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Abstract

We examine the impact of the competitive “STEM track choice”—a defining institutional feature
of a number of national education systems—on gender gaps in STEM majors and college access.
Many national education systems require high school students to make a largely irreversible,
competitive choice between STEM and non-STEM tracks. This choice determines whether
students will compete with STEM or non-STEM track students for college entrance. Using two
datasets from China, we show that differences in how girls and boys make this choice are
important reasons that girls select out of STEM, independent of gender differences in preference
or ability. Specifically, we find that girls are more likely to choose their track by comparing their
own STEM and non-STEM abilities (their “comparative advantage”) whereas boys are more
likely to base their decision on how their STEM ability compares to others (their “absolute
advantage”). Because girls often score higher in non-STEM subjects, looking at comparative
advantage leads girls who would be competitive in the STEM track to nevertheless choose the
non-STEM track. We further show that choosing the non-STEM track decreases the chance that
these girls access college and elite colleges. Thus, the STEM track choice not only leads to
gender imbalance in the number of STEM graduates but also to gender inequality in college

access.
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ABSTRACT

We examine the impact of the competitive “STEM track choice”—a defining institutional
feature of a number of national education systems—on gender gaps in STEM majors and college
access. Many national education systems require high school students to make a largely
irreversible, competitive choice between STEM and non-STEM tracks. This choice determines
whether students will compete with STEM or non-STEM track students for college entrance.
Using two datasets from China, we show that differences in how girls and boys make this choice
are important reasons that girls select out of STEM, independent of gender differences in
preference or ability. Specifically, we find that girls are more likely to choose their track by
comparing their own STEM and non-STEM abilities (their “comparative advantage”) whereas
boys are more likely to base their decision on how their STEM ability compares to others (their
“absolute advantage”). Because girls often score higher in non-STEM subjects, looking at
comparative advantage leads girls who would be competitive in the STEM track to nevertheless
choose the non-STEM track. We further show that choosing the non-STEM track decreases the
chance that these girls access college and elite colleges. Thus, the STEM track choice not only
leads to gender imbalance in the number of STEM graduates but also to gender inequality in

college access.
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Absolute versus Comparative Advantage: Consequences for Gender Gaps in STEM and
College Access

In countries around the world, girls enter key science, technology, engineering and math
(STEM) majors at much lower rates than boys. For example, only about 18% of engineering
students in the United States, 19% of engineering students in Europe and 14% of engineering and
science students in Japan are female (National Science Board, 2012; Eurostat, 2012; MEXT,
2009). In Brazil, boys outnumber girls by almost 8 to 1 in electrical engineering and computer
science majors, while in Russia, boys outnumber girls by almost 4 to 1 in engineering and
technology majors (INEP, 2013; Gerber and Schaefer, 2004). The substantial gender gap in
STEM majors—which translates into a substantial gender gap in higher-paying science and
engineering occupations after students graduate from college—has significant implications for
social inequality (Barres, 2006, Xie and Shauman, 2003). This gender gap is also a source of
economic inefficiency if girls who would be more economically productive in STEM
occupations (as opposed to non-STEM occupations) systematically fail to enter STEM majors
(Kingdon, 2002).

Because gender gaps in STEM majors have implications for social inequality and
economic inefficiency, researchers have spent decades examining the determinants of these gaps.
Studies have shown that gender differences in STEM ability, as measured by math and science
achievement scores, only explain a small part of the gender gap (Turner and Bowen, 1999).

Instead, studies point to other factors including the social conditioning of girls to be less



confident about their STEM ability (Valian, 1999); girls of the same ability level as boys
expecting lower labor market wages if they enter STEM fields (Turner and Bowen, 1999); and
girls and boys having different preferences (e.g. interest in the subject matter) for STEM versus
non-STEM majors (Ceci and Williams, 2011; Zafar, 2009).

While much research has been done on the above factors, substantially less research has
examined how institutional features of national education systems may lead to gender gaps in
STEM. An important feature of many national education systems is that the context in which
female and male students must choose whether to enter STEM majors is highly competitive. In
particular, in countries as diverse as Russia, India, and China students must make a crucial and
costly-to-reverse "STEM track choice™ in academic high school. The STEM track choice
requires students to choose whether to enter a STEM or non-STEM track during high school that
will prepare them for a STEM or non-STEM versions of the college entrance exam (CEE).
Performance on the STEM or non-STEM CEE, in turn, almost fully determines whether students
can gain admission into a limited number of STEM or non-STEM major spots (or places) in
college and elite colleges. The STEM track choice may thus be considered a highly competitive
choice, because it is closely related to the competition to enter college or elite colleges. In other
words, while students in countries like the United States can choose to enter STEM majors once
they get to college, the choice to enter STEM majors in the world’s largest education systems
must be made in high school and is closely tied with competitive pressures to get into college
and elite colleges.

There is some indirect evidence from the economics literature that supports the notion
that institutional features such as the competitive STEM track choice may impact gender gaps in

STEM. Several experimental studies, for example, have shown that girls choose to shy away



from competitive environments compared to boys (Niederle and Vesterlund, 2010; Niederle and
Vesterlund, 2007; Gneezy and Rustichini, 2004). There is also evidence that girls may be more
likely to shy away from competitive environments in which they think boys have an advantage
(Gunther et al., 2010).

In addition to how students approach competition generally, another factor that could
influence students’ STEM choice is how they perceive or “frame” their own ability. If girls and
boys frame their STEM ability in different ways, this could also contribute to the gender gap in
STEM (see e.g. Croson and Gneezy 2010). Research in psychology suggests that students frame
their ability in two main ways (see Marsh, 1986; Marsh, 1990; Eccles, 1994; Moller and Koller,
2001; Barone, 2011). First, students may compare their STEM ability (i.e. achievement scores)
with the STEM ability of others in their peer group (i.e. students can look at their “absolute
advantage” in STEM). In a practical manner, students rank themselves versus their peers by
comparing their own scores (on math and science tests) with the scores of others. Second,
students may make intrapersonal comparisons of their own STEM ability versus their own non-
STEM ability (i.e. students can look at their “comparative advantage” in STEM). This happens
when students look at their own STEM achievement scores versus their own non-STEM
achievement scores.

How girls and boys frame their ability in different ways as they chose whether or not to
enter competitive STEM or non-STEM tracks could influence the gender gap—independent of
gender differences in preferences or ability. One hypothesis, for instance, is that girls may deal
with the competitive nature of the STEM track choice by reasoning in terms of their comparative
advantage rather than their absolute advantage. In other words, they may respond to competition

by turning to an internal frame of reference (comparative advantage) rather than an external



frame of reference (absolute advantage). If it is also the case that girls are more likely than boys
to frame their ability in terms of comparative advantage in a competitive environment, this factor
alone may skew girls’ track choices away from STEM. Despite the fact that the majority of the
world’s engineers are now produced in competitive educational systems like those of China,
India, Russia, and of various countries in Europe, there is no evidence on gender differences in
how students sort into STEM and non-STEM tracks in this environment. Nor is there evidence
on the causal consequences of STEM track choices on the outcome that students are competing
for: access to colleges and elite colleges.

In this paper, we have two objectives. First, we seek to examine how girls and boys frame
their abilities when making STEM choices in a competitive environment. Second, we seek to
examine the causal consequences of the STEM track choice for gender inequality in access to
colleges and elite colleges. To meet these objectives, we draw on two datasets from China—a
country with a highly competitive education system that produces more scientists and engineers
than any other nation (Carnoy et al., 2013; Gereffi, Wadhwa, Rissing and Ong, 2008). We use
multivariate regression analysis to estimate how comparative and absolute advantage
differentially determines STEM track choices between girls and boys. We also use an
instrumental variables strategy to estimate a local average treatment effect (LATE) of the STEM
track choice on access to colleges and elite colleges (for all students and for girls and boys
separately). The LATE estimators reflect the average impacts of choosing the STEM track on
admissions to college for individuals who are induced to take a treatment by assignment to the
treatment (Angrist, Imbens and Rubin, 1996).

The rest of this paper is organized as follows. In the next section we provide background

on the environment in which students make the STEM track choice in China, discuss the data we



use, and lay out our empirical strategy. In Section 3 we present results. The final section

concludes.

2. Research Design
2.1 Background

In this section we describe the key stages of the educational pathway (from the end of
junior high school to college) when STEM choices have to be made in China. As illustrated in
Figure 1 (Step “A”), junior high school graduates must first take a high school entrance exam
(HSEE). The HSEE is one of two high-stakes, standardized exams in China’s pre-tertiary
education system. The other one is the college entrance exam (CEE). If students score (rank)
high enough on the HSEE, they can gain admission to academic high school (which is essentially
mandatory to enter college).

Once students enter academic high school, they must choose whether to enter the STEM
track or the non-STEM track (Figure 1, Step “B”). The STEM track choice is made at the
beginning of the second year of academic high school. The track choice is competitive because
each track prepares students for either the (competitive) STEM or the (competitive) non-STEM
CEE. In facing this competitive track choice, students may or may not be aware of the fact that
the college admissions rate is generally higher for students in the STEM track as opposed to
students in the non-STEM track (Zhou, 2007).! Regardless, since each track prepares students for
a content-specific (STEM or non-STEM) CEE, it is difficult for students to switch tracks after
they make their initial track choice.

Two years after students make their STEM track choice, they take the STEM or non-

STEM track CEE (Figure 1, Step “C”). The content of the STEM track CEE is heavily focused



on math and science subjects. It is composed of a high-level (of difficulty) math test, a high-level
science composite test, a low-level (of difficulty) Chinese test and an English test. The content of
the non-STEM track CEE, by contrast, is focused on humanities subjects. It is composed of a
high-level Chinese test, a high-level humanities composite test, a low-level math test and an
English test. Student rankings on either the STEM or non-STEM CEE determine whether they
can gain admission to a limited number of STEM or non-STEM spots in college and elite
colleges. A student who takes the non-STEM CEE cannot qualify for STEM spots in college and
elite colleges (and vice versa).

After students take the CEE and receive their scores, they can apply to colleges and
majors (Figure 1, Step “D”). If students apply within the STEM track, they must compete with
other STEM track students for the limited number of STEM spots per college. If students apply
within the non-STEM track, likewise, they must compete with other non-STEM track students
for the (also) limited number of non-STEM major spots per college. After each student submits
his or her college-major application choices, he or she is admitted by a complex admission
matching process into only one college and one major. Students typically cannot transfer
between colleges and majors after they enroll in college.

In summary, China’s education system forces students to make a highly competitive
STEM track choice years before students even enter college. The STEM track choice (at the start
of the second year of high school) determines whether students can eventually apply to STEM or
non-STEM majors at the time of college applications. Because each track is associated with its
own competitive CEE and college spots, the STEM track choice also has implications for access

to college and elite colleges. Finally, the STEM track choice is especially high-stakes because it



is difficult to reverse. Students cannot easily switch tracks after they make the STEM track
choice and they cannot transfer between colleges and majors after they enter college. *
2.2 Data

In this paper we rely on two datasets collected from two provinces in Northwest China.
The first is a cross-sectional survey covering a representative sample of final-year (year 3 or
grade 12) academic high school students from 41 counties in Shaanxi province (these data are
hereafter called “the Shaanxi data”). The average GDP per capita of the 41 counties is $3,127,
somewhat less than the GDP per capita in Shaanxi as a whole ($4,284—NBS, 2011). The second
dataset is a panel of administrative data (provided by the Department of Education in Ningxia)
on all academic high school students who applied to college for the first time in 2010 in three of

the five prefectures of Ningxia province (hereafter called “the Ningxia data”). Longitudinal data

L A few studies have explored the size and correlates of the gender gap in STEM majors in China.
Among the most notable of these studies, Guo et al. (2010), and Wen (2005) use data from large
samples of university students to show that female students are overrepresented in non-STEM
majors (e.g., literature, law and economics) and underrepresented in STEM majors (e.g.,
engineering and science/technology). In identifying the gender gap in STEM majors, Guo et al.
(2010) also show how part of the gender gap in STEM majors is attributable to rural-urban
differences (with girls from rural areas being somewhat less likely to choose STEM majors).

To the best of our knowledge, however, only one large-scale study from China has examined
gender differences in STEM choices among high school students. Using data on over 10,000
senior-year high school students, Lu et al. (2009) examine the relationship between expected
major choices and family background. They also examine the relationship between expected
major choices and student perceptions. Lu et al. (2009) find that gender stereotypes, family
income, and parent educational expectations are correlated with expected STEM versus non-
STEM major choices. Lu et al. (2009) do not, however, directly test how such associations differ
between male and female students. More specifically, while the authors do examine the
association for subsamples of female and male students, they do not test for differences between
subsamples of female and male students. Lu et al. (2009) also do not directly examine the
determinants of the STEM track choice (the choice of whether to enter the STEM or non-STEM
track during high school). As far as we know, no large-scale, quantitative study in China focuses
on the way in which girls and boys frame their ability when making STEM track choices (or
STEM choices in general). Furthermore, no study that we know of (in China or elsewhere) uses a
plausible identification strategy to estimate the causal impacts of the STEM track choice on
college and elite college access.



were only available from the capital city (one of the prefectures) and two other economically
less-developed prefectures in the province. The average GDP per capita in these three prefectures
is $3975 (in 2010), slightly lower than the average GDP in the province as a whole ($4310 in
2010—NBS, 2011). In 2010, Shaanxi and Ningxia were ranked 15 and 14 (out of 31 provinces)
in terms of GDP per capita (NBS, 2011).

The Shaanxi data were collected (by survey teams from the China Institute for
Educational Finance Research at Peking University) during the last week of April 2008. First, the
largest (and usually the only) academic high school in each of the 41 sample counties were
selected. Second, one class of STEM track students and one class of non-STEM track students
were randomly sampled from each high school.? The 4,822 students in these classes then filled
out a survey covering their basic background characteristics (age, gender, rural or urban
residential status, total HSEE score and county) and the way in which they made their high
school choices.? The survey response rate was above 98%.

The Shaanxi data contain significant information about the perceptions of girls and boys
as to why they chose the STEM or non-STEM track in high school. Most importantly, students
were asked to indicate whether certain factors influenced their choices. First, students were asked
whether their choice was influenced by any one of the following: (a) parents, (b) teachers, or (c)
friends. Second, students were asked whether they chose their track for economic reasons: (a)
whether they chose the track because of a higher likelihood of college admissions, or (b) whether
they chose the track because of higher (expected) wages in the labor market. Third, students
were asked whether they chose their track for non-monetary reasons: because the track was (a)
easier academically, or (b) more academically interesting. Fourth, students were asked whether

they chose their track because they thought they had a comparative advantage in their current



track, (meaning they thought that they had an academic advantage in the track they chose over
the other track).* A limitation of the Shaanxi data is that questions on how students made their
track choice are retrospective — students in the third of high school (the final year) were asked to
recall how they made this choice at the start of their second year.

The Ningxia data tracks an entire cohort of students from the end of junior high school
(grade 9) to college. Specifically, the data contain information on 23,488 students who took the
HSEE (and entered academic high school) in 2007 and applied for colleges and majors in 2010.
The data include information on student background characteristics (age, gender, rural or urban
residential status, minority status, and county of residence), each student’s HSEE scores by
subject (math, science, Chinese language, politics, and English), and the college and major that
each student was admitted into (if they were admitted into a college and major).

The student population represented by the administrative data from Ningxia is similar to
the student population represented by the survey data from Shaanxi. The economic, social, and
educational context of the counties in Ningxia is similar to that of the counties in Shaanxi. The
proportion of girls and boys that chose the STEM track in high school is also similar across the
Shaanxi and Ningxia data (see subsection 3.1 below).

2.3 Statistical Models

We use the Shaanxi and Ningxia data to conduct two sets of analyses. First, we conduct
regression analyses (using the Shaanxi and Ningxia data separately) to examine the determinants
of the STEM track choice for girls and boys. Examining the determinants of the STEM track
choice is, of course, a descriptive and not a causal exercise. Second, we use an instrumental
variables strategy to examine the causal effect of choosing the STEM track on the chances of

students of getting accepted to college or an elite college.



2.3.1 Examining the Determinants of the STEM Track Choice

To examine the determinants of the STEM track choice for the boys and girls in our
Shaanxi sample, we use the following linear probability model:®

Yij =Bo+Rip+Xia (1)

where Yi is a (binary) dependent variable equal to 1 if student i chose the STEM track and 0
otherwise. The independent variables on the right hand side of equation (1) represent the various
(self-reported) reasons (Ri) why students chose their current (STEM or non-STEM) track. The
various reasons why students chose their current track are coded as dummy variables.
Specifically, students reported whether they chose their current track because of (a) parental
influence (yes or no); (b) friends’ influence (yes or no); (c) teacher influence (yes or no); (d) that
the track (the one they had chosen) would result in a higher likelihood of college admissions (yes
or no); (e) that the track was (academically) more interesting (yes or no); (f) that the track would
result in higher (expected) wages (yes or no); (g) that the track was academically “easier” (yes or
no); and (h) that students thought they had a comparative advantage in their current (STEM or
non-STEM) track (yes or no—for the exact wording of the survey question, see endnote 4). We
also control for other student and school characteristics Xi including age, urban residential status
(equal tol if a student is from an urban area and 0 otherwise), total HSEE score (which was
taken approximately one year before the choice of track), and school fixed effects.

To see if some determinants are more influential in determining the STEM track choices
of girls compared to boys (again in our Shaanxi sample), we add female interaction terms to the
above equation. Specifically, we run the following linear probability model:

Y;j = Bo + RiB + female * R{6 + X[« 2)

10



where “female” (equal to 1 if the individual is a girl and 0 otherwise) is interacted with each of
the reasons (Ri) listed above. If the estimated coefficient associated with the interaction terms
(female = R;) is greater than 0 and statistically significant, then the associated determinants are
potentially more influential in determining the STEM track choices of girls compared to boys.

Next, we examine differences in the determinants of the STEM track choice for boys and
girls using our Ningxia data. Whereas the determinants in the Shaanxi data are subjective and
retrospective, the determinants in the Ningxia data are objective and exist prior to the STEM
track choice. Specifically, the determinants in the Ningxia data are constructed using information
about students” HSEE subject scores.

Not only are the HSEE subject scores in the Ningxia data objective and prior to the
STEM track choice, they are also likely important determinants of the STEM track choice. As
the HSEE is the last (and usually only) high-stakes exam that students take prior to making their
STEM track choice, the HSEE subject scores give students information about how well students
perform in STEM versus non-STEM subjects and how well they perform compared to other
students in these subjects.® In fact, we hypothesize that students may decide to enter STEM
because they have (a) a higher “comparative advantage in STEM” (as defined by a higher ratio
of their HSEE STEM-subject scores to their HSEE non-STEM-subject scores); or (b) a higher
“absolute advantage in STEM” (as defined by a higher ranking in their HSEE STEM-subject
scores relative to other students).” According to these hypotheses, we estimate the following
linear probability model:

Vi =¥y +ViFit v, Cot vsFis Cot v, A+ vsFis A+ K (3)
In equation (3), Yi is once again a (binary) dependent variable equal to 1 if student i

chose the STEM track and O otherwise. Yi is regressed on the following variables: female (F;),
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comparative advantage in STEM (C;), an interaction term of female and comparative advantage
in STEM (F; * C;), absolute advantage in STEM (4;) and an interaction term of female and
absolute advantage in STEM (F; * A;). If the interaction term y; is greater than one (in terms of
log odds) and statistically significant, this would suggest that girls are more likely to consider
comparative advantage in STEM in their STEM track choice. If the interaction term y; is greater
than one (in terms of log odds) and statistically significant, this would suggest that girls are more
likely to consider absolute advantage in STEM in their STEM track choice. Finally, equation 3
also controls for several background variables (K;) including age, urban residential status (equal
tol if a student is from an urban area and 0 otherwise), minority status (equal to 1 if a student is a
minority and O otherwise), total HSEE score, and county (and alternatively school) fixed effects.
2.3.2 Estimating the Impact of the STEM Track Choice on College and Elite College Admissions

Because the STEM track choice is made within a competitive context, it may have
consequences for college and elite college admissions. Measuring the impact of the STEM track
choice on college and elite college admissions using standard regression analysis is difficult,
however, because there are likely many unobservable factors that are correlated both with the
STEM track choice and college admissions outcomes. Failing to account for these unobservable
factors in a standard regression analysis would give us biased estimates of the causal impact of
the STEM track choice on college and elite college admissions.

We instead use an instrumental variables (IV) strategy to estimate the causal effects of
choosing the STEM track on admissions to college and elite colleges. To obtain (asymptotically)
unbiased estimates, the 1V strategy relies on finding an instrumental variable that is (a) strongly
correlated with the STEM track choice and that (b) affects admissions outcomes, but only

through the STEM track choice (Angrist, Imbens and Rubin, 1996). To be more precise,
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condition (b) requires that the instrumental variable only affects admission outcomes through the
STEM track choice, conditional on other exogenous variables in the regression.

The instrumental variable that we use to find the impact of STEM track choice on college
and elite college admissions is our measure of comparative advantage in STEM. Comparative
advantage in STEM plausibly fulfills the two essential conditions for the IV analysis. First,
comparative advantage in STEM is strongly correlated with STEM track choice (thus meeting
condition (a) above). This strong correlation is likely to arise because students may compare
their STEM versus non-STEM ability when making a choice about which of the two tracks to
enter. Second, conditional on student background factors such as total HSEE score (ability), it is
likely that comparative advantage in STEM only impacts college and elite college admissions
through the STEM track choice (thus meeting condition (b) above). Although we cannot test
whether comparative advantage in STEM is uncorrelated with admissions outcomes (except
through the STEM track choice), it stands to reason that the ratio of STEM to non-STEM scores
does not directly have to do with college admissions outcomes (especially after controlling for
other student background factors including total HSEE score).

Our instrumental variables estimation strategy can be summarized by the following two-
stage linear equations:

First Stage: S; = m(C; + 111 Z; + &5 (4a)

Second Stage: Y,; = 1,,S; + M1 Z; + &; (4h)
In the first stage (Equation 4a), S; represents the STEM track choice (equal to 1 if a student
chooses the STEM track and 0 if the student chooses the non-STEM track). The STEM track
choice (S;) is regressed on the instrumental variable (comparative advantage in STEM, C;), as

well as other background covariates (Z;) including total HSEE score, age, gender, minority,
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residential status (urban or rural) and school fixed effects.? In the second stage (Equation 4b), the
outcome variable (admission to college or alternatively admission to an elite college) is regressed
on the predicted value of the STEM track choice from stage 1 (S;) and the other background
covariates included in stage 1 (Z;). If the two major conditions of the IV estimation strategy hold,
then the estimate of m,, is an (asymptotically) unbiased local average treatment effect (LATE)
estimator of the impact of the STEM track on admissions to college (and alternatively elite
college). More specifically, m,, (the LATE estimator) will reflect the average impact of choosing
the STEM track on admissions to college among “compliers” (individuals who are induced to
take a treatment by assignment to the treatment, see Angrist, Imbens and Rubin, 1996). In other
words, the LATE estimator will reflect the average impact of choosing the STEM track among
those students who base their STEM track choice on their comparative advantage.®

We evaluate the robustness of our IV estimates for the effect of track choice on college
admissions using the plausibly exogenous approach of Conley et al. (2012). This allows us to
evaluate the sensitivity of IV estimates to small departures from an assumption of strict
exogeneity. Specifically, we use the “union of confidence intervals” method in Conley et al.
(2012) to derive 95% confidence intervals for a specified range of possible values for the direct
effect of the ratio of STEM to non-STEM scores on college admissions (That is, the range of
possible values for an endogenous effect of this ratio on college admissions not operating
through track choice, conditional on controlled covariates). We estimate bounds assuming that
the direct effect of the ratios of STEM to non-STEM HSEE scores ranges from [0,k] for values

of k ranging from 0 to 0.2.
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3. Results
3.1 Gender Differences in the STEM Track Choice

At the start of the second year of academic high school in China, girls choose the STEM
track much less than the non-STEM track (and much less than boys). In the Ningxia sample, the
STEM track is composed mostly of boys (59%) compared to girls (41%). In contrast, the non-
STEM track is composed mostly of girls (71%) compared to boys (29%). In the Shaanxi data, the
results are strikingly similar. The STEM track is composed mostly of boys (62%) compared to
girls (38%). The Shaanxi results are exactly identical to those for Ningxia in the choice of non-
STEM track: the non-STEM track consists mostly of girls (71%) compared to boys (29%). The
gender gap remains even after adjusting for a number of important background factors (see
Appendix Table A.1).

Table 1 summarizes students’ self-reported reasons for why they made their STEM track
choice. For non-STEM students of both genders (first two columns) we see that the main
reported influences are a) comparative advantage (66.7%, Row 8); b) interest in subject (62.9%,
Row 5); and c) academic ease (34.9%, Row 7). For STEM students, however, the percent of
students choosing academic ease and comparative advantage are significantly less. Instead, these
students more often cite higher (expected) wages as a major factor of their decision (56% STEM
vs. 6% non-STEM, Row 6). Although many students also report other factors such as parent,
teacher, and friend influence as factors in their decision, the influence of these factors appears to
be relatively minor.

We also find differences in how girls and boys report making their STEM versus non-
STEM track choice (Columns 3-7). Boys are much more likely than girls to make their STEM

track choice based on higher (expected) wages (Row 6). Girls, on the other hand, are more likely
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to make their STEM track choice based on comparative advantage in their current track as well
as the perceived academic ease of the track (Rows 7, 8). Although other reasons (parent
influence, teacher influence, and interest in subject matter) differ slightly between girls and boys,
the magnitude of the differences are small.*®

Although the above results highlight some of the most common reasons underlying the
STEM track choice, the reasons are possibly confounded with each other and with other
background factors. To examine which reasons may be more influential at the margin (after
conditioning for other reasons and factors), we regress whether students chose the STEM track
choice on their self-reported reasons and background variables (see equation 1).

For the combined sample of girls and boys (Table 2, Column 1), parental influence and
wage returns are positively associated with students choosing the STEM track. Specifically, the
estimated coefficients for parental influence and wage returns are all positive and statistically
significant at the 1% level. By contrast, comparative advantage in their current (STEM or non-
STEM) track, teacher influence, and academic ease are associated with students choosing the
non-STEM track (Table 2, Column 1). The estimated coefficients associated with these three
variables are negative and statistically significant at (at least) the 5% level. These results hold for
both girls and boys.

Although there are several reasons underlying how all students make the STEM track
choice on average, only one factor explains the gender difference in the STEM track choice:
comparative advantage in their current (STEM or non-STEM) track. By regressing whether
students chose the STEM track on the self-reported reasons of students for having chosen a given
track and the interaction terms of female and self-reported reasons (equation 2), we find that only

the estimated coefficients for the “female-comparative advantage in their current track”
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interaction term is statistically significant (Table 2, column 2). The coefficient on the “female-
comparative advantage in their current track” interaction term is negative. This implies that girls
who report making their decision based on comparative advantage in their current track are less
likely than boys to choose the STEM track. That is, girls are less likely to choose the STEM
track because they believe they have a comparative advantage in non-STEM versus STEM
subjects.

The finding that girls consider their comparative advantage more than boys is supported
by our analyses of the Ningxia data. According to Figure 2, girls and boys with higher
comparative advantage ratios in STEM versus non-STEM subjects (as measured by the ratio of
HSEE STEM subject scores to HSEE non-STEM subject scores) are more likely to choose the
STEM track.!! The estimated coefficient describing the relationship between the likelihood of
choosing the STEM track and comparative advantage (represented by the dashed line for boys
and the solid line for girls) is positive and moderately large in magnitude for both girls and boys.
Among girls and boys with the same comparative advantage, boys are also much more likely to
choose the STEM track than girls. Furthermore, the estimated coefficient is even larger for girls.
This means that while both girls and boys with a higher comparative advantage in STEM are
more likely to choose the STEM track, the comparative advantage of girls is likely to be an even
bigger factor in determining their STEM track choice than it is for boys.

Testing this more formally in Table 3, we find that not only are girls more likely than
boys to base their STEM track choice on comparative advantage in STEM, but boys are also
more likely than girls to base their STEM track choice on their absolute advantage (or ranking)
in STEM. This can be seen in two ways. First, even after controlling for a number of possible

confounding factors (by including control variables in the regression analysis), girls are more
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likely than boys to base their STEM track choice on comparative advantage in STEM, (Table 3,
Column 2). The estimated coefficient for the female-comparative advantage (in STEM)
interaction term is positive, large and significant at the 1% level. Second, girls and boys both
appear to consider their absolute advantage in STEM when making the STEM track choice
(Table 3, Column 2) — the estimated coefficient for the absolute advantage variable is also
positive and significant at the 1% level. However, the estimated coefficient for the female-
absolute advantage (in STEM) interaction term is negative and significant at the 1% level. This
implies that girls consider their absolute advantage in STEM less when making their STEM track
choice. Taken together, the findings imply that girls are more likely to consider their comparative
advantage in STEM but are less likely than boys to consider their absolute advantage in STEM
when making the STEM track choice.
3.2 The Impact of Choosing the STEM Track on College and Elite College Attendance

What are the consequences of making the STEM track choice based on comparative
advantage in STEM? The results of the IV analysis (using equations 4a and 4b) are presented in
Table 4 (the results of the first-stage regressions are furthermore presented in Table A.2 in the
Appendix).t2 We find that, among students who base their STEM track choice on comparative
advantage in STEM (as measured by the ratio of HSEE STEM-subject scores to HSEE non-
STEM-subject scores), choosing the STEM track substantially increases their chances of going
to college and elite colleges (Table 4, Columns 1 and 2).%3 The results indicate that choosing the
STEM track increases the probability that these students can attend college by approximately 19
percentage points (significant at 1%; Table 4, Column 1), holding HSEE scores constant. That is,
among students who base their track choice on comparative advantage, choosing the STEM track

increases the probability a student will attend college by 19 percentage points compared to a
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student with similar HSEE scores. The results also show that choosing the STEM track increases
the probability that students can attend elite colleges by 17 percentage points (statistically
significant at the 1% level—Table 4, Column 2).

Columns 3 through 6 of Table 4 present results separately for girls and boys. Choosing
the STEM track increases the probability that girls can attend college by approximately 17
percentage points (Table 4, Column 3). The point estimate for boys is similar at 21 percentage
points. Both estimates are statistically significant at the 1% level. The effect of choosing the
STEM track on attending an elite college is also similar for both girls (18 percentage points —
Table 4, Column 4) and boys (16 percentage points — Table 4 Column 5).

Our sensitivity analysis following Conley et al. (2012) suggests that these results are
robust to reasonable relaxations of the exclusion restriction. For all students (boys and girls
combined), we estimate that the direct effect of the ratios of scores on college attendance would
need to be greater than 5 percentage points for the 90% confidence interval of the effect of track
choice to span zero. For the effect of track choice on college attendance for girls, the direct effect
of the ratio would need to be 13 percentage points for the track choice confidence interval to
span zero. In other words, moving from a ratio of 1 (equal STEM and non-STEM scores) to 1.25
would need to directly increase the probability of college attendance for girls by around 3.25
percentage points independent of track choice, total HSEE scores and other controls.

From another angle, we see that the way girls make their track choice has implications
not only for the number of girls entering STEM, but also for the number of girls attending
college. Although estimates suggest that the negative effect on college attendance of choosing

the non-STEM track is similar for girls and boys, many more girls are affected because girls are
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both more likely than boys to base their track decision on comparative advantage and to choose

the non-STEM track.

4. Discussion and Conclusion

The substantial gender imbalance in STEM majors worldwide may be due in part to
institutional rules established by national education systems. In this study, our objective was to
examine the impact of an important institutional rule in a number of countries—the STEM track
choice on the gender gap in STEM majors and college access. We examined the consequences of
the STEM track choice in China, a country with a highly competitive educational system and
which produces more scientists and engineers than any other country. Specifically, our goals
were to a) better understand how girls and boys make the competitive STEM track choice and b)
examine the consequences of the competitive STEM track choice for gender inequality in access
to colleges and elite colleges.

Our first set of findings is based on two qualitatively different datasets: one in which
students report their perceptions about why they choose a given track and one that allows us to
relate prior, objective (STEM and non-STEM) test score measures to the STEM track choice.
When examining students’ self-reported perceptions about why they chose their current track, we
find that girls are more likely than boys to weigh their comparative advantage in that (current)
track. This is confirmed using prior test score measures: we find that girls’ choices are much
more sensitive to their “comparative advantage in STEM” while boys tend to be more sensitive
to their “absolute advantage in STEM”.

The first set of findings is consistent with and extends previous theories about how girls

and boys are thought to make STEM choices. As in the psychology literature, we find that both
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absolute and comparative advantages are important determinants of academic choices (Parker et
al., 2012; Nagy, Trautwein, Baumert, Kéller and Garrett, 2006; Marsh, 1990). Our findings are
also consistent with theories from psychology implying that girls are more likely to think about
comparative advantage and boys are more likely to think about absolute advantage when making
educational choices (Eccles, 1994). We posit that our empirical finding—that girls and boys have
different sensitivities to comparative advantage and absolute advantage—may be particularly
stark because of the competitive nature of the STEM track choice in China. In other words, girls
may be even more likely than boys to use their comparative advantage in STEM (an internal
frame of reference) rather than their absolute advantage in STEM (an external frame of
reference—a comparison with their peers) in a competitive environment, since they tend to shy
away from competition more than boys (see Croson and Gneezy, 2009).

Our second finding is that choosing the STEM track significantly increases the chance
that students will attend college. Accounting for confounding factors, we estimate that choosing
the STEM track increases the probability that students attend college by approximately 19
percentage points and elite colleges by 17 percentage points on average among students who
base their choice on comparative advantage. Because girls are more likely to base this decision
on comparative advantage, this implies that there are many girls who would have gone to college
had they chosen the STEM track instead of the non-STEM track. This is not to say that choosing
STEM would increase every girl’s chance of attending college; just that there are a significant
number that would have been more likely to attend college had they done so. These girls lose out
on significantly higher wages: not only do they miss out on higher STEM wages, but also on the

returns to college and elite colleges. This may have significant implications for overall gender
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inequality in countries like China where returns to higher education are high and rising over time
(Carnoy et al., 2013).

Whereas the findings of this paper are most applicable to national education systems
where students have to make a STEM-related track or major choice in high school (such as
China, India, and Russia, for example), they may also provide insights for more developed
countries. In particular, there are a number of developed countries (such as Norway, England,
and the Netherlands—see Borgen, 2014, Buser et al., 2014, and Malamud, 2010) where students
must choose a major (and hence whether they wish to go into STEM versus non-STEM majors)
before they enter college. Similar to the situation in China, students from these countries must
make these choices in the absence of complete information (Hoxby and Avery, 2013; Dinkelman
and Martinez, 2012). In the absence of complete information, students may be prone to relying
on frames of reference (for example, comparative versus absolute advantage in academic ability)
when choosing majors. Even in the United States, students may make major choices without
complete information (e.g., Wiswall and Zafar, 2011) and therefore rely on frames of reference
to make their choices. As shown in our paper, using different frames of reference in making
STEM choices can further have other consequences for the educational outcomes of students
(consequences outside of choosing STEM majors—such as failing to access college and elite
colleges).

The findings of our study (on early STEM tracking) also may have parallels with the
literature on early ability tracking. The literature has discussed how early ability tracking (where
students, based on their ability, are tracked early or late into different courses, classes or schools)
can lead to inequality in educational outcomes such as college access (e.g. Malamud and Pop-

Eleches, 2011; van Elk, 2011; Bauer and Riphahn, 2006; Hanushek and Wo6Rmann, 2006; Rees
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et al., 1996). If the results of our study on early STEM tracking are relevant for early ability
tracking, then our study suggests that the repercussions of such early ability tracking may be
moderated by the different ways that decision-makers (students or their teachers, for example)
frame ability when making tracking decisions. In our case, we show that if girls (or their parents
and/or teachers) are more conscious of the consequences of framing ability (in terms of absolute
versus comparative advantage) when making decisions early in the STEM pipeline, this may
reduce the impact of early STEM tracking on gender inequalities in educational outcomes (such
as college access). If there are parallels between our paper’s results on STEM tracking and the
early ability tracking literature, it may be that equipping decision makers with a greater
awareness of different ways of framing ability may reduce the negative consequences of early
ability tracking on inequality in educational outcomes in general.

Although our results highlight the potential role of comparative advantage and absolute
advantage in determining STEM track choices, we realize that more work in this area is needed.
Future studies would benefit from collecting detailed, longitudinal data (before and after students
make their STEM track choices) on both (a) the subjective beliefs of girls and boys; as well as (b)
achievement scores (in STEM and non-STEM subjects). Such information would help us better
understand how girls and boys use objective information on their comparative and absolute
advantage to update their STEM-related beliefs and subsequently their STEM choices (e.g. see
Zafar, 2009).

Our results also suggest alternative routes through which policymakers may wish to help
girls better understand how to make STEM choices. In China, for example, policymakers might
wish to do more to help girls understand the competitive nature of the STEM track choice and its

repercussions for college access. Future studies, for example, could randomly select and train a
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subset of students about the costs and benefits associated with STEM track choices and the
different possible ways of assessing one’s ability when making those choices (e.g. using absolute
advantage versus comparative advantage). We plan to pursue these lines of inquiry in future

work.
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Figure 1: The Education Pathway in China: from the End of Junior High School to College
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Figure 2: The Relationship between the Likelihood of Choosing the STEM Track and
Comparative Advantage in STEM (HSEE STEM scores divided by HSEE non-STEM
scores)
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Table 1: Percentage of students that choose track based on a specific reason
(Final year high school students in Shaanxi Province in 2008)

All Boys Girls Difference
(boys - girls)
Non-STEM  STEM Non-STEM  STEM  Non-STEM  STEM Both tracks

(1) Parent Influence 6.56 15.09 6.03 14.94 6.82 15.75 .018**
(2) Friend Influence 10.87 13.05 11.64 12.98 10.61 13.18 .010
(3) Teacher Influence 6.40 6.14 6.73 5.26 6.25 7.69 -.012*
(4) Increases Likelihood of College Admit 7.37 10.00 7.99 8.89 7.11 12.11 -0.003
(5) Interest in Subject Matter 62.99 62.85 66.2 63.87 61.47 61.52 .030**
(6) Higher (Expected) Wages 6.00 56.96 6.03 55.83 6.02 58.95 157x**
(7) Academically Easier 34.88 10.83 30.29 10.93 36.87 10.60 -.107***
(8) Comparative Advantage in Current Track 66.69 44.72 56.24 4477 70.99 44.19 -.130***
N 4,822 4,822 4,822 4,822 4,822 4,822 4,822

Notes:

1) The statistical significance of the difference between boys and girls was tested using a test of proportions.

2) ***p<0.01, ** p<0.05, * p<0.1
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Table 2: How the Determinants of the STEM Track Choice Differ for Female and Male
Students (OLS Regressions using the 2008 Shaanxi Data)

1) )
STEM track (y/n) STEM track (y/n)
Female -0.203*** -0.224***
(0.013) (0.034)
Parent Influence 0.052*** 0.049***
(0.012) (0.017)
Friend Influence -0.018 -0.010
(0.018) (0.021)
Teacher Influence -0.073** -0.087**
(0.030) (0.033)
Comparative Advantage in Current Track -0.121*** -0.053***
(0.014) (0.016)
Interest in Subject Matter -0.002 -0.008
(0.014) (0.016)
Academically Easier -0.193*** -0.170***
(0.016) (0.022)
Increases Likelihood of College 0.023 -0.005
(0.018) (0.027)
Higher (Expected) Wages 0.384*** 0.284***
(0.021) (0.021)
Female X Parent Influence 0.004
(0.027)
Female X Friend Influence -0.010
(0.028)
Female X Teacher Influence 0.015
(0.039)
Female X Comparative Advantage in Current Track -0.131***
(0.021)
Female X Interest in Subject Matter 0.010
(0.022)
Female X Academically Easier -0.025
(0.031)
Female X Increases Likelihood of College 0.040
(0.036)
Female X Higher (Expected) Wages 0.216***
(0.025)
Controls Yes Yes
Observations 4,822 4,822

Cluster robust standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1

Notes: Controls include Age, Rural (versus Urban) residence, total HSEE score, and county
fixed effects
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Table 3: Gender Differences in the Role of Comparative and Absolute Advantage in the
STEM Track Choice (OLS Regressions using the 2007-2010 Ningxia Data)

1 ) ©)
STEM track STEM track STEM track
(y/n) (y/n) (y/n)
Comparative advantage (ratio of HSEE STEM to non-STEM scores) 0.685%** 0.329%** 0.330%**
(0.056) (0.044) (0.043)
Female -0.763*** -0.743***
(0.078) (0.082)
Female*Comparative Advantage 0.475%** 0.445%**
(0.060) (0.064)
Absolute Advantage (HSEE STEM z-score) 0.068*** 0.102*** 0.103***
(0.019) (0.016) (0.015)
Female*Absolute Advantage -0.058*** -0.046***
(0.014) (0.015)
Rural 0.084***
(0.018)
Female*Rural 0.036**
(0.015)
Minority 0.021*
(0.011)
Age 0.018
(0.050)
Age squared -0.001
(0.001)
Constant -0.214*** 0.329*** 0.135
(0.073) (0.057) (0.461)
Observations 23,477 23,477 23,477
R-squared 0.202 0.236 0.248

Cluster-robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: Regressions also include county fixed effects
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Table 4: The Effect of Choosing the STEM Track on College and Elite College Admissions
(Instrumental Variable Regression with School Fixed Effects, IV = ratio of STEM HSEE scores to non-STEM HSEE scores)

All Students Girls Boys
1) ) (©) (4) (%) (6)
college (y/n) elite college (y/n) college (y/n) elite college (y/n) college (y/n) elite college (y/n)

STEM (y/n) 0.187*** 0.168*** 0.174*** 0.177*** 0.212%** 0.164***

(0.033) (0.041) (0.033) (0.039) (0.047) (0.051)
Total HSEE score 0.36*** 0.056*** 0.026*** 0.048*** 0.044*** 0.063***

(0.008) (0.014) (0.009) (0.015) (0.010) (0.015)
Age -0.50 -0.165*** -0.063 -0.165*** -0.030 -0.168**

(0.049) (0.051) (0.086) (0.054) (0.045) (0.072)
Age squared 0.001 0.004*** 0.002 0.004*** 0.001 0.004*

(0.001) (0.001) (0.002) (0.001) (0.013) (0.002)
Female (y/n) 0.094*** 0.034***

(0.011) (0.010)
Minority (y/n) -0.072*** -0.087*** -0.081*** -0.098*** -0.062*** -0.076***

(0.011) (0.014) (0.012) (0.016) (0.016) (0.015)
Rural (y/n) -0.021*** 0.020** -0.050*** 0.007 0.009 0.034**

(0.0112) (0.011) (0.014) (0.010) (0.016) (0.015)
Constant 1.071** 1.749%** 1.311* 1.784%** 0.849*** 1.766***

(0.449) (0.482) (0.798) (0.511) (0.394) (0.667)
Observations 22,985 22,985 11,825 11,825 11,160 11,160
R-squared 0.079 0.173 0.077 0.156 0.081 0.189

All regressions include school fixed effects (and further only include schools with more than 100 students)
Cluster-robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A:

Table A.1: The Gender-Sensitive Nature of the STEM Track Choice (Ningxia data)

(1) (2) 3) 4) 5) (6)
STEM track STEM track STEM track STEM track STEM track STEM track
(y/n) (y/n) (y/n) (y/n) (y/n) (y/n)
Female -0.277%** -0.274%** -0.277%** -0.281*** -0.286*** -0.155***
(0.010) (0.011) (0.011) (0.010) (0.010) (0.010)
Rural 0.073*** 0.070*** 0.083*** 0.097*** 0.062***
(0.022) (0.022) (0.021) (0.014) (0.014)
Female * Rural 0.006 0.008 0.018 0.031*
(0.017) (0.017) (0.016) (0.016)
Minority 0.019 0.019* 0.001
(0.015) (0.009) (0.008)
Age -0.155** -0.101** -0.032
(0.060) (0.045) (0.036)
Age squared 0.004** 0.003** 0.001
(0.002) (0.001) (0.001)
Total HSEE score 0.122***
(0.016)
STEM HSEE score 0.266***
(0.007)
non-STEM HSEE score -0.143***
(0.007)
Constant 0.795*** 0.754*** 0.755*** 2.341*** 1.728*** 0.960***
(0.013) (0.021) (0.021) (0.563) (0.412) (0.336)
Observations 23,488 23,488 23,488 23,488 23,488 23,488
R-squared 0.084 0.090 0.090 0.093 0.144 0.267

Cluster-robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: Ningxia data

Notes: (a) OLS Results (results from logit regressions are substantively the same); (b) All regressions include county fixed effects
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Table A2: First-Stage Instrumental VVariable Regression Results

Comparative Advantage (the ratio of STEM HSEE scores to non-STEM HSEE scores) on STEM track (yes/no)

All Students Girls Boys
(1) () ©)
Comparative Advantage in STEM .880*** 1.088*** 0.701***
(0.022) (0.034) (0.022)
Total HSEE score 0.023*** 0.012 0.029***
(0.009) (0.010) (0.010)
Age -0.037 -0.136** 0.056
(0.035) (0.057) (0.053)
Age squared 0.001 0.003** -0.002
(0.001) (0.002) (0.001)
Female (y/n) -0.151***
(0.010)
Minority (y/n) 0.006 -0.005 0.014*
(0.007) (0.011) (0.008)
Rural (y/n) 0.074*** 0.084*** 0.066
(0.009) (0.013) (0.012)
Constant -0.057** 0.521 -0.744
(0.329) (0.531) (0.489)
Observations 22,985 11,825 11,160
R-squared 0.268 0.226 0.191
F-Test for Weak Identification (p-value) <0.0001 <0.0001 <0.0001

All regressions include school fixed effects (and further only include schools with more than 100 students)

Cluster-robust standard errors in parentheses

*** n<0.01, ** p<0.05, * p<0.1

Note: The weak identification tests (using the Craig-Donald Wald F Statistic) all reject the null hypotheses that the equations are
weakly identified.
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Endnotes

1 Students in China may therefore face a more competitive environment when choosing the non-
STEM track than students in other emerging economies. It is important to acknowledge this
point when thinking about the generalizability of the findings of this paper.
2 Whenever we conduct analyses using the Shaanxi data, we also use sample weights (that reflect
the actual proportion of STEM and non-STEM track students in grade 3 in each high school in
Shaanxi). Our results are in fact quite similar, whether or not we use the sample weights.
3 We could only obtain information on total HSEE scores and not HSEE subject scores in the
Shaanxi survey. This is because final-year academic high school students had taken the HSEE
three years prior to answering our survey. As such (during the pilot testing of our surveys), we
found that final-year academic high school students could only recall their total HSEE scores and
not their subject-specific HSEE scores.
4 The survey asked students about which factors influenced their STEM track choice. Students
could choose from various factors—factors that are thought to be important (as identified in the
literature) in influencing gender differences in STEM choices. The (translated) wording of the
survey question is as follows:
“Why did you choose your current (STEM or non-STEM track)? Please choose yes or no for

each of the following factors:

a) Parent’s influence

b) Friend’s influence

C) Teacher’s influence

d) I have a performance (achievement) advantage in my current (STEM or the non-STEM)

track (versus the other track).

e) Interest

f) The current track suits my personality

g) The current track is easier for me

h) The current track makes it easier to enter university because there is less competition

i) The current track makes it easier to find a job in the future

J) Other”
3 Results are substantively similar when we use a logit model and report the coefficients using
either odds ratios or marginal effects. Results are also substantively similar when we use school
fixed effects instead of county fixed effects. For the sake of brevity, we only present the OLS
estimates with country fixed effects in this paper.
® The HSEE is a provincial wide test in Ningxia. Because the scores on the HSEE are used to
determine entry into different levels (ranks) of academic high schools, the scores are widely
publicized. Students are often aware not only of their own HSEE scores (and subjects scores),
and those of their classmates, but also of the distribution of scores in Ningxia as a whole.
" We define comparative advantage by dividing the sum of both STEM subject scores (math and
science) by the sum of both non-STEM subject scores (Chinese and politics). We do not count
English as a non-STEM subject, since English is tested (at the same level of difficulty) in both
the STEM and non-STEM CEE.
8 There are at least three reasons why we believe that students are aware of comparative
advantage when making their STEM track choice (and why comparative advantage is strongly
correlated with the STEM track choice in our first stage IV regressions—see Appendix Table
A2). First, as we have noted in the introduction, there is a fairly extensive literature on how high
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school students respond to comparative advantage versus absolute advantage in the education
and psychology literature (see, for example, Marsh, 1986; Marsh, 1990; Skaalvik and Rankin,
1990 and 1995; Eccles, 1994; Moller and Koller, 2001; Barone, 2011). Second, we note that the
students in our sample make their STEM track choice in the beginning of high school (when they
are 15-16 or even 17 years old, rather than 12-15 years old). The literature that shows student
responsiveness to measures of comparative versus absolute advantage in fact focus on students in
this age range (or even younger age ranges—see, for example, Marsh, 1986; Skaalvik and
Rankin, 1990 and 1995; Plucker and Stocking, 2001; Moeller et al., 2011). Finally,
approximately 45% of the students in our Shaanxi survey data reported (albeit retrospectively)
that they made their STEM track choice based on their comparative advantage in STEM versus
non-STEM subjects. Taken together, we believe that there is ample evidence that students are
aware of (and respond to) comparative advantage.

9 We also check the robustness of the instrumental variable model results (in Section 3) by
relaxing the assumption of linearity. Specifically, we run a bivariate probit model in which we
instrument for the endogenous binary treatment variable (STEM track choice) and examine the
impacts of the treatment variable on binary outcomes (access to college or elite colleges). The
results from the bivariate probit model are substantively the same as the results from the linear
model: choosing the STEM track has a strong, positive impact on college and elite college access.
This is true for all students, female students, and male students. The results are available from
the authors upon request.

10'We also note that we did not adjust the “test of proportions” (between the girl and boy groups)
for the clustered nature of the data (students are clustered within classrooms). It is possible
therefore that the differences that are small in magnitude would also not be significantly different
from zero after adjusting the standard errors for clustering.

1 Note that in Tables 1 and 2 (using the Shaanxi data), the measure of comparative is
comparative advantage in one’s current track. In Figure 2 and Tables 3 and 4 (which use the
Ningxia data), the measure of comparative advantage is comparative advantage in STEM. Thus,
in Tables 1 and 2, comparative advantage is defined in relation to one’s current track (the
measure uses a “floating” reference—that reference depends on the track that the student is
currently in). By contrast, in Figure 2 and Tables 3 and 4, comparative advantage is defined as
the ratio between STEM and non-STEM scores (the measure uses a fixed reference by always
comparing STEM to non-STEM achievement).

12 The first stage results show that the instrument (comparative advantage in STEM) has a strong
and statistically significant relationship (at the 1% level) with the endogenous regressors
(choosing the STEM track or not). The weak identification tests (using the Craig-Donald Wald F
Statistic) further reject the null hypotheses that the equations are weakly identified (with a p-
value of 0.000).

13 In the school fixed effects model, we dropped schools that have fewer than 100 students (thus
dropping 503 out of 23,488 observations). We did this to ensure the convergence of the standard
error estimates associated with the 1V regressions (especially since we adjust the standard errors
for clustering at the school level and a handful of high schools had a small number of graduates).
The results were, in fact, substantively similar whether or not we dropped the 503 observations.
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