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Abstract. We examine graduate student teaching as an input to two production processes: the
education of undergraduates and the development of graduate students themselves. Using
fluctuations in full-time faculty availability as an instrument, we find undergraduates are more likely to
major in a subject if their first course in the subject was taught by a graduate student, a result
opposite of estimates that ignore selection. Additionally, graduate students who teach more
frequently graduate earlier and are more likely to subsequently be employed by a college or
university.
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1. Introduction

There are few cases in economics where inputs into the production function are also outputs in the
production function. However, such is the case in the production of doctoral students. Doctoral
students are essential inputs to significant outputs in higher education. They provide research support,
generate peer effects on each other, and often teach undergraduate students. Doctoral students are
also an important output in education. Graduate programs define and often rank themselves by the
quality and quantity of doctoral students they produce. Moreover, among those who go on to work in
higher education, the productivity of graduate students in their subsequent careers is another
important "output™ of doctoral programs in that it increases the prominence of the doctoral-granting
organization, increases the status of the doctoral adviser, and contributes to the subsequent education
of new scholars in the field.

To date, there is very little research on the productivity of graduate students and on the
relationships between their graduate activities and subsequent careers, particularly with regards to
their teaching responsibilities while enrolled in school. What research there is with regards to the
teaching function of graduate students, however, suggests that undergraduates that have a graduate
student as their instructor, particularly non-native English speaking graduate students, suffer worse
outcomes than comparable students that have faculty instructors (e.g., Borjas, 2000). Moreover, there
exists no evidence on how graduate students’ teaching experiences contribute to their subsequent
careers.1

This paper examines graduate student teaching as an input to two production processes: the
education of undergraduates and the development of graduate students themselves. As such we
attempt to answer two related research questions. First, we quantify the effect of graduate student
instructors on the academic outcomes of the undergraduate students they teach. As outcomes we
examine students’ choice of major, course taking, and credits earned. While graduate students
participate in several facets of knowledge production and instruction, this is perhaps the most
common avenue for their participation. In this paper, we are distinguishing between the roles of being
a teaching assistant (i.e., course support) versus serving as the primary teacher of a course (i.e., the
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instructor); our analysis focuses on the latter. About 46% of undergraduate students at four-year
colleges take courses that have graduate students as their primary instructors,2 and in 2000, over 70%
of graduate students had some teaching responsibility. At issue is whether using graduate students as
instructors relative to other possible types of instructors (faculty or adjuncts) is a good way to allocate
resources as measured by the outcomes of undergraduate students.

Second, we examine how teaching experience contributes to graduate students' subsequent
academic careers. One of the justifications for using graduate students as instructors is that it provides
essential training for their subsequent careers. We measure the relationship between teaching
experiences and the subsequent academic outcomes and career choices of the graduate student. We
examine the likelihood the graduate student completes their doctorate and is later employed at a
college or university.

For our analysis, we use administrative data from Ohio's public universities. To answer the first
question, we track the outcomes of undergraduate students who initially enrolled in college in the fall
of 1998 or 1999. We identify the first course (e.g. Introductory Economics) that an undergraduate
student took in a specific department (e.g. Economics) and observe whether these courses were taught
by graduate students as opposed to full-time or part-time faculty. Using exogenous variation in
faculty availability, we estimate the causal impact of graduate student instructors on undergraduate
students' subsequent course-taking behavior.

To answer the second question, we study students who began their graduate program in 1998 or
1999, and who subsequently taught at least one course. We link university administrative data with
data from the Ohio Department of Jobs and Family Services (ODJFS). ODJFS tracks employment
outcomes throughout the state, and these data allow us to measure graduate students' subsequent
earnings and location of employment, so long as they stay within the state. We use the combined data
to relate the number of teaching opportunities graduate students experience to their subsequent
academic and professional outcomes (within six years of starting graduate work). Although our data
are limited to observing subsequent behavior in Ohio alone, six years after the start of their graduate
program, we find 82.5% of graduate students in either our employment data (52.6%) or university
administrative data (29.9%, Table 4). Therefore, we believe we are observing subsequent outcomes
for the vast majority of students. Moreover, while limitations remain, this is the first large-scale study
to shed light on the relationship between teaching and outcomes after graduate school.

Our research questions are fraught with concerns about selection. Graduate students are unlikely to
randomly choose to teach a course, and other work suggests that undergraduates may actively shy
away from taking courses taught by certain kinds of instructors (Bettinger & Long, 2010). We use
multiple strategies to deal with these issues. To address the fact that students may sort non-randomly
across courses, we present the results using (a) course-by-department fixed effects, which limits the
identifying variation to students who took the same course at the same institution but from different
instructor types, and (b) course-by-department-by-term fixed effects, which limits identification to
students who took the same course at the same time but from different instructors. Additionally, we
estimate the results using an instrumental variables approach that capitalizes on the natural
fluctuations from term to term in the faculty available to teach. In terms of whether a graduate student
chooses to teach, we use department fixed effects to look within departments. However, there may be
residual selection bias and so we caution about the interpretation of the results. Still, using a variety of
assumptions about the size and direction of this bias, we still believe these results shed light on this
understudied issue.

Our results suggest that graduate students are effective instructors relative to faculty members—at
least as judged by the measures of their student's subsequent academic progress we can observe.
Undergraduates taught by graduate students in a given subject are more likely to subsequently major
in the subject compared to their peers who take the same course from full-time faculty. However, we
find no statistically significant differences in the number of subsequent credits earned in the subject.
Given that we use random variation in students’ exposure to graduate students, we argue that our
estimates suggest causal relationships. Second, graduate students who teach more frequently are
more likely to complete their doctoral degree in a timely manner and more likely to be employed

16



Eric P. Bettinger, Bridget Terry Long, Eric S. Taylor. Journal of Advanced Education and Training (ISSN 2637-5664), 2019, 2(9):15-26.

subsequently by a college or university. Regardless of whether we interpret these as causal or
selection, the results suggest graduate student teaching benefits the sector. If our results only reflect
selection, that selection, at least in our sample, identifies and incorporates effective future faculty into
undergraduate production. By contrast, if our results reflect causality, then they suggest that
undergraduate instructional experiences positively impact the short-run, academic job prospects of
graduate students.

In the next section, we discuss existing academic literature on graduate student teaching. In Section
2 we describe our empirical strategies and the Ohio sample and setting. Section 3 presents and
discusses the results, and Section 4 concludes.

2. Existing literature

The input-output duality of graduate student teaching has long been recognized in American
colleges and universities. During the rapid growth of graduate student teaching after World War |,
one presenter at the 1966 annual meeting of the American Council on Education stated that
“universities, in their need to staff elementary courses, have thoroughly abused...the chief means of
training prospective college teachers—the teaching assistantship” (Wise, 1967). Scholars in
education, economics, and sociology have contributed to an academic literature on the topic which
has largely followed the two research questions at the heart of this paper.

The first set of results has focused on the effectiveness of graduate students as instructors. Ex-ante,
it is unclear what we should expect about the quality of graduate student teaching. On the one hand,
teaching experience can be a meritocracy of sorts, and department administrators may attempt to
place the “best” teaching graduate students in prime teaching slots. Yet some researchers have
highlighted the poor working conditions of graduate students (e.g. McLeod & Schwarzbach, 1993).
These researchers document how low wages, large workloads, and working without training or
guidance may actually generate negative effects (Koehnecke, 1991). In fact, these stresses coupled
with the underlying trend toward increased reliance on graduate student instructors have led to recent
efforts to strengthen graduate student teacher unions at universities across the nation (Mattson, 2000,
Sharnoff, 1993 and Vaughn, 1998).

Most of the empirical literature of graduate student instruction quality has focused on the effects of
foreign graduate students on undergraduate students’ outcomes. Borjas (2000) studied graduate
student instruction in economics at a large public institution in the United States. In that setting,
undergraduates taught by foreign-born teaching assistants received lower final grades by about 0.2
grade points relative to US-born graduate student instructors. However, the negative effect was muted
for foreign-born undergraduates and when the graduate student was given higher class-preparedness
ratings by the undergraduates. Borjas’ (2000) results are consistent with preceding findings in
economics instruction (Watts & Lynch, 1989), though in other subjects the limited evidence is mixed
(Jacobs and Friedman, 1988 and Norris, 1991). Subsequently, Fleisher, Hashimoto, and Weinberg
(2002) found no differential, and possibly positive, effects of foreign graduate student instructors
when they received training and completed at least one year of their own graduate study prior to
taking-on teaching responsibilities.

Beyond comparisons of foreign and native graduate students, empirical evidence on instructional
effectiveness in the college setting is scarce. This is in stark contrast to the American K-12 setting, for
which there are numerous studies estimating the range of outcomes students with different teachers
have and how this variance is related to teacher characteristics such as training level and certification.
There are two studies that document the variation in instructor effectiveness. For example, using
variation in instructor quality at the US Air Force Academy and benefitting from the random
assignment of cadets to course sections, Carrell and West (2010) estimate the standard deviation in
instructor effectiveness as approximately 0.052 student standard deviations on a common
end-of-course exam. Hoffman and Oreopoulos (2009) find similar estimates for common exam
courses (0.055 standard deviations), but the standard deviation is larger for all courses. These
estimates are somewhat smaller than the evidence on variability in K-12 teacher effectiveness
(Hanushek & Rivkin, 2010).
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Beyond the general variance of outcomes across instructors, the above two studies also look at the
effects of particular instructor characteristics. Carrell and West (2010) find that students assigned
less-experienced instructors and instructors without a terminal degree (two correlated characteristics)
score higher in the short-run but perform less-well in subsequent classes that build on content from
the first. Hoffman and Oreopoulos (2009) find that part-time instructors, which include both adjuncts
and graduate students in their sample, have no differential effect on undergraduate outcomes
compared to full-time faculty. Another study focuses on the relative effects of full-time versus
part-time faculty. The authors find small positive effects for adjuncts compared to full-time faculty in
terms of students’ subsequent interest in the subjects; however, the effects vary by subject (Bettinger
& Long, 2010). However, other work using the same data find that the percentage of instructors a
freshman student has that are adjuncts during their first year is negatively related to college
persistence (Bettinger & Long, 2006).

Our primary outcome of interest is students’ subsequent engagement in a course as measured by
decisions to major, decisions to take additional courses, and the total number of subsequent classes
that students took. Our data limit us from being able to track performance in the current or any
subsequent course. However prior literature on teaching quality in K-12 frequently equates good
teaching with subsequent engagement in courses (e.g. Reeve and Jang, 2006 and Skinner and
Belmont, 1993), and similar connections exist in higher education (e.g. Coates, 2005). While
subsequent engagement may be the result of other graduate student characteristics (i.e. generating
interest through entertainment, ease of grading or other mechanisms), the prior literature certainly
finds a correlation with overall teaching quality.

A second set of papers focuses on the role of graduate student teaching as an input to their own
course of study and development. Researchers have long-argued that graduate student teaching
experience is essential to training future professors (e.g. Knotts and Main, 1999, Meyers and Loreto
Prieto, 2000, Prieto and Altmaier, 1994, Slevin, 1992 and Smith, 2001). Most existing empirical
evidence measures proximate outcomes for doctoral students, including degree completion and time
to completion, which are a present concern for American higher education (Bowen & Rudenstine,
1992). A few studies have found that graduate students who receive teaching assistantships, as
compared to other forms of financial aid, are less likely to complete their degree and those who do
finish take longer to do so (Ehrenberg and Mavros, 1995 and Seagram et al., 1998). These effects may
differ from discipline to discipline, and students with teaching assistantships do better than those who
have no institutional support (Bair & Haworth, 2004).

By contrast, there is little empirical evidence on how teaching during one's time as a graduate
student affects long-run outcomes, including subsequent labor market prospects, research
productivity, and other academic and professional outcomes. In this paper, we begin to address this
hole in the empirical literature using data which track graduate students’ employment after degree
completion.

3. Empirical strategy

3.1. Outcomes for undergraduate students

Our first objective is to identify the effects of taking a class taught by a graduate student on
undergraduates’ future course-taking behavior and choice of major. We focus on variation in the
instructors of undergraduate students’ initial, often introductory, course in a given subject because
that early experience may affect long-term interest and success in the subject area.

Eqg. (1) describes the core of our approach: predict different outcomes, yijk(t+1)yijk(t+1), for
undergraduate student i in subject k at campus j at time t+1 as a function of whether they were taught
by a graduate student in their introduction to the subject at time t.

Operationally, GradStuijkt, the explanatory variable of interest, will be equal to one if the student
took her first course in the subject from a graduate student and zero if she took the course from
someone other than a graduate student. If she took multiple courses in a given subject during the first
term of exposure GradStuijkt will equal the proportion of courses taught by a graduate student.
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We use this structure to study three different outcomes: (i) whether student i took any additional
courses in subject k beyond time t, (ii) the total number of credit hours taken in subject k beyond time
t, and (iii) whether student i majored in subject k. Since undergraduate students’ course and major
choices often lay the groundwork for future careers, graduate student instruction may affect long-run
labor market outcomes for both individuals and at a more macro-level, through these nearer-term
decisions. These mechanisms could, for instance, change the composition of available types of labor
if undergraduates sort among disciplines as a result of exposure to high- or low-quality graduate
student teaching.

In addition to the explanatory variable of interest, we control for a vector of student characteristics,
Xi, which includes demographics (gender, race/ethnicity), initial ability (measured by ACT score),
state of residence, and year of college entry (an indicator for being in the fall 1999 versus 1998
cohort). We also account for each students’ expressed interest in and exposure to subject k with the
vector Zik, which captures whether the subject is the student's intended major and the number of
credits hours taken in the subject during the first term of exposure. Our specification also includes
fixed effects for the term during which first exposure occurred, =t, the subject, Tk, and campus, oj.
Finally, we also include a control for exposure to adjunct instructors in initial courses, Adjunctijkt,
which we define in the same way as GradStuijkt. Separating out Adjunctijkt clarifies the
interpretation of our coefficient of interest so that B only measures the effect of graduate student
instructors relative to full-time faculty. 3

Because students are observed in multiple subjects, we address within-student correlation by
clustering the standard errors at the student level. Additionally, since the treatment of interest (which
type of instructor the student is exposed to) varies by section, we also report standard errors clustered
at the section-by-course level.

To interpret our estimate of B causally requires the assumption that undergraduates taught by
graduate students are not systematically different from other undergraduates, at least conditional on
the included variables in Eq. (1). A likely violation is the non-random way in which students and
instructors are sorted into course sections. Such sorting may occur across courses within departments,
across terms, or across sections of a course taught in the same term. For example, students may have
prior beliefs about the relative effectiveness of graduate student instructors and so may try purposely
to avoid them and enroll in course taught by full-time faculty members. Thus we report estimates
which develop our core approach (Eqg. (1)) in three ways.

First, we present results which add course-by-department fixed effects; we define departments as
the interaction of subject and campus. This limits the identifying variation to students who took the
same course at the same institution, but from different instructor types. The restriction addresses
differences in the distribution of instructor types across departments and differences in how
departments assign courses to different instructor types. Still, student decisions about which term to
take a course may be influenced by expectations of future instruction type options. Thus, second, we
report estimates with course-by-department-by-term fixed effects, limiting identification to students
who took the same course at the same time but from different instructors. To the extent students are
randomly assigned to course sections in a given term, these course-by-department-by-term fixed
effects estimates will be unbiased. But even this assumption is potentially too strong. For example,
full-time faculty may be more likely to teach honors sections or daytime sections with regular or
late-hours sections left to graduate students. Students planning to major in a given subject may
actively seek-out full-time faculty per se or honors sections.

To address the remaining selection we employ a third strategy: an instrumental variables approach
to limit identification to variation in instructor type that is uncorrelated with prior, unobserved student
interest in the subject. Specifically, we instrument for instructor type, identified by the variables
GradStuijkt and Adjunctijkt in Eqg. (1), using each department's term-by-term variation in the
proportion of courses taught by professors of different rank. Departments face natural fluctuations
from term to term in the faculty available to teach as professors are hired, retire, take sabbaticals, and
replace courses with research grant funds. Departments also experience temporary fluctuations in the
demand for particular courses that translates to more course sections. Since graduate students are one
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solution to short-run staffing fluctuations, we hypothesize that variation in the proportion of full-time
professors from term to term will predict undergraduates’ exposure to graduate student instruction.
Likewise, this instrument should predict exposure to part-time instructors, and we therefore
instrument for adjuncts as well.4

The first-stage, described by Eq. (2), models the probability of exposure to graduate student
instruction as a function of the department-specific variation from term to term in the proportion of
courses taught by full-time professors relative to a department steady state.

First, for each department k at campus j, we calculate the number of assistant, associate and full
professors teaching during time t, where t is the term of a specific school year. 5 To address
differences in scale across departments, we normalize these counts by the typical number of full-time
professors teaching in the department during the same term.6 These normalized counts are captured
in the variables AsstProfjkt, AssocProfjkt, and FullProfjkt in Eq. (2). Second, we include campus and
department fixed effects, 6j and tk respectively, so that we are identifying based on deviations from a
given department's average reliance on different types of faculty from term to term.

As reported below, deviations in the proportion of faculty teaching in a given term are highly
correlated with the probability that an undergraduate took her initial course from a graduate student.
However, for our instrumental variables estimates to be unbiased, this distribution of teaching across
ranks should not affect undergraduate outcomes directly. Consider, for example, a department in
long-run decline where the number of full-time faculty shrinks in successive time periods and
replacing them is unlikely to take place. To address short-run course commitments, the department
would likely turn to adjunct and graduate student instructors. In this scenario, students might be
reluctant to continue their studies in a collapsing department, even if instructor type has no
independent relationship with undergraduate students’ future academic trajectories. We are not
particularly concerned about this threat, however, as prior analysis (Bettinger & Long, 2010) suggests
that such declining departments, representing just three percent of all departments across all schools,
are rare in our analysis sample.

3.2. Outcomes for graduate student instructors

Our second objective is to explore the relationship between individual graduate students’ teaching
experiences and their own academic and professional outcomes. One way to interpret this analysis is
causal: that the teaching experiences could affect the subsequent outcomes of the graduate students.
However, given that graduate students do not randomly choose whether to teach, we acknowledge the
likely selection involved. Therefore, we pursue this analysis in part to gain insight into the selection
of graduate student instructors from among the large pool of graduate students in a department. The
limited evidence on graduate student teaching, notably Borjas (2000), suggests that understanding
which graduates are teaching is critical to understanding the effects of their teaching on
undergraduate students.

We examine this relationship by estimating the probability that graduate students complete a
doctoral degree, and separately, gain employment at another college or university in Ohio within six
years of beginning their graduate program as a function of their teaching experience during graduate
school. Eq. (3) describes our approach.

The key predictor variable, TermsTaughtijk, is the number of terms graduate student i taught an
undergraduate class (within six years of starting graduate school). Our specification also includes
fixed effects for department-by-campus tkj. Standard errors are clustered at the
department-by-campus level.

We estimate Eq. (3) using our sample of graduate students who began their graduate programs in
1998 or 1999, and subsequently taught at least one undergraduate class.7 Thus TermsTaughtijk
cannot be zero, and the correct interpretation of 3 is how each additional term teaching, conditional on
teaching in one term, predicts the outcome of interest. The data available for this study do not include
graduate students with zero teaching experience, thus we cannot estimate the margin of teaching
versus no teaching experience.

Selection is again a primary concern for any casual interpretation of estimated effects on graduate
student outcomes. Notably, when selecting an instructor from among a pool of graduate students,
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departments may be more likely to select graduate students who are planning to seek a faculty job
after graduation; alternatively, they may try to protect those students from teaching so that they can
focus on building a research portfolio. From the perspective of the graduate student, the ability to
secure teaching opportunities may be a function of interest, motivation, and other latent
characteristics that are correlated with academic and professional success. While fixed effects reduce
some sources of bias by identifying on differences between students in the same department, at this
time we do not have additional empirical strategies to address residual selection bias. As a result, we
caution against interpreting these estimates causally; rather, we believe these results help clarify the
implications of our estimates for undergraduate students.

3.3. Data and study sample

To estimate the specifications described above, we use administrative data provided by the Ohio
Board of Regents (OBR). The undergraduates in our sample are first-time, full-time, traditional-age
(18 to 20 years) freshman who enrolled at one of twelve public, four-year colleges and universities in
Ohio during the fall of 1998 or the fall of 1999. The graduate students in our sample were enrolled at
one of the same twelve institutions and taught undergraduates from one or both of these two cohorts
at least once during the undergraduates’ college careers.

For undergraduates the data include demographic details, test scores, major, college courses taken,
and the instructor(s) for each course. The OBR data track students across campuses within the Ohio
public higher education system, both two- and four-year institutions, which enables us to observe
students even when they move from one school to another, or withdraw from any one course. Thus,
for example, we can link a student's first biology class at Ohio State with a biology major later
declared at the University of Cincinnati. Similarly we can track students who took their first biology
course from a graduate student, even if the student withdrew from the course and did not receive a
grade. Unfortunately, we do not observe outcomes at private institutions and institutions outside Ohio,
and as a result, we cannot distinguish students who transfer to a school outside the Ohio public system
from students who drop out of college entirely. Previous work by Bettinger (2004) suggests this is not
likely to impact our substantive findings since the rate of transfer to out-of-state or private institutions
is quite small among our student sample.

Additionally, for most undergraduates the data also include information taken from forms students
complete when sitting for the ACT exam. Particularly important for our identification strategy, these
ACT data include the student's intended major stated before they matriculate. Given the value of
knowing students’ major intentions, we limit our undergraduate analysis sample to individuals who
took the ACT. In our data, 89% of four-year college students in Ohio take the ACT.8

Table 1 reports summary statistics for these undergraduates and their course taking behavior.
Consistent with national trends, the sample is more female and less black than Ohio's college-aged
population, as shown in the top panel. They are also spread across Ohio's selective and non-selective
public institutions which span the state's urban, suburban, and rural areas. Additionally, the
proportion of Ohio high school graduates who immediately enroll in college is near the national
average (Mortenson, 2002).

The bottom panel of Table 1 describes students’ experiences during their first course in a given
subject and subsequent behavior in that subject.9 Across all courses, undergraduates are taught by
graduate students in about one-fifth of their courses in a subject, and undergraduates take, on average,
five additional credits in the same subject within a year of taking an introductory course.

The right hand column of Table 1 focuses on our undergraduate analytic sample. In our analysis of
undergraduate outcomes we focus on undergraduates’ first course in a given subject, and further limit
the sample to only courses where at least 10%, but no more than 90%, of sections are taught by
graduate student instructors. We also exclude remedial or developmental courses because of their
unique design and objectives. This restricted sample of undergraduates is not very different in
composition from the full student sample shown on the left of Table 1; however, the restricted sample
is drawn slightly more from the selective institutions which are more likely to have graduate
programs.
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Table 2 compares, by subject, the proportion of undergraduates who took their first course from a
graduate student instructor calculated for the full sample and for the sample of courses with variation
in instructor type. The restriction affects inclusion of social science and science courses more than
some others, such as English and math/statistics, and particularly affects professional departments.

Table 3 characterizes the instructors to which the undergraduates in our student sample were
exposed. The first two columns of Table 3 describe the faculty who taught any undergraduate:
Column 1 shows the raw means at the course-level, and Column 2 weights by the number of students
taught. Approximately 44% of students were taught by faculty with a PhD, 21% by adjuncts, and 14%
by graduate students. The right side is limited to faculty of courses where the course was the
undergraduate's first introduction to a department. Graduate student instructors were much more
likely to be women or minority than full-time instructors.

In addition to the basic instructor characteristics summarized in Table 3, the Board of Regents
provided additional data on graduate student instructors. The graduate student data include course
taking information (similar to the data for undergraduates), longitudinal data on credits earned and
GPA, and detailed degree information. Additional data record the details of employment (i.e.,
employer, earnings) between the last quarter of 1998 and the second quarter of 2006, but only for
employment in Ohio.

Table 4 provides mean characteristics for the sample of graduate student instructors in our analysis
of graduate student outcomes; students who began their graduate studies at an Ohio public institution
in 1998 and 1999. All students in the sample taught undergraduates at least once (within six years of
beginning graduate school); 22% taught just once, while 26% taught in five or more terms. Within six
years of starting graduate school, 16% had completed a PhD, and 53% were employed in Ohio with
15% working at an Ohio college or university (excluding their own graduate institution). Another
30% were still enrolled at their university during the sixth year. As Column 2 shows, these
characteristics are fairly consistent when focusing exclusively on students from academic
departments.

4. Results

4.1. OLSs estimates of the effects of graduate student instructors

We begin with OLS estimates of how early exposure to graduate student teaching affects future
undergraduate interest in the subject. In general, the OLS estimates suggest negative effects although,
as previously discussed, these may be influenced by non-random sorting of instructors and students
even after the inclusion of different fixed effects. Table 5 reports OLS estimates predicting the total
number of subsequent credit hours taken in a given subject with varying fixed-effects approaches to
address some forms of selection. Columns 1-4 of Table 5 report outcomes following exposure to
graduate student teaching in an initial course in a subject during any term. The naive estimates in
Column 1, which exclude any fixed effects would suggest having a graduate student instructor
reduces the number of future credits taken in the same subject. When we account for systematic
differences from term-to-term and fixed differences across campuses and subject areas, Column 2,
the effect is reduced by about 60%. Similarly, when we further control for differences across courses
in the same department, Column 3, the effect is again reduced by about half; it approaches zero but is
still statistically significantly negative when we cluster at the student level.10 Finally, if selection
patterns differ over time, a course-by-time fixed effect will reduce bias. When we add these last fixed
effects in Column 4, the magnitude of the negative effect increases.

The differences in estimates across Columns 1 through 4 of Table 5 reinforce the importance of
considering how departments, courses, and sections of the same course differ in terms of how
students and instructors are assigned to each other. Accounting for non-random variation in which
undergraduates enroll in which sections, and who teaches those sections is critical to identifying the
true effect.

Coefficients on ACT score and the subject being the undergraduate's major field are also reported
in Table 5. Across specifications, higher ACT scores predict more courses taken in any subject, and
particularly in the student's major (the interaction of ACT and major). The estimated marginal effect
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of “In intended major” is zero when ACT score is a very low seven or eight points (such an ACT
score is more than three standard deviations below the mean for our sample).

On the right hand side of Table 5 we report estimates of credits taken following exposure to
graduate student teaching during only the undergraduate's first term (as opposed to any term). We
hypothesize that selection may be weakest during the first undergraduate term since at this early stage
new matriculants know the least about differences in subjects, specific courses, and instructor types.
Additionally, they may have the least flexibility in scheduling given the need to complete baseline
requirements. For this sub-sample, Columns 5-7 replicate Columns 1-3 (there is no Column 4 analog
since time cannot vary within a cohort when the analysis is restricted to students’ initial fall term).
The estimated effect of exposure to graduate student instruction in the first term is, as before,
negative.

4.2. Selection on observables

The fixed effects strategies employed in the specifications in Table 5 address selection across
departments, courses, and the timing of enrollment in a course. They do not, however, address
selection across sections within a course. In Table 6 we explore the extent of this sorting by predicting
the likelihood of having a graduate student instructor using specifications similar to Table 5 except, of
course, excluding the graduate student regressor which has become the dependent variable. Students
with higher ACT scores are less likely to have a graduate student instructor, though this relationship
is practically meaningful only when the subject is the student's intended major. Although the
coefficient on “in intended major” is positive and large, undergraduates with ACT scores near or
above average do not have a higher probability of seeing a graduate student in their intended major.
Additionally, undergraduates attending selective institutions are more likely to have graduate student
instructors. These patterns generally hold across fixed effects specifications, and whether considering
all courses or focusing just on courses in students’ first term.

4.3. Instrumental variables estimates

Given the sorting concerns observed in Table 6, we remain concerned about issues of selection
across course sections as well as other unobserved differences, which our previous OLS
specifications fail to adequately address. In response to these lingering sources of potential bias we
employ an instrumental variables strategy that uses variation over time in the composition of each
department's faculty as an instrument for exposure to graduate student teaching. Ultimately this
approach results in estimates quite different from ordinary least squares.

Table 7 reports coefficients and F-tests on excluded instruments from first stages predicting
undergraduates’ exposure to graduate student instruction as a function of variation in faculty
composition within departments over time (Eq. (2)). As before, the left side of Table 7 uses the
sample of all courses while the right side focuses on courses taken during the first term. The pattern
across specifications and samples is fairly consistent: the probability of taking a course from a
graduate student instructor is significantly related to departmental deviations from the steady-state
proportions of most full-time faculty of different ranks, particularly assistant professors. The results
are strongest when focusing on courses during the first term. And, given the coefficient signs,
graduate students appear to be a substitute for assistant professor teaching in particular.11 However,
the more conservative standard errors clustered at the section level make the pattern of statistical
significance somewhat less consistent. In general, F-tests suggest that the combined excluded
instruments do explain substantial variation in undergraduate exposure to graduate student teaching.
However, when clustering at the section level, the F-statistics are much lower and sometimes below
conventional thresholds.

Table 8 reports two-stage least squares estimates of the effect of graduate student teaching on
undergraduates’ subsequent interest in the subject. Each cell represents the coefficient of interest
from a separate regression. All regressions in Table 8 include campus-by-department-by-course and
term fixed effects, as well as the standard set of student-level covariates employed across all analyses.
The underlying first stages are reported in Columns 3 and 6 from Table 7 for the left and right sides of
Table 8 respectively.
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In contrast to the OLS results in Table 5, the 2SLS results suggest that overall—pooling all subjects
(Row 1)—taking a first class in from a graduate student increases the probability of majoring in that
subject. Across their college career, taking an initial course in a subject from a graduate student
increased undergraduates’ likelihood of choosing that subject as a major by 9.6 percentage points.
This is almost a tripling of the baseline probability of 3.5% reported in Column 3 of Table 1.
Exposure to graduate student teaching also increased the number of subsequent credits taken in the
subject by about 2.3 or about one quarter of a standard deviation. These results are statistically
different from zero when we allow for clustering at the student level, but allowing for clustering at the
course-by-section level suggests the estimates may be much noisier. By contrast, it does not appear
that undergraduates’ major choices or subsequent course taking are influenced when their exposure to
graduate instructors occurs during their first college term.

The additional rows of Table 8 report effect estimates for three subsamples: academic subjects (e.qg.,
humanities, sciences, mathematics), and professional subjects (e.g., education, business, engineering).
The academic and professional samples are mutually exclusive and exhaustive; the STEM sample
draws from both.

The contrast between academic and professional subjects is notable. Undergraduates taught by
graduate students are very likely to subsequently major in the subject: an estimated effect of 81
percentage points on major choice. The estimates for course taking behavior are complementary: 83
points more likely to take any additional courses and an average increase of 30 additional credits in
the subject. These differences are robustly significant to both assumptions about error clustering.

Although these results are consistent with the large effects for professional students exposed to
adjunct instructors in prior research (Bettinger & Long, 2010), we caution against making strong
inferences regarding what appear to be large differences for professional subjects. There is reason to
believe that both the timing of undergraduates’ first course in a professional subject, as well as the use
of graduate student instructors in these departments, differs in substantively important ways
compared to academic departments. Turning to focus just on courses in academic disciplines,
undergraduates taught by graduates students are about 2.4 percentage points more likely to major in
the subject subsequently although estimates for course taking are fairly imprecise.

The results in Table 8 suggest that there are positive impacts on student engagement in subsequent
courses. Other research has suggested that high quality instruction is directly related to subsequent
engagement (e.g. Coates, 2005). There still remains the possibility that other graduate student
characteristics or practices (e.g. ease of grading) could explain the differences in student outcomes
noted in Table 8.12

4.4. Effects of teaching on graduate student outcomes

While the instrumental variables estimates address issues of selection regarding the impact of
graduate student instructors on undergraduates, the estimates in Table 8 are partly a function of the
relative quality of graduate student instructors and full-time faculty in our Ohio public institution
sample. Of particular concern is that, conditional on hiring graduate student instructors, departments
likely do not randomly choose individuals to fill those teaching slots. Faculty may prefer that their
most promising students take opportunities to teach as preparation for future careers or to preserve the
quality of the department's instruction. Alternatively, faculty may prefer that their most promising
students focus on research not teaching. To explore the selection of graduate students into teaching
roles, we next estimate the relationship between the frequency with which a graduate student taught
courses and the graduate student's own probability of future academic success.

In Column 1 of Table 9 we predict the probability of completing a doctoral degree within six years
of starting graduate school. Each additional term in which a graduate student teaches increases the
probability of degree completion by 2.1 percentage points in the full sample.13 The point estimate is
the same, 2.1 percentage points, when we limit the sample to graduate students in academic
departments, and appears strongest in the humanities. These coefficients suggest that teaching one
additional term in the humanities or math is associated with a 13% increase in the probability of
degree completion within six years.
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This predicted increase in degree completion rates could be an effect of the “treatment” of teaching
undergraduates, but could just as likely be an artifact of how graduate student instructors are selected.
The positive coefficients suggest positive selection: departments may prefer to selectively hire their
relatively successful doctoral students to fill teaching slots. Institutions and departments may have
heterogeneous preferences and our estimation includes campus-by-department fixed effects in part as
a response; however, the results are not much changed without these fixed effects.

Degree completion is a broadly held goal for all graduate students. In addition, many graduate
students are also working toward securing employment at a college or university after graduation.
Again, opportunities to teach could have a causal effect on graduate students’ ability to obtain a
post-secondary position. Or alternatively, a positive relationship could suggest that departments
select graduate student instructors with preference for those who are on a trajectory toward college or
university faculty.

In Column 2 of Table 9 we predict the probability of being employed by an Ohio college or
university, other than one's own graduate institution, within six years of starting graduate school. Of
note, unlike much of the analysis in this paper, “Ohio” here includes both public and private colleges
and universities because ODJFS tracks all employment.14 Across all departments, we estimate that
the probability of subsequently working in higher education increases by 1.4 percentage points for
each additional term a graduate student teaches while a candidate; a 9% increase over the baseline
probability of about 0.15 (see Table 4 Column 1). The estimates for subject-specific sub-samples are
mostly not statistically significant. As with the degree completion results, if the mechanism here is
selection the selection appears positive, and potentially directed toward students on a future faculty
trajectory.

We extend the analysis of future employment by comparing employment at a research university to
employment at other colleges and universities.15 Graduate student teaching is positively correlated
with future employment at both research (Column 3) and non-research institutions (Column 4). In the
full sample each additional term teaching raises the probability of employment 0.4 percentage points
at a research university and 1.1 percentage points at other colleges and universities. If this difference
is driven by selection it suggests that departments are more likely to choose graduate students headed
toward jobs in colleges and universities where teaching skills are relatively more valuable. If the
difference is causal, then the experience of teaching while a graduate student leads more individuals
to jobs in college-level teaching.

The mechanisms behind the results in Table 9 could include some causal role for teaching
opportunities. For example, graduate students who teach more frequently could develop skills
preferred by non-research-focused institutions, or could miss out on opportunities to develop research
skills needed for securing employment at research universities. These effects, if they exist at all, are
relative since the results in columns 3 and 4 of Table 9 suggest that teaching predicts a greater chance
of employment at both types of institutions.

Which interpretation—selection or causation—is correct? For our purposes, it may not matter.
Both interpretations give the result that graduate student teaching generates positive results. If the
results represent causal effects, then graduate student teaching is a positive experience and helps
graduate students graduate in a timely way and gain employment in higher education, at least in their
initial careers. Graduate student teaching leads to positive effects on graduate students and mostly
positive or no effects on the undergraduate students they teach. If, on the other hand, the results
represent selection of university-bound graduate students, then departments are successfully
identifying the graduate students who will have positive effects on students, or at least no differential
effects compared to full-time faculty.
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