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6 and10, most students perform no better at single-sex schools. Girls at single-sex-schools take fewer sciences
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1. Introduction

The merits of single-sex schooling have been fiercely debated in Eu-
ropean, Latin American, and Caribbean nations where single-sex
schools are prevalent. This debate has recently been ignited in the US
with the passage of Title IX' regulations making it easier for school dis-
tricts to provide single-sex schools. If students have better academic
outcomes in single-sex than coeducational (coed) schools, then overall
educational attainment can be increased by merely shuffling students
across schools to achieve sex-segregation. Also, if single-sex schooling
reduces gendered course taking, it may lead to more efficient alloca-
tions of talent to courses and improved matching of workers to occupa-
tions. Under these scenarios, by making all schools single-sex, with no
increased spending one can have a better educated population and
cost-savings that can be put into productive sectors of the economy.

Using data from Trinidad and Tobago I aim to answer the following
questions: (1) Does attending a single-sex secondary school from
grades 6 through 10 affect 10th grade exam performance? (2) Do stu-
dents with stronger preferences for single-sex schools experience larger
benefits? (3) Do the effects vary by gender? (4) Do single-sex schools
affect the course selection of girls and boys? This context is attractive
for studying single-sex schools because about one quarter of public
secondary schools are single-sex and institutional details allow one

! In 2006 Title IX regulations of the Education Amendments of 1972 were amended.
Previously regulations permitted school districts to provide single-sex public schools
only if they provided comparable single-sex public schools to both sexes. The new reg-
ulations only require providing equal coed schooling to students of the other sex
(McLane et al., 2006).
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to remove self-selection bias while comparing students at coed and
single-sex schools that are similar along key dimensions.

One justification for single-sex education stems from the notion that
boys and girls learn in different ways either due to different socializa-
tion? or biological differences? so that single-sex schools allow teachers
to tailor instruction to the particular needs of each sex. Another justifi-
cation is that the presence of the opposite sex is distracting and leads to
lower academic engagement (Coleman, 1961; Riordian, 1990; Trickett
and Trickett, 1982). This is thought to be particularly important for
girls because larger shares of boys within coed classrooms have been
found to be associated with lower classroom achievement (Hoxby,
2000; Lavy and Schlosser, 2009). It is also argued that single-sex school-
ing increases the likelihood that boys/girls participate in traditionally
female/male subjects either due to the salience of gender identities in
coed settings (Jackson, 2009) or by deemphasizing differences in the
timing of neurological development between boys and girls (James
and Richards, 2003; Spielhofer et al., 2004).*

2 Pomerantz et al. (2002) and Beyer and Bowden (1997) find that girls are under-
confident and Higgins (1991), Maccoby and Jacklin (1974), and Eagly (1978) find that
girls care more about pleasing authority figures.

3 Lenroot et al. (2007) find that girls complete about half of their brain development (as
measured by adult mass) by age 11 compared to age 15 years for boys, and Killgore and
Yurgelun-Todd (2004) find that in girls the language areas of the brain develop before
the areas used for spatial relations and for geometry, while in boys, it's the other way
around.

4 Because girls develop the math portions of the brain later than boys, they are more
likely to underperform in math and science at early ages and thus disengage from and
avoid these subjects in a coed one-size-fits-all system. By the same logic, because boys
develop the linguistic portions of the brain later than girls, boys are more likely to
underperform in English and literature at early ages and disengage from and avoid the-
se subjects in coed settings.
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Despite theory suggesting benefits of single-sex schools, and the po-
tential importance for education policy, there is little conclusive empir-
ical evidence on the effects of single-sex schooling on student
outcomes. The empirical evidence, to date, is based on comparisons be-
tween children who chose to attend single-sex schools and those who
do not.> This evidence is unlikely to isolate the effect of single-sex
schooling on student outcomes due to two important limitations.
First, because students who decide to attend single-sex schools may dif-
fer from those who decide to attend coed schools in important unob-
served ways, such comparisons may be subject to self-selection bias.
Second, because single-sex schools often differ in important unob-
served ways from coed schools (e.g. curriculum, academic calendar, se-
lectivity) these comparisons may confound a single-sex school effect
with other differences. I propose solutions to both of these limitations
in this study.

To address self-selection bias, I exploit the fact that students in Trin-
idad and Tobago are assigned to secondary schools by the Ministry of
Education based on their performance on a secondary school entrance
exam and a list of school choices—so that attendance to single-sex
schools is partially beyond their control. I use the algorithm that assigns
students to schools to form rule-based instrumental variables that pre-
dict single-sex school attendance, but are not subject to selection. Under
the assignment rules the likelihood of assignment to a single-sex school
is a deterministic, non-linear, non-monotonic, non-smooth function of
student choices and incoming test scores. Specifically, (a) conditional
on two students having the same test score, differences in school as-
signments are due to their different choices, and (b) conditional on
two students having the same choices, differences in school assign-
ments are due to small differences in their test scores. This allows for
both a Regression Discontinuity (RD) strategy and a Difference-in-
Differences (DID) Instrumental Variables (IV) strategy that identifies
the causal relationship off the interaction between student choices and
test scores. I show that each of the two strategies independently yield
similar results to each other and the preferred IV strategy that exploits
all sources of exogenous variation. [ also present a variety of tests indi-
cating the instruments are exogenous.

To address concerns that single-sex schools differ from coed schools
in other important ways, I focus the analysis to coed and single-sex pub-
lic secondary schools that share the same curriculum, are subject to the
same oversight, and follow the same regulations. As such, the single-sex
and coed schools analyzed will not differ in most important dimensions
that typically confound comparisons of schools in other contexts. While
focusing on similar schools removes numerous sources of bias, there
may still remain unobserved differences across schools that affect the
interpretation of the findings.® I document that single-sex schools are
more selective than coed schools and they attract higher quality
teachers. Based on this, I argue that the effects presented likely over-
state the pure single-sex schooling effect.

A unique feature of these data is that I observe the number of single-
sex schools a student lists in her school choices. Because this preference
measure is strongly associated with single-sex school attendance, I can
(a) determine if the treatment effect varies with preferences for single-
sex schools, (b) determine if the treatment effect for those who typically

5 Some US studies compare outcomes at single-sex catholic schools to outcomes in
traditional public schools or coed catholic schools, (Lee and Bryk, 1986; Marsh, 1989;
LePore and Warren, 1997) while studies outside the US compare outcomes at single-
sex and coed public schools (Jimenez and Lockheed, 1989; (Harker, 2000; Malacova,
2007). The findings are decidedly mixed and none of these studies adjust for selection
to schools (other than controlling for lagged achievement).

6 Because school policies and inputs adjust endogenously in equilibrium to the stu-
dent population, one could never expect a real-world situation where the only thing
that differs between schools is whether they are single-sex. As such, a controlled ran-
domized experiment in which the only thing that differed is that some schools were
single-sex would not identify the policy relevant parameter (but would identify the
short-run effect of making some schools single-sex). Thus, looking at actual schools,
while imperfect, does allow one to say something about the policy relevant long-run
effects.

apply to single-sex schools differ from that of the average student, and
(c) speak to whether improved outcomes reflect better student-school
matching or a technological improvement that benefits all students. The
analysis is unique in this regard.

Under the assignment mechanism, students with higher entrance
exam scores are more likely to be assigned to their more preferred
schools. Because single-sex schools are often preferred, attending a
single-sex school is also associated with attending a preferred school.
While naive ordinary least squares yield large treatment effects, the
instrumental variables results that account for selection show modest
positive effects of gaining admission to a preferred single-sex school
over a less preferred coed school. However, models that condition
on gaining admission to a preferred school (of any type) yield treat-
ment effects close to zero—indicating that the modest effects were
due to gaining admission to a preferred school rather than attending
a single-sex school per se. These average null effects mask consider-
able response heterogeneity. For students with weak preferences for
single-sex schools (86% of all students) the effects are close to zero.
However, for students with strong preferences for single-sex schools
(14% of all students), there are sizable benefits. Most of the estimated
benefits to attending single-sex schools are driven by girls with
strong preferences for single-sex schools. Contrary to common belief,
girls took fewer science courses and more traditionally female subjects
at single-sex schools.

This is the first study, to my knowledge, to identify a causal effect
of single-sex schooling on student outcomes. The results suggest that
previous studies may have suffered from student selection bias. The
finding of heterogeneous treatment effects highlight that local treat-
ment effects of schools for the typical applicant can be very mislead-
ing about effects for the average student. The results suggest that
making single-sex schools available to those few students with strong
preferences for single-sex schools may improve academic outcomes
for these few students, but that expanding single-sex secondary
schools to all students may have little effect on overall achievement,
and may not be an effective tool for increasing female representation
in math, science, and engineering fields.

The remainder of the paper is as follows: Section 2 describes the
Trinidad and Tobago education system, the assignment mechanism,
and the data. Section 3 describes the empirical framework, Section 4
presents the results, and Section 5 concludes.

2. The Trinidad and Tobago education system and the data

At the end of primary school (after grade 5) students take the Sec-
ondary Entrance Assessment (SEA) and are assigned to secondary
schools based on scores on this exam and a list of four ranked school
choices by the Ministry of Education. Secondary school begins in
grade 6 and ends at grade 10 when students take the Caribbean Sec-
ondary Education Certification (CSEC) examinations.” These exams
are externally graded. Students seeking to continue their education
typically take five or more subjects, and virtually all takers take the
English language and mathematics exams.®

There are eight school districts. Private schools account for a small
share of student enrollment and tend to serve those who “fall through
the cracks” in the public system.® There are two types of public sec-
ondary schools: Government schools and Government assisted
(assisted) schools. All secondary schools provide instruction from
6th through 10th grade, and teach the same national curriculum.

7 There are 31 CSEC subjects covering a range of purely academic subjects such as
Physics, Chemistry and Geography, and more work and vocationally related subjects
such as Technical Drawing and Principles of Business and Office Procedures.

8 The CSEC examinations are accepted as an entry qualification for higher education
in Canada, the UK and the United States.

9 Students who attend private secondary schools have test scores that are a third of a
standard deviation lower than the average SEA taking student, and half a standard de-
viation lower than the average among those students who take the CSEC exams.
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Table 1
Comparison of inputs at single-sex and coed schools.

Variable Single-sex Not single-sex Assisted and Not assisted and
not single-sex not single-sex
Pupils/(# faculty) 17.110 12.256 16.136 11.771
(3.475) (4.619) (7.105) (4.011)
Pupils/(# academic teachers) 23.922 22.597 23.908 22.308
(11.106) (16.531) (9.412) (17.231)
Teachers: % BA 0.738 0.461 0.654 0.436
(0.176) (0.241) (0.235) (0.232)
Teachers: % MA 0.060 0.024 0.035 0.022
(0.047) (0.034) (0.048) (0.032)
Academic teachers: % BA 1.000 0.846 1.000 0.825
- (0.130) - (0.144)
Academic teachers: % MA 0.080 0.040 0.059 0.038
(0.075) (0.038) (0.056) (0.036)
Assisted 0912 0.111 1.000 0.000
(0.288) (0.316) - -
Mean years of teaching experience 11.987 12.876 10.681 13.400
(4.492) (4.278) (3.672) (4.069)
School enrollment (2004) 664.588 638.879 524.546 653.171
(167.478) (263.568) (208.199) (267.226)
Grade 6 enrollment (2004) 108.471 114.111 96.182 116.352
(28.404) (49.243) (42.944) (49.737)
Mean score of assigned (2004) 1.212 —0.183 0.736 —0.282
(0.595) (0.903) (0.752) (0.862)
Standard dev. of score of assigned (2004) 0.446 0.709 0.504 0.753
(0.200) (0.196) (0.132) (0.178)
Number of schools 34 99 11 88

Standard deviations in parentheses below sample means.

The key difference between Government and assisted schools is that
Government schools are fully funded and operated by the Govern-
ment while assisted schools are run by private bodies (usually a reli-
gious board) and at least half of their expenses are paid for by the
Government. While assisted schools are often considered more elite,
along all other dimensions Government and assisted schools are the
same.

2.1. Single-sex schools in Trinidad and Tobago

There are 34 single-sex schools located primarily in larger districts
across the country. In St Georges West 11 out of 32 secondary schools
are single-sex, compared to 9 out of 31 for Victoria, 6 out of 18 for St
Georges East, 6 out of 17 in Caroni, and 2 out of 14 for St. Patrick.
There are no single-sex schools in the smaller districts of St. David, To-
bago, and Mayaro which have 9, 8, and 4 secondary schools, respective-
ly. Trinidad is sufficiently small (about 37 by 50 miles) that, with the
exception of Tobago which is a small island, a single-sex school is locat-
ed within about 20 miles of any location. About 91% of single-sex-
schools are assisted, and 74% of assisted schools are single-sex.

Table 1 summarizes teacher and peer inputs by school type for the
2004-5 academic year. Single-sex schools have a student to faculty
ratio of 17.1 compared to 12.26 for coed schools. This is because
coed schools hire more guidance officers, assistant teachers, and vo-
cational teachers. I now focus on classroom teachers for academic
courses. The student to teacher ratio is slightly higher at single-sex
school (23.9 versus 22.59 at coed schools) and there are large differ-
ences in education level. Unlike in the US where all teachers must
possess a college degree, some secondary school teachers only hold
a high-school degree themselves. While all teachers at single-sex
schools posses a BA degree only 85% do at coed schools. The average
years of experience at single-sex schools is 11.98 years compared to
12.87 for coed schools. Given that the difference between possessing
a high-school degree and a college degree is vast, the small differ-
ences in experience are likely trumped by the differences in educa-
tion. In any case, teachers at single-sex schools are very similar to
those at coed assisted schools—so that conditioning on school type
may remove any teacher quality differences.

The largest observable input difference across schools is peer qual-
ity. The average student assigned to a single-sex school has incoming
test scores that are 1.4 standard deviations higher than those of stu-
dents assigned to coed schools. In fact, single-sex schools had 0.475
standard deviations higher incoming test scores than coed assisted
schools. To show the distribution of peer achievement across schools,
in Fig. 1 I put the peer achievement across all schools in all years into
ten equally spaced bins, and show the number of single-sex schools
and coed schools that fall into each bin. The unit of observation is a
school year. While there is overlap in the distribution of peer achieve-
ment between single-sex schools and coed schools, schools with the
highest achieving peers are disproportionally single-sex schools.
This, in conjunction with the differences in teacher education sug-
gests that any estimated single-sex school effects will likely overstate
the effects of single-sex schooling per se.

Distribution of Peer Achievment Across School Types

o
L0+
—
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‘ I Cocducational Schools

The data are placed in to 10 equally spaced bins. The unit of observation is a school year.

Single Sex Schools

Fig. 1. Distribution of peer achievement across school types.
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Table 2
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Summary statistics

All students All students with a simulated assignment
Attend Attend mixed: Attend Attend mixed: Assigned Assigned mixed: Assigned Assigned mixed:
all-girls female all-boys male all-girls female all-boys male
Normalized SEA score 0.836 —0.074 0.792 —0.343 1.498 —0.041 1315 —0.316
(0.868) (0.882) (0.882) (0.938) (0.457) (0.862) (0.569) (0.922)
Female 1.000 1.000 0.000 0.000 1.000 1.000 0.000 0.000
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
Take CSEC exams 1.000 0.564 1.000 0.459 0.903 0.630 0.873 0.519
(0.0) (0.496) (0.0) (0.498) (0.296) (0.483) (0.333) (0.5)
Exams taken 6.582 3339 6.288 2.464 6.641 3.736 6.153 2.795
(1.607) (3.15) (1.77) (2.919) (2.395) (3.119) (2.633) (2.969)
Exams passed 5.121 1.809 4.290 1.053 6.178 2.094 5.002 1.228
(2.707) (2.462) (2.822) (1.985) (2.58) (2.569) (2.874) (2.1)
Pass CSEC English 0.782 0.311 0.669 0.163 0.860 0.360 0.756 0.194
(0.413) (0.463) (0.471) (0.37) (0.347) (0.48) (0.429) (0.395)
Pass CSEC Math 0.620 0.184 0.597 0.130 0.825 0.214 0.721 0.152
(0.485) (0.388) (0.491) (0.336) (0.38) (0.41) (0.448) (0.359)
Certificate 0.568 0.141 0.481 0.078 0.796 0.166 0.633 0.092
(0.495) (0.348) (0.5) (0.268) (0.403) (0.372) (0.482) (0.288)
Female subjects taken 3.099 1.362 2171 0.657 3.004 1.590 2.300 0.765
(1.365) (1.576) (1.452) (1.139) (1.566) (1.642) (1.471) (1.217)
Female subjects passed 2473 0.810 1.566 0.332 2.810 0.977 1.855 0.396
(1.609) (1.292) (1.426) (0.814) (1.618) (1.396) (1.451) (0.886)
Sciences taken 1.097 0419 1.283 0.349 1.485 0.456 1.487 0.399
(1.147) (0.836) (1.247) (0.775) (1.229) (0.852) (1.343) (0.813)
Sciences passed 0.929 0.229 0.949 0.173 1.393 0.260 1.245 0.199
(1.13) (0.618) (1.222) (0.564) (1.232) (0.647) (1.335) (0.598)
Hard sciences taken 0.443 0.145 0.671 0.153 0.710 0.150 0.838 0.174
(0.762) (0.477) (0.873) (0.476) (0.876) (0.482) (0.929) (0.503)
Hard sciences passed 0.381 0.066 0.495 0.061 0.664 0.071 0.705 0.070
(0.727) (0.326) (0.813) (0317) (0.867) (0.337) (0.899) (0.338)
Observations 24648 87625 19689 86642 12162 67903 11961 60231

Notes: The sample sizes for the simulated assignment are smaller than the full sample because students with very low scores will have no simulated assignment. In the real world

such students are assigned to schools based on arability and proximity.

Earning a certificate is a prerequisite to entering tertiary education and it entails passing 5 CSEC exams including English and math. Sciences subject are biology, chemistry, physics,
information technology, and integrated sciences. Hard Science subjects are chemistry and physics. Female subjects are English literature, Caribbean history, biology, integrated
sciences, French, Spanish, principles of accounts, principles of business, Information technology, Office procedures, Food and nutrition, typewriting, home economics, shorthand,

and clothing and textiles.

2.2. Data and summary statistics

The data used come from the official SEA test score data (5th
grade) for the 1995 through 2002 cohorts and the official 2000
through 2007 CSEC test score data (10th grade). The SEA data contain
each of the nation's student's SEA test scores, their list of preferred
secondary schools, their gender, age, religion, primary school district,
and the secondary school to which they were assigned by the Minis-
try of Education.'® I link the SEA data with the CSEC data both four
and five years later. Roughly two-thirds of SEA takers were linked to
CSEC exam data.'! The CSEC data contain each student's grades on
each CSEC exam and secondary school they attended. The school
attended is the school at which the student took the CSEC. For those
who do not take the CSEC, I use the official school assignment from
the Ministry of Education. There are 123 public secondary schools
and several small test taking centers and private schools. Of these
schools, 34 are single-sex schools which are split almost evenly be-
tween all-boys and all-girls schools. Among students linked to CSEC
data, under 7% attended a private institution, were home schooled,
or were unaffiliated with any public education institution. I deter-
mine whether a student took the CSEC exams, compute the number
of examinations taken and passed, and determine the courses taken.
Taking a subject is defined as taking a CSEC exam in the subject. The
resulting dataset contains 219,849 students across seven cohorts
and 123 schools.

10 The SEA exam is comprised of math, English, science, social studies, and an essay.

" Students were matched based on name, gender and date of birth. The match rate
was just over 70%, similar to the national dropout rate. Students with missing CSEC da-
ta are included in all regressions and coded as having zero passes.

Table 2 summarizes the data broken up by single-sex school atten-
dance, assignment, and gender. Girls and boys assigned to all-girls
and all-boys schools have test scores that are 1.45 and 0.99 standard
deviations higher than those of girls and boys assigned to coed
schools, respectively. Similarly, the average outcomes are much bet-
ter at single-sex schools. About 90.3% of girls assigned to all-girls
schools remain in secondary school to take the CSEC exams five
years after entering secondary school compared to only 63% at coed
schools. While 87.3% of boys assigned to all-boys schools remain in
secondary school to take the CSEC exams, only 51.9% do at coed
schools. Girls and boys assigned to single-sex schools pass 6.18 and
5 CSEC exams respectively, compared to only 2.09 and 1.22 at coed
schools for girls and boys, respectively. An important academic out-
come is earning a certificate (passing 5 exams including math and En-
glish) because it is the prerequisite to tertiary education. Girls and
boys assigned to single-sex schools have a likelihood of earning a cer-
tificate of 0.796 and 0.63 compared to 0.16 and 0.09 for girls and boys
assigned to coed schools, respectively.

I classify courses into Sciences (biology, chemistry, physics, infor-
mation technology, and integrated sciences) and Female dominated
subjects (defined as any subject where more than two-thirds of all
participants were female in 1999).'? Students assigned to single-sex
schools take more of all subject types than those assigned to coed
schools. This is also true for those who take the CSEC exams—so

12 These subjects are literature, history, biology, integrated sciences, French, Spanish,

principles of accounts, business, Information technology, office procedures, food and
nutrition, typewriting, home economics, shorthand, clothing and textiles.
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that this is not driven by higher CSEC exam taking at single-sex
schools.

A key variable in this analysis is student choices. Students’ school
choices are based largely on their own perceived ability, geography,
and religion. Higher achieving students tend to have higher achieve-
ment schools in their list, students often list schools with the same re-
ligious affiliation as their own, and list schools that are geographically
close to their homes. Also, students tend to put schools with higher-
achieving peers higher up on their preference ranking. On average,
the difference between the mean incoming SEA scores at a student'’s
top choice school and their second, third, and fourth choice school
is 0.277, 0.531, and 0.82 standard deviations, respectively. This is
shown in Appendix Figure A1. Roughly 58% of students have a single-
sex school as one of their four secondary school choices and students
tend to put single-sex schools higher up in their list. Specifically, rough-
ly half of students list a single-sex school as their top choice school (47%
for boys and 52% for girls), while about one third list a single-sex school
as their second choice (29% for boys and 33% for girls), one fifth list a
single-sex school as their third choice (18% for boys and 21% for girls),
and about one tenth list a single-sex school as their fourth choice (9%
for boys and 10% for girls).

3. Econometric framework
3.1. Identification strategy

In this section I describe how I aim to identify the effect of attend-
ing a single-sex school. To do this, I compare the outcomes of similar
students who attend different schools. For the baseline specification, I
model the outcome of student i at school j with the following equa-
tion.

c=1

In (1), single; is an indicator variable equal to 1 if the student attends
a single-sex school and equal to 0 otherwise, SEA; is a matrix of incom-
ing test scores, X; is student gender, I;c is an indicator variable denoting
the school choice list of student i (an indicator variable identifying each
unique list of four choices),' and ¢; is the idiosyncratic error term. The
parameter ois the effect of attending a single-sex school. While including
individual SEA scores and school choices should remove a large amount
of self-selection bias, OLS estimates of o' may suffer from bias if students
can select to schools based on unobserved dimensions. In the following
sections | detail how students are assigned to schools, explain why
there may be selection to single-sex schools, and detail how I use the as-
signment rules to remove selection bias and identify the causal effect of
attending a single-sex school relative to a coed school.

3.2. Student assignment rules

Students in Trinidad and Tobago compete for a limited number of
places at premium schools. After 5th grade, students take the Secondary
Entrance Assessment (SEA) examinations. Each student lists four or-
dered secondary school choices. These choices and their SEA score are
used by the Ministry of Education to assign them to schools using an al-
gorithm. School slots are assigned in successive rounds such that the
most highly subscribed/ranked school fills its spots in the first round,
then the next highly subscribed school fills its slots in the second
round, and so on until all school slots are filled. This is done as follows:
(1) The number of school slots at each school n; is predetermined based

13 Each choice group is defined by a distinct ordering of schools. Students who list
schools A, B, C, D in that order form a group, while students who list schools B, A, C,
D form a different group because even though they have the same schools, the ordering
is different. There are 22,649 choice groups with more than one student. Among these
groups, the average has 63 students.

on capacity constraints. (2) Students are tentatively placed in the appli-
cant pools for their first choice schools and are ranked in descending
order by SEA score within each application pool. (3) The school at
which the n}h ranked applicant has the highest SEA score is determined
to be the most highly subscribed/ranked school, this score becomes the
cut-off score for this school, and the top nj; students in the applicant
pool for top-ranked school j; are admitted to school j;. (4) The top-
ranked school's slots and the admitted students are removed from the
process, and the second choice becomes the new "first choice" for stu-
dents who had the top-ranked school as their first choice but did not
gain admission. (5) This process is repeated in round two to assign stu-
dents to the second highest ranked school j» and determine the cut-off
score for the second ranked school. This is repeated in subsequent
rounds until all slots are filled.

This process applies to over 95% of students. However, assisted
schools (which account for 16% of school slots) can admit 20% of their
incoming class at the principal's discretion. As such, the rule is used to
assign 80% of the students at these schools, while the remaining 20%
can be hand-picked by the principal before the next-highest ranked
school fills any of its slots. For example, suppose the highest ranked
school has 100 slots and is an assisted school. The top 80 applicants to
that school will be assigned to that school while the principal can
hand-pick 20 other students at their discretion. The remaining 20 stu-
dents would be chosen based on family alumni connections, being rela-
tives of teachers, or religious affiliation. These hand-picked students
may list the school as their top choice, but this need not be the case. Stu-
dents receive one assignment and are never made aware of other schools
they would have been assigned to had they not been hand-picked. Only
after all the spots (the assigned 80% and the hand-picked 20%) at the
highest ranked school have been filled will the process be repeated for
the remaining schools. As such, the school assignments are based partly
on the described deterministic function of student test scores and stu-
dent choice and partly on the endogenous selection of students by school
principals.

3.3. Simulating the student assignments using the rules

Unfortunately, the actual cut-off scores for each school are not re-
leased to the public and those students who were hand-picked can-
not be identified in the data. However, because the rules are known
and I have the same information that the Ministry of Education uses
to assign students, using only the deterministic portion of algorithm
described above I can determine where the cut-offs would have been
(and therefore the school’s students would have been assigned to)
if assisted schools could not hand-pick students. The only difference
between how students are actually assigned and the simulated
“tweaked” rule-based assignment is that at step (3) the “tweaked”
rule does not allow any students to be hand-picked while, in fact,
some students are hand-picked by principals only at assisted schools.

To show the validity of the simulation, I estimate the likelihood of as-
signment to a preferred school as a function of one's score relative to the
simulated cut-off for that school. To do this I combine several cut-offs
into one. Specifically, for each school I find all students who list that
school as the top choice, re-center those students’ scores around the
cut-off for that school, and create a sample of applicants for each school.
To mimic the sequential nature of the algorithm, I remove students
assigned to their top choice schools, replace students’ first choice with
their second choice, and repeat this process with the second, third, and
fourth choices. The applicant samples for all schools are then stacked
so that every student has one observation for each school for which
they were an applicant. Because scores are re-centered, scoring above
zero means scoring above the cut-off for a preferred school.

I present the relationship between being assigned to one's preferred
school as a function of one's incoming test score relative to the simulat-
ed cut-off for the preferred school in Fig. 2. On the left I use all the obser-
vations, while on the right I exclude students whose assignment is not
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Fig. 2. Likelihood of being assigned to a preferred school.

one of their four choices (for whom scoring above a cut-off could not re-
sult in any treatment differential). If there were no selection or hand-
picking of students by principals, the figure would be a step function.
However, there is a rapid increase in the likelihood of being assigned
to a preferred school as one's score goes from below to above the simu-
lated cut-off—indicating that the assignments operate as described so
that there are meaningful differences in schooling environments associ-
ated with scoring above versus below a simulated cut-off that are not
due to selection. The fact that the assignment rules create exogenous
cut-offs that are well approximated by the simulated cut-offs plays a
central role in my identification strategy.

3.4. Rule-based instrument

To remove selection bias from the actual school attended, I use the
school assignments that would prevail if assisted schools could not se-
lect students. For each school student pair, I define Rule;; that is equal
to 1 if student i would have been assigned to school j had there been
no student selection or principal hand-picking and 0 otherwise. That
is, Rule;; is equal to 1 if student i is assigned to school j based on the sim-
ulations described above and 0 otherwise. Rule;; is the deterministic
portion of the student assignment algorithm. Because this deterministic
portion of the assignment mechanism is used to assign most students to
schools, the simulated assignments are correlated with the school’s stu-
dents attend.'® However, since the deterministic portion of the assign-
ment mechanism cannot be manipulated by students or school
principals, the simulated assignments should be uncorrelated with
unobserved student characteristics such as motivation and ability, con-
ditional on student test scores and school choices. I propose instrumen-
tal variables strategies based on these simulated assignments.

3.4.1. Sources of exogenous variation and the econometric models
Conditional on incoming test scores and choices, Rule;s captures
two plausibly exogenous sources of variation in single-sex school

4 About 60% of students take the CSEC exams at the school to which they were ini-
tially assigned.

assignment and attendance. I discuss these two distinct sources of ex-
ogenous variation, and describe instrumental variables estimation
strategies that exploit them.

Exogenous variation due to test score cut-offs. According to the sim-
ulated assignment mechanism the only reason two students with the
same set of school choices are assigned to different schools would be
due to differences in their tests scores. Specifically, conditional on
school choices, the assignment rule creates test score cut-offs above
which students are assigned to one school and below which they
are assigned to another. As such, one source of exogenous variation
comes from comparing the outcomes of students assigned to differ-
ent schools (one of which is a single-sex school) who score just
above and just below a cut-off. The logic is similar to a regression dis-
continuity design. Among students who chose a single-sex school, the
likelihood of being assigned to (and attending) a single-sex school
increases in a sudden and discontinuous manner as one's score
goes from below to above the cut-off for that single-sex school (see
Fig. 2). If the location of the cut-offs are orthogonal to student char-
acteristics, and the effect of test scores on outcomes are smooth
through the cut-offs, one can attribute any sudden jumps in the out-
comes as one's score goes from below to above the cut-offs to the
sudden increased likelihood of attending one's preferred single-sex
school.

To isolate the discontinuity based variation, I implement some-
thing similar to a fuzzy RD design. Using the stacked dataset de-
scribed in Section 3.3, I create a subsample of cut-offs for preferred
single-sex schools. Using this subsample, Fig. 3 presents visual evi-
dence of a rapid increase in the likelihood of attending a preferred
single-sex school through the simulated cut-off for a preferred
single-sex school. The figure also shows that the increase in likelihood
is somewhat smooth—suggesting that results using variation through
the cut-offs alone may be sensitive to how one controls for smooth-
ness through the cut-offs. Fig. 3 also shows suggestive visual evidence
of a discontinuity through the main outcomes (number of exams
passed and earning a certificate). Due to the noisiness of this proce-
dure, this is not the preferred source of variation. However, it is worth-
while to see what a discontinuity-type design might yield, and to see if
the results are similar to those obtained using other sources of variation.



CK. Jackson / Journal of Public Economics 96 (2012) 173-187

179

Change in Treatment and Outcomes Through Simulated Cut-offs
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for each relative score (net of the mean for the cut-off).

Fig. 3. Aggregate cut-offs.

Using the stacked dataset, I use scoring above the simulated cut-
off for a preferred single-sex school as an instrument for attending a
preferred single-sex school. Specifically, I estimate (2) by 2SLS.

single;; = f; (SEA;) + Above; @1 + vj; + &

2)
Yy = f,(SEA;) + single;oj, + Vi + €.

All variables are defined as before, Above;; is an indicator variable
equal to 1 if student i has a SEA score above the simulated cut-off
for single-sex school j and 0 otherwise, and v is a fixed effect for
each cut-off (preferred school) to account for the fact that students in
the admission pool for the top single-sex school may have different char-
acteristics from those in the applicant pool for a less selective single-sex
school. I present results using a second, third, fourth, fifth order polyno-
mial in the SEA score. The first stage F-statistics are all above 100. Stan-
dard errors are clustered at the cut-off level.

Exogenous variation due to the interaction between school choices and
test scores. The second source of variation comes from the fact that dif-
ferent schools have different cut-offs so that students with the same test
scores but different choices are assigned to different schools. This

School 1 is top choice

Pr(single-sex)

0 82 83 92 93

SEA Score

variation is best illustrated with a simple example. Consider a world
with two single-sex schools 1 and 2 and one coed school 3. There are
two choice groups; choice group 1 who list school 1 as their top choice
and school 3 as their second; and choice group 2 who list school 2 as
their top choice and school 3 as their second choice. Applicants to school
1 who score above 82 on the SEA are granted admission, while school 2
has a higher cut-off such that applicants to school 2 who score above 92
on the SEA are granted admission. One can put all students into one of
three test score groups: group A with scores of 82 and below; group B
with scores between 83 and 92; and group C with scores of 93 and
above. This is illustrated in Fig. 4.

Students in test score group A (with scores below the cut-offs for
both single-sex schools) are never admitted to a single-sex school
whether they are in choice group 1 or choice group 2. Similarly, stu-
dents in test score group C (with scores above the cut-offs for both
single-sex schools) are all admitted to a single-sex school whether
they are in choice group 1 or choice group 2. However, those in test
score group B (with scores above the cut-off for school 1 but below
the cutoff for school 2) who are in choice group 1 are admitted to a
single-sex school while those in choice group 2 are not admitted to
a single-sex school. As such, if the choice group effects is additively

School 2 is top choice

Pr(single-sex)

SEA Score

0 82 83 92 93

Fig. 4. A graphical illustration of the difference in difference variation.
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separable from that of test scores, one can use a difference in differ-
ence approach to identify the effect of attending a single-sex school.

Specifically, because the difference in choices do not lead to a differ-
ence in single-sex school attendance within test score groups A and C,
the difference in outcomes between choice groups 1 and 2 within test
score groups A and C cannot be due to differences in test scores or dif-
ferences in single-sex school attendance and must therefore be due to
differences in choices. However, because the difference in choices lead
to a differences in single-sex school attendance within test score
range B, the difference in outcomes between choice groups 1 and 2
within test score group B reflects both differences in single-sex school
attendance and differences in choices. As long as the effect of choices
is the same across all test score levels then the difference in outcomes
between choice groups 1 and 2 within test score group B (single-sex ef-
fect + choice group effect), minus the difference in outcomes between
choice groups 1 and 2 within test score groups A or C (choice group ef-
fect), reflects the effect of attending a single-sex school.

To capture only the difference in difference (DID) variation
obtained by looking at the difference in outcomes for students with
exactly the same test scores but who attend different schools because
of differences in the locations of the cut-offs of their school choices, I
use a DID-2SLS strategy estimating the effect of attending a preferred
single-sex school after controlling for a full set of choice indicator var-
iables, and a full set of test score indicator variables (i.e. an indicator
variable for each distinct total SEA score for each test year, removing
all variation due to sudden changes in outcomes through cut-offs).

single; = ;1 010 Tsea,—¢ + V1 (single‘Rule,-j) + X8, + ;] Iic 601 + €1 3)
Y= t; 0 Ispa—; + single;o + X, + CZ::1 fic 0y + &y

In (3), single;; is an indicator variable denoting whether a student
attends a single-sex school, X; is student sex, ;. is an indicator vari-
able equal to 1 if a student's rank ordering is choice group c¢ and
equal to zero otherwise,' Isea; ¢ is an indicator ~variable equal to 1
if the students SEA score is equal to t, and (single Rule;)denotes
whether the students simulated school assignment is single-sex.
The simulated single-sex assignment is the excluded instrument.
The first stage F-statistics are all above 100. Standard errors are clus-
tered at the simulated school level.

Rule-based instrument using all exogenous variation. To exploit both
sources of plausibly exogenous variation simultaneously I use a 2SLS
strategy that estimates the effect of attending a single-sex school
after controlling for a full set of choice indicator variables (i.e. control-
ling for the underlying choices that generate variation in school as-
signments), and smooth functions of the incoming SEA tests scores
(i.e. controlling for the underlying test scores that generate variation
in school assignments in a smooth manner). | instrument for single-
sex school attendance with an indicator variable denoting whether
the simulated school is single-sex. Specifically, I estimate the follow-
ing system of equations by 2SLS where all variables are defined as
in (3) where instead of indicator variables for each test score f(SEA;)
is a fifth order polynomial in the student's total SEA score.'® The
first stage F-statistics are all above 100. Standard errors are clustered
at the simulated school level.

single;; = f; (SEA;) + v (Single‘RUIeij) +Xid1 4+ 21 i 01 + &1

Yy = f(SEA;) + single;o + X;8 + 2_ 1 i 0 + €

15 Each choice group is defined by a distinct preference ordering of schools. All stu-
dents who list schools A, B, C, D in that order form a group, while students who list
schools B, A, C, D are in a different group because the ordering of schools is different.
There are 22,649 preference groups with more than one student. Among these groups,
the average group has 63 students.

16 All results are robust to using a third, fourth, fifth, or sixth order polynomial.

3.5. Interpretation of the Local Average Treatment Effects

The assignment mechanism is such that students with higher
school entrance exam scores are more likely to be assigned to more
preferred schools. Because single-sex schools are often preferred, at-
tending a single-sex school is associated with attending a preferred
school. The coefficients on "single" from (2), (3) and (4) provide a se-
lection free estimate of the effect of attending a preferred single-sex
school for those students who apply to single-sex schools. However,
these coefficients may not isolate a single-sex schooling effect for
two reasons. First, the majority of single-sex schools are also assisted
schools (which are more selective, better funded, and have a religious
affiliation) so that this comparison of single-sex versus non-single-
sex schools is potentially confounded with the effect of attending an
assisted school. Second, due to the nature of the assignment mecha-
nism, students are more likely to attend a single-sex school when
they gain admission to a preferred school. Given that missing one's
top choice school may have an independent effect on student motiva-
tion and effort, and could lead to changes in parental inputs (such as
extra tutoring) part of the effect of attending a preferred single-sex
school may be driven by the psychological or behavioral effects asso-
ciated with attending a preferred school.

Fortunately, one can exploit variation across cut-offs to remove
these confounding factors. Because some cut-offs create exogenous
variation to assisted schools but not single-sex schools while others
create exogenous variation to single-sex schools but not assisted
schools, one can isolate the effect of attending a single-sex school
from that of attending an assisted school. Similarly, I can leverage
the fact that some cut-offs do not entail being admitted to a single-
sex school to isolate the effect of being admitted to a single-sex school
from that of scoring above a cut-off for a preferred school. By exploit-
ing variation across cut-offs I can remove the effects of attending a
single-sex school from that of the effects of attending an assisted
school and the effects of attending a preferred school (irrespective
of type).

One can move closer to isolating a single-sex schooling effect by
augmenting equation (4) to include an indicator for whether the stu-
dent attends an assisted school and indicators for whether a student
attends their first, second, third, or fourth choice school. To account
for selection, I instrument for attending an assisted school with an in-
dicator denoting whether the student was assigned to an assisted
school based on the simulation, and I instrument for whether a stu-
dent attends their first, second, third, or fourth choice school with
whether a student was assigned to their first, second, third, or fourth
choice school based on the simulation. The interpretation of the coef-
ficient on "single" with these additional covariates would be the effect
of attending a preferred single-sex school above and beyond the effect
of attending a preferred school, or an assisted school. After presenting
estimates of the effect of attending a preferred single-sex school, I will
then present results that condition on other attributes to illustrate the
underlying mechanisms through which this effect operates and also
to move closer to isolating something that can be plausibly inter-
preted as a single-sex school effect.

4. Results

4.1. Naive estimates of the effect of attending a preferred single-sex
school

To illustrate the importance of addressing student selection in
both observed and unobserved dimensions, I first present naive esti-
mates of the effects of attending a single-sex school and then show
how the results change as one accounts for selection. Table 3 presents
the coefficient on attending a single-sex school on the main academic
outcomes analyzed: Taking the CSEC exams (a proxy for not dropping
out of school), the number of exams taken, the number of exams
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Table 3
Effect of attending preferred single-sex schools.

1 2 3 4 5 6 7

Peer achievement  Take the CSEC exams  CSEC exams taken Passed CSEC Math ~ Earned certificate

No controls (218,604 obs.)

CSEC exams passed  Passed CSEC English

Single-sex 1.027 0.488 3.547 3.319 0.496 0.454 0.421
[0.064]* [0.049]** [0.217]* [0.205]* [0.023]* [0.035]** [0.043]**
Fifth order polynomial in SEA scores (218,604 obs.)
Single-sex  0.501 0.375 2.266 1.493 0.224 0.181 0.152
[0.027]** [0.031]* [0.148]** [0.081]** [0.015]** [0.011]* [0.013]**
Fifth order polynomial in SEA and choice fixed effects (218,584 obs.)
Single-sex 0.54 0.407 2471 1.664 0.244 0.201 0.171
[0.038]* [0.028]* [0.139]* [0.109]** [0.018]** [0.016]* [0.018]*
2SLS-DID: individual SEA test score fixed effects and choice fixed effects (152,242 obs.?)
Single-sex 0.296 0.024 0.372 0.408 0.04 0.051 0.058
[0.060]** [0.021] [0.220]+ [0.178]* [0.032] [0.036] [0.025]*
2SLS: fifth order polynomial in SEA and preference fixed effects (179,710 obs.?)
Single-sex 0.336 0.073 0.736 0.615 0.054 0.054 0.057
[0.054]* [0.018]** [0.163]** [0.154]* [0.020]* [0.017]* [0.025]
2SLS: fifth order polynomial in SEA, choice fixed effects, and assisted school (179,710 obs.*)
Single-sex 0.268 0.065 0.585 0.442 0.043 0.042 0.04
[0.056]* [0.020]** [0.160]** [0.158]* [0.021]* [0.020]* [0.027]
2SLS: fifth order polynomial in SEA, choice fixed effects, and choice attained fixed effects (179,710 obs.?)
Single-sex 0.157 —0.082 —0.213 0.239 0.018 0.031 0.026
[0.053]** [0.044]+ [0.265] [0.180] [0.023] [0.019] [0.025]
2SLS: fifth order polynomial in SEA, choice fixed effects, and assisted, and choice attained fixed effects (179,710 obs.?)
Single-sex 0.121 —0.059 —0.190 0.130 0.013 0.024 0.014
[0.053]* [0.042] [0.263] [0.185] [0.024] [0.021] [0.027]
2SLS: fifth order polynomial in SEA, preference fixed effects, and peer quality (179,710 obs.)
Single-sex - —0.039 —0.158 0.009 —0.008 —0.001 —0.011
- [0.040] [0.216] [0.145] [0.022] [0.018] [0.020]

Standard errors in brackets adjusted for clustering at the simulated assigned school level.

The sample sizes for the simulated assignment are smaller than the full sample because students who score very low will have no simulated assignment.

+ Significant at 10%; *Significant at 5%; **Significant at 1%.

¢ Sample sizes are smaller in the 2SLS models because some observations are dropped due to co-linearity.

passed (a summary statistic for overall academic achievement that is
sensitive to the CSEC taking margins and performance on the CSEC),
passing the math CSEC exams, passing the English CSEC exams, and
earning a certificate (i.e. passing 5 subjects including English and
Math. This is the prerequisite to attending tertiary education). Be-
cause (Jackson, 2009a,b, 2010, 2011) documents that attending a
more selective school is associated with better academic outcomes, I
also include mean peer achievement as an outcome to give a sense
of how much more selective single-sex schools are to the coed
schools they are being compared to.

The naive OLS results indicate that incoming peer achievement is
one standard deviation higher, on average, for students who attend
single-sex schools than those who do not, and outcomes are much
better. Conditional on SEA scores and choice fixed effects (third
row) there are still large differences in school selectivity and out-
comes such that students who attend single-sex schools are exposed
to peers with 0.5 standard deviations higher incoming test scores, are
40 percentage points more likely to take the CSEC exams, take 2.47
more exams, pass 1.66 more exams, are 24 percentage points more
likely to pass their CSEC English exam, are 20 percentage points
more likely to pass their CSEC math exam, and are 17 percentage
points more likely to earn a certificate. These naively estimated ef-
fects are large.

4.1.1. Direct evidence of positive selection into single-sex schools

To assess the degree of selection into single-sex schools, | compare the
incoming achievement of students who express preferences for single-sex
schools to those of students who do not. Students who list a single-sex
school as their top choice have incoming test scores one standard

deviation higher than those who do not. This could be because single-
sex schools are more selective and better prepared students put more se-
lective schools on their list. To test for this, I predict incoming test scores
as a function of the selectivity of each of the school choices and also
whether each of the choices is single-sex. Those who chose a single-sex
top, second, third, and fourth choice have test scores 0.06, 0.1, 0.1, and
0.017 standard deviations higher than those who do not (conditional
on the other school choices). This is direct evidence of positive selection
into single-sex schools that is not merely due to single-sex schools
being more selective and highlights the need for exogenous variation in
school attendance.

4.2. Selection free effects of attending a preferred single-sex school

While my preferred strategy uses both the discontinuity and DID
variation simultaneously, I present results for each strategy indepen-
dently. If both strategies yield similar results, it would suggest that
each strategy and the combination of the two yields the true relation-
ship. I show this below.

4.2.1. Discontinuity variation only

In Table 4 I present the range of results one obtains using only the
discontinuity variation under different choices of bandwidth and dif-
ferent polynomial orders of the SEA scores. The estimates do vary
depending on the modeling assumptions made. However, there are
general patterns that are reasonably robust. First, attending a single-
sex school as a result of scoring above a cut-off for a preferred single-
sex school is associated with peer achievement that is between 0.415
and 0.779 standard deviations higher than at a coed school (all
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Table 4

LATE effect of attending a preferred single-sex school using discontinuity variation only.
Outcome
Peer Take CSEC Exams taken Pass English Pass math’ Exams passed Certificate Bandwidth ~ Polynomial Obs.
achievement (SD) of SEA score
0607 [0.259]* —0.16 [0.202] —0.26 [1.353] —0.042 [0.211] 0.036 [0.171] 0.486 [1.221] 0.022 [0.211] 0.5 5 71941
0.723 [0.160]"* —0.051 [0.103] 0.453 [0.758] 0.023  [0.115] 0.075 [0.111] 1.015 [0.712] 0.098 [0.127] 0.5 4 71941
0531 [0.141]* —0.139 [0.102] —0.361 [0.725] —0.18 [0.126] —0.19 [0.144] 0.161 [0.678] 0.1 [0.143] 0.5 3 71941
0.779 [0.097]** 0.046 [0.052] 0469 [0346] —0.147 [0.086]+ —0.073 [0.076] 1.012 [0.324]** 0.102 [0.084] 0.5 2 71941
0618 [0.131]" —0.115 [0.088] 0.018 [0.566] 0.101  [0.093] 0.109 [0.101] 0.577 [0.559] 0.023 [0.076] 1 5 96208
0415 [0.108]"* —0.116 [0.065]+ —0.289 [0.472] —0.11 [0.083] —0.12 [0.093] 0.437 [0.437] 0.082 [0.072] 1 4 96208
0644 [0086]"* —003 [0.033] 0372 [0267] —0.142 [0.055]* —0.123 [0.059]* 0.889 [0.310]** 0.057 [0.074] 1 3 96208
0445 [0.124]" 0.008 [0.041] 0353 [0.299] —0.178 [0.050]** —0.237 [0.083]* 0.404 [0.388] —0.058 [0.115] 1 2 96208
0366 [0.115]"* 0.111 [0.071] —0.401 [0.533] —0.156 [0.089]+ —0.204 [0.102]* 0.224 [0.488] 0.096  [0.043]* 1.5 5 107203
0589 [0.080]"* —0.042 [0.037] 0362 [0291] —0.134 [0.055]* —0.146 [0.064]* 0.902 [0.280]** 0.084  [0.043]+ 1.5 4 107203
0546 [0.144]" —0.024 [0.039] 0349 [0.292] —0.144 [0.075]+ —0.125 [0.084] 0.691 [0409]+ 0.052 [0.046] 1.5 3 107203
0447 [0078]" 0.095 [0.031]** 0.692 [0.212]** —0.251 [0.044]** —0.28 [0.071]* 0.126 [0.295] —0.007 [0.040] 15 2 107203

Standard errors in brackets are adjusted for clustering at cut-off level.
+ Significant at 10%; *Significant at 5%; **Significant at 1%.

Estimates are presented from a model using the subsample of the stacked dataset described in Section 3.3 that involves cut-offs for preferred single-sex schools. Outcomes are
modeled as a function of attending a preferred single-sex school, smooth functions of the SEA score, and cut-off fixed effects. Attending a preferred single-sex school is
instrumented for with scoring above the cut-off for the preferred single-sex school. The coefficient on "attending a preferred single-sex school” is presented for each outcome.

statistically significant at the 1% level). While there appears to be little
effect on taking the CSEC exams, for the two main overall outcomes
the results suggest that students have better outcomes at single-sex
schools. Specifically, the point estimates for taking the CSEC range
from 0.095 to -0.116, about half are positive and the other half negative.
This suggests a high degree of noise, and is suggestive of no effect on
this outcome. However, the point estimates for the number of CSEC
exams passed are all positive, ranging between 0.16 and 1.012, and
many of the specification are statistically significantly different from
zero—suggesting a real positive effect on this outcome. For earning a
certificate almost all of the point estimates are positive (but are noisier
leading to a range from — 0.058 and 0.102) and a few positive estimates
are statistically significantly different from zero—suggesting an impre-
cisely estimated but real positive effect. The lower panel of Fig. 3
shows visually the discontinuity evidence for the two main outcomes.
Consistent with the regression estimates there appear to be positive ef-
fects. While these discontinuity based estimates are imprecise, the
range of estimate are centered at about half the size of the naive OLS es-
timates in Table 3 and the highest discontinuity based point estimates
are at least 40% smaller than the OLS estimate. This provides compelling
evidence that the OLS estimates are overstated due to positive selection
to single-sex schools. While this is informative about the probable size
and sign of the true casual effect, the exact point estimates are sensitive
to exactly how one controls for smoothness through the cut-offs. This
motivates the use of the DID strategy that yields much more precise
estimates.

4.2.2. Difference in difference variation only

Row 4 of Table 3 presents the results from the DID models that in-
strument attending a single-sex school with whether one was assigned
to a single-sex school based on the simulation. This model is conditional
on indicator variables for each unique test score and each unique com-
bination of school choices orderings. The estimates are consistent with
the discontinuity results, but the standard errors are about one quarter
the size. Attending a single-sex school is associated with a school with
0.296 standard deviations higher incoming peer achievement (a more
selective school). Consistent with the discontinuity model, attending a
single-sex school has no effect on CSEC taking, but is associated with
passing 0.408 more exams and being 5.8 percentage point more likely
to earn a certificate (both significant at the 5% level). Similar to the dis-
continuity results, the DID results yield treatment effects about one
third the size of the naively estimated treatment effects—again indica-
tive of sizable positive selection bias on unobservables. The only out-
come for which there is some disagreement across models is passing

math and English. While the discontinuity results suggest that students
at single-sex schools fare slightly worse, the DID results suggest no ef-
fect. By and large the results are consistent across the two sources of
variation. For the main overall outcomes both sets of results indicate
that students who attend single-sex schools are no more likely to take
the CSEC exams but do pass more exams and are more likely to earn a
certificate. Given the similarity of the results across distinct sources of
variation, it is reasonable to turn to the preferred model that exploits
both sources of variation simultaneously and focus the remaining anal-
ysis on this preferred model.

4.2.3. All exogenous variation

The rule-based IV strategy exploiting all exogenous variation
yields results that are similar to those from the previous models
(5th row of Table 3). After accounting for student selection, students
who attend single-sex schools are exposed to peers with 0.336 stan-
dard deviations higher incoming test scores, are 7.3 percentage points
more likely to take the CSEC exams (not drop out of school), take
0.736 more exams, pass 0.615 more exams, are 5.4 percentage points
more likely to pass their CSEC English exam, are 5.4 percentage points
more likely to pass their CSEC math exam, and are 5.7 percentage
points more likely to earn a certificate (the prerequisites to tertiary
education). These effects, while positive, are orders of magnitudes
smaller than the OLS estimates (and on the same order of magnitude
as the discontinuity-only and DID-only results), underscoring the im-
portance of exploiting exogenous variation when analyzing the ef-
fects of single-sex schools. In sum, the results show that there are
real positive effect associated with attending a single-sex school
that cannot be attributed to student selection. In Section 4.3 I investi-
gate whether this real positive effect reflects a single-sex school effect
or is due to other factors associated with attending single-sex schools.

4.2.4. Specification checks and falsification tests

To show that my identification strategy is valid, I first present ev-
idence that the simulated cut-offs are exogenous. The first test of this
is to see if there is less density right below a cut-off and more density
right above the cut-off than would be expected by random chance.
Such a pattern would be consistent with gaming of the cut-offs.
Using the stacked dataset (as described in Section 3.3) I test this. Ap-
pendix Figure A2 shows the density of incoming scores and the verti-
cal line is the cut-off. There is little evidence of such a pattern.
Following McCrary (2008), I test for discontinuity in the density of
the total score at the simulated cut-off while controlling for a fifth
order polynomial in the relative score. Where the dependent variable
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+ Significant at 10%; *Significant at 5%; **Significant at 1%.

is the empirical density, the coefficient on an indicator variable
denoting “above cut-off” is a statistically and economically insignifi-
cant —0.003 (p-value = 0.2)—suggesting no gaming.

If the cut-offs are exogenous, preferences should be balanced above
and below the cut-off and there should be no difference in the selectivity
of school choices for those assigned to single-sex schools conditional on
school choices and test scores. As a second check on the discontinuity var-
iation, I regress mean peer test scores at the first choice school on a fifth
order polynomial in the relative score and the “above cut-off” indicator
(Appendix Table A1). This yields a coefficient on "above cut-off" of
—0.008 (se=0.019). The same exercise with the second, third, and
fourth choice schools yield similarly small and statistically insignificant
coefficients (none yield p-values below 0.3). There is also no evidence
of shifts in other observables (religion and primary school district) asso-
ciated with the cut-offs.

While one cannot estimate models with the full interaction between
all test scores and all choices in the DID model (because this is the level
of the variation), as a check on the DID variation, one can estimate
models with interactions between coarse measures of test scores and
coarse measures of choices. Because an average student who lists a
single-sex school may differ from an average student that does not,
I include group indicator variables defined by the unique combina-
tion of five indicators for the student's test score quintile, and four in-
dicators for whether the first, second, third, and fourth choice school
is single-sex. These group indicators control for coarse interactions
between test scores and school choices such that the comparisons
are made among students with similar test scores and similar choices
within which the assumption of additivity is likely to hold. Results
from this specification (not shown) are almost identical to those
from the models without these indicator variable, suggesting that
the DID identifying assumption of additive separability is valid.

Finally, I test the preferred model by seeing if having a simulated
single-sex assignment is correlated with having preferences for
more selective schools or any observable characteristic conditional
on smooth functions of test scores and choice indicator variables
(Appendix Table A1). All 23 covariates tested yield small point esti-
mates, and none yield p-values on "simulated same sex" smaller
than 0.05. All these tests suggest that the empirical strategies
employed are likely valid.

4.3. Isolating the single-sex schooling effect

The effect of attending a preferred single-sex school may not iso-
late a single-sex schooling effect because it may be confounded with
the effect of attending an assisted school and the effect of attending
a preferred school (of any type). I present results that account for
these sources of confounding below.

4.3.1. Are the results driven by an assisted school effect?

To remove the effect of attending a preferred assisted school from that
of attending a preferred single-sex school, I instrument for and include at-
tending an assisted school as a covariate (Row 6 of Table 3). For all out-
comes, conditioning on school type reduces the estimated effects by
approximately 20%. This indicates that while a modest portion of the es-
timated benefits to attending a single-sex school may have to do with the
fact that such schools are assisted schools, this does not drive the results.

4.3.2. Are the results driven by benefits to gaining admission to a preferred
school of any kind?

To isolate the effect of scoring above the cut-off for a preferred school
from that of attending a single-sex school, I instrument for and include at-
tending one's first, second, third, and fourth choice school as covariates
(Row 7 of Table 2). Conditional on the choice attained, students who at-
tend a preferred single-sex school end up with peers that are 15% of a
standard deviation better than those who attend a coed school. Despite
attending more selective schools such students experience no statistically
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school choice list. The conditional models include mean peer achievement as a covariate while the unconditional models do not. Point estimates are presented in Appendix

Table A2.

significant benefits to attending a single-sex school. The point estimates
are much smaller than the unconditional causal estimates suggesting
that the benefits to attending a single-sex school per se, if any, are small.

I also I estimate discontinuity models similar to (2) using cut-offs
where the preferred school is a coed school, where attending a preferred
school is the endogenous treatment, and scoring above the cut-off for a
preferred school is the excluded instrument. The results presented in
Table 5 for various bandwidths and polynomial orders of the running
SEA variable reveal that attending a preferred coed school leads to im-
provements that are very similar to (and often larger than) the effects
of attending a preferred single-sex school—suggesting that benefits asso-
ciated with scoring above a cut-off for a preferred school can explain all
the benefits to attending a preferred single-sex school.

4.3.3. Do students perform better at single-sex schools than equally selective
coed schools?

The results thus far indicate that despite being more selective,
conditional on school type and being admitted to a preferred school
there is little to no benefit to attending a single-sex-school. Even
though school selectivity may be endogenous to whether the school
is single-sex, readers may find it instructive to see if single-sex
schools have better outcomes compared to equally selective coed
schools.!” The bottom panel of Table 3 presents 2SLS results that con-
dition on school selectivity. Because peer quality (average incoming
SEA scores at the school) is a characteristic of the school, and students
select to schools, I instrument for peer quality at the school attended

17 Conditioning on school selectivity does not credibly isolate the single-sex-school
effect may yield a lower bound estimate because (a) single-sex schools being better
may be reflected in their being more selective so that conditioning on selectivity would
be "over-controlling” and, (b) if school selectivity is a good measure of school quality
and if single-sex schools do improve outcomes then a single-sex school must have
worse inputs than an equally selective coed school so that the "single-sex" will be cor-
related with worse inputs and be downward biased. Because school selectivity and
school value-added track very closely together in Trinidad and Tobago (Jackson,
2009a,b, 2010, 2011) models that condition on school selectivity likely yield a lower
bound.

with the peer quality at the simulated assigned school. These condi-
tional effects yield results that are all close to zero, and not statistical-
ly significant. This implies that attending a single-sex school provides
no benefit over attending an equally selective coed school.

The results suggest that single-sex schooling per se is not associat-
ed with better outcomes on average. If there were real effects of at-
tending single-sex schools due to the schools being single-sex, there
should be some benefit to attending a preferred single-sex school
above and beyond the effect attending any preferred school per se—
but this is not the case. It is therefore not surprising that attending a
single-sex school provides no benefit over attending an equally selec-
tive coed school on average.

4.4. Response heterogeneity by preferences for single-sex schools

If there is response heterogeneity and individuals rationally select
to schools based on their private benefits of attending a school, then
the treatment effect for students with strong preferences for single-
sex schools may be much larger those of students with weak prefer-
ences for single-sex schools. The fact that I observe student choices al-
lows me to investigate this. I infer the intensity of a student's
preferences for single-sex schools based on the number of single-
sex schools they put in their list. In the population, 40% of students
list zero single-sex schools in their choices, 27% list one, 17% list
two, 10% list three, and 4% list four single-sex schools. As expected,
those who actually attend single-sex schools have stronger prefer-
ences for single-sex schools than the average student. Among stu-
dents who are both assigned to and who attended single-sex
schools, 9% list one, 31% list two, 38% list 3, and 20% list four single-
sex schools. Because only 14% of all students have strong preferences
for single-sex schools (list 3 of 4 schools) while almost 60% of those
who actually attend single-sex schools have strong preferences for
single-sex schools, the treatment effect for the marginal student,
may be very different from that of the average treated student,
which may be very different from that of the average student in the
population.
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Fig. 6. Unconditional effects of attending a preferred single-sex school by gender and preference intensity. The figure shows the coefficient on "single" from the instrumental vari-
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achievement as a covariate. Point estimates are presented in Appendix Tables A3 and A4.

To test for response heterogeneity by preference for single-sex
schools, I estimate both the preferred 2SLS models (that do not condition
on school type, choice attended, or selectivity) and the preferred 2SLS
models conditional on peer selectivity for students who list 1, 2, 3, and
4 single-sex schools in their choices separately. I cannot estimate causal
effects for those who do not list any single-sex school choices because
they will not be assigned to a single-sex school based on the simulated
assignment algorithm. Because [ aim to document non-zero effects for
certain sub-populations, I estimate the more conservative 2SLS model
that conditions on incoming peer achievement and yields estimates
that are closer to zero than those that condition on school type and at-
tending a preferred school.'® I present unconditional and conditional ef-
fects graphically in Fig. 5 (estimates are in Appendix Table A2).

Across all outcomes there is a pattern of unconditional effects close
to zero for students who only list one or two single-sex schools, modest
positive effects for students who list three single-sex schools, and large
positive effects for students who list four single-sex schools. For all out-
comes, one cannot reject the null hypothesis that the unconditional ef-
fect of single-sex schools is zero for students with one or two single-sex
school choices. Moreover, the unconditional (likely an upper bound) ef-
fects are sufficiently small that one can rule out meaningful single-sex
school effects for 85% of the student population.

For the 14% of students with strong preferences for single-sex
schools the unconditional effects are large enough, and the estimates
statistically significant enough, that one cannot rule out null effects
for these students. The conservative results that condition on school
selectivity show that this group of students do benefit from attending
single-sex schools. Specifically, the point estimates for those with
three and four choices are large and very similar to the unconditional
estimates. A Housman test fails to reject equality of the conditional

18 However, to assuage worries that this modeling assumption drives the results I
have verified that the pattern of results are very similar in models that condition on
school type and choice rank attended.

and unconditional estimates for these students, so that one should
trust the unconditional estimates which are large and statistically sig-
nificant. This conditional result provides a justification for positive se-
lection into single-sex schools conditional on school selectivity (at
least for those with strong preferences for single-sex schools).
Readers may wonder whether a small subset of the single-sex schools
drive the effect for high-preference students. To test for this, I compute
the fraction of students assigned to each school in the high-preference
group (4 choices) and then reweight the sample for the other groups to
reflect the contribution of each of the assigned schools that exists in the
high-preference group. If the results were driven by those with 4 choices
attending better single-sex schools than those with 1 or 2, then the re-
weighted regressions for the low preference groups would yield similar
estimates to that of the 4 choice sample. In fact, the weighted results
(not shown) exacerbate the differences across groups—indicating that
differential school quality does not explain the response heterogeneity,
that students respond differently to different types of schools, and stu-
dents select into schools that best match their specific needs. In sum,
the results show that only 14% of the population benefit from attending
single-sex schools such that while providing a single-sex schooling op-
tion should increase academic outcomes for these students, turning all
schools into single-sex schools will not improve outcomes on average.

4.5. Effects by gender

To assess the extent to which single-sex schools benefit girls and
boys differentially, I estimate the unconditional effects and condition-
al effects by the number of single-sex school choices for males and fe-
males separately (appendix Tables A3 and A4). Fig. 6 shows the
unconditional effect for each outcome separately for females and
males. For all outcomes, the unconditional effect is larger for females
than for males, and almost all of the positive effects are driven by fe-
males. Specifically, for the number of exams passed and earning a cer-
tificate one can reject the null hypothesis that the unconditional
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treatment effect is zero for females with strong preferences for single-
sex schools (at the 1% level), while one cannot reject the null hypoth-
esis that the unconditional effect for males is zero for any preference
intensity group (at the 20% level). Given that these unconditional es-
timates are likely upper-bound estimates, the lack of either economic
or statistical significance for males is telling. The conditional esti-
mates also suggest real positive effects for females. That is, females
with four single-sex school choices pass 3.2 more exams and are 39
percentage points more likely to earn a certificate at single-sex
schools than at a similarly selective coed school. While these effects
are not very precisely estimated, they are larger than the uncondition-
al estimates which are both statistically significant at the 5% level—
suggesting that there is a real positive effect for females with strong
preferences for single-sex schools. These results are consistent with
the commonly held belief that single-sex schools improve the out-
comes of some girls but have little effect on the outcomes of boys.

4.6. Effect of single-sex schooling on course selection

To assess whether attending a single-sex school has an effect on
the course selections of students, I present the unconditional and con-
ditional 2SLS estimates on the number of female courses, and science
classes taken by preference strength for males and females separately
in Fig. 7. Both the unconditional and the conditional estimates yield
no statistically or economically significant effects on the course taking
of boys. In contrast, both models suggest that attending a single-sex
school increases the number of female dominated subjects taken for
females. As with the other outcomes, this effect is increasing in the
number of single-sex schools the students lists and the effects are
large and statistically significant for females. Also, both the uncondi-
tional and the conditional results suggest that attending a single-sex
school decreases the number of sciences taken for all females except
those with four choices (where the effect is not distinguishable
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from zero). Note that all schools are to offer the same courses so
that any differences in course taking reflect differences in demand
rather difference in supply across schools. The results run counter to
the argument that single-sex schooling reduces traditional gender
roles and that girls take more math and science courses at single-
sex schools.

5. Conclusions

Single-sex schooling is prevalent in many nations and is becoming
increasingly popular in the United States. Despite the important pol-
icy implications associated with single-sex schools and psychological,
sociological, and biological reasons why both boys and girls might
benefit from attending single-sex schools, there has been no clean
credible evidence that single-sex schooling actually improves student
outcomes. Owing to the unique setup of the education system and the
data in Trinidad and Tobago, I am able to deal with the identification
challenges that plagued the extant literature.

[ find that a failure to account for student selection can lead to
large spurious benefits to attending single-sex schools. Once student
selection is accounted for, attending a single-sex school is associated
with modest improvements. An investigation into the mechanisms
however, reveals that this positive effect is not due to the school
being single-sex per se, but is due to benefits associated with being
admitted to a preferred school (irrespective of the type of school)
and to a smaller extent single-sex schools being government assisted
schools as opposed to traditional government schools. These small
overall effects mask considerable heterogeneity, such that girls with
strong preferences for single-sex schools enjoy large benefits, while
for most students there is no effect on achievement. Looking to course
selection, there is weak evidence that females may take fewer science
courses at single-sex schools.
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From a policy perspective, the results suggest that while a school
choice policy that included single-sex schools as an option for stu-
dents is likely to improve outcomes for those few who will likely se-
lect to single-sex schools, a broad expansion of single-sex schools
may have little benefit. Also, there is little evidence that single-sex
schools lead to a more efficient allocation of talent to subject areas
or would be an effective policy tool for increasing female representa-
tion in math, and science fields.

While the results suggest that single-sex schools may not be effec-
tive for most students, single-sex school attendance could have ef-
fects on important social outcomes not measured in this study. Also,
because this study looks at secondary schools, they do not speak to
the possible benefits of single-sex elementary schools or single-sex
colleges. However, given that [ find evidence of substantial positive
self-selection to single-sex schools, and I find that the benefits are
much larger for the typical student who attends a single-sex school
than the average student, the results suggest that policy-makers
should be skeptical in their reading of studies on single-sex schools
using observational data, and that studies based on credible research
designs but only identify the effects among school applicants should
be interpreted with caution. It is evident that we need more studies
using credible empirical designs to deepen our understanding of
single-sex schools. This study represents a useful first step in this
direction.

Appendix A. Supplementary data

Supplementary data to this article can be found online at doi:10.
1016/j.jpubeco.2011.09.002.
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