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Although a large number of students around the world attend vocational schools, there
is little evidence about what factors matter for learning in these schools. Using data on
approximately 1,400 vocational students in one eastern province in China, we employ
a student fixed-effects model to identify whether teacher enterprise experience, direct
occupational experience, and not just program training increases students’ technical
skills. We find this to be the case, especially for students who began the program as high
performers. In contrast, “professional certification” that is given to teachers who partic-
ipate in short-term training programs has no positive impact.

Background

Vocational schooling is responsible for educating a large share of high school
students in the world today. In a number of developed countries, such as Aus-
tria, the Czech Republic, and Germany, approximately one-third of all high
school students graduate from vocational schooling (OECD 2013). The pro-
portion of high school graduates from vocational schooling has also grown
substantially over the last decade in a number of other developed coun-
tries such as Finland, Ireland, and Spain (OECD 2013). In the United States,
over 80 percent of public high school graduates earn at least one credit
in vocational education (commonly referred to as “career and technical
education”; NCES 2013). Vocational schooling at the high school level is
therefore an important fixture of education systems in developed countries
today.

Since the turn of the century, policy makers in developing countries have
begun placing considerable emphasis on the promotion of vocational school-
ing at the high school level. In Brazil, policy makers are expanding enroll-
ments in vocational high schools, with the goal of reaching 8 million by 2014."

! Institui o Programa Nacional de Acesso ao Ensino Técnico e Emprego (Pronatec) (National
Congress of Brazil, Law 10, 2011).
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In Indonesia, the government aims to increase the share of students in vo-
cational (vs. general) high schools to 70 percent (from 30 percent) by 2015
(Ministry of National Education 2006). In China, enrollments in vocational
high schools have almost doubled over the last decade, reaching more than
22 million students (NBS 2001, 2012). Policy makers in each of these coun-
tries believe that the expansion of vocational schooling at the high school
level is necessary to build a skilled labor force that can contribute to na-
tional economic development (OECD 2010).

Surprisingly, given the scale of vocational schooling at the high school
level and government interest in its expansion, to our knowledge there have
been few, if any, studies that examine “what works” to improve student learn-
ing in vocational schooling. While scholars make claims about what works in
vocational schooling (e.g., Grollmann 2008), their claims are not based on
results from research that are set up to identify causal relationships. The ab-
sence of cause-effect evidence on what works in vocational schooling implies
that policy makers in a large number of countries have little empirical basis
for how best to educate a large proportion of their future workforce.

The lack of knowledge about what works is even more conspicuous when
contrasted to the literature for general schooling for which scholars have pub-
lished hundreds of causal impact studies to identify ways to increase student
learning in both developed and developing countries. For example, the US
government has cataloged hundreds of experimental and quasi-experimental
studies on the best practices in general schooling in the What Works Clear-
inghouse (IES 2013). Moreover, in developing countries, scholars have begun
publishing systematic reviews to summarize the literature on best practices
in general schooling (Glewwe et al. 2011; McEwan 2012).

Among the established evidence for what works in general schooling,
what has been found that can potentially apply to vocational schooling? One
foundational claim in the general schooling literature is that teachers mat-
ter (Rockoff 2004; Rivkin et al. 2005). In particular, a number of studies have
identified teacher qualifications that have a significant impact on student
learning. These qualifications include, but are not limited to, teacher expe-
rience (Ferguson and Ladd 1996; Rockoff 2004; Clotfelter et al. 2010),
teacher educational background,” and teacher certification (Boyd etal. 2006;
Clotfelter et al. 2010). Unfortunately, although there is rich evidence about
which teacher qualifications affect student learning in general schooling,
there are reasons to believe that the teacher qualifications that matter in
general schooling may be different from those that matter for vocational
schooling. One reason for this is that the technical nature of vocational
schooling is thought to require a specialized set of teacher qualifications.’

2 Monk 1994; Goldhaber and Brewer 1997, 2000; Kukla-Acevedo 2009; Clotfelter et al. 2010.

3 Bannister 1955; Singh 1998; Harris et al. 2000; Kasipar et al. 2009; Zhang 2009.
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Enterprise experience is one of the main vocational teacher qualifica-
tions that policy makers and researchers hypothesize may have substantial
impact on vocational student learning (Kasipar et al. 2009; Zhang 2009;
OECD 2010). The rationale is that vocational teachers with enterprise expe-
rience (occupational experience in industry) are more able to convey up-to-
date, real-world vocational knowledge and experiences to their students (Zhang
2009; OECD 2010). This reasoning is part of the widespread claim that strong
enterprise-school relations are essential for improving student learning (Harris
et al. 2000; OECD 2010). Despite the fact that policy makers and researchers
prioritize enterprise experience when making important decisions about the
hiring and training of vocational teachers, we can find no evidence in the
literature about whether enterprise experience actually matters for student
learning.

The overall goal of our article is to understand whether enterprise ex-
perience, perhaps the teacher qualification most emphasized in the litera-
ture on vocational schooling, improves student learning. In addition to ex-
amining the main impacts of enterprise experience on student learning in
general, we examine whether enterprise experience affects higher- versus
lower-achieving students differently.

To fulfill our objectives, we use data that we collected on 1,398 com-
puter major students in 28 vocational high schools in one eastern province
in China in 2012. In particular, we examine the impact of two measures of
teacher enterprise experience on student achievement. The first is a direct
measure in which we ask teachers whether they have worked in an enter-
prise (we call this “enterprise experience”). The second is an indirect mea-
sure created by the government to identify which teachers have received
both a teaching certification and a professional certification (called “dual
certification”). We examine the second measure because of its policy rele-
vance; the Chinese government uses the dual certification measure to dis-
tribute resources and hold schools accountable, but it is unclear whether the
dual certification in fact captures enterprise experience or improves stu-
dent learning.

We analyze the data using a cross-subject student fixed-effects model (see
Dee 2005, 2007; Clotfelter et al. 2010). The student fixed-effects model ex-
ploits the fact that computer major students in vocational schools in China
are required to take both hardware and software subjects, typically taught
by different computer teachers, and that computer major students in our
analytical sample took standardized tests in both subjects. This research de-
sign allows us to examine whether teacher enterprise experience matters,
by exploiting within-student variation in teacher qualifications and student
scores.”

* “Within-student variation” refers to variation for the same student across different contexts. This
term is used in a number of studies that employ the same methodology (Dee 2005, 2007; Aslam and
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Our results indicate that a teacher’s enterprise experience (measured
directly) does increase student learning. Specifically, when teachers have pre-
viously obtained occupational experience in enterprises in the field/major
in which they teach, they have a substantial positive impact on student learn-
ing. Furthermore, this positive impact tends to be concentrated on higher-
achieving (as opposed to lower-achieving) students. By contrast, a teacher’s
dual certification has no positive impact on student learning for either higher-
or lower-achieving students. This may be because such certifications are based
on attendance in short-term, generally ad hoc, training programs that do not
necessarily confer the skills and expertise better gained through actual en-
terprise experience.

Research Design

Enterprise Experience and Dual Certification in China

To examine the impact of teacher enterprise experience on vocational
student learning, we draw on China as a case study. Understanding whether
teacher enterprise experience improves student learning has particular pol-
icy relevance in China today (MoE 2013). Historically, a large number of
vocational schoolteachers came from the academic schooling system and
lacked technical knowledge (Guo and Lamb 2010). Moreover, because of
the rapid growth of the Chinese economy that has greatly expanded the op-
portunities to earn higher wages in enterprises, workers with enterprise ex-
perience rarely chose to become teachers (Guo and Lamb 2010). However,
believing that enterprise experience is important for vocational student learn-
ing, policy makers emphasize that schools should attempt to hire teachers
who already have enterprise experience or provide existing teachers who
do not have such experience with opportunities to acquire it (MoE 2013).
Significantly, the government measures enterprise experience through the
dual certification scheme. A teacher holds a dual certification if he or she
has both a teaching certificate and some sort of professional certificate that
shows that the teacher has enterprise-related knowledge in a specific tech-
nical domain. The way that professional certificates are conferred usually
involves enrolling in a short-term training course and passing a written ex-
amination. Notably, enterprise employment experience is not always a re-
quirement to receive a professional certificate, and dual certification may
therefore not be the same as having true enterprise experience (MoE 2013).

Estimating the impact of dual certification is of interest because policy
makers allocate resources and evaluate schools on the basis of the dual cer-

Kingdon 2007; Clotfelter et al. 2010; Kingdon and Teal 2010; Schwerdt and Wupperman 2011; Van
Klaveren 2011; Altinok and Kingdon 2012; Metzler and Woessmann 2012; Zakharov et al. 2014). In this
case, “within-student variation” refers to (e.g., teacher and classroom) characteristics that vary across
each student’s hardware and software subjects.
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tification benchmark (State Council 2002). Specifically, policy makers eval-
uate the quality of vocational schools in part by referencing the proportion
of dual certification teachers in a given school. Because of this unique Chi-
nese political context, we estimate the impact of two indicators (one direct
measure and one indirect government measure) for enterprise experience
on student learning.

Sampling

The data for our study come from a survey of schools in one eastern
province of China. The survey sample was chosen in several steps. First, we
selected Zhejiang Province, a coastal province that ranks fifth in terms of gross
domestic product per capita (after Tianjin, Shanghai, Beijing, and Jiangsu;
NBS 2012). Second, we identified the four most populous prefectures in
Zhejiang. Approximately half of the province’s vocational high schools are
located in these four prefectures. Third, we created a sampling frame of all
vocational high schools from the four prefectures, using administrative rec-
ords. From this sampling frame, we first excluded 152 schools, out of a total
of 285 schools, which did not offer a computer major, the most popular ma-
jor in Zhejiang province. Of the remaining schools, we excluded 78 “small”
schools from our sampling frame, that is, those schools with fewer than
50 first-year students enrolled in the computer major. We excluded small
schools because policy makers informed us that these schools were at high
risk of being closed or merged during the school year. Although the num-
ber of excluded schools was higher than we expected, the excluded schools
comprised less than 10 percent of the share of computer major students in
the four prefectures of Zhejiang. We then surveyed the remaining 55 schools
as part of our sample.

In each of the 55 sample schools, we randomly sampled two first-year
computer major classes (or just one class if the school had only one com-
puter major class) and administered a baseline survey to all students in
these classes in May 2012, the end of the school year. We also administered
a 30-minute standardized examination in basic computer knowledge. The
exam was based on items from a student-focused qualifying examination that
students can take to receive a credential for computing proficiency from
China’s Ministry of Human Resources. We also collected information from
the schools on the types of computer skills that students would be learning
during their second year of studies.

Using data from the baseline survey, we applied three additional exclu-
sion criteria to determine our final sample of schools. First, because our es-
timation strategy of student fixed effects requires teachers from two different
subjects to teach the same students (within a particular school), we included
only schools that offered both hardware and software subjects, thus exclud-
ing those schools that offered software subjects or hardware subjects only.
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Applying this criterion meant excluding an additional 16 schools. Second,
because our estimation strategy requires variation in teachers across subjects,
we also excluded six schools in which the same instructor taught both hard-
ware and software computer subjects. Third, we excluded five schools that
offered different curricula for the computer major such that our standard-
ized tests were not relevant for those schools; these schools failed to teach
concepts tested in our measure for student learning. After applying these
additional sampling criteria, only 28 of 55 vocational high schools remained
in our sample. To test whether this smaller sample of schools is in any way
special relative to other vocational schools, we compare their characteristics
with the characteristics of the sample of 55 schools using administrative data
on school size, number of majors offered, expenditures, income, and teach-
ers (see table Al). We find that there are no significant differences between
the two samples in terms of school size, number of majors, expenditures, and
teacher characteristics.

The following year (May 2013), we conducted an endline data collec-
tion with the same set of students in the 28 sample schools. At this time, we
also identified and surveyed all of the computer teachers of the sample stu-
dents. Altogether, we surveyed and administered standardized examinations
to 1,398 students and surveyed 150 computer teachers.

Data

At both baseline (May 2012) and endline (May 2013), we administered
student-level surveys through which we collected information on basic stu-
dent characteristics. In addition, we asked students to report the computer
courses they completed and the number of hours per week they spent in
each computer course (in both hardware and software subjects).

Computer major students in vocational schools in China are required to
take both hardware and software subjects. Hardware courses generally fo-
cus on foundational concepts in computing, computer maintenance, and
repair. Software courses focus on word processing, data entry, website de-
sign, and the use of specific software packages. Students are assigned into a
“class” (or fixed group of students) and take the same hardware and software
courses as the other students in their class. In other words, there are typically
no electives that are under the control of students. All members of their
“class” take the same required courses.

In line with our experiences in surveying vocational schools in other parts
of China, our data on students’ course schedules reveal that (a) there is no
within-school tracking of students (in a given major) into classes or different
types of courses and () students in a given class take exactly the same sched-
ule of courses. In other words, as expected, all students in the same class,
in fact, do follow the same schedules and courses. This means, of course, that
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there is no systematic or nonrandom selection of students into courses
(classes) in our sample.

As part of both baseline and endline data collections, we obtained mea-
sures on student achievement in hardware and software subjects through ad-
ministering subject-specific standardized tests. We followed a four-step pro-
cedure to collect reliable and valid measures of student achievement in both
subjects. First, we collected a large pool of hardware and software subject exam
items (questions) from official sources. The exam items were taken from past
versions of national computer examinations (specifically, the National Com-
puter Rank Examination and the National Applied Information Technology
Certificate exam). The hardware examination contained questions on foun-
dational concepts in computing, computer repair, computing components,
and information technology. The software examination contained questions
on data entry, Microsoft Office, Visual Basic, Access, Flash, Photoshop, Corel-
Draw, and website design. Second, we piloted a pool of 100 hardware and
software exam items with more than 300 students. A psychometrician used
data from the pilot to create standardized hardware and software exams.
Third, we administered and closely proctored the standardized hardware and
software exams during the baseline and endline surveys. The baseline exam-
inations contained 14 items about hardware and 25 items about software;
the endline examinations contained 40 and 38 items, respectively. Fourth,
the hardware and software exam scores were each normalized into zscores
by subtracting the mean and dividing by the standard deviation of the exam
score distribution.

As part of the endline survey, we surveyed the hardware and software
teachers. To obtain a measure of teacher enterprise experience, we collected
data on two enterprise experience variables: (a) whether the teacher had
actual enterprise experience and (b) whether the teacher had dual certifi-
cation.” In regard to actual enterprise experience, we asked teachers to in-
dicate whether they had prior employment in an enterprise relevant to the
courses they were teaching (e.g., computer hardware or computer software
courses). In regard to dual certification, we directly asked teachers whether
they had a teaching certification and a professional certification. Teachers
who reported having acquired certification in both domains are regarded by
policy makers and administrators as having dual certification.

We also collected information on a number of basic teacher characteris-
tics that serve as control variables in our analyses. Specifically, we collected
information on age (in years), gender (whether female or not), level of edu-
cation (bachelor’s degree or not), and whether the teacher majored in com-

% In our sample, 90 percent of teachers holding a dual certificate do not have enterprise experi-
ence. Fifteen percent of teachers in our sample have neither enterprise experience nor a dual certif-
icate, while 8 percent of the sample has both enterprise experience and a dual certificate.
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puting in college. Additionally, we asked teachers about their teaching ex-
perience (in years), whether the school officially hired them or they were
part-time/adjunct, and how many hours per week they taught in each sub-
ject, whether hardware or software.

To construct additional control variables, we further collected informa-
tion on a teacher’s rank, awards, and certifications. In China, all vocational
schoolteachers are given a rank ranging from 4 (lecturer) to 1 (distinguished
teacher). Being a top-ranked teacher has implications for salaries and op-
portunities to receive further training. We also asked whether the teacher
had received any teaching awards at the county, municipal, or provincial/
national level. Finally, we asked teachers whether they had ever taken and
passed the National Computer Rank Examination or the National Applied
Information Technology Certificate, the two most widely used examination-
based certification schemes for computing professionals in China today, as
well as whether they passed other computer-focused certification schemes of-
fered by established private providers (e.g., Novell, Microsoft, Oracle, Adobe).
We coded a teacher as having computer certification if he or she passed the first
level of any of the above exams, meaning that the teacher achieved at least
one exam-based certification.

Because the second-year students in our survey complete multiple
hardware and software courses, they may each be taught by multiple hard-
ware and software teachers. As our analytical strategy relies on within-student
variation across hardware and software subjects, our estimation model does
not account for variation within teachers and within subjects. Thus, because
each student may be taught by multiple hardware or software teachers, we
estimated weighted averages for each student to account for the combined
characteristics of all of his or her teachers in each subject on the basis of the
amount of time that that student spent in class with each teacher. This is
similar to the approach employed by Bettinger and Long (2005, 2010). For
example, a student may have two hardware teachers. The first teacher is male
and works with the student 7 hours a week, and the second is female and
works with the student 3 hours a week. In our approach, the value of the
averaged dummy variable (female = 1) of the “average hardware teacher” of
this student is 0.3. This weighted average of the gender of the two teachers
is thus equivalent to the proportion of time a student spends with a female
hardware teacher. Thus, our treatment arms are perhaps better defined as
equivalent to (1) the proportion of time a student spends with a teacher
with a dual certificate and (2) the proportion of time a student spends with
a teacher with enterprise experience. Through this approach, students are
matched to a single set of teacher characteristics for each subject, weighted
by the amount of time a student spends with teachers in each subject area.
In other words, in our model, each student will ultimately be associated with
an “average” hardware teacher and “average” software teacher (two “average”
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teachers in total). We use the variation in the set of averaged teacher char-
acteristics for each student to examine its impact on student achievement.

Finally, it is worth noting that while there is no clear theoretical reason
to use weighted averages, we conjecture that the amount of time students
spend with teachers matters. A teacher instructing a student for 10 hours a
week would likely have a larger influence on achievement than one teach-
ing that student for 2 hours a week. However, as a robustness check, we
also ran our analyses using an unweighted average of teacher characteris-
tics. Our results are substantively identical.

Analytic Strategy

One of the main challenges in estimating the causal impact of teacher
qualifications (in our case, teacher enterprise experience) on student achieve-
ment is the selection bias that can arise due to the nonrandom sorting of
students and teachers into classrooms. This bias can occur in one of two
different ways. First, higher-achieving students can be placed with teachers
with higher qualifications, resulting in an upward bias when estimating the
effect of teacher qualifications on student achievement. Alternatively, lower-
achieving students can be matched with teachers with higher qualifications,
perhaps as the result of an intentional policy to compensate for the weakness
of lower-achieving students. This method of sorting results in a downward
bias when estimating the effect of teacher qualifications on student learning.

In an attempt to address the problem of selection bias, many studies
employ student fixed-effects models. One type of student fixed-effects model
uses longitudinal data (over time) to remove the potentially confounding
effects of unobservable, time-invariant student characteristics, those charac-
teristics that could be simultaneously correlated with teacher qualifications
and student outcomes (Clotfelter et al. 2007; Kane et al. 2008). Another type
of student fixed-effects model uses cross-subject panel data to remove the
potentially confounding effects of unobservable, subjectinvariant charac-
teristics, those characteristics that could be simultaneously correlated with
teacher characteristics and student outcomes.”

The cross-subject student fixed-effects approach is a method that ex-
amines how the variation in teacher characteristics between subjects affects
the achievement of each student. In this analysis, we are looking at how
achievement varies for the same student across subjects in which teacher
characteristics vary. In short, the student functions as his or her own coun-
terfactual. By comparing within-student variation, we remove the problem of
the nonrandom sorting of students and teachers into classrooms by essen-
tially controlling for everything about the student that does not vary between
subjects, both observed and unobserved. Student characteristics such as

5 Dee 2005, 2007; Clotfelter et al. 2010; Kingdon and Teal 2010; Van Klaveren 2011.
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motivation or ability are unlikely to vary considerably between the hardware
and software subjects, particularly given their similarity in content and in-
structional style.

We use a cross-subject student fixed-effects model to estimate the impact
of teacher enterprise experience on student achievement. Specifically, we
use within-student variation across computer hardware and software sub-
jects to identify the causal impacts. To illustrate how the cross-subject stu-
dent fixed-effects model removes the potentially confounding effects of un-
observable, subject-invariant characteristics, we first examine the relationship
between student achievement and teacher enterprise experience using a stan-
dard linear regression model:

Ais:a+67;s+6c'is+)\i+8iw (1)

where A, is the achievement of student 7 in subject s (as represented by the
ith student’s score on either a hardware or a software test). Treatment var-
iables are represented by T, which includes two specific measures of en-
terprise experience of the teachers of student 7in subject s: actual (reported)
teacher enterprise experience and dual certification. Variable C, is a vector
of additional student and teacher and classroom characteristics that vary
across students 7 and subject s that serve as control variables.” Specifically,
we control for students’ baseline test scores in each subject, as well as a num-
ber of observed, pretreatment, cross-subject teacher and classroom charac-
teristics, including teacher’s age, gender, teaching rank, highest award re-
ceived, number of years of teaching experience, number of hours teaching
the subject area, whether the teacher holds an official teaching position,
whether the teacher has computer certification or majored in a computer-
related subject area, as well as the average achievement of the student’s peers
in the classroom and number of hours per week each student spends in each
course.® We also include a hardware dummy variable to examine whether the
student performs differently between the two subjects. While observable stu-
dent characteristics such as age and gender can easily be controlled for
in a standard linear regression model, unobservable characteristics such as
student ability and motivation cannot. To account for both observable and
unobservable confounding student characteristics, we include the term )\i,
a set of dummy variables for each student that effectively controls for all
student characteristics that do not vary across subjects.” The term ¢, repre-

7 As mentioned, a “class” in China is a group of students (of a particular grade) who take the same
subjects/courses together. We thus do not control for “class” characteristics (such as class size), since
students of the same class take all of their (e.g., hardware and software) courses as a class.

8 As a robustness check, we undertook analyses that both control and do not control for peer
effects (as measured by the average baseline test scores of each student’s class peers) separately. Both
sets of analyses yielded results that were substantively identical. Results are available on request.

9 Note that the student characteristics also include family, school, and broader contextual char-
acteristics (associated with the student) that do not differ across subjects.
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sents an error term that varies across students and across subjects. The other
terms (e, 3, and 6) in equation (1) are coefficients (or vectors of coefficients)
to be estimated. The coefficients reflect the relationship between the var-
iables on the righthand side and student achievement on the left-hand side.
We are most interested in 8, which identifies the relationship between teacher
enterprise experience and student learning.

Because the student fixed effects (N) are equivalent across both sub-
jects, differencing equation (1) for the two subjects (computer hardware and
software, or s = 1 and s = 2) yields an equivalent equation (2) as follows:

(Aq — Ap) = B(Tu - Tﬂ) + 5(Ci1 -G ) + (81'1 - 81‘2)- (2)

Unobserved student, teacher, and classroom characteristics that vary across
subjects are captured in the differenced error term (¢,; — ¢,,).

To obtain unbiased estimates of (3, this model relies on the assumption
that the error term (¢, — ¢,,) in equation (2) is uncorrelated with either the
treatment across the two subjects (7,; — T},) or with the outcome across
the two subjects (A, — A,,). In other words, this model can only be inter-
preted causally to the extent that all unobservable characteristics that are
confounding (i.e., factors related to both treatment variables and outcomes)
are invariant across subjects or captured in the observed control covariates.

A violation of this assumption could occur if students were sorted dif-
ferentially (or nonrandomly) into the hardware and software subjects—for
instance, if higher-ability students were sorted into hardware subjects and
lower-ability students into software subjects. As explained in above, because
of the nature of the curricula and course schedules in vocational schools
in Zhejiang (where students in the same major are not tracked and where
students in the same class take the same courses), sorting of this nature
does not occur. Students are assigned into a “class” (or fixed group of stu-
dents) and together take the same hardware and software courses. Not only
is there no systematic tracking in the vocational schools in the sample, but
all students are required to take generally the same hardware and software
courses.

Another violation of this assumption may occur if there were differen-
tial educational inputs across subjects, such as if schools systematically as-
signed more highly skilled teachers to hardware courses over software courses.
To check whether this had occurred, we examined the mean characteristics
of hardware and software teachers across a number of covariates.

With the exception of the gender variable, there are no statistically signif-
icant differences across the characteristics examined between hardware and
software teachers, indicating that there is no systematic sorting of teachers by
subject. Although the nature of differences between the teachers of the soft-
ware and hardware subjects is small (one variable out of 17), we control for
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all of these observable teacher characteristics since it is possible that one or
more of the variables may be systematically correlated with both enterprise
experience and student achievement.

The cross-subject student fixed-effects model rests on an additional as-
sumption that the model is specified with an appropriate functional form.
Specifically, the way in which teacher characteristics affect student achieve-
ment must be the same across hardware and software subjects (Dee 2005). A
violation of this assumption occurs when the treatment variables do not
function in the same way across subjects, because the functional form of the
model does not allow this relationship to vary.'” An extreme case of this is
one in which teacher enterprise experience is beneficial for the learning of
hardware skills but somehow detrimental for the learning of software skills.
Because the hardware and software subjects are similar in nature and con-
tent, it is unlikely that the treatment variables affect achievement differently
across the two subjects."!

Finally, the stable unit treatment value assumption maintains that po-
tential outcomes for one student do not depend on the treatment status of
another student. The assumption is violated to the extent that there are
spillover effects, that s, that having a particular type of teacher in one subject
affects performance in the other; for instance, having a hardware teacher
with enterprise experience may positively affect a student’s learning not just
in the hardware subjects but also in the software subjects. While this may
indeed occur, it is worth noting that these spillovers would bias estimates
downward. Thus, the results of this study can be interpreted as “net” of any
such spillovers.

Results

Our results show that few teachers report having actual enterprise ex-
perience; in contrast, a large proportion of teachers receive dual certifica-
tion. As shown in table 1, we find that 88 percent of hardware teachers and
83 percent of software teachers had dual certifications. However, only 10 per-
cent of hardware and 9 percent of software teachers reported having actual
enterprise experience (i.e., having prior employment in an enterprise rele-
vant to the subject they are teaching). This discrepancy suggests that, as
suspected, dual certification does not reflect actual enterprise experience.

19 The differenced equation (eq. [2]) rewritten to show the specific subject coefficients—(A,; —
Ay = BT, — [B2/B11T,,) + 61(C;; — [62/61]1C,y) + (g;; — ¢;0)—demonstrates that the effects of
teacher characteristics must be the same across subjects, pfniliiingd = 62 and 61 = 62.

' As a check on this assumption, we reran our main specification presented in table 2, interacting
the hardware dummy with both types of treatment. The interaction terms are nonsignificant (even at
the 10 percent level), suggesting that as conjectured, the teacher treatments do not appear to affect
achievement differentially across the hardware and software subjects.
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TABLE 1
COMPARISON OF HARDWARE AND SOFTWARE TEACHERS
Hardware Teachers Software Teachers

Teacher Characteristic Mean SD N Mean SD N  Mean Difference
Dual certification (y/n) .88 .33 50 .83 38 124 .05
Enterprise experience (y/n) .10 30 50 .09 29 124 .01
Computer certification (y/n) .76 43 49 74 44 122 .02
Computer major (y/n) .79 A1 47 .67 47 119 A1
Age 33.70 459 50 33.04 580 124 .66
Female .36 48 50 .54 50 124 —.18xx
College degree (y/n) 54 50 50 .63 49 123 —.09
Hours spent teaching class 410 156 50 444 187 124 —.34
Rank lowest (y/n) .04 20 50 .03 A8 122 .01
Rank second lowest (y/n) .34 48 50 .33 47 122 .01
Rank second highest (y/n) .36 48 50 .39 49 122 —.03
Rank highest (y/n) .08 27 50 .09 29 122 —.01
County award (y/n) .16 37 50 14 35120 .02
Municipal award (y/n) .30 46 50 .35 A48 120 —.05
Provincial or national award (y/n) .20 40 50 22 41 120 —.02
Official teaching status (y/n) 73 45 49 .81 39 124 —.08
Years of teaching experience 1028 572 50 9.63  6.04 124 .65

*x P < .0l

At the same time, 85 percent of those with enterprise experience hold dual
certification.

According to our findings, actual enterprise experience has a positive
and significant impact on student achievement (table 2). After controlling
for teacher and classroom characteristics—vector C. in equation (1)—in
our cross-subject fixed-effects model, relevant enterprise experience is as-
sociated with a 0.50 standard deviation higher subject test score for students
(significant at the .01 level). These results suggest that having a teacher
with actual occupational experience related to the subject taught can indeed
have a substantive positive impact on student achievement. In other words,
teachers with computer-related work experience help computer major stu-
dents learn more than teachers without such experience.

In contrast, dual certification does not have a positive effect on student
scores. When controlling for teacher- and class-level characteristics, the ef-
fect of having a teacher with dual certification is negative, a 0.65 standard
deviation lower subject test score (significant at the .05 level). These results
suggest that professional certifications, such as those captured by the dual
certification scheme created by schools and local governments that are
meant to endow teachers with skills associated with enterprise experience,
do not increase student learning. The negative effect may be a result of
teachers substituting time away from teaching and toward obtaining the pro-
fessional certification. The negative effect may also be due to less motivated
or capable teachers self-selecting into obtaining a certification rather than
spending time acquiring meaningful enterprise experience.
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TABLE 2
THe ImpacTs OF DUAL CERTIFICATION AND ENTERPRISE EXPERIENCE ON STUDENT ACHIEVEMENT
(1) (2)
Dual certification (y/n) —.44% % —.65%
(.14) (.27)
Enterprise experience (y/n) 31+ 50 %
(.18) (.18)
Hardware (y/n) .01 .03
(.05) (.05)
Baseline subject-specific score 07 % .06%
(.02) (.02)
Average achievement of peers —.11
(.16)
Computer certification (y/n) 17
(.24)
Computer major (y/n) 41
(.16)
Age .04
(.02)
Female 17
(.12)
College degree (y/n) .09
(.15)
Hours per week in class .00
(.05)
Rank lowest (y/n) .26
(.26)
Rank second lowest (y/n) —.21
(.16)
Rank second highest (y/n) .01
(.20)
Rank highest (y/n) —.43+
(.22)
County award (y/n) .20
(.19)
Municipal award (y/n) —.04
(.24)
Provincial or national award (y/n) —.19
(.11)
Official teaching status (y/n) 31+
(.16)
Constant BT % —1.39%
(.12) (.67)
R? .018 .053
Note.—Cluster-robust SEs in parentheses. Number of observations = 2,796; number of
students = 1,398.
+ P< .1
* P < .05.
**% P < .01

We examined the heterogeneity in treatment effects on different stu-
dents by interacting the treatment variables with binary variables represent-
ing whether students were “low achieving” and “high achieving” at the start
of the vocational program. High-achieving students are defined as those
who scored in the top third of the student distribution on an entry-level
general computer test administered in October 2012, whereas low-achieving
students are defined as those who scored in the bottom third of the distri-
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bution on this general computer test administered at the start of students’
vocational schooling."

According to this heterogeneity analysis, high-achieving students benefit
more from having a teacher with enterprise experience than mid- and low-
achieving students (table 3). Under teachers with actual enterprise exper-
ience, high-achieving students score 0.43 standard deviations higher than
middle-achieving students (statistically significant at the 0.01 level). Further-
more, their counterparts in the bottom third of the distribution show no sta-
tistically significant increase in scores. These results suggest that the positive
impact of enterprise experience is concentrated among higher-achieving stu-
dents. This heterogeneous impact may be because high-achieving students
are better able than middle- and low-achieving students to gain from the en-
terprise experience of their teachers or because teachers with enterprise ex-
perience focus more on students whom they perceive to have a higher prob-
ability of future success in their field. This differential attention by teachers
is not uncommon in education systems (e.g., Neal and Schanzenbach 2010).

Discussion and Conclusion

Vocational schooling is a major part of the education systems of devel-
oped and developing countries alike. Despite its importance, however, there
is little causal evidence on “what works” in vocational schooling. In partic-
ular, little is known about which characteristics of vocational teachers mat-
ter for student learning. In this study, our objective was to analyze whether a
teacher’s actual enterprise experience—a vocational teacher characteristic
stressed by researchers and policy makers—in fact increases student voca-
tional skills.

Our first set of findings indicates that actual enterprise experience
matters more than certification programs. Vocational teachers who have ex-
perience working in industry, in the field in which they teach, have a posi-
tive and significant impact on student vocational skills. Our analysis of het-
erogeneous effects, however, indicates that the benefits may be concentrated
among those students who began the year as higher-achieving students. From
a policy perspective, hiring teachers with enterprise experience may increase
student learning, but it does not guarantee the same benefit for students who
enter the program as low achievers.

There are a number of reasons why teacher enterprise experience may
be particularly important for vocational student learning. For one, vocational

'2 Additionally (i.e., beyond examining heterogeneous effects for those students in the top and
bottom terciles), we vary the cutoff values for defining high- and low-achieving students, examining the
effects (a) for students in the top and bottom quartiles and (b) for students above and below the
median. We find that our results when examining the heterogeneity in effects for these different parts
of the class (top/bottom quartile, above and below the median) are essentially the same as for the
students in the top and bottom terciles.
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TABLE 3
ImpacTs OoF DUAL CERTIFICATION AND ENTERPRISE EXPERIENCE ON THE ACHIEVEMENT
OF LOW-ACHIEVING AND HIGH-ACHIEVING STUDENTS

1) (2)

Dual certification (y/n) —.19x% —.38
(.21) (.32)
Enterprise experience (y/n) .05 25
(:22) (.23)
Dual certification x low achiever —.23 —.30
(.24) (.28)
Enterprise experience x low achiever .04 13
(.31) (.37)
Dual certification x high achieving —.39 —.34
(.25) (:22)
Enterprise experience x high achieving H5dx A43% %
(.27) (.19)
Hardware (y/n) .00 .03
(.05) (.05)
Controls No Yes
R? .017 .055

Nore.—Cluster-robust SEs in parentheses. Controls are the same as in table 2. Low achieving is
defined as scoring in the bottom third of the distribution on the baseline standardized computer test.
Number of observations = 2,796; number of students = 1,398.

* P < .05.

*% P < .01

teachers with actual enterprise experience may have a better grasp of the
subject matter. Within the literature of academic student achievement,
studies have shown that teacher content knowledge is important for student
learning (Clotfelter et al. 2010; Metzler and Woessmann 2012). Further-
more, teachers with prior enterprise experience may also be better able to
convey how to apply up-to-date, real-world knowledge and technical skills to
solving problems in the workplace (Kasipar et al. 2009; Zhang 2009; OECD
2010). To this end, a teacher’s ability to relate classroom content to real-
world vocational settings may better motivate students to learn.

While we have controlled for teacher background characteristics, in-
cluding a number of standard measures of teacher quality in China, we can-
not be sure that the impact we observe on student achievement is due to
teacher enterprise experience itself, rather than some other unmeasurable
quality that differentiates teachers with enterprise experience from other
teachers. Indeed our regression analyses explain little of the variance in
change in student achievement. It is possible that the kind of people who
make better vocational teachers are those who are also more likely to pursue
jobs in industry, have a higher aptitude for hands-on work, and thus seek and
acquire enterprise experience. Alternatively, those who show greater moti-
vation for teaching vocational students may be those who are also more likely
to pursue jobs in industry. It may be these qualities, rather than enterprise
experience, that result in the positive impact on student vocational skills.

Despite the ambiguity, we argue that enterprise experience is neverthe-
less capturing something unique and important for vocational learning that
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commonly used measures of teaching quality do not reflect. To this end,
having enterprise experience appears to be a viable basis on which to hire
and promote vocational teachers. We believe that more research is needed in
the future to disentangle the mechanisms through which enterprise expe-
rience improves student achievement.

Surprisingly, our second set of findings indicates that the government’s
measure of enterprise experience (dual certification) by itself does noth-
ing to increase student-specific vocational skills. From a policy perspective,
this finding is useful for at least two reasons. First, requiring that all teachers
earn dual certifications is costly and ineffective. By promoting dual certifi-
cation as a requirement for teachers, policy makers and schools incur di-
rect costs (e.g., for training) and indirect costs (e.g., teacher’s time) without
improving student achievement. Second, policy makers and schools may
be inadvertently using dual certification as a (poor, ineffective, and cheap)
substitute for hiring teachers with real enterprise experience. The high de-
mand for skilled labor in China’s rapidly growing economy has likely made
it difficult for schools to hire teachers (at least in a technical field such as
computers) at current salary levels. As a result, schools may have ensured
their teachers have dual certification without necessarily hiring teachers
who have actual enterprise experience. Such an interpretation is similar to
other work showing the “diploma mill” nature of the Chinese vocational
education system (Robinson 1986): schools meet formal requirements but
ultimately do not link these formalities to real improvements in the quality
of teaching.

Policy makers may have to reassess the standards for vocational teacher
hiring and certification practices. They may, for example, wish to revise dual
certification measures to ensure that teachers have some enterprise em-
ployment experience. Or, they may hire teachers on the basis of charac-
teristics other than certification requirements that can improve student learn-
ing. Identifying such characteristics will require more rigorous research into
the causal impacts of different vocational teacher characteristics on students’
vocational skills.
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Appendix
TABLE Al
CHARACTERISTICS OF SAMPLE SCHOOLS
Full Sample In Sample Difference P-Value
1) (2) (3) (4)
Nationally designated school (1 = yes) 18 19 .01 .96
(.39) (.39)
Provincially designated school (1 = yes) .37 49 13 .35
(.48) (.50)
Number of enrolled students (all majors) 2,200.98 2,553.52 352.54 .30
(1,275.91) (1,475.20)
Number of majors offered 8.98 10.74 1.77 24
(5.30) (6.98)
Annual income (in millions of RMB) 36.15 32.29 —3.87 51
(27.96) (24.43)
Annual expenditures (in millions of RMB) 35.18 29.75 —5.43 .29
(24.10) (21.52)
Number of teachers in school 134.12 165.23 31.12 21
(72.76) (105.84)
Number of teachers with dual certificates 51.01 65.49 14.48 .26
(34.63) (55.64)
Observations 55 28

Note.—Cluster-robust SEs in parentheses.
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