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a b s t r a c t 

Using student evaluations of their instructor as an outcome measure, we estimate and

compare class size and teacher effects for higher education, with an emphasis on deter- 

mining whether a comprehensive class size reduction policy that draws on the hiring of

new teachers is likely to improve educational outcomes. We find that first time teach- 

ers perform significantly worse than their peers, and we find substantial class size effects.

Hence higher education institutions face a tradeoff if they wish to increase admission. This

tradeoff implies that as class size increases, at first the negative class size effect is smaller

than that of introducing a first time teacher. However, beyond a certain level, the class size

effect dominates and it is better to create a new class with a first time teacher. 1 

© 2016 Elsevier Ltd. All rights reserved.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction

Several studies have estimated the effect of class size

on learning outcomes, highlighting that smaller classes fos-

ter learning. However, when recommending smaller classes

as a policy, it is often forgotten that the teachers hired to

work in those classes may not be of the same quality as

those currently teaching. Thus, the effect of reducing class

size on outcomes will depend crucially on the balance be-

tween the positive effect of a smaller class and the po-

tentially negative effect of the quality gap between infra-

marginal and marginal teachers. This work gives insights
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for higher education on the decision whether to increase

class size with existing teachers or hire new (first time)

teachers. We provide evidence on class size and first time

teacher effects, using teacher evaluation surveys from the

Economics Department and the Business School at Ponti-

ficia Universidad Católica of Chile (FACEAPUC). First time

teacher effects are relevant for this discussion because the

most likely avenue for an increase in the number of teach-

ers in Higher Education is hiring first time teachers. 

We use student evaluation data as an outcome measure.

It can be thought of as an indicator of student learning

or an indicator of student satisfaction. Although interpret-

ing student evaluations as an indicator of learning has its

problems (see Braga, Paccagnella, & Pellizzari, 2014; Carrell

& West, 2010 ), this method also has distinct advantages

over other output measures for evaluating teachers, such

as test scores. Hanushek (2003) and Krueger (2003) argue

that estimating the effect of class size on learning using

test scores raises major concerns, since results are sensitive

to the econometric specification used and to the outcome

variable in question. Also, there is research linking student

satisfaction to effective learning ( Theall & Franklin, 2001 ),
cher effects in higher education, Economics of Education 
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and research on student evaluations that provides evidence 

that student ratings are reliable, valid, unbiased, and use- 

ful ( Murray, 1994 ). Finally, Bedard and Kuhn (2008) build 

on this, arguing that student evaluations are better indica- 

tors of student learning. We build on this research by using 

a FRDD methodology to identify causal links, taking advan- 

tage of a discontinuity in class size we observe in our data. 

We find that there is a negative effect of increasing 

class size by one standard deviation of roughly 0.187 SDs of 

our outcome measure. This is similar in size to the lower 

bound of those found in the literature ( Hanushek & Rivkin, 

2010 ). We also find that the average impact of a first time 

teacher is −0 . 41 standard deviations. That is, a first time 

teacher is substantially worse than infra-marginal teach- 

ers. As we will show, there is also substantial risk in hir- 

ing a new teacher. In higher education, where teaching 

loads for full time professors are not flexible, administra- 

tors often face the decision of increasing class size or hir- 

ing a first time teacher. We find that both choices entail 

a drop in student satisfaction, and hence that the decision 

rule would imply increasing the class size up to a certain 

level and then splitting the class and hiring a first time 

teacher. We give evidence on the magnitude of these ef- 

fects and discuss how we infer decisions are taken in this 

context, particularly considering that administrators face 

uncertainty. 

The paper proceeds as follows: Section 2 summarizes 

the relevant literature on the education production func- 

tion and on student evaluations, Section 3 presents our 

data, Section 4 explains the econometric methodology 

used, Section 5 presents our results, and Section 6 con- 

cludes. 

2. Literature review 

Studies that estimate teachers’ effects on achievement 

using longitudinal data, such as Rockoff (2004) , have be- 

come a first step in solving many puzzles in the production 

function of achievement. Estimates suggest that the best 

teacher may raise achievement by as much as half a stan- 

dard deviation. Though this literature also finds that cre- 

dentials do not explain teacher effects for the most part, 

the exception is that very inexperienced teachers have 

worse effects, and that the effects of increased experience 

plateau after four to five years. 

This finding has led to the need to measure teacher ef- 

fects and class size effects and trade off one against the 

other. If we are to go by the median estimate in the liter- 

ature then teacher effects are between two times and six 

times larger than class size effects. Though results in the 

literature vary with methodology and data set (see Meghir 

and Rivkin, 2011 for a thorough treatment), there is an 

emerging consensus regarding the great heterogeneity of 

teacher quality and its importance. It is in this area of the 

literature that we wish to contribute. 

The most influential studies of class size reduction are 

those based on the Student Teacher Achievement Ratio, or 

STAR, a study conducted in Tennessee in the late 1980s. 

Among them possibly Krueger’s (2003) analysis is the most 

cited one. He finds that elementary school students ran- 

domly assigned to small classes outperformed their class- 
Please cite this article as: C. Sapelli, G. Illanes, Class size and tea
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mates assigned to regular classes by about 0.22 standard 

deviations after four years. Other credible studies that also 

find positive effects of class size reduction find smaller ef- 

fects. For example, Rivkin, Hanushek, and Kain (2005) ex- 

amine the effects of natural variation in class size in Texas 

in the mid-1990s. The estimated effects were about half 

the size of the effects found in Krueger (2003) . Interna- 

tional studies also provide positive evidence for the effects 

of class-size reduction. Angrist and Lavy (1999) take advan- 

tage of a class-size limit in Israel of 40 students. They find 

positive effects of smaller classes, with effect sizes that are 

on the lower end of those found in the STAR study. Jepsen 

and Rivkin (2009) examine the class size reduction enacted 

in 1996 in California. The program was designed to reduce 

class size by ten students per class, from 30 to 20. They 

also find positive effects for class-size reduction that are 

about half as large as those found in Tennessee. Interest- 

ingly Jepsen & Rivkin (2009) study also the changes in the 

teachers required by this change. They find that increases 

in the numbers of new and not-fully-certified teachers off- 

set much of these gains. In other words, students who 

ended up in the classrooms of teachers new to their class- 

rooms and grades suffered academically from the teacher’ s 

inexperience by almost the same amount as they benefited 

from being in a smaller class. Summarizing, it appears that 

large class-size reductions, on the order of magnitude of 7–

10 fewer students per class, can have important long-term 

effects on student achievement. The largest estimates of 

the magnitude of class-size effects are those produced by 

Krueger (1999) , who found that the students in classes that 

were 7 to 8 students smaller on average than regular-sized 

classes performed about 0.22 standard deviations better on 

a standardized test. This means that students performed 

about 3 percent of a standard deviation better for every 1 

student less in the class.This leads to think that if there is 

a reduction of 10 students, the effect will be of 0.30 stan- 

dard deviations. Since most other studies find results that 

are about half of these (or somewhat lower than that) this 

has led ( Hanushek & Rivkin, 2010 ) to argue that the liter- 

ature shows that the effect of a ten student reduction in 

class size is between 0.10 and 0.30 standard deviations of 

the dependent variable. At the postsecondary level, Bedard 

and Kuhn (2008) argue that student evaluations may be a 

useful indicator of a teacher’ s performance. Relative to this 

work, we tackle the problem with an identification strat- 

egy that better deals with endogeneity in class size. 

There is value in using student ratings for teacher eval- 

uation. Cashin (1999) performs a meta-analysis of the re- 

search and concludes that “student ratings tend to be sta- 

tistically reliable, valid and relatively free from bias or need 

for control; probably more so than other data used for 

evaluation” . There is, however, no consensus regarding the 

adequacy of student ratings as a measure of instructor or 

course effectiveness. Be that as it may, they are indicators 

of student satisfaction ( Theall & Franklin, 2001 ). Moreover, 

there are positive and significant correlations between stu- 

dent ratings and student learning; and between student 

ratings and observer, peer and alumni ratings ( Greenwald, 

1997; McKeachie, 1997 ). However, there are several 

drawbacks to using student evaluations as an outcome 

measures. There is controversy regarding the correlation 
cher effects in higher education, Economics of Education 
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Table 1 

Percentage of valid responses. 

Year Average (%) Minimum (%) Maximum (%) Year Average (%) Minimum (%) Maximum (%) 

1996 85 .7 14 .3 100 2003 72 .3 22 .7 95 .0 

1997 79 .6 11 .3 100 2004 73 .6 20 .0 100 

1998 79 .3 19 .4 100 2005 77 .2 30 .8 100 

1999 75 .0 18 .2 100 2006 71 .8 32 .4 98 .3 

20 0 0 70 .3 19 .4 100 2007 59 .7 23 .3 85 

2001 61 .3 18 .4 98 .1 2008 71 .4 14 .2 100 

2002 68 .7 17 .9 100 

Table 2 

Correlations between the five evaluation indexes. 

Course Evaluation Recommendation Satisfaction Teacher’s 

Aspects Aspects Work 

Course aspects 1.00 0.65 0.66 0.67 0.80 

Evaluation aspects 0.65 1.00 0.71 0.72 0.77 

Recommendation 0.66 0.71 1.00 0.90 0.85 

Satisfaction 0.67 0.72 0.90 1.00 0.81 

Teacher’s work 0.80 0.77 0.85 0.81 1.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 Each index summarizes the answers to different questions about the 
of student evaluations with factors such as class size and

severity of grading. Researchers and critics of student eval-

uation have suggested several factors which may bias stu-

dent ratings of teacher effectiveness, such as class size,

grade leniency, instructor personality, gender, course work-

load, time that the class meets, and type of course (aca-

demic discipline, etc.). Braga et al. (2014) find that teacher

effectiveness and student evaluations are negatively corre-

lated, although this is less so for classes where high-skill

students are over-represented. Overall, we wish to side-

step the discussion of the controversial link between stu-

dent evaluations and learning, believing instead that stu-

dent satisfaction has value in its own right for Higher Ed-

ucation administrators. 

3. Data 

Course evaluation data comes from courses taught at

FACEAPUC between the second semester of 1996 and the

second semester of 2008. Overall, the dataset consists of

25 semesters, 276 courses, and 539 teachers, for a total of

3421 observations. FACEAPUC consists of two entities, the

Economics Institute and the School of Administration, and

our course data comes from the Commercial Engineering,

Master of Economics, Master of Administrative Sciences,

and PhD in Economics programs. Commercial Engineering

is a professional degree that is a mixture of economics

and administration 

2 , and most of our data comes from

courses that are either core or elective courses for this

program. However, some courses are electives for this

program and required for the more advanced programs.

Furthermore, some courses in our dataset are supervised

by FACEAPUC but taught to students from other faculties.

Overall, this suggests that there could be differences in the

students that attend different courses, but there have been
2 Commercial Engineering students follow a curriculum that is equiva- 

lent to that of an Economics student in some countries and to that of a 

Business student in others. 

Please cite this article as: C. Sapelli, G. Illanes, Class size and tea
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no significant policy changes that would create differences

across time in the students that attend the same course.

Therefore, course fixed effects should solve any problems

that arise from this issue. Furthermore, students at FACEA-

PUC are relatively homogenous, as they are drawn from

the right tail of the distribution of scores in the Chilean

university admission test, and classrooms are physically

very similar. 

Student evaluations are performed twice a year, at the

end of each semester, and consist of an online question-

naire containing a series of ordered response questions

about different aspects of a course. Table 1 presents yearly

averages for the percentage of students in a class who

complete the evaluation. Although these percentages fluc-

tuate between years, for every year in our sample more

than half of all students have completed the evaluation.

However, since evaluations are voluntary, classes with low

response percentages may suffer from selection bias. In or-

der to determine whether this affects the estimation of

class size effects, we will compare the results from our

preferred specification to results obtained under different

response rate sample restrictions. We find that restricting

the sample to classes with high or low response rates does

not affect our results. 

The questionnaires’ answers are processed and con-

verted into five indexes, that correspond to each student’s

perception on the following topics: Course Aspects, Evalu-

ation Aspects, Recommendation, Satisfaction, and Teacher’s

Work 3 . Table 2 presents the correlations between the dif-

ferent indexes, showing that all five are positively corre-

lated but that these correlations are not always high or

stable. In fact, they range between 0.65, the Course Aspects
course experience. Course Aspects pertains to logistical aspects of the 

course, Evaluation Aspects to the course’s evaluations, Recommendation 

to whether the student would recommend the teacher, Satisfaction to 

whether the student is satisfied with the course, and Teacher’s Work to 

the degree of work put in by the teacher during the course. 

cher effects in higher education, Economics of Education 
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Table 3 

Mean student evaluation, by class size. 

Mean student evaluation, by class size 

Class size Mean Frequency 

< 20 Students 76.5 216 

≤ Students < 40 75.7 780 

40 ≤ Students < 50 73 510 

50 ≤ Students < 60 74.3 651 

60 ≤ Students < 70 74.9 766 

70 ≤ Students < 80 75.4 355 

80 ≤ Students < 90 71.1 115 

Students ≥ 90 72.1 28 

Table 4 

Percentage of first time teachers. 

Year Percentage of Year Percentage of 

first time teachers (%) first time teachers (%) 

1996 27 .3 2003 8 .9 

1997 20 .8 2004 10 .4 

1998 15 .2 2005 7 .9 

1999 14 .0 2006 10 .2 

20 0 0 13 .8 2007 7 .9 

2001 9 .1 2008 9 .8 

2002 16 .1 

 

Index and Evaluation Aspects Index correlation, and 0.9, 

the correlation between the Recommendation Index and 

the Satisfaction Index. In the interest of clarity, we will re- 

strict our attention to one index, Satisfaction. We believe 

that focusing on whether a student is satisfied with the 

course is more relevant for our research question than stu- 

dents’ opinions about evaluations, how hard the teacher 

worked, or logistical aspects of the course 4 . Furthermore, 

the correlation between the Recommendation and Satisfac- 

tion indeces is high, and results do not vary significantly 

between them. Thus, in what follows we will focus on stu- 

dent satisfaction, and all of our results will be presented in 

standard deviation units of this measure. 

Table 3 shows class means for the satisfaction index, 

by class size. Interestingly, class means decrease slightly as 

class size rises, and the naive interpretation would be that 

class size does not have a strong negative impact on evalu- 

ations. However, we know these means are also affected by 

the fact that better teachers are more likely to be assigned 

to larger classes. In fact, at FACEAPUC class size is deter- 

mined by the students’ demand up to a cap, since the ad- 

ministration only sets limits on the maximum number of 

students that are allowed to take a class. More specifically, 

class size is determined after a two stage bidding process. 

In the first stage, the department opens classes and sets 

a maximum class size. Students have an endowment of 

points, which are spend bidding for different classes. The 

students with the highest bids are assigned to each class, 

until the class is full or demand is satisfied. If classes are 

full, the department can increase their size to accommo- 

date demand, or open new course offerings. After this pro- 

cess, a second round of bidding is opened for unused slots, 

and once again classes may be expanded. In both of these 

stages, classes almost never go beyond 85 students due 

to classroom constraints. Hence, we build an identification 

strategy for class size effects based on the 85 student cap 

induced by classroom constraints. This strategy will be dis- 

cussed further in the next section. 

Finally, data on teaching experience was built by look- 

ing at the first time a teacher appears in the sample. If 

he or she appears for the first time after 1999, we assume 

that it is their first time teaching, while if they appear be- 

fore that date, we look at FACEAPUC’s records for 1995 and 
4 The question used to construct the index is “How satisfied are you 

with the course?”, with options ranging from 1 to 5. 

Please cite this article as: C. Sapelli, G. Illanes, Class size and tea
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1996 to check whether they had taught before 5 . Table 4 

summarizes the percentage of first time teachers for every 

year in the sample. Wary of the fact that 1996 and 1997 

show abnormally high numbers of first time teachers, we 

drop the observations for these two years and repeat the 

analysis, and find no significant differences. 

4. Methodology 

A naive approach to estimating the causal effect of class 

size on student satisfaction would be to estimate the fol- 

lowing OLS regression: 

s cpt = f ( size cpt ) + εcpt (1) 

where s cpt is the student satisfaction index for course 

c , taught by professor p , in period t ; and f ( size cpt ) is some

function of class size for that course, professor and time 

combination. This regression is problematic, as the effect 

of any omitted variable that is correlated with class size 

will be loaded onto the class size coefficient estimates. For 

example, if better teachers are assigned to bigger (smaller) 

classes, this regression will underestimate (overestimate) 

the effect of class size. Other possible sources of omit- 

ted variable bias include differential teacher-student match 

quality at different class sizes, and selection of different 

ability students into different class sizes. 

We use a quirk in FACEAPUC’s course scheduling 

methodology to obtain quasi-experimental variation in 

class size: administrators would like class size to be 

capped at 85 students. As a result, whenever enrollment 

in a class crosses 85 students, the probability that a new 

class is opened increases, and students are funneled into 

that new class. This is similar in spirit to the Maimonides’ 

Rule discussed in Angrist and Lavy (1999) . This implies that 

we can use a fuzzy regression-discontinuity design to esti- 

mate the causal effect of class size on student satisfaction, 

by looking at the variation in class size induced by classes 

going over the 85 student threshold. To do so, we calculate 

a classes’ predicted size if each instance of a course being 

taught in a semester was firmly capped at 85 students: 

P redicted c lass s ize = 

T otal e nrol l ment ⌊
Total enrol l ment−1 

85 

⌋
+ 1 

(2) 
5 One could object that we are building a “First Time Teaching in 

FACEAPUC” variable, since we do not know whether they have taught 

elsewhere. However, we do not believe that this is a significant issue in 

our sample, as most first time teachers are very young. 

cher effects in higher education, Economics of Education 
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Fig. 1. Maimonides’ Rule at PUC. 

Table 5 

Teacher observables around cutoff. 

Comparison of teacher observables around discontinuities 

Has PhD Has masters Has MBA Full time Company REPEC citations Age 

Above a cutoff 0.046 ∗ 0.025 −0.063 ∗∗∗ −0.013 −0.042 −0.130 0.298 

(0.026) (0.029) (0.020) (0.029) (0.029) (1.645) (0.646) 

Observations 431 431 431 440 436 439 445 

Notes : This table presents results of the OLS regression of different teacher observables on whether a class is above or below the cutoff, 

conditional on being 10 students above or below a cutoff. “Full time” refers to whether a teacher is employed full time by FACEAPUC. 

Company refers to whether the teacher works in a company. Heteroskedasticity-robust standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, 
∗ p < 0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and use this variable as an instrument for class size. That

is, for every course being taught each semester, we sum

enrollment over all instances of the course being taught

(classes), predict enrollment in each class, and use this

variable as an instrument. Fig. 1 plots observed class size

and actual class size. Note that there is in fact a sharp dis-

continuity at 85 students, and a smaller but still distinct

discontinuity at 170 students. 

What does this variation buy us? If students cannot

differentially select into classes on different sides of the

thresholds, then this instrument will deal with any omitted

student-level heterogeneity that is correlated with class

size. Furthermore, if the administration does not differen-

tially determine whether to add a new class or not de-

pending on teacher quality or course characteristics, then

this instrument also deals with any omitted teacher and

course variables that are correlated with class size. The for-

mer seems reasonable, as students cannot accurately pre-

dict whether a class will be full or not and more classes

will be opened when selecting courses, but the latter does
Please cite this article as: C. Sapelli, G. Illanes, Class size and tea

Review (2016), http://dx.doi.org/10.1016/j.econedurev.2016.01.001
not. One would expect the administration to be more le-

nient in allowing class size to go above 85 students for

high quality teachers or for certain courses where a suit-

able teacher for a new class is harder to find. As a re-

sult, we view this instrument as controlling for omitted

student characteristics, and will use teacher, course and

time fixed effects to deal with unobserved heterogeneity

in course and teacher characteristics that is correlated with

class size. 

We do not have individual-level information that would

allow us to test whether students differentially sort into

classes above or below the cutoff. However, we can test

whether teacher characteristics significantly vary around

the cutoff. If teachers are systematically assigned to classes

below or above the cutoff, part of the effect this method-

ology captures will be due to teacher quality, and not

to class size effects. Table 5 presents results of the OLS

regression of different teacher observables on a dummy

variable for whether a class is above the cutoff, con-

ditional on enrollment being within 10 students of a
cher effects in higher education, Economics of Education 
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Fig. 2. Selective bunching at discontinuities. 
predicted class size discontinuity. Classes above cutoffs are 

marginally more likely to be taught by instructors with a 

PhD, and significantly less likely to be taught by instructors 

with an MBA, although none of these effects is large. There 

is no difference around the cutoffs in the probability that 

an instructor has a Masters degree or works in a company, 

as well as no effect on instructor age and citations. Overall, 

we think this evidence suggests that teacher observables 

do not significantly vary around the cutoffs. Nonetheless, 

our preferred specifications include teacher fixed effects, in 

order to deal with the possibility that the administration 

has information on unobserved teacher quality and non- 

randomly selects teachers into classrooms. 

Another test of the validity of our methodology would 

be to calculate whether there is selective bunching at the 

discontinuities, following McCrary (2008) . Fig. 2 presents 

results of the McCrary (2008) test of manipulation of the 

running variable. The test for the discontinuities at total 

enrollments of 170 and 255 students cannot reject the hy- 

pothesis that the distribution of the running variable is 

smooth at the cutoff. Meanwhile, the test at 85 enrollees 

rejects the hypothesis that the distribution of enrollees is 

smooth at the cutoff, but in the opposite direction that 

selective bunching due to class size effects would pre- 

dict. That is, the test finds that the mass above 85 en- 

rollees is smaller than the mass below 85 enrollees. How- 

ever, if there was selective bunching at the cutoff due to 

class size effects, we’d expect greater mass above the cut- 

off than below, as classes above the cutoff are more likely 

to be broken up. Instead, we interpret this finding as being 

driven by administrative constraints: sometimes demand 

for a class is greater than 85 students, but an additional 

teacher or classroom cannot be found. In those cases, the 

class is simply taught for 85 students. This failure to open 

a second class of a course leads to greater mass below 

85 students than above 85 students. Since we have al- 

ready shown that teacher observables do not vary around 

the cutoffs, we interpret the probability of being ad- 

ministratively constrained as being uncorrelated with the 

unobservable. 

After obtaining class size estimates, we partial out the 

effect of class size on student satisfaction, and regress 

residual satisfaction on a first time teacher dummy. The 

goal is to obtain estimates of the effect of being a first 

time teacher without dropping individuals who only teach 

once, as would happen if we simply included the first time 

teacher dummy as an additional control in the previous es- 

timation strategy. We do not have an instrument for be- 

ing a first time teacher, however, so any omitted variable 

that is correlated with said variable and residual satisfac- 

tion will bias our results. We do not believe this to be a 

first order concern, and that this methodology is suitable 

to gain an understanding of the effect of being a first time 

teacher on course satisfaction, as will be discussed in the 

following section. 

5. Results 

Panel A of Table 6 reports coefficient estimates for the 

class size effect, obtained under different sets of controls. 

Column 1 implies that a 1 standard deviation increase in 
Please cite this article as: C. Sapelli, G. Illanes, Class size and tea
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class size leads to a 0.08 standard deviation drop in stu- 

dent satisfaction, without including any controls. Column 2 

incorporates time effects, and the effect increases to 0.097 

standard deviations. Column 3 adds teacher and course 

fixed effects, and the effect now increases to 0.187 stan- 

dard deviations. Finally, the last column presents the OLS 
cher effects in higher education, Economics of Education 
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Table 6 

Fuzzy RD estimates of class size on student satisfaction. 

Fuzzy RD estimates of the effect of class size on student satisfaction 

(1) (2) (3) (OLS) 

Panel A: 2SLS 

Class size −0.081 ∗∗ −0.097 ∗∗∗ −0.187 ∗∗∗ −0.128 ∗∗∗

(0.032) (0.031) (0.046) (0.018) 

Time FE x x x 

Course FE x x 

Teacher FE x x 

Observations 3421 3421 3244 3244 

Panel B: first stage 

(1) (2) (3) 

Predicted class 

size 

0.592 ∗∗∗ 0.596 ∗∗∗ 0.508 ∗∗∗

(0.011) (0.011) (0.022) 

Time FE x x 

Course FE x 

Teacher FE x 

Observations 3421 3421 3244 

First stage F -test 2849.3 2860.4 426.2 

Notes : This table presents results of the 2SLS regression of the standard- 

ized student satisfaction index on standardized class size, using stan- 

dardized predicted class size as an instrument. Panel A presents the 2SLS 

results, while Panel B presents the first stage results. The row marked 

”First Stage F -test” presents the F -test for instrument significance in 

the first stage. Heteroskedasticity-robust standard errors in parentheses. 
∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7 

Class size effects at each discontinuity. 

Class size effects at each discontinuity 

(1) (2) (3) 

Total enrollment 85 170 255 

Class size −0.151 5.689 −0.626 

(0.827) (11.951) (1.895) 

Observations 548 940 971 

Notes : This table presents results of the robust nonparametric 

confidence interval procedure for regression-discontinuity designs 

proposed by Calonico et al. (2014) . Column 1 looks at classes 

around the first enrollment discontinuity (85 students), column 2 

at the second enrollment discontinuity (170 students), and col- 

umn 3 at the third enrollment discontinuity (255 students.) To- 

tal enrollment is defined as the total number of students en- 

rolled in a course in the semester, summing across all instances of 

the class. Heteroskedasticity-robust standard errors in parentheses. 
∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

results of regressing student satisfaction on class size, in-

cluding time, course and teacher fixed effects. This esti-

mate implies that a one standard deviation increase in

class size leads to a 0.128 standard deviation drop in stu-

dent satisfaction. 

The main point of this table is to show that under our

preferred specification, in column 3, class size effects are

significant, showing that students value smaller classes.

Since the standard deviation of class size is 18.7, this is

a per-student effect of 0.01, which is in line with the

lower bound of class size effect estimates in Hanushek and

Rivkin (2010) . Thus, while the effect exists, it is small rela-

tive to the literature on K-12 education. Comparing column

3 to the OLS results, we see that omitted student-level het-

erogeneity is positively correlated with class size, leading

the OLS estimates to be an underestimate of the true class

size effect. This is consistent with positive matching be-

tween class size and students who value class size. A com-

parison between columns 2 and 3 shows that, as expected,

the fuzzy regression discontinuity design by itself is not

enough to control for unobserved course and teacher char-

acteristics. This could be the case because the administra-

tion is more lenient in allowing class size to cross the en-

rollment thresholds whenever a teacher is high quality or

the course is particularly suited for this. Panel B presents

first stage results for the fuzzy regression discontinuity de-

sign. Note that all specifications have large first stage F -

tests, alleviating any concerns about weak instruments. 

Table 7 focuses in on each discontinuity, by report-

ing results of the robust nonparametric confidence in-

terval procedure proposed by Calonico, Cattaneo, and

Titiunik (2014) . The purpose of this methodology is to im-

prove on local polynomial estimators for regression dis-

continuity design, by correcting for the bias induced by
Please cite this article as: C. Sapelli, G. Illanes, Class size and tea
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bandwidth selection procedures. Column 1 focuses on the

discontinuity around 85 enrolled students, column 2 on

the discontinuity around 170 enrolled students, and col-

umn 3 on the discontinuity around 255 enrolled students.

The first discontinuity presents results that are in line with

the results from the previous table, albeit with signifi-

cantly less precision. As discussed in Angrist and Pischke

(2009) , this is to be expected. Unfortunately, this is not

the case for columns 2 and 3, as the instrument is weak

around these discontinuities, and does not buy us signif-

icant power. Therefore, most of the power of the instru-

ment is coming off the first discontinuity. Overall, these

results show that we are gaining power in Table 6 by join-

ing all three discontinuities and by including in the sample

courses that are outside the optimal bandwidth. However,

we do not think that this is problematic, as the estimates

obtained from using only the most powerful discontinuity

are in line with the results obtained using the full sample.

When working with student evaluations, response rates

and selection into responding are a significant concern, as

they could lead to biased estimates. Table 8 deals with this

issue by reporting results for our preferred specification by

response rate groups. As a reference, column 1 copies the

results from column 3 in Table 6 , while column 2 looks

at classes with response rates that are above the sample

average (74.6%). Column 3 looks at classes with response

rates above the 75th percentile of response rates (85.3%),

and column 4 looks at classes with response rates below

the 25th percentile (61.8%). While precision falls, the pa-

rameter estimates are stable across subsamples, leading us

to conclude that selection into non-response is not an im-

portant source of bias in this setting. 

Another potential concern with the results obtained in

Table 6 is that we are omitting grades as a control vari-

able. If students reward teachers who give better grades

with better evaluations, and class size is correlated with

grades, then this omission may be problematic, depend-

ing on one’s interpretation of the relationship between the

student satisfaction index and grades. If one interprets stu-

dent satisfaction as an indicator of learning, and higher

grades reflect a better understanding of the material, one

would not want to control for grades separately, as doing

so would soak up part of the causal effect of class size
cher effects in higher education, Economics of Education 
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Table 8 

Fuzzy RD estimates of class size on student satisfaction, by response rates. 

Fuzzy RD estimates of the effect of class size on student satisfaction, by student evaluation response rates 

Response rate cutoffs 

Full sample > Mean > 75th percentile < 25th percentile 

(1) (2) (3) (4) 

Class size −0.187 ∗∗∗ −0.185 ∗∗ −0.193 −0.209 ∗∗

(0.046) (0.077) (0.138) (0.082) 

Time, course, teacher FE x x x x 

First stage F -test 426.2 96.0 25.1 305.5 

Observations 3244 1881 852 854 

Notes : This table presents results of the 2SLS regression of the standardized student satisfaction index on stan- 

dardized class size, using standardized predicted class size as an instrument. Column 1 reproduces the results 

for the full sample, column 2 restricts the sample to courses whose response rate is above the mean re- 

sponse rate (74.6%), column 3 restricts the sample to courses with response rates above the 75th percentile 

of response rates (85.3%), and column 4 restricts the sample to courses with response rates below the 25th 

percentile (61.8%). The row marked ”First Stage F -test” presents the F -test for instrument significance in the 

first stage. Heteroskedasticity-robust standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1 

Table 9 

Fuzzy RD estimates of class size on student satisfaction, control- 

ling for grades. 

Fuzzy RD estimates of the effect of class size on student 

satisfaction, controlling for grades 

(1) (2) 

Class size −0.187 ∗∗∗ −0.157 ∗∗∗

(0.046) (0.046) 

Grades 0.220 ∗∗∗

(0.042) 

Time, course, teacher FE x x 

First stage F -test 426.2 421.1 

Observations 3244 3244 

Notes : This table presents results of the 2SLS regression of the 

standardized student satisfaction index on standardized class 

size, using standardized predicted class size as an instrument, 

with and without including grades as a control. The row marked 

”First Stage F -test” presents the F -test for instrument significance 

in the first stage. Heteroskedasticity-robust standard errors in 

parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1 

Table 10 

First time teacher effect estimates. 

Estimates of the effect of first time teachers on residual 

student satisfaction 

(1) (2) 

First time teacher −0.415 ∗∗∗

(0.058) 

One time teacher −0.716 ∗∗∗

(0.116) 

Continuing first time teacher −0.295 ∗∗∗

(0.063) 

Observations 3421 3421 

Notes : Column 1 presents results of the regression of the resid- 

ual standardized student satisfaction index on a first time teacher 

dummy, while column 2 breaks down first time teachers into those 

that only teach once (”One Time Teacher”) and those who later go 

on to teach again (”Continuing First Time Teacher”). Residual stan- 

darized student satisfaction is obtained by partialling out the effect 

of class size on the student satisfaction index. Heteroskedasticity- 

robust standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1 

6 0 . 187 × 42 . 5 / 18 . 7 − 0 . 415 
on learning. However, if the correlation between grades 

and student satisfaction is not due to learning, and grades 

correlate with class size, we would want to control for 

grades. We do not have the ability to identify which of 

these stories is correct, but fortunately we do not need to, 

as Table 9 shows that including grades as a control leads to 

a drop in the impact of a one standard deviation increase 

in class size from −0 . 187 to −0 . 157 , which is statistically 

and economically insignificant. That is, although grades are 

positively correlated with student satisfaction, the correla- 

tion between grades and class size is small enough that in- 

cluding this variable does not significantly change our re- 

sults. Therefore, we are able to side-step the discussion of 

the relationship between grades and satisfaction. 

Having obtained estimates of the class size effect, we 

partial them out from student satisfaction and regress the 

residual on a first time teacher dummy. This allows us to 

estimate the correlation between being a first time teacher 

and student satisfaction, controlling for the causal effect of 

class size. This is important, as first time teachers could 

be differentially assigned to classes of different size. As 
Please cite this article as: C. Sapelli, G. Illanes, Class size and tea
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mentioned in the previous section, the advantage of this 

methodology is that it allows us to include teachers who 

only teach once in the estimation, an important driver of 

the first time teacher effect. We argue that this correla- 

tion is the relevant measure of first time teacher qual- 

ity, reflecting the average difference in student satisfaction 

between a first time teacher and an experienced teacher. 

Table 10 presents the results of this exercise. Column 1 

shows that first time teachers are associated with a 0.415 

standard deviation drop in student satisfaction. An inter- 

esting thought experiment is the comparison between hav- 

ing an 85 student class and breaking up said class into 

two 42.5 student classes, with one class keeping the same 

teacher as before and the other being taught by a first 

time teacher. The class that keeps the same teacher expe- 

riences a 0.425 standard deviation increase in satisfaction 

on average due to lower class size, while the class being 

taught by a first time teacher on average has a 0.01 stan- 

dard deviation increase in satisfaction 

6 . Thus, on average 
cher effects in higher education, Economics of Education 
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breaking up an 85 student class is barely Pareto optimal.

Column 2 delves into this issue more deeply, by separat-

ing first time teachers into those who teach again (“Con-

tinuing First Time Teachers”) and those who only teach

once (“One Time Teacher”). One time teachers are asso-

ciated with a 0.72 standard deviation drop in satisfaction,

while continuing first time teachers are associated with a

0.3 standard deviation drop in satisfaction. Thus, breaking

up an 85 student class into two classes, with one being

taught by a one time teacher, hurts the students who get

the one time teacher by 0.3 standard deviations 7 . This il-

lustrates the fact that while on average breaking up a class

and adding a first time teacher is Pareto optimal, getting

a bad draw of the first time teacher leads to significant

losses for students. 

The discussion regarding the Pareto optimality of break-

ing up a class is interesting, as it could be used to evaluate

FACEAPUC’s policies regarding the hiring of new teachers.

A reasonable stopping rule for hires would be to stop when

the marginal teacher on average leaves students indiffer-

ent between being on either side of the 85 student en-

rollment discontinuity. These results suggest that the aver-

age new hire satisfies this rule. An important caveat is that

this rule ignores dynamics, and that one may be willing to

accept worse marginal teachers today in order to build a

stock of experienced teachers for the future. Whether this

is relevant or not depends on the average expected lifespan

at FACEAPUC of the marginal teacher, as if the marginal

teacher is a one semester filler this consideration will not

matter. We cannot identify marginal teachers, but intu-

itively they should not be the individuals who are expected

to stay at FACEAPUC the longest, such as new tenure track

hires. As a result, we feel that FACEAPUC’s hiring policies

seem to be, to first order, consistent with the class size ef-

fect around the 85 student enrollment discontinuity. 

6. Conclusion 

We study the tradeoff between smaller class sizes and

teacher effects in the production function for higher edu-

cation. While reducing class size has a positive effect, we

argue that a comprehensive class size reduction policy has

to be coupled with an expansion in the number of teach-

ers. If this is the case, then the relative quality of marginal

teachers is critical for the success of such a policy. In order

to explore whether the quality gap between infra-marginal

and marginal teachers dominates the class size effect, we

estimate class size and first time teacher effects. Our find-

ings show that a negative class effect does exist, and its’

impact when class size is reduced can be offset by the neg-

ative impact of a first time teacher. Hanushek and Rivkin

(2010) survey various studies and argue that the effect of a

ten student reduction in class size is between 0.10 and 0.30

standard deviations of the dependent variable. In compar-

ison, we predict that said impact is roughly 0.10 stan-

dard deviations, a relatively small class effect. At the same

time, Rockoff (2004) finds that a one standard deviation in-

crease in teacher quality raises learning outcomes in 0.24
7 0 . 187 × 42 . 5 / 18 . 7 − 0 . 72 
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standard deviations. We find that a first time teacher low-

ers outcomes in roughly 0.41 standard deviations, and that

first time teachers that are not invited to teach again lower

them in 0.7 standard deviations. 

These results imply that it is Pareto optimal to break up

a class, giving half the students to a first time teacher, for

class sizes above 85 students. This is the case because the

students who keep the same teacher gain a 0.425 standard

deviation increase in satisfaction on average due to lower

class size, while the students who are assigned to the new

teacher have a 0.01 standard deviation increase in satisfac-

tion. Since this is precisely the rule in place at FACEAPUC,

one could judge this institution’s hiring policies to be on

average getting this decision right. However, the effect of

low quality first time teacher, defined as individuals who

are not invited to teach again, is so large ( −0 . 71 SDs) that

it is Pareto optimal to break up a class only when class size

is greater than 140 students. This suggests that the ability

to detect low quality first time teachers is important, and

while on average FACEAPUC seems to be doing this cor-

rectly, we are unable to determine whether the marginal

hire is of high or low quality. These results highlight that

finding methodologies to identify poor quality first time

teachers seems like a relevant area of future research. 

Regarding the external validity of our results, to begin

we find results that relate well to those in the literature.

But many results are dependent on criteria used by admin-

istrators, characteristics of the student pool, of the teacher

pool one has available, and on the characteristics of full

time (or experienced) professors. The stopping rule we de-

scribed is key in determining the margin at which we are

measuring results. However, much of the discussion is rel-

evant to any education institution and in particular to any

higher education institution. 
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