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Abstract 
 

Decisions about how to organize course delivery - such as the appropriate class size – are key 
operational choices for universities with potentially important consequences for student success 
and university costs, yet there is little evidence to support these decisions. Using administrative 
data for all undergraduates at one university over the last decade, we investigate the 
consequences of changes in class size on student performance, classroom environment, and 
instructional costs. We exploit changes in class size caps over time for a large number of courses 
as well as experimental variation in the cap for one course to identify class size effects. Our 
analysis points to minimal effect of class size on course grades, subsequent course grades, and 
the likelihood of taking additional courses in the same subject. These results hold across a 
number of different subjects and classes of widely different sizes, as well as for both quasi-
experimental and experimental approaches. Our estimates are sufficiently precise that we can 
rule out negative effects larger than a 0.01 point decrease in course grade and a 0.007 point 
decrease in GPA in subsequent same-subject courses from a 10-person increase in class size. 
End-of-course evaluations support this conclusion of minimal class size effects on student 
outcomes. However, class size reductions are costly, suggesting institutions should seek other 
strategies for improving student success. 
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I. Introduction 

How to organize course delivery is a key operational decision of universities. Should popular 

courses be taught in a large lecture by a famous professor or split into many small sections taught 

by graduate students? Should very small classes target freshmen who are still acclimating to 

college or seniors as they specialize in their field? Traditional wisdom argues that smaller classes 

increase engagement, facilitate student-faculty interaction, and improve student outcomes. The 

opportunity to learn from prominent scholars in the field is also considered a strength of 

undergraduate education at research universities. However, smaller classes and senior faculty are 

more costly and their use comes at the expense of other ways of enriching and supporting the 

undergraduate student experience.1 Decisions about class size and faculty deployment could thus 

have first-order influences on student success and institutional costs.   

In this paper we examine the effects of class size on a host of student academic outcomes, 

such as course grades, subsequent course grades, and the likelihood of taking additional courses 

in the same subject. Our setting is the University of Michigan, which has a rich history of 

considering how it designs and delivers courses, with particular attention to class size. Some very 

large classes – such as first-year writing courses English 124 and English 125 – have long been 

taught by a large number of instructors in very small sections. Others – such as Statistics 250 – 

are delivered through six very large lectures combined with smaller lab sections.  The university 

also very recently piloted initiatives to reduce class size in Math, Spanish, and German courses. 

Initial evidence suggests that smaller classes led to greater faculty-student interaction, though 

effects on student performance or longer-term outcomes are mixed or not yet assessed.2 Finally, 

a team of faculty, staff, and students have joined with the Center for Research on Learning and 

Teaching to launch the Foundational Course Initiative, which will rethink how the university 

designs, develops, and delivers its largest and foundational courses.  

To inform these types of decisions and initiatives – both inside and outside UM – we 

examine rich administrative data for all first-year undergraduates at UM since 2004.  We exploit 

changes in class size caps over time for a large number of courses as well as experimental 

variation in the cap for Calculus I to identify class size effects. Our findings point to minimal 

1 Courant and Turner (2017) found that having larger classes is one way that departments with expensive faculty 
have been able to economize, both at the University of Michigan and the University of Virginia. 
2 Wright, Bergom, and Lande, 2015. “Impact of Smaller Class Sizes in UM Spanish and German Courses.” UM 
CRLT report, September 2015. Lande Wright, Bartholomew, 2016. “Impact of Smaller Class Sizes in UM 
Mathematics Courses.” UM CRLT July 2016. 
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effect of class size on course grades, subsequent course grades, and the likelihood of taking 

additional courses in the same subject. These results hold across a number of different subjects 

and classes of widely different sizes, as well as for both quasi-experimental and experimental 

approaches. An examination of end-of-course evaluations suggests that class size increases are 

accomplished without measurable reductions in students’ assessment of the overall course 

quality, reductions in instructors’ level of preparation or ability to explain material clearly, or a 

deterioration in more subtle aspects of the course climate. Despite these minimal effects on 

student performance, class size reduction is costly: the elasticity of instructional cost with respect 

to class size is 0.31 for large classes. Our results suggest that institutions (particularly very 

selective research universities) should think more critically about whether there might be more 

cost effective ways of supporting their students and improving their success. Interventions that 

involve one-on-one coaching, peer advising, and financial incentives (Oreopoulos and 

Petronijevic, 2018; Angrist, Lang, and Oreopoulos, 2009) appear to be a more cost effective way 

of improving student academic performance than class-size reduction.  

This paper proceeds as follows.  The next section places our study in the context of prior 

work on class size and university resource allocation. Section III describes our data sources and 

methods. Our main results are presented in Section IV, including estimates that pool multiple 

courses together and those that look at specific courses with either experimental or quasi-

experimental approaches. Sections V and VI examine mechanisms (via course evaluations) and 

instructional costs, respectively. Section VII concludes. 

 

II. Background 

Studies of class size are abundant in primary and secondary education, where smaller classes 

have consistently been associated student improvement in test scores, non-cognitive skills, 

college enrollment, and other outcomes (Angrist and Lavy, 1999; Hoxby, 2000, Krueger, 1999; 

Dee and West, 2011; Dynarski, Hyman, Schanzenbach, 2014; Chetty et al, 2010).  There are far 

fewer studies of class size in higher education, despite the importance of class size to 

instructional costs (Hemelt, Stange, Furquim, and Baxter, 2018) and the recent budgetary 

pressure most higher education institutions are under.      

The few existing studies examining class size and student outcomes in higher education have 

yielded somewhat mixed results, though the balance suggest that larger class size is associated 
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with worse student outcomes. Bettinger and Long (2017) found that larger classes increase 

dropout rates and reduce on-time degree completion but have no effect on long-run degree 

completion at Ohio’s public colleges and universities.  Experimental evidence by De Giorgi, 

Pellizzari, and Woolston (2012) found positive effects of smaller classes on course grades and 

monthly wages at a handful of Italian universities. Using student fixed effects and demographic 

controls, Kokkelenberg et al. (2008) reported a decrease in course grades as class size increased, 

but the decline in student outcomes was more pronounced for classes up to twenty students. 

Bandiera, Larcinese, Rasul (2009) use a similar approach and also find improved outcomes for 

smaller classes at UK universities. A small number of studies have also linked smaller classes to 

more positive student course evaluations (Cheng, 2011; Sapelli and Illanes, 2016). 

On the other hand, Bettinger et al (2017) found negligible effects of smaller classes on course 

grades and subsequent persistence at a large for-profit U.S. college.  Two recent pilot 

experiments at the University of Michigan examined both qualitative and quantitative factors 

associated with a shift to smaller math and language classes (Wright, Bergom, and Lande, 2015; 

Lande, Wright, and Bartholomew, 2016).  They found no consistent effects on student 

performance, including course grades and a pre-post mathematics skills test, but reported greater 

faculty-student interaction in smaller classes.  

A second body of literature has examined the influence of instructor rank on student success, 

again yielding mixed results.  Contingent faculty appear to be more effective than tenure-

track/tenured faculty at Northwestern University (Figlio, Shapiro, Soter, 2015) and adjuncts can 

encourage greater interest by students (Bettinger and Long, 2010). However, other studies have 

found limited effect of faculty rank or salary (Carrell and West, 2010; Hoffmann and 

Oreopoulos, 2009).  One of the few studies to tie class size and instructor type together, Courant 

and Turner (2017) found that departments with expensive faculty have economized by increasing 

class sizes at the University of Michigan and the University of Virginia.  

While previous studies have examined course grades and student outcomes, no studies have 

examined subsequent academic success or the costs associated with changing class size. 

Furthermore, our study advances the literature methodologically in several ways. First, it is the 

first to exploit changes in class size caps – the key policy lever under institutions’ control – to 

identify class size effects. Second, we embed an experimental evaluation of one course in a 

broader quasi-experimental framework, so we can directly compare the results of contrasting 
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methods with the same sample. Finally, this is the first to examine course selection, grades, and 

course evaluations simultaneously. Each of these captures one aspect of how courses affect 

students and are much more informative together than when examined in isolation. 

 

III. Data and Methods 

A. Data Sources and Main Sample 

We use rich administrative records from the Data Warehouse at the University of Michigan. The 

Warehouse contains all academic and operational records for the university, so they are 

unusually rich and accurate. Our student sample includes all first-time freshmen entering in the 

Fall semesters from 2004 to 2015. So that we can measure outcomes in subsequent terms, we 

restrict our analysis to students that attended UM for the first four Fall/Winter terms 

(approximately 94% of incoming students). Our final sample includes approximately 80,000 

unique students. For these students we keep all courses taken in the Fall and Winter of their first 

year as our set of focal courses for which we examine class size effects. We restrict our analysis 

to large subjects (10,000+ enrollments) and courses (500+ enrollments) for tractability. These 

restrictions keep 72% and 92% of enrollments, respectively.  Our final sample includes 379,314 

course enrollments in 94 courses in 16 subjects over this time period. Each student is included 

approximately five times in the sample. 

Our main explanatory variables are the enrollment cap for the class section and actual 

enrollment in the class section. The enrollment cap is set by departments in conjunction with 

registrar, reflecting departmental policies about class size, room capacity, and other 

considerations. Actual enrollment for the class is measured as of the official drop day in the 

class, which can exceed the official cap if instructor permits. Figure 1 shows the distribution of 

class enrollment caps in our sample. While many classes are in the 20-30 student range, some 

have upwards of five or six hundred students. Figure 2 shows how this distribution has changed 

over time. Median class size has been mostly constant but the upper part of the distribution of 

class size has been trending downwards for the past several years. 

We examine several outcomes constructed from students’ academic records: current 

achievement (grade in focal course, term GPA excluding the focal course), subsequent 

achievement (next term GPA, GPA in same subject courses within 1 year, GPA in courses for 

which focal course is a prerequisite), and interest in the subject (number of same subject and 
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prerequisite courses taken within 1 year). Instructional cost per student is calculated for each 

course by UM by summing salary for each instructor (proportionate with teaching factor) across 

all sections of a course and dividing by course enrollment. Instructional cost is calculated at 

course-term level with no variation across sections in same term. While instructor salaries are the 

largest component of the operating costs associated with delivering courses, this measure does 

not include any changes in needs capital – classroom space, laboratory equipment, computers – 

associated with class size changes. 

Table 1 presents summary statistics for our full sample. In the table and in all subsequent 

analysis we split our sample into three groups based on the average class size cap for the course 

across our entire sample: 1-40 students, 41-200 students, and 200+ students. We split the sample 

this way so as to let class size effects be nonlinear. Appendix Table A1 lists the courses included 

in each group. The only obvious student difference across the three groups is that middle-sized 

classes include a number of engineering and physics courses, which enroll fewer female students 

and students with higher math ACT. Small classes also tend to be taught by graduate student 

instructors, who have less teaching experience and lower salaries than other faculty.  The 

opposite is true of medium sized classes, which were more likely to be taught by tenured faculty 

than other courses.  Larger classes also tend to have multiple components, such as a lecture and a 

discussion section, and are twice as likely as other courses to be taught by a lecturer or instructor.  

Despite these differences, small classes tend to be more expensive on a per-student basis: $365 

per student, compared to $328 and $157 for medium and large classes, respectively. Other 

outcomes tend to be similar across the three groups.  

 

B. Student Evaluations Sample 

To examine mechanisms, we also collected student end-of-course evaluations for these courses 

from 2009 to 2015. We identified the 12 most populated evaluation items among several 

hundred, which are listed in Appendix Table A2. The evaluation outcomes include typical 

summary measures of students’ perception of the overall excellence of the course and instructor, 

as well as perceptions of learning. Most pertinent to our study are questions about instructors’ 

engagement with students during the course, such as instructors’ willingness to meet outside the 

class, encouragement of equitable participation of students in class, and whether students are 

treated with respect. These are all dimensions of course quality that we’d expect to be more 
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challenging to establish in larger classes. One limitation of the course evaluations is that only the 

first four questions are required for all courses. Appendix Table A2 reports the share of courses 

for which evaluation questions are available in our sample, which range from 27% (“Instr. 

Encouraged participation equitably”) to 62% of courses (“Instr. well prepared for class”). Thus 

the questions that most clearly speak to aspects of the course that might be most affected by class 

size, such as encouraging participation and availability outside of class are only available for a 

subset of our courses. All evaluation outcomes are measured on a five point scale. Since 

evaluations can be linked to specific course sections but not to specific respondents, the class 

section averages for each outcome is assigned to all students in each section. 

C. Methods 

We are interested in the relationship between actual class section size and outcomes for student i 

enrolled in section j of course c in term t: 

 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  (1) 

 

Absent any other controls, we might worry that class size would be correlated with a host of 

student, instructor, and course characteristics that also likely correlate with student outcomes. 

For instance, popular classes or instructors might attract more students or class size may be 

larger at more popular times. To assess the effects of class size on outcomes, we exploit variation 

in the class enrollment cap within courses over time. Our preferred approach is to instrument for 

actual class enrollment (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖) with 𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖��������, the average of the class cap across all sections of 

the course in the term: 

𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖�������� = �𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖

𝐽𝐽𝑡𝑡

𝑖𝑖=1

 

where 𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 is the section-specific class cap for section j of course c in term t. 3 To permit the 

effect of class size to differ with the level of class size, we estimate models separately for three 

different groups of courses according to the average class section size across our entire sample: 

3 There is also within-term variation in CAP across different sections, which we use as an alternative instrument. 
But this is a problematic source of variation when estimating the effect on cost since the cost measure does not 
vary across different sections of the same course in the same term. This within-term variation in class size will thus 
cause the estimated effect of class size or CAP on costs to be attenuated. Thus the 2SLS approach using 𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖������� as the 
instrument is our preferred estimate for cost effects. 
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small (40 or fewer students in a section), medium (41-200 students in a section), and large (201 

or more students per section). 

We include a full set of course fixed effects (𝛾𝛾𝑖𝑖) and year fixed effects (𝛾𝛾𝑖𝑖). With course 

and year fixed effects, identifying variation in 𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖�������� from comes from several sources: (1) 

explicit changes in the class section cap over time due to changes in number of sections (e.g. 3 to 

2 lectures); (2) large changes in caps over time due to course restructuring (e.g. large lecture to 

many small sections); and (3) year-to-year fluctuations in cap size due to room scheduling (with 

no change in course structure). 

One threat to identification is that class size changes could also result in changes in 

instructors or their effort (especially if course is restructured) or that class size changes could be 

part of a package of course changes which alter other course characteristics or resources. To 

address these concerns (albeit imperfectly), we include 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 observed characteristics of section j 

of course c during term t including instructor rank, race, gender, experience, salary, indicator for 

winter, and indicator for whether the course has multiple components (e.g. lab or discussion). In 

some models we include instructor FEs in place of student characteristics. This compares the 

outcomes of students taking the same course from the same instructor, but subject to different 

class sizes 

Student selection is a second threat. Class size changes may coincide with different types 

of students taking the course, either by design (a change in major requirements) or by student 

choice. We include observed rich student characteristics (𝑋𝑋𝑖𝑖𝑖𝑖) to address these concerns, 

including sex, ACT math/verb, race, income category, instate, parent education, and college 

(LSA, Engineering, other). Non-compliance is a final concern. It is possible that students do not 

attend their assigned section, which will tend to attenuate our estimates. We think this is unlikely 

in our context. 

Finally, we also estimate equation (1) separately for each of the 89 courses, replacing the 

term fixed effects with linear year effects.  The course-specific estimates permit us to both 

characterize the full distribution of class size effects across different courses and, importantly, 

focus on a handful of courses for which we have a clear understanding of the sources of class 

size variation. For instance, Math and Spanish courses experienced sharp changes in class size 

because of explicit and abrupt policy changes. Similarly, some introductory engineering courses 

experienced class size changes due to an explicit expansion or contraction of the number of 
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course sections. The class size variation in these courses is arguably exogenous to other 

determinants of student success. Throughout standard errors are clustered by course-term to 

permit all students taking the same course at the same time to experience common shocks.  

Table 2 depicts first-stage estimates of the effect of section-specific and average course cap 

on actual class section enrollment. For all types of courses and different sets of controls, a 10-

student increase in the section-specific enrollment cap is associated with a 8 to 9 student increase 

in actual class enrollment, suggesting that the cap is binding. Our preferred instrument – the 

average section cap for a course-term – is also very strong (F > 25 for all four samples). A 10-

student increase in the average section cap is associated with a 7 to 10-student increase in actual 

section enrollment. Estimates are smaller for small classes, suggesting that enrollment in these 

courses is less tied to changes in the cap. 

 

IV. Results on Student Outcomes 

A. Pooled Results, Robustness, and Heterogeneity 

Table 3 presents our preferred 2SLS estimates for the effect of class size on contemporaneous 

student performance, combining all 89 courses. As benchmark, we first present estimates from 

OLS models that use all the variation in actual enrollment across class sections, controlling for 

only course and term fixed effects as well as instructor characteristics. OLS estimates of the 

effect of class size on current course grades are generally positive and insignificant (column (1)). 

Controlling for student characteristics reverses the sign (column (2)), though estimates remain 

small in magnitude. Column (3) presents our preferred 2SLS estimates, which are consistently 

negative but substantively very small. The fact that the 2SLS estimates are more negative than 

the OLS estimates suggests that the latter suffers from positive omitted variable bias, possibly 

due to class sections with more effective teachers attracting more students. This motivates our 

2SLS approach. Across all courses in the sample, a 10-person increase in class size is associated 

with a 0.005 point reduction in course grades. A doubling of class size in medium-sized classes 

(e.g. 100-student increase) is associated with only a 0.08 point reduction in course grade (e.g. 

going from a 3.00 to 3.08).  These estimates are substantially very small. It is possible that class 

size could have spillover effects on students’ performance in other classes, positively or 

negatively. In column (2), we find that larger class sizes are associated with lower grades in other 

classes that term (beyond the focal class), yet the magnitudes are again quite small.  As a point of 
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comparison, a one point increase in students’ ACT math score is associated with a 0.04 point 

increase in average course grade. Our qualitative finding that larger classes is associated with 

lower course grades is consistent with prior work, though our estimates are smaller in magnitude.  

A drawback of contemporaneous course-grades as an outcome is that grades reflect both 

student learning and grading standards or practices. Students may receive lower average grades 

when classes are larger simply because faculty may be more willing to give lower grades when 

students are more anonymous.  To address this issue, we use students’ performance in 

subsequent semesters as a measure of “deep learning.” This approach has been used to measure 

instructor effectiveness in higher education (Carrell and West, 2010; De Vlieger, Jacob, Stange, 

2017) but has not been used evaluate class size effects.  

Table 4 reports estimates for these outcomes. Next term GPA is unaffected by class size 

(column 1), with some point estimates actually positive.  We’d expect any deep learning effects 

of class size to materialize primarily in follow-up courses with material related to the focal 

course. Thus we narrow our analysis to performance in related courses defined in two ways: 

courses in the same subject as the focal course and courses for which the focal course is a pre-

requisite (which we refer to as “subsequent courses”).  While the latter includes many same-

subject courses, many freshmen courses (e.g. Math 115) also serve as a point of entry into other 

courses in different subjects.  Columns (2) and (4) first examine how class size relates to the 

likelihood of taking additional courses of these two types in the next year. These outcomes may 

be directly interesting, as markers for continued interest in the subject of the focal course. They 

are also important to understand selection into the analysis sample when we look at performance 

in same-subject and subsequent classes.  Large classes tend to be associated with fewer courses 

taken in the same subject, though again these estimates are quite small. A ten-person increase in 

class size is associated with 0.01 to 0.03 fewer same-subject courses taken, on a base of about 

one same-subject course. Class size in a prerequisite focal course is unrelated to the likelihood of 

taking subsequent courses (column 4). Performance (GPA) in same-subject and subsequent 

courses is modestly lower if the focal class is larger – a ten-person increase in class size is 

associated with a 0.002 point reduction in grades overall – but again this is very small in 

magnitude, and with mixed sign and significance for courses of different sizes. Courses with 

smaller typical class sizes actually have a positive association between class size and student 

performance in subsequent courses. Though these estimates do not account for the selection of 
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students into subsequent courses, columns (2) and (4) suggest this selection is unlikely to be 

large. 

Our preferred approach relies on changes in the average class section cap for each course-

term over time, as this variation is plausibly driven primarily by policy and scheduling quirks 

rather than by student choices or demand. Table 5 presents several alternative models that rely on 

different sources of identifying variation to estimate class size effects. Results for our preferred 

specification are repeated in column (1) for comparison purposes. Column (2) instead uses the 

section-specific cap to instrument for actual enrollment, which additionally exploits variation in 

the cap across sections for the same course in the same term. Estimates are qualitatively (and 

often quantitatively) identical to our preferred model.  Specification (3) includes fixed effects for 

each course-season pair. This model compares, for instance, calculus taught in the Fall only to 

calculus courses taught in the Fall in other years. Results are similar to our base model.  The next 

specification (4) omits controls for instructor characteristics, as these are likely an endogenous 

response to class size changes. While the inclusion of instructor characteristics do change the 

point estimates, inclusion of them does not materially affect our conclusion. We examine 

changes in instructor characteristics directly in Section V, but from Table 5 conclude that 

endogenous responses of faculty inputs is not sufficient to alter conclusions about the overall 

effect of class size. The final 2SLS specification (column 5) controls for total course enrollment. 

To the extent that changes in average class cap size simply reflects institutional responses to 

changes in total course demand, the exclusion restriction underpinning our instrument strategy 

will be invalidated. Controlling for total course enrollment has little impact on our estimates.  

The remaining specifications are “reduced-form” estimates from models that regress 

outcomes directly on the section-specific cap and controls. Column (6) is the reduced-form 

analog to (2) and are nearly identical to the 2SLS estimates, reflecting the incredibly strong first 

stage. Column (7) replaces student characteristics with student-fixed effects. This compares 

students’ performance in larger classes to smaller classes, after netting out each students’ typical 

level of performance on top of all the other controls (including course-fixed effects). This 

addresses student sorting that correlates with class size, at least on the component of student 

performance that is constant across all courses. The final column in each panel replace instructor 

characteristics with instructor fixed effects. Conceptually, this model compares the performance 

of students taking the same course from the same instructor, but who experience different class 
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sizes, likely due to changes in class size across semesters.   None of these alternative models 

change our overall conclusion that class size is minimally related to student performance in 

current and follow-up courses. Nearly all of these alternative models find class size effects that 

are smaller in magnitude than our main specification, thus our base case model could be 

interpreted as “worst-case-scenario” estimates of the detrimental effects of class size. 

To investigate non-linearity in class size effects, we also estimate OLS reduced-form models 

that include a large number of indicators for average class cap rounded to the nearest 10 students, 

described in equation (2) below. 

𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + ∑ 𝛽𝛽𝑛𝑛1(𝐶𝐶𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖�������� = 𝑛𝑛)600
𝑛𝑛=20 + 𝛽𝛽2𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (2) 

The estimates of the parameters 𝛽𝛽𝑛𝑛 are shown in Figure 3. Consistent with our main results, 

there is very little evidence of any noticeable benefit of class size reduction for current or future 

course grades for most of the distribution of class size. Current course grades do appear to be 

larger for very large class sizes (> 400 students), but this accounts for very little of the student 

sample. Encouragingly, there is no evidence of such negative effects of very large classes for 

subsequent GPA. 

 Class size increases may be particularly harmful to students with the weakest academic 

preparation at the university. Table 6 presents estimates from our preferred 2SLS model 

separately by students’ incoming ACT score. Generally there is little consistent pattern of class 

size effects across student preparation. Point estimates associated with a class size increase are 

more negative for 1st quartile students than 4th quartile students for small classes, yet the opposite 

pattern is true for large classes. Point estimates are generally very small for all student groups.  

 

B. Experimental Results for Calculus  

The estimates presented above pool all courses together, combining courses that changed class 

sizes for quite different reasons. Some of these courses generate good, exogenous quasi-

experimental variation in class size, while others likely include variation that is more 

problematic. We now focus on a handful of classes – which range in class size – for which we 

know the motivation for the class size change.  

We first examine Math 115 (Calculus 1). Historically this class was capped at 32 students, 

but the cap was reduced in Fall 2015 to either 18 or 24 and then to 18 for everyone from Fall 

2016 onwards. Importantly, students in Fall 2015 or Winter 2016 were randomly assigned to 
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sections of either 18 or 24 students. Figure 4 shows the enrollment cap and instructional cost per 

student over time for Math 115. This policy thus creates quasi-experimental variation (before vs. 

after the cap reduction) and experimental variation (during the Fall 2015 and Winter 2016 when 

the cap was randomly assigned) to exploit for identification. Math 115 is also nice because 

performance in Math 116 (Calculus II) can measure longer-term learning effects. Table 7 

presents estimates of the effect of class size using these two different sources of variation. Using 

both approaches, we find that students in small classes of 18 students have worse outcomes than 

students in larger (32) and moderate-sized (24) classes.  Students in smaller classes perform 

worse in Math 115 (Panel A), are less likely to take Math 116 (though this is insignificant), 

perform worse in Math 116 if they do take it (Panel C), and have lower GPAs in the next 

semester (Panel D).  This qualitative result is remarkably consistent between the quasi-

experimental and experimental approaches. 

 These results support the conclusion of the in-depth assessment of this class size experiment 

conducted by the UM Center for Research on Learning and Teach (Lande et al 2016).  

Controlling for a math concept inventory pre-test score, observed student engagement, and basic 

demographics, students in small sections (cap of 18) scored 0.01 to 0.08 grade points lower than 

students in the larger sections (cap of 24), but results were not significant.  Separate regressions 

measuring differences in pre- and post-test scores on a math concept inventory score yielded 

similar negative, but insignificant results.  However, classroom observations revealed increased 

interaction between faculty and student groups, and students in smaller sections rated group work 

as more effective on a post-course survey than students in larger sections.  

 

C. Course-Specific Results 

To expand this approach to a wider set of courses, we then estimate course-specific versions 

of equation (1) to generate estimates of class size effects for all 89 courses in our sample. Panel 

A in Figures 5 and 6 plot the distribution of course-specific estimates for next-term GPA and 

number of same-subject courses taken in the next year. Estimates are centered around zero, but 

with some dispersion. Panel B in these figures examines how these estimates differ with average 

class size. The magnitude of course-specific estimates does not tend to differ with class size, 

though estimates are more noisy for smaller classes (for which a 10 person change is a much 

large treatment). 
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In Table 8, we present these course-specific estimates for a select number of courses for 

which we have a pretty good understanding of where the class size variation is coming from. All 

sections of Spanish 101, 102, 103, and 231 were reduced from 24 to 18 in Winter 2015. As 

shown in Panel A, this class size reduction was systematically associated with better student 

outcomes. Panel B presents results for Math 115 and 116, which collaborate our results in Table 

7. Panel C presents results one engineering course. As shown in Figure 7, Engineering 101 

experienced a periodic cap spike when the number of sections was temporarily reduced in Winter 

2004 and Winter 2008. Neither of these changes is associated with changes in student 

performance, though both are associated with changes in actual class size and instructional cost. 

Finally, Psychology 111 has historically had both large and small classes operating in the same 

term simultaneously. Over time the number of small sections has increased and the size of both 

large and small sections has been reduced. These reductions in class size are associated with 

changes in student outcomes, though estimates are imprecise (Panel D). 

 

V. Mechanisms 

In order to better understand the mechanisms through which changes in class size might affect 

student outcomes (or not), we now assess how other aspects of courses change when class size is 

altered. We first examine instructor characteristics, as this is the most obvious margin on which 

institutions might adjust in response to larger or smaller classes. For instance, to accommodate a 

greater number of smaller sections of a given course, the university likely would need to shift 

more teaching responsibility to lecturers and graduate student instructors, as their supply is more 

flexible than that of tenure-track faculty. Table 9 reports effects of class size changes on 

instructor characteristics, including rank, salary, and teaching experience. Indeed larger classes 

are associated with a shift towards instructors of higher rank, higher salary, and more teaching 

experience. That is, class size reductions are accommodated by more courses being taught by 

less experienced and lower-paid graduate student instructors.  These changes motivate the 

inclusion of these instructor characteristics in our main model as controls, though it is possible 

that we have not fully accounted for any shift in instructor quality that is not captured by these 

measures. 

To quantitatively assess how course dynamics and instructional practices within the 

classroom change (if at all) with changes in class size, we now estimate similar models with 
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student end-of-course evaluation scores as outcomes. Student end-of-course evaluations are very 

imperfect measures of student learning and of the pedagogy and instructional practices used in 

the classroom. Nonetheless, we view these as capturing students’ perception of the quality of 

instruction and instructors’ engagement with students during the course, both of which could be 

affected by course size.   

Table 10 presents class size effects for the 12 most common course evaluation questions, 

using our preferred 2SLS model (column 1) as well as the alternative specifications reported in 

Table 5. First note that the section-level response rate is unrelated to class size (bottom row), so 

our evaluation outcomes are unlikely to be systematically biased by non-random selection into 

the sample. All outcomes are on a five point scale, with five being the most positive. Starting 

with the required summary measures (Q1-Q3), we see no evidence that larger classes are 

associated with lower levels of student satisfaction or self-reported learning. Our estimates are 

sufficiently precise that we are able to rule out effects larger than a 0.007 point reduction in 

“Excellent Class,” a 0.008 point reduction in “Excellent Instructor,” and a 0.004 point reduction 

in “Learned a Great Deal” from a ten-person increase in class section size. These magnitudes are 

miniscule relative to other factors under the university’s control, such as the instructor rank, 

where Lecturers rate 0.441, 0.628, and 0.315 points higher than Full Professors on these same 

three measures for the same sample and specification. 

The absence of effects on these summary measures may not be surprising given that we 

also find no effect of class size on the more direct measures of how instructors and students 

interact. On measures of instructors’ preparation (Q9) and clarity (Q5), point estimates are 

actually positive, though very small in magnitude. Again this is in contrast to the large 

differences between faculty of different rank (e.g. 0.402 and 0.577 higher for Lecturers than Full 

Professors for Q9 and Q5, respectively, using the same sample and specification). Finally, we 

look at how class size relates to students’ perception of the classroom environment. We can rule 

out effects larger than a 0.012 point reduction in instructors’ willingness to meet outside the 

classroom (Q8), a 0.0012 point reduction in instructors’ ability to encourage equitable 

participation (Q10), and a 0.0022 point reduction in whether instructors treat students with 

respect (Q7) from a 10-student increase in class size. Looking across all of these evaluation 

outcomes, we conclude that class size increases are accomplished without measurable reductions 

in students’ assessment of the overall course quality, reductions in instructors’ level of 
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preparation or ability to explain material clearly, or a deterioration in more subtle aspects of the 

course climate.  

 

VI. Instructional Costs and Cost Effectiveness 

A major strength of our setting is the ability to quantify the cost implications of class size 

changes, which will ultimately permit us to do a cost effectiveness analysis. Table 11 presents 

estimates from our preferred 2SLS specification, which suggests that class-size changes have 

real consequences for instructional cost. For medium-sized classes, which include STEM courses 

taught by tenure-track faculty, a ten-person increase in class size is associated with a $11.03 

decrease in instructional cost per student. A similar class size increase in very large classes is 

associated with a $1.51 reduction in instructional cost per student. These reductions translate to a 

similar elasticity for medium and very large classes: a 1% increase in class size is associated with 

a 0.31-0.36% reduction in instructional cost per student. Class size reductions in small classes 

tend to be less costly than they otherwise might be as these courses are typically taught by 

graduate student instructors who are much less expensive. Panel B reports estimates the control 

for total course enrollment (across all sections). Cost estimates are similar overall, but are quite a 

bit larger for small courses. Panel C reports estimates that do not control for instructor 

characteristics. Consistent with the notion that the university substitutes less expensive 

instructors to accommodate class size reductions, the cost of class size reduction is less when this 

endogenous university response is not controlled for.  

To put these costs into perspective, we compare the cost-effectiveness of a dollar spent on 

class size reduction to a dollar spent on other interventions, such as coaching, advising, financial 

aid, or financial incentives.  Using estimates from our preferred model, we simulate the first-year 

GPA and total instructional cost for each student if all first-year classes were reduced by 10 

students.4 For a student that is taking 8 courses their first year, this intervention would generate a 

0.007 point GPA improvement for a $47 increase in cost. Assuming linearity of effects, spending 

an additional $1000 per student on class size reduction would thus result in a 0.15 point increase 

in first-year GPA, a 0.18σ increase. Oreopoulos and Petronijevic (2018) found that a one-on-one 

coaching intervention at the University of Toronto increased GPA by 0.35σ at a cost of $765 per 

4 We use the size-specific estimates reported in column (3) of Table 3 (current course grade) and panel A of Table 
11 (instructional cost) in this simulation.  
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participant. Thus a $1000 intervention would increase GPA by 0.46σ. Angrist, Lang, and 

Oreopoulos (2009) assess an earlier intervention that combined peer advising, support services, 

and financial incentives. They also found sizeable first-year GPA improvements of 0.23σ at a 

cost of $739, which translates to a 0.32σ increase per $1000. Coaching and the combination of 

peer advising and financial incentives thus have a cost-effectiveness ratio 1.8 to 2.5 times larger 

than class size reduction.  

We should note that that this comparison likely overstates the relative cost-effectiveness of 

class-size reduction for four reasons. First, we’ve only included instructional cost, but small 

classes also require more classroom space. Unless classroom utilization is low, additional 

classroom construction may be needed to accommodate smaller classes. Second, these coaching 

interventions appear to have effects that persist even after the intervention has stopped, while 

class size has no consistent relationship with future grades. Current course grades are the 

outcome with strongest relationship with class size and thus represent an upper bound on 

achievement effects more generally. Third, some specifications found larger costs associated 

with class-size reduction for small classes, so the true cost associated with class size reduction 

may be larger than we’ve considered. In fact, the costs of class-size reductions for some specific 

courses (e.g. Math 115) are considerably larger than our overall estimates would imply.  Finally, 

we’ve extrapolated the effects of investments in class size reductions linearly up to a $1000 

investment, but effects are unlikely to scale linearly. The coaching interventions did not require 

such extrapolation. These factors all point in the direction of class-size reduction being less cost-

effective than other alternative ways of supporting students academically.   

VII. Conclusion 

We’ve found that ten additional students decrease course cost per student by $1.51 for large 

classes and $11 for medium classes, but has minimal association with student success as we’ve 

measured it, including grades in the focal and subsequent courses and continued interest in the 

subject. Our estimates are sufficiently precise that we can rule out negative effects larger than a 

0.01 point decrease in course grade and a 0.007 point decrease in GPA in subsequent same-

subject courses from a 10-person increase in class size. This result is incredibly robust to 

alternative specifications and sources of identifying variation. We also see no effect when we 

focus specifically on Math 115 (Calculus I), which has clean experimental and quasi-

experimental variation in class size, or on a broader set of specific courses that have clear 
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exogenous policy-driven changes in class size. Analysis of student end-of-course evaluations 

suggests that class size increases are accomplished without measurable reductions in students’ 

assessment of the overall course quality, reductions in instructors’ level of preparation or ability 

to explain material clearly, or a deterioration in more subtle aspects of the course climate.  

Though class size reductions tend to be accommodated by less expensive and less experienced 

instructors, which could have broader impacts on instructional quality not easily captured by our 

measures. 

Our findings stand somewhat in contrast to several of the prior studies which found 

measurable positive effects of class size reduction in higher education. There are several possible 

explanations for this difference. First, class size may be less important at very selective research 

institutions than the other institutions examined by prior work. Prior work does not examine 

institutions quite as selective as the University of Michigan. This explanation would suggest 

caution in extrapolating our results to institutions of different types. Second, our method for 

identifying class size effects may isolate a different local average effect than prior work has 

uncovered. One specific aspect of this explanation is that short-term year-to-year fluctuations in 

class size may not affect how instructors teach courses or that the benefits of class size 

reductions may take several years to materialize because instructors are slow to adjust their 

approaches. Our identification strategy that exploits these changes will not uncover these longer-

run effects.  Finally, there could be important heterogeneity by students – for instance, less 

academically prepared students being more influenced by class size reductions – that our overall 

estimates have not uncovered but prior work has. While we find no differential effects by 

students’ ACT score, there could be other important sources of heterogeneity we are missing. 

Each of these is an important avenue for future work. While this analysis certainly does not settle 

the debate about the benefits of class size reduction in higher education, it does suggest that 

institutions (particularly very selective research universities) should think more critically about 

whether there might be more cost effective ways of supporting their students and improving their 

success. One-on-one coaching interventions, such as that studied by Oreopoulos and Petronijevic 

(2018), is one such strategy that appears to be more cost-effective than class-size reduction.   
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Figure 1 Distribution of class caps of classes taken by UM first-years  

Panel A. All Classes 

 

Panel B. Classes with Enrollment Cap Below 50 

 

Notes: Figure depicts the distribution of enrollment by class size of the main course component (lecture 
or seminar in the case of multi-component courses) taken by UM freshmen from 2001-2015. Each 
enrollment is counted once.  
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Figure 2. Distribution of Enrollment Cap across Cohorts 

  

Notes: Figure depicts the median, inter-quartile range, and outlier range of class size of the main course 
component (lecture or seminar in the case of multi-component courses) taken by UM freshmen from 
2001-2015. Each enrollment is counted once so distribution is implicitly weighted by course enrollment.  
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Figure 3. Non-Parametric OLS relationship between Class Size and Grade Outcomes 

 

 

 

Notes: Figures depict the point estimates from OLS regression of outcome on set of indicators for class 
size (divided by 10), with classes with 10 or fewer students as the reference category. Model includes 
course fixed effects, term fixed effects, and all student and instructor controls.  
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Figure 4. Costs and Enrollment Cap in Math 115 

 

Notes: This figure depicts the cost per student in Math 115 and the enrollment cap between Fall 2010 
and Winter 2017.  In Fall 2015 and Winter 2016, the math department moved from many sections with a 
cap of 32 to an even split of 18 and 24 cap sections, which is why there are two points in these terms.  
Starting in Fall 2016, the section cap was lowered to 18 permanently.  Cost per student is measured at 
the course level, dividing the total instructor salary (weighted for other courses taught) for all sections of 
a course by the total number of students in the course in a given term.  
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Figure 5. Course-specific Estimates for Next-term GPA 

Panel A. Distribution of Course-specific Estimates  

 

Panel B. Correlation of Course-Specific Estimates with Avg Class Size  

 

Notes: Figures depict the distribution of estimates for the effect of a class size cap increase of 10 
students. Estimates come from models that examine each of 93 courses separately with GPA in the next 
term as the outcome, as described in equation (1). Model controls for student and instructor 
characteristics, a dummy for winter term, and year (linearly). Two outlier estimates are omitted from 
graph. In Panel B, estimates are arranged by the average enrollment cap of the course across the whole 
sample (logarithmic scale is shown). Filled circles indicate significant at the 5% level.  
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Figure 6. Number of Same-Subject Courses Next Year 

Panel A. Distribution of Course-specific Estimates  

 

Panel B. Correlation of Course-Specific Estimates with Avg Class Size  

 

Notes: Figures depict the distribution of estimates for the effect of a class size cap increase of 10 
students. Estimates come from models that examine each of 93 courses separately with number of 
same-subject courses taken in the next year as the outcome, as described in equation (1). Model 
controls for student and instructor characteristics, a dummy for winter term, and year (linearly). Two 
outlier estimates are omitted from graph. In Panel B, estimates are arranged by the average enrollment 
cap of the course across the whole sample (logarithmic scale is shown). Filled circles indicate significant 
at the 5% level.   
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Figure 7. Average Enrollment Cap and Number of Section in Engineering 100 and 101 

 

Notes: This figure depicts changes in average cap and number of sections in Engineering 100 and 101 
courses between 2002 and 2016. Average cap is measured within each term and course while number of 
sections is the total number of lecture sections that bear credit.   
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Table 1. Summary Statistics

Variable All Courses 1-40 Cap 41-200 Cap 201+ Cap All Courses 1-40 Cap 41-200 Cap 201+ Cap
Course Characteristics Instructor Demographics
Section Cap 183.3 23.2 111.3 346.1 Professor 12% 5% 28% 14%
Section Enrollment 166.7 22.4 105.0 312.6 Associate Prof. 5% 2% 8% 6%
Multi-Component 56% 13% 84% 87% Assistant Prof. 8% 6% 21% 6%

Lecturer/Instr. 48% 33% 39% 64%
Student Demographics Grad. Student Instructor 26% 54% 2% 7%
Female 47% 52% 32% 47% Other Professional 2% 0% 1% 3%

Asian 14% 11% 16% 17% Unknown Race 3% 5% 0% 2%
Black 4% 4% 2% 3% Asian/Pacific Islander 11% 14% 20% 5%
Hispanic 4% 5% 4% 4% Black/African American 2% 4% 3% 1%
White 66% 69% 62% 64% Hispanic/Latino 6% 11% 4% 2%
Other Race 3% 3% 3% 3% White, Not Hispanic 77% 65% 74% 88%
International 3% 2% 5% 3% 2+ Races, Amer. Ind., Alaskan 1% 2% 0% 1%
Unknown 6% 6% 7% 6%
Parent Education Female 47% 48% 25% 53%

HS or Less 5% 5% 4% 5%
Some College, No Deg. 4% 4% 3% 4% Non-Resident Alien 13% 23% 14% 4%
Associate's 4% 4% 3% 4% Permanent Resident 8% 8% 14% 7%
Bachelor's 27% 28% 27% 26% US Citizen 79% 69% 72% 89%
Master's 31% 30% 34% 30%
Advanced 24% 24% 22% 25% Years Experience at UM 6.8 3.8 8.6 8.9
Unknown 5% 5% 6% 5% Instructor Salary per Semester 28,789$        15,595$        41,068$        37,008$        

Family Income
Less than $25,000 4% 4% 3% 4% Outcomes
$25,000 - $49,999 7% 7% 6% 7% GPA in Class 3.17 3.22 3.15 3.12
$50,000 - $74,999 8% 8% 8% 8% Semester GPA (Excl. Class) 3.29 3.27 3.31 3.30
$75,000 - $99,9999 10% 9% 10% 10% Next Term GPA 3.26 3.25 3.24 3.27
$100,000 or More 45% 44% 45% 45% Same Subject Courses (1yr) 1.06 1.12 1.22 0.96
Unknown 27% 27% 27% 26% Same Subject GPA (1yr) 3.11 3.11 3.14 3.10

Subsequent Courses (1yr) 0.25 0.23 0.39 0.23
ACT Verbal Score 29.4 29.2 29.8 29.5 Subsequent Course GPA (1yr) 3.09 3.05 3.10 3.12
ACT Math Score 30.1 29.4 31.8 30.4 Course Cost Per Student 264.47$       365.22$       327.70$       157.17$       

Number of Observations
Count of Enrollments 379,314        155,013 49,765 174,536
Percent of Enrollments 100% 41% 13% 46%

Average Cap Size Average Cap Size
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Table 2. First Stage: Effect of Caps on Actual Enrollment

(1) (2) (3) (4) (5) (6) (7) (8)

Section Cap (/10) 0.939*** 0.844*** 0.946*** 0.919***
(0.0122) (0.0128) (0.0342) (0.0169)

Average section cap (/10) 0.902*** 0.848*** 0.960*** 0.675***
(0.0283) (0.0156) (0.0428) (0.0535)

F-Test F(55,1660) F(55,1660) F(55,982) F(55,982) F(55,261) F(55,261) F(55,415) F(55,415)
240.55*** 51.46*** 107.82*** 71.56*** 248.56*** 203.62*** 277.66*** 27.05***

Notes: Each panel presents first stage estimates of the effect of section cap or average cap of all class sections in a course-term on the  actual 
class section enrollment.  Standard errors clustered by course-term. Student controls include female, six race/ethnicity categories, 5 family 
income categories, six parent education categories, ACT math, ACT verbal, three college indicators (Engineering, LSA, other), and in-state 
residency. Instructor characteristics include salary, six rank categories, male, five race/ethnicity categories, residency, and experience. Also 
includes indicator for whether the class has multiple components, whether the student withdrew, and whether the student was incomplete.

Courses with average class section size of
Dept Var: Actual Enrollment in Class Section

All courses 1 to 40 41 to 200 201+
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Table 3. Effect of Class Size on Course GPA 

Course Grade Course Grade Course Grade
GPA in other 

classes in term
(1) (2) (3) (4)

Panel A. All Courses (n = 379,314)
Enrollment in Class (/10) 0.000297 -0.000793* -0.00496*** -0.00183***

(0.000496) (0.000431) (0.00109) (0.000443)

Panel B. Courses with Avg Cap 1-40 (n = 155,013)
Enrollment in Class (/10) 0.00517 -0.00245 -0.00671 -0.000981

(0.00677) (0.00624) (0.00861) (0.00250)

Panel C. Courses with Avg Cap 41-200 (n = 49,765)
Enrollment in Class (/10) -0.00543** -0.00626*** -0.00790*** -0.00211*

(0.00241) (0.00209) (0.00287) (0.00125)

Panel D. Courses with Avg Cap 201+ (n = 174,536)
Enrollment in Class (/10) 0.000567 -0.000781 -0.00643*** -0.00282***

(0.000598) (0.000538) (0.00170) (0.000653)

Controls
Course and term FE X X X X
Student controls X X X
Instructor controls X X X X
Instrument none none Average class 

cap in course 
X term

Average class 
cap in course X 

term

2SLSOLS

Notes: Each cell presents OLS or 2SLS estimates of outcomes on actual enrollment. 2SLS models 
instrument for actual class enrollment with the average cap of all class sections in a course-term. 
Standard errors clustered by course-term. Student controls include female, six race/ethnicity 
categories, 5 family income categories, six parent education categories, ACT math, ACT verbal, three 
college indicators (Engineering, LSA, other), and in-state residency. Instructor characteristics include 
salary, six rank categories, male, five race/ethnicity categories, residency, and experience. Also 
includes indicator for whether the class has multiple components, whether the student withdrew, 
and whether the student was incomplete.

30



Table 4. Effect of Class Size on Number and Grades in Followup Courses (2SLS)

GPA next 
term

Number of 
same-subject 

courses in next 
year

GPA in same-
subject 

courses in 
next year

Number of 
subsequent 

courses in next 
year

GPA in 
subsequent 
courses in 
next year

(1) (2) (3) (4) (5)
Panel A. All Courses (n = 379,314; 182,113; 71,152)
Enrollment in Class (/10) 0.000201 -0.0114*** -0.00228* 0.000583 -0.0029

(0.000404) (0.00264) (0.00124) (0.000556) (0.0016)

Panel B. Courses with Avg Cap 1-40 (n = 155,013; 72,986; 29,206)
Enrollment in Class (/10) -0.000380 -0.0231 0.00449 -0.00391 0.0053

(0.00295) (0.0214) (0.00608) (0.00437) (0.0121)

Panel C. Courses with Avg Cap 41-200 (n = 49,765; 28,466; 14,389 )
Enrollment in Class (/10) -0.00268** -0.0319*** 0.000128 -0.000596 0.0019

(0.00114) (0.0108) (0.00377) (0.00152) (0.0029)

Panel D. Courses with Avg Cap 201+ (n = 174,536; 80,661; 27,557)
Enrollment in Class (/10) 0.000322 -0.00716** -0.00336* 0.000291 -0.0059*

(0.000547) (0.00317) (0.00174) (0.000903) (0.0025)
Controls
Course and term FE X X X X x x
Stdnt controls X X X X x x
Instr controls X X X X x x
Instrument Average class cap in course X term

Notes: Each panel presents 2SLS estimates of outcomes on actual enrollment, instrumenting for actual class enrollment 
with the average cap of all class sections in a course-term. Standard errors clustered by course-term. Student controls 
include female, six race/ethnicity categories, 5 family income categories, six parent education categories, ACT math, ACT 
verbal, three college indicators (Engineering, LSA, other), and in-state residency. Instructor characteristics include salary, six 
rank categories, male, five race/ethnicity categories, residency, and experience. Also includes indicator for whether the 
class has multiple components, whether the student withdrew, and whether the student was incomplete. Sample size 
reported in parentheses for each panel is lower in columns (3) and (5) because these outcomes are only available if 
students take a same-subject course (column 3) or subsequent course (column5). 
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Table 5. Robustness of Current and Follow-up Course Grade Estimates to Identifying Variation

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A. All Courses (n = 379,314)
Enrollment in Class or Cap (/10) -0.00496*** -0.000906* -0.000461 -0.000660 -0.00412*** -0.000850* -0.000643 -0.000759

(0.00109) (0.000544) (0.000586) (0.000549) (0.00133) (0.000510) (0.000447) (0.000690)

Panel B. Courses with Avg Cap 1-40 (n = 155,013)
Enrollment in Class or Cap (/10) -0.00671 -0.00652 -0.00541 -0.00520 0.00207 -0.00550 -0.00203 0.00124

(0.00861) (0.00671) (0.00615) (0.00632) (0.00790) (0.00563) (0.00651) (0.00507)

Panel C. Courses with Avg Cap 41-200 (n = 49,765)
Enrollment in Class or Cap (/10) -0.00790*** -0.00863*** -0.00770*** -0.00734*** -0.00983*** -0.00817*** -0.00806*** -0.00614**

(0.00287) (0.00244) (0.00227) (0.00238) (0.00373) (0.00234) (0.00305) (0.00258)

Panel D. Courses with Avg Cap 201+ (n = 174,536)
Enrollment in Class or Cap (/10) -0.00643*** -0.00100 -0.000533 -0.000415 -0.00746*** -0.000919 -0.000175 -0.000658

(0.00170) (0.000724) (0.000750) (0.000548) (0.00266) (0.000664) (0.000577) (0.000705)

Panel E. All Courses (n = 182,113)
Enrollment in Class or Cap (/10) -0.00228* 0.000669 0.00159*** 0.00112*** -0.000859 0.000625 0.000644* -0.00106*

(0.00124) (0.000410) (0.000427) (0.000419) (0.00151) (0.000385) (0.000349) (0.000569)

Panel F. Courses with Avg Cap 1-40 (n =  72,986)
Enrollment in Class or Cap (/10) 0.00449 0.00108 -0.000385 0.00114 0.0152 0.000928 -0.00630 0.000467

(0.00608) (0.00493) (0.00374) (0.00479) (0.0105) (0.00424) (0.00448) (0.00477)

Panel G. Courses with Avg Cap 41-200 (n = 28,466)
Enrollment in Class or Cap (/10) 0.000128 0.00147 0.00416 0.000251 -0.001000 0.00140 0.000386 0.00571

(0.00377) (0.00323) (0.00286) (0.00316) (0.00452) (0.00310) (0.00464) (0.00373)

Panel H. Courses with Avg Cap 201+ (n =80,661)
Enrollment in Class or Cap (/10) -0.00336* 0.000490 0.00123*** 0.00103*** -0.000913 0.000452 0.000794*** -0.000958*

(0.00174) (0.000492) (0.000459) (0.000387) (0.00217) (0.000456) (0.000282) (0.000546)
Controls
Course and term FE X X X X X X
Stdnt controls X X X X X X X
Instr controls X X X X X X
Course * Winter FE X X
Total course enrollment X
Student FE X
Instructor FE X
Instrument Average class 

cap in course 
X term

Secion-
specific cap

Average 
class cap in 

course X 
term

Average 
class cap in 

course X 
term

Average 
class cap in 

course X 
term

None None None

Notes: Each panel presents the effect of class section enrollment on grade outcomes, with each cell corresponding to a separate regression.  Standard 
errors clustered by course-term. Student controls include female, six race/ethnicity categories, 5 family income categories, six parent education 
categories, ACT math, ACT verbal, three college indicators (Engineering, LSA, other), and in-state residency. Instructor characteristics include salary, 
six rank categories, male, five race/ethnicity categories, residency, and experience. Also includes indicator for whether the class has multiple 
components, whether the student withdrew, and whether the student was incomplete.

Outcome: Course Grade

Outcome: GPA in same-subject courses in next year

2SLS OLS Reduced Form
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Table 6. Current and Follow-up Course Grade Effects, by Quartile of ACT Score

1st (low) 2nd 3rd 4th (high) 1st (low) 2nd 3rd 4th (high)
(1) (2) (3) (4) (5) (6) (7) (8)

Panel A. All Courses
Enrollment in Class or Cap (/10) -0.000213 -0.000283 -0.00170** -0.00217*** 0.00203*** 0.000689 0.000376 -0.00127*

(0.000645) (0.000594) (0.000684) (0.000791) (0.000627) (0.000633) (0.000640) (0.000688)

Panel B. Courses with Avg Cap 1-40
Enrollment in Class or Cap (/10) -0.0141* -0.00786 0.00351 0.0176 -0.00395 0.00842 0.00144 -0.00228

(0.00810) (0.00879) (0.00679) (0.0150) (0.00927) (0.00991) (0.00619) (0.0136)

Panel C. Courses with Avg Cap 41-200
Enrollment in Class or Cap (/10) -0.00912*** -0.00923*** -0.0104*** -0.00720** 0.00328 -0.000433 0.00226 0.00339

(0.00314) (0.00243) (0.00357) (0.00293) (0.00335) (0.00370) (0.00368) (0.00513)

Panel D. Courses with Avg Cap 201+ 
Enrollment in Class or Cap (/10) 0.000226 -0.000391 -0.00236*** -0.00271*** 0.00246*** 0.00146* -0.000519 -0.00215***

(0.000816) (0.000764) (0.000834) (0.000918) (0.000657) (0.000772) (0.000823) (0.000708)
Controls
Course and term FE X X X X X X X X
Stdnt controls X X X X X X X X
Instr controls X X X X X X X X
Instrument Average class 

cap in course 
X term

Average 
class cap in 

course X 

Average 
class cap in 

course X 

Average 
class cap in 

course X 

Average class 
cap in course X 

term

Average class 
cap in course 

X term

Average class 
cap in course 

X term

Average class 
cap in course X 

term
Notes: Each panel presents the effect of class section enrollment on grade outcomes, with each cell corresponding to a separate regression.  Standard errors clustered 
by course-term. Student controls include female, six race/ethnicity categories, 5 family income categories, six parent education categories, ACT math, ACT verbal, 
three college indicators (Engineering, LSA, other), and in-state residency. Instructor characteristics include salary, six rank categories, male, five race/ethnicity 
categories, residency, and experience. Also includes indicator for whether the class has multiple components, whether the student withdrew, and whether the 
student was incomplete.

Outcome = Course Grade Outcome = GPA in same-subject courses in next year
ACT score Quartile ACT score
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Table 7. Quasi-experimental and Experimental Estimates for Math 115

All terms Fall only
15-16 only 

(experiment) All terms Fall only
15-16 only 

(experiment)
(1) (2) (3) (4) (5) (6)

Enrollment Cap 18 -0.0665** -0.0735* -0.0613 -0.0156 -0.0233 -0.0201
(relative to 32 or 24) (0.032) (0.038) (0.038) (0.019) (0.025) (0.019)

Enrollment Cap 24 0.0199 0.0142 0.00538 0.00309
(relative to 32) (0.035) (0.044) (0.018) (0.024)

N 14,440 9,982 1,949 12,786 8,848 2,030
R-Squared 0.21 0.227 0.183 0.154 0.116 0.167

All terms Fall only
15-16 only 

(experiment) All terms Fall only
15-16 only 

(experiment)
(7) (8) (9) (10) (11) (12)

Enrollment Cap 18 -0.0957* -0.0887 -0.135* -0.0347 -0.031 -0.00718
(relative to 32 or 24) (0.052) (0.054) (0.069) (0.024) (0.027) (0.033)

Enrollment Cap 24 -0.00829 0.00362 -0.0211 -0.0108
(relative to 32) (0.055) (0.055) (0.029) (0.033)

N 4,515 3,990 528 0.098 0.081 0.108
R-Squared 0.14 0.097 0.181 14,133 10,265 2,009

C. Grade in Math 116 D. Next semester GPA

Notes: Omitted category is Enrollment Cap = 32 (first two specifications) and Enrollment Cap = 24 (third 
specification). All models include Fall term indicator, gender and race, parent ed and income, term 
(continuous), ACT math and verbal, academic level, cumulative GPA, instructor rank. Sample includes all 
students taking Math 115 from Fall 2010 through Winter 2017. Third column is restricted to students 
enrolled in Math 115 in Fall 2015 or Winter 2016 when students were randomly assigned to classes of 
either 18 or 24 students.

A. Grade in Math 115 B. Take Math 116
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Table 8. Course-Specific Estimates for Courses with Cap Changes for Known Reasons
Coefficient on Class Enrollment Cap / 10

Panel A. Spanish Courses

coeff se coeff se coeff se coeff se
GPA in Class -0.100 0.176 -0.347** 0.173 -0.118 0.0773 -0.161* 0.0837
Semester GPA (Excl. Class) -0.142 0.133 -0.196 0.119 -0.0513 0.0564 -0.0137 0.0650
Next Term GPA 0.158 0.118 -0.205 0.0138 -0.151 0.0916 0.0104 0.0504
Same Subject Courses (1yr) -0.200 0.224 0.0935 0.208 0.177** 0.0884 -0.0944 0.0612
Same Subject GPA (1yr) 0.105 0.0994 0.0646 0.0118 -0.102 0.0721 -0.0111 0.0671
Subsequent Courses (1yr) 0.00207 0.0563 0.142 0.157 0.0811* 0.0482 -0.00366 0.0183
Subsequent GPA (1yr) -0.348 0.297 0.126 0.116 -0.197** 0.0866 -0.1300 0.0889
Course Cost Per Student -256.0*** 41.11 -300.7*** 71.28 -133.9*** 30.19 -176.1*** 27.34

Panel B. Math Courses Panel C. Other Courses

coeff se coeff se coeff se coeff se
GPA in Class -0.018 0.0269 0.0175 0.0348 0.0004 0.00658 -0.00089 0.00252
Semester GPA (Excl. Class) -0.0838*** 0.0315 -0.0328 0.0284 0.00197 0.00214 0.00116 0.000923
Next Term GPA -0.0482** 0.0215 0.00721 0.0185 0.00175 0.00133 0.00101 0.000925
Same Subject Courses (1yr) 0.0267 0.0244 0.0411** 0.0162 0.00000 0.00154 0.000516 0.00175
Same Subject GPA (1yr) -0.0483 0.0411 -0.0357 0.0387 0.0225 0.0152 0.000491 0.00282
Subsequent Courses (1yr) -0.0206 0.0137 -0.0428* 0.0245 -0.00612 0.00406 0.00135 0.00123
Subsequent GPA (1yr) 0.284** 0.1400 0.0124 0.0552 -0.00389 0.00318 -0.00018 0.00386
Course Cost Per Student -256.4*** 31.02 -244.1*** 24.23 -1.005* 0.589 -1.167** 0.48500

Notes: Each panel presents 2SLS estimates of outcomes on actual enrollment, instrumenting for actual class enrollment 
with the average cap of all class sections in a course-term. Estimates come from models that examine each course 
separately,  as described in equation (1). Model controls for student and instructor characteristics, a dummy for winter 
term, and year (linearly). Standard errors clustered by course-term.

SPANISH 101 SPANISH 102 SPANISH 231SPANISH 103

PSYCH 111ENGR 101MATH 116MATH 115
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Table 9. Effect of Class Size on Instructor Characteristics

Professor
Assoc. 

Professor Asst. Professor Lecturer GSI

Main 
Instructor 

Salary
Main Instructor 

Experience
(1) (2) (3) (4) (5) (7) (8)

Panel A. All Courses
Enrollment in Class (/10) 0.00437** 0.00261* 0.000148 0.00150 -0.00695*** 308.0*** 0.0995***

(0.00191) (0.00141) (0.000463) (0.00243) (0.00160) (72.81) (0.0342)

Panel B. Courses with Avg Cap 1-40 
Enrollment in Class (/10) 0.0127 0.0348* -0.00887 0.0314 -0.0696*** 2,432*** 0.566***

(0.0122) (0.0191) (0.00620) (0.0203) (0.0206) (643.0) (0.139)

Panel C. Courses with Avg Cap 41-200 
Enrollment in Class (/10) 0.00489 0.00434 -0.00881** 0.00430 -0.00467*** 376.1* 0.0749

(0.00438) (0.00419) (0.00373) (0.00482) (0.00138) (197.7) (0.0598)

Panel D. Courses with Avg Cap 201+ 
Enrollment in Class (/10) 0.00237 0.00188 -0.000347 0.00385 -0.00815*** 204.8** 0.104***

(0.00211) (0.00163) (0.00112) (0.00256) (0.00157) (81.86) (0.0386)
Controls
Course and term FE X X X x x x x
Stdnt controls X X X x x x x
Instrument Average class cap in course X term
Notes: Each panel presents 2SLS estimates of outcomes on actual enrollment, instrumenting for actual class enrollment with the average cap of all 
class sections in a course-term. Standard errors clustered by course-term. Student controls include female, six race/ethnicity categories, 5 family 
income categories, six parent education categories, ACT math, ACT verbal, three college indicators (Engineering, LSA, other), and in-state residency.  
Also includes indicator for  whether the student withdrew, and whether the student was incomplete. 

Type of main instructor
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Table 10. Relationship between Class Size and Teaching Evaluations

Course-term 
average cap Section cap Full controls Student FE Instructor FE

(1) (2) (3) (4) (5)
Q1 - Excellent course -0.00100 0.000947 0.000887 0.00155 -0.00439***
(n = 235,366) (0.00310) (0.00153) (0.00144) (0.00134) (0.00124)

Q2 - Excellent instructor 0.000412 -0.000211 -0.000198 0.000311 -0.00440***
(n = 235,370) (0.00433) (0.00186) (0.00174) (0.00170) (0.00165)

Q3 - Learned a great deal -0.000050 0.00121 0.00113 0.00166 -0.00314***
(n = 235,370) (0.00196) (0.00119) (0.00112) (0.00106) (0.000893)

Q4 - Desire to take course 0.000277 -4.78e-05 -4.48e-05 0.000776 -0.00409***
(n = 235,408) (0.00186) (0.00134) (0.00126) (0.00113) (0.00142)

Q5 - Instr. explained material clearly 0.00252 -0.00114 -0.00107 -0.000633 -0.00292
(n = 114,522) (0.00400) (0.00234) (0.00221) (0.00215) (0.00213)

Q6 - Instr. thorough knowledge of course 0.00507 -0.00149 -0.00142 -0.00257 0.000639
(n = 66,626) (0.00334) (0.00234) (0.00221) (0.00256) (0.00115)

Q7 - Instr. Treated students with respect 0.00433 0.00501*** 0.00478*** 0.00452*** -0.00301*
(n = 93,565) (0.00333) (0.00104) (0.000999) (0.000913) (0.00156)

Q8 - Instr. willing to meet outside of class -0.00474 0.00292** 0.00282** 0.00297** -0.00368**
(n=98,998) (0.00355) (0.00137) (0.00133) (0.00124) (0.00168)

Q9 - Instr. well prepared for class 0.00606** 0.00301*** 0.00289*** 0.00335*** -0.00255**
(n = 135,178) (0.00282) (0.00103) (0.00100) (0.000928) (0.00108)

Q10 - Instr. Encouraged participation equitabl 0.0111** 0.00575*** 0.00564*** 0.00720*** -0.000977
(n = 40,728) (0.00507) (0.00131) (0.00128) (0.00152) (0.00259)

Q11 - Work for course compared to equal cre  -0.00184 0.00138 0.00125 0.000128 0.000502
(n = 122,589) (0.00318) (0.00207) (0.00186) (0.00183) (0.00187)

Q12 - Expected grade -0.000802 -0.000353 -0.000324 -8.39e-05 -0.00200
(n = 91,281) (0.00244) (0.000878) (0.000805) (0.000700) (0.00125)

Response Rate (Section Level) 0.00135 0.00009
(n = 10,004) (0.00346) (0.000397)

2SLS
OLS Reduced FormInstrument:

Notes: Each panel presents the effect of class section enrollment on evaluation outcome, with each cell corresponding to a 
separate regression. Sample sizes vary because only the first four questions are required for all courses. Outcomes are 
measured on a five point scale. Since evaluations can be linked to specific course sections but not to specific respondants, 
the class section averages for each outcome is assigned to all students in each section. Covariates thus control for 
characteristcs of students in each section, rather than the characteristics of survey respondants. Standard errors clustered 
by course-term. Student controls include female, six race/ethnicity categories, 5 family income categories, six parent 
education categories, ACT math, ACT verbal, three college indicators (Engineering, LSA, other), and in-state residency. 
Instructor characteristics include salary, six rank categories, male, five race/ethnicity categories, residency, and experience. 
Also includes indicator for whether the class has multiple components, whether the student withdrew, and whether the 
student was incomplete.
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Table 11. Effect of Class Size on Instructional Cost per Student (2SLS)

All courses 1-40 41-200 201+
(1) (2) (3) (4)

Panel A. Full Conrols
Enrollment in Class (/10) -2.401*** -9.899 -11.03*** -1.514***

(0.467) (7.729) (2.085) (0.330)
Panel B. Full Controls (control for total course enrollment)
Enrollment in Class (/10) -2.003*** -25.14* -11.76*** -1.295**

(0.579) (14.67) (2.356) (0.534)
Panel C. No Instructor Controls
Enrollment in Class (/10) -2.130*** -6.652 -10.36*** -1.169***

(0.444) (7.465) (2.078) (0.243)

Observations 378,471 154,847 49,196 174,428

Outcome mean 257.975 361.95 313.29 154.28
Class size mean 169.1 22.7 101.8 312.4
Coeff as % of mean -0.027 -0.035 -0.010
Elasticity of cost w.r.t. class ernollment -0.062 -0.358 -0.307

Notes: Each panel presents 2SLS estimates of outcomes on actual enrollment, instrumenting for actual 
class enrollment with the average cap of all class sections in a course-term. Standard errors clustered by 
course-term. Student controls include female, six race/ethnicity categories, 5 family income categories, 
six parent education categories, ACT math, ACT verbal, three college indicators (Engineering, LSA, 
other), and in-state residency. Instructor characteristics include salary, six rank categories, male, five 
race/ethnicity categories, residency, and experience. Also includes indicator for whether the class has 
multiple components, whether the student withdrew, and whether the student was incomplete.

Average class size
Dept Var: Instructional Cost per Student
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Table A1. Complete List of Courses Included in Analysis

Course Mean Cap Freq. Course Mean Cap Freq. Course Mean Cap Freq.

ENGLISH 125 17.99 27,797 ENGR 100 77.82 13,649 CHEM 130 362.70 18,969
MATH 115 29.74 20,898 PHYSICS 140 125.22 10,120 PSYCH 111 183.24 18,016
MATH 116 30.44 12,833 MATH 215 108.25 8,753 ECON 101 358.57 17,880
PHYSICS 141 17.72 9,625 MATH 216 107.71 4,485 CHEM 126 511.73 16,625
ENGLISH 124 17.99 8,910 SOC 102 153.04 3,105 CHEM 125 387.40 16,612
SPANISH 232 23.24 5,527 PHYSICS 240 145.10 2,236 ENGR 101 223.95 13,309
MATH 105 32.72 5,343 ARTDES 150 181.04 1,370 CHEM 210 392.42 9,729
SPANISH 231 23.40 4,681 STATS 100 139.80 1,361 CHEM 211 334.74 9,254
POLSCI 160 24.60 3,503 ARTDES 151 172.61 1,150 ANTHRCUL 101 434.36 9,165
POLSCI 101 22.06 2,906 PSYCH 270 60.17 1,072 BIOLOGY 171 381.55 5,779
SPANISH 103 23.32 2,894 PHYSICS 160 63.47 731 STATS 250 345.87 5,434
POLSCI 111 24.70 2,781 PHYSICS 135 194.77 656 SOC 100 228.46 5,279
PSYCH 250 21.19 2,354 ENGR 151 96.19 584 BIOLOGY 173 386.82 4,496
PSYCH 112 32.79 2,305 ENGR 280 100.00 465 CHEM 215 376.57 4,237
FRENCH 231 23.64 2,213 ENGR 195 25.00 8 CHEM 216 309.09 3,732
PHYSICS 241 17.09 2,165 ENGR 110 305.47 3,622
PSYCH 120 18.59 1,961 STATS 350 279.87 3,472
POLSCI 140 24.20 1,866 BIOLOGY 172 357.29 2,977
SPANISH 275 21.99 1,845 ECON 102 310.56 2,906
FRENCH 103 23.60 1,687 BIOLOGY 162 394.89 1,216
ARTDES 100 16.79 1,598 BIOLOGY 118 469.29 1,096
FRENCH 232 23.72 1,549 SOC 101 242.99 670
ENGLISH 223 19.98 1,537
MATH 156 30.39 1,430
SPANISH 276 22.00 1,387
ARTDES 130 18.06 1,373
SPANISH 277 21.09 1,371
ARTDES 120 17.44 1,351
HISTORY 195 18.17 1,254
ENGLISH 225 21.99 1,232
HISTORY 197 18.84 1,117
ARTDES 110 16.82 1,021
ARTDES 121 18.38 990
MATH 255 30.03 908
SPANISH 101 23.30 855
ENGLISH 140 19.06 827
PHYSICS 125 35.55 823
PSYCH 280 28.87 795
SPANISH 102 23.05 736
BIOLOGY 120 17.14 719
SOC 105 18.93 674
PSYCH 121 19.40 637
ENGLISH 298 27.83 592
PHYSICS 127 19.82 589
PSYCH 240 27.97 566
FRENCH 235 21.76 552
PHYSICS 136 16.32 542
ARTDES 300 18.20 541
FRENCH 101 23.44 473
ANTHRCUL 158 18.64 459
HISTORY 201 24.05 450
HISTORY 196 19.82 449
HISTORY 161 25.00 432
HISTORY 110 24.77 384
MATH 285 28.34 252
MATH 185 28.95 238
HISTORY 160 25.00 191

Total 23.19 155,013 Total 111.33 49,765 Total 346.14 174,536

Cap 1-40 Cap 41-200 Cap 201+
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Table A2. Course Coverage of Evaluation Sample

Evaluation question 1-40 41-200 201+
Q1 - Excellent course 98% 42.4% 14.1% 43.5%
Q2 - Excellent instructor 99% 42.4% 14.1% 43.5%
Q3 - Learned a great deal 99% 42.4% 14.1% 43.5%
Q4 - Desire to take course 99% 42.4% 14.1% 43.5%
Q5 - Instr. explained material clearly 42% 34.0% 10.8% 55.2%
Q6 - Instr. thorough knowledge of course 28% 49.2% 2.8% 48.0%
Q7 - Instr. Treated students with respect 47% 54.4% 12.4% 33.3%
Q8 - Instr. willing to meet outside of class 40% 49.4% 10.0% 40.6%
Q9 - Instr. well prepared for class 62% 50.2% 9.2% 40.6%
Q10 - Instr. Encouraged participation equitably 27% 56.8% 5.9% 37.3%
Q11 - Work for course compared to equal credit course 48% 46.3% 17.2% 36.5%
Q12 - Expected grade 49% 34.3% 23.6% 42.1%
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