn stronger since it is
well known that the socio-economic status has aindental effect on
academic achievement (Schitz, Ursprung, and WoRR2a108).

To operationalize the different concepts portrayihg students’ mindset,
we employed psychological scales that have beerlwigsed in educational
psychology. Students were asked to divulge how nthel agreed with nine
different statements (on a scale from 1 to 4). FStetements captured the
math-specific self-concept (which measures the gieed relationship

between effort of studying and success) and theairgng four statements
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measured the self-assessment of the student's éwiis : math®® Not
surprisingly, both measures turn out to be higloyrelated with performance.
Tables 9A and 9B summarize the main results. Antbegemale students,
we observe a stronger self-concept in mathematidsaamore positive self-
assessment of mathematics skills in single sexsetaghan in coeducational
classes. In German, we do not observe any differenic self-assessment
across the two class types. Nor is there any eifiee among the first-year
students, indicating that getting rid of long-hel@ws and attitudes takes

time 14

TABLE 9A— SURVEY RESPONSES BYEMALE STUDENTS(10™ TO 12" GRADE, I.E. COHORTS6 TO 8)
ATTENDING SINGLE-SEX AND COEDUCATIONAL CLASSES INSPRING 2010

Math self-concept Math self-assessment Germarassssment

Observations  Response  Observations Response @tisesy  Response
Class type
Coed 147 3.05] 15C 2.03: 14t 2.78¢
Single-sex 61 3.402 61 2.382 60 2.850
Difference -0.351 -0.350* -0.065
(t-statistic) (-1.458) (-1.828) (-0.466)
Total 208 3.154 211 2.133 205 2.804

* Significant at the 10 percent level.

15
TABLE 9B— SURVEY RESPONSES BYEMALE STUDENTS(9™ GRADE, I.E. COHORT9) ~ ATTENDING SINGLE-
SEX AND COEDUCATIONAL CLASSES INSPRING 2010

Math self-concept Math self-assessment Germarassfssment

Observations Response Observations Response @tisesv  Response
Class type
Coed 64 3.25¢ 64 2.19¢ 65 2.76:
Single-sex 20 3.238 19 2.184 19 2.842
Difference 0.016 0.015 -0.080
(t-statistic) (0.044) (0.045) (-0.317)
Total 84 3.250 83 2.196 84 2.780

13 We use the same statements that have been usdeMant psychological studies in German speakinmtries
(e.g. Koller, Daniels, Schnabel, and Baumert, 20Q0ljler et al., 2001). The relevant statistical ggdures and
measures (principal component analysis or Cronkaalpha) provide empirical support for the inteigratof these
statements into two scales.

There is no single-sex class in the second year.

15 . . . . L - .
Cohort 9 was not included in the preceding regoesanalysis since we do not have any adminisealata for
these students (e.g. grades, age, teachers, etc.).
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We re-estimated model 1 in Table 4 by restrictimg $ample to the current
student population and included the math relateahgdogical measures as
control variables. The effect of single-sex edwrain performance remains
significant.

We acknowledge, of course, that we cannot cleadéntify the causal
relationship between these mathematics-relatedhpsygical traits and math
performance. Our observations concerning self-qone@d self-assessment
are, however, compatible with the existence ofanakel of influence running
from the educational environment to the studentiadset which, in turn,
affects her academic performance. This circuitduanoel of influence does,
of course, not exclude a more direct effect of Igirsgex education on
academic performance. As a matter of fact, our gogbi evidence is
suggestive of such a direct effect which is, moesplikely to amplify the
psychological effect because better performanceshébd build up self-
confidence. In any event, we conclude that the rde=t influence of single-
sex education on the female students’ mindset ismgrortant driver of the
identified correlation between single-sex educatiod academic performance
because this mechanism is in line with the accutimgjavidence that single-
sex education engenders a specific kind of soaarning. Single-sex
education appears, for example, to give rise toenwmmpetitive behavior
(Booth and Nolen 2009) and lower levels of riskraimn (Booth and Nolen
2010). On a more methodological level, it is worttle/ to point out that our
survey-based observations nicely back up our cthahthe observed effect of
single-sex education is not likely to be attriblgeto capricious grading. Note,
finally, that an enhanced self-confidence of stislesducated in single-sex
classes can be beneficial in itself since it reademale students less reluctant
to choose further education in challenging subjé¢e, for example, Compte
and Postlewaite, 2004; Schneeweis and ZweimulG9p
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V. Conclusion

Based on insights gained from pedagogical condidaess many educators
have arrived at the conclusion that single-sex atimc in “male” subjects
such as mathematics and science may be advantag@ousgirls.
Unfortunately, only little experience with singlexs education has been
gathered in the more recent past, and, more impbytathe information
deriving from these experiences cannot easily beveed into meaningful
investigations because comparisons across schpes tgre fraught with the
suspicion of being contaminated with problems nefpato self-selection: it is
virtually impossible to rule out that girls or thgiarents who opt voluntarily
for an all-girls school are not special in somehs®yvable characteristics. Up
to now, convincing empirical evidence concerning #ffects of single-sex
education has therefore been almost inexistent.

We provide the first evaluation of female single-seducation with a
randomized assignment of girls into different l@éagnenvironments and find
strong empirical support for the benefits of singx education. Analyzing a
natural experiment performed at an upper-secorgtdrgol in Switzerland, we
estimate the impact of single-sex education onatteelemic performances of
female students. We find a positive effect of serggx education on the
proficiency in mathematics but not in German. M the effect in
mathematics tends to be stronger if girls in alsisgx class are taught by a
male teacher.

Since our results are derived from a natural expent, they are not likely
to be subject to any selection bias. In order fgpsut our claim that selection
does not play any role in our findings, we apply t@bustness checks. First,
we show that the girls attending single-sex classesur sample school are
not different from the ones attending mixed class&¥oreover, the
homogeneity presumption with respect to the studmmty across the two

control groups is also supported by the fact thatrolling for ability or initial
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academic knowledge as measured by a standardizgdtest does not change
our results. Second, we show that single-sex iostmu in mathematics

outperforms instruction in mixed classes even & performance of all (male
and female) students attending mixed classes isl @ the basis of

comparison. This result rules out that our findiags an artefact of an implicit
grading-on-a-curve policy.

It remains to discuss the likely causes for the iengdly identified single-
sex schooling effect. The fact that the effect anigterializes in mathematics
but not in German may hint at the underlying medras. We propose two
hypotheses. The first one is not novel and defiiraa the simple observation
that girls may suffer from stereotype threat inmeatatics but not in German.
If single-sex schooling indeed reduces or even w@smogender-specific
stereotype threats, one would expect girls taughtligirls classes to do better
in math than their female peers taught in coedanaticlasses, but there is no
reason to assume that a similar achievement premwilimmaterialize in
German since this subject is not fraught with sa¢hreat. Our data from the
survey study are in line with this interpretatid®hether the stereotype threat
paradigm can explain the identified teacher-gendéect, is however
guestionable. To be sure, it is conceivable thatrttath-anxiety of (female)
teachers may carry negative consequences for thie achievement of their
female students. But this effect has only been relslefor primary school
teachers (Beilock, Gunderson, Ramirez, and Led@&0); it is not likely that
female high-school teachers who have studied mathesnat the university
level are afflicted with this kind of anxiety.

Our second hypothesis derives from the notion pesr-competition is a
major driving force of the effort exerted by higthsol students.
Mathematics, as it is taught at high schools, ssilgject that allows applying
objective and cardinal performance measures — aod seasures are also
routinely applied. This kind of grading is not opterifs and buts and therefore

invites outright competition. High school instraetiin the mother tongue — in
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our case German — focuses, on the other hand, iingmMessays, reading and
discussing a certain canon of literature. Theseraey-dimensional skills and
even the individual dimensions are hardly amenéblebjective evaluation.

Evaluations therefore stand on shaky ground. Asrsequence, evaluations
often turn out to be rather non-committal and wtfle great deal of caution.
The grade distributions reported in Figure 1 cleatipport this contention.

Since mathematics instruction invites competitieddvior, it is not surprising

that pubescent boys welcome this opportunity tdingutheir prowess —

especially in the company of girls. The less coriget girls, on the other

hand, are likely to refrain from trying too hardchease they know that the
boys are committed to high effort. As soon as bogscontestants committed
to high effort, are not present any more, compmetibecomes more rewarding
for the girls. The girls will therefore spend maHort in single-sex classes
and accordingly perform better. This is the dirpeer effect of single-sex
schooling.

Whether male teachers boost the competitive Spirdl-girls classes via a
“groupie effect”, as it were, and thereby provideaaditional, albeit indirect,
peer effect is pure speculation. In any event, wevwk from the research by
Booth and Nolen (2009) that girls educated in alsisex environment
behave more like boys in competitive situationsgd&tber with the direct peer
effect which renders competition more rewardingg®erthis socially acquired
competitive spirit provides single-sex schoolinghnén additional advantage
that makes itself be felt especially in ‘male’ ®dig such as mathematics.

Even though the identified positive effect of seglex schooling appears to
be very robust, the consequences for educatiogypmdimain unclear. Before
drawing far-reaching conclusions we need to betterderstand the
mechanisms underlying the identified effect. Oucosel interpretation is
admittedly purely ad hoc and might even appearerattivolous to some
readers. One advantage of such speculations igJerwo spur disagreement

and future research.
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APPENDIX

TABLE 10—DEFINITIONS OF VARIABLES

Variable

Description

Dependent variable
Math grade
German grade

Respective grade in each report cardumeg on a scale from 1
(very bad) to 6 (very good) with 0,5 steps

Studer-level control variable

Female student

Gender dummy for students (1: Febalale)

Age Age of student in full years when report caes handed out
Cohort Dummies for the student cohorts

School year School year in which report card wasikd out

Math grade in qualifying exam Grade for standadiizgitten examination in mathematics
German grade in qualifying exam Grade for standardivritten examination in German

Classlevel control variable

Class size
Single-sex class
Math teacher

Female math teacher
German teacher

Total number of students in a class

Dummy for type of class (1: AHlsg3iO: Coeducational)
Dummies for the mathematics teachers

Gender dummy for mathematicbees (1: Female, 0: Male)
Dummies for the German teachers

Female German teacher Gender dummy for Germangeath Female, 0: Male)

TABLE 11—SJRVEY QUESTIONS ONSTUDENTS SELFPERCEPTION

Variable

Iltems

Math self-concept 1.
2.

3.
4.

| would enjoy doing math more if it were notditficult.

Even though I try hard, it appears more diffiéat me than for my fellow
students to study math.

Nobody is good at everything. | simply have alent for math.

With regard to some questions in math that Inditlunderstand, | know
rightaway: “I will never understand this.”

5. 1do not have a particular talent for math.
Math/German 1. | often worry that the math / German classesaodifficult for me.
self-assessment 2. | am just not good at matt&erman.

3. I find it easy to study math / German.

4. In my math / German classes | even understanchtist difficult questions.

Notes: Items are rated

on a four-point Likert scale raggirom (1) “Strongly agree” to (4) “Strongly

disagree”. Weused the following headline question: To what extdmn you agree with the following
statementsMath self-concept is scaled from 0 to 5 and iHam the five items in the upper panel of this
table. Each item yielded 0.25, 0.5, 0.75 or 1 pgivgaker agreement with the statement yieldingghéi

score). The same method was applied for the 0d4oading of the self-assessment variables. Cronbach

alpha amounts to 0.919, 0.907, and 0.855 for thih self-concept, math self-assessment and Gernffan se
assessment, respectively.
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TABLE 12—SJMMARY STATISTICS

Variable Mean Std.Dev. Min Max Observations
Math grad Overal 4.547 0.72¢ 1kt 6 N = 3,942
Between 0.623 2.083 6 n =808
Within 0.379 2.922 6.381 T =4.879
German grade Overall 4.794 0.428 3 6 N = 3,942
Between 0.320 3.75 5.7 n =808
Within 0.293 3.694 6.128 T=4.879
Female student Overall 0.832 0.374 0 1 N = 3,942
Between 0.379 0 1 n =808
Within 0 0.832 0.832 T=4.879
Age Overall 17.622 1.348 15 25 N = 3,942
Between 0.962 15.5 24.5 n =808
Within 1.069 15.622 20.288 T =4.879
Single-sex class Overall 0.228 0.420 0 1 N = 3,942
Between 0.416 0 1 n =808
Within 0.014 -0.022 0.978 T =4.879
Number of male students  Overall 3.789 2.266 0 8 No42
Between 2.258 0 7.667 n =808
Within 0.419 -0.711 5.456 T=4.879
Class size Overall 21.102 2.391 12 25 N = 3,942
Between 2.088 14.667 25 n =808
Within 1.083 17.936 25.602 T=4.879
Female German teacher Overall 0.208 0.406 0 1 423
Between 0.348 0 1 n =808
Within 0.174 -0.458 1.042 T=4.879
Female math teacher Overall 0.382 0.486 0 1 N 423,9
Between 0.446 0 1 n =808
Within 0.206 -0.285 1.215 T=4.879

Notes:Report cards are handed out twice a year in teetfivo school years and only once a year at the
end of the third and fourth school yelience, there are at most six observations for satent.
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