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Abstract
Using rich administrative data from a small Dutch liberal arts college, I study how
the number of students enrolled in a course affects student grades and course
evaluations. To identify the causal effect I exploit variation in class size across
parallel sections of the same course taught by the same instructor in the same
semester. [ show that class size has a stronger negative effect on student grades in
mandatory courses compared to electives. [ show similar results for various
components of student course evaluations: perceived overall course quality,
perceived amount learned, student participation and engagement. [ interpret these
findings to be consistent with class size affecting educational outcomes through
student engagement.
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1 Introduction

In this paper, I address the question of why college class size matters for educational outcomes.
Using rich administrative data from a small Dutch liberal arts college, I study how the number of
students enrolled in a course affects student grades and course evaluations. It is already well es-
tablished that, on average, bigger classes lead to lower grades (Kokkelenberg et al., 2008, Bandiera
et al., 2010, De Giorgi et al., 2012) and lower evaluations (Bedard and Kuhn, 2008, Mandel and
Sussmuth, 2011, Sapelli and Illanes, 2016). What I seek to learn here is whether this effect system-

atically varies across courses with different characteristics.

In particular, I explore whether class size matters more in mandatory courses compared to electives.
I find that the answer is “yes”. In mandatory courses, class size has a stronger negative effect on
student grades. In addition, it has a stronger effect on several components of student course
evaluations: perceived overall course quality, perceived amount learned, student participation and

engagement.

I motivate this empirical exercise as a test of a specific channel through which class size affects
educational outcomes. I refer to it as “engagement channel”. It works through student behavior:
in smaller classes, students become more visible to the teacher and thus experience a stronger
pressure to participate; alternatively, students enjoy a stronger sense of belonging to the group;
both visibility and sense of belonging drive their academic and/or social engagement up (Finn et al.,

2003). This increased engagement, in turn, leads to better educational outcomes.

To test this engagement channel I compare class size effects in mandatory courses and electives.
My rationale is as follows. Students enroll in electives by choice; engagement in those courses must
therefore be high regardless of class size.! In contrast, students often attend mandatory courses
against their will, and instructors have to work hard to engage them. If class size affects stu-
dent achievement through engagement, its effects should be particularly pronounced in mandatory

courses: in those courses engagement starts low, and smaller class size helps instructors to build it.

To identify the causal effect of class size I use a fixed effects regression. Specifically, I regress final
grades (or student evaluation scores) on the number of students enrolled in a section of a course
controlling for various combinations of time, course, instructor and student fixed effects. In the
most demanding specification, I control for time-course-instructor fixed effects, which amounts to
only exploiting variation in class size across parallel sections of the same course taught by the same
instructor in the same semester. Including these fixed effects allows me to rule out many alternative

interpretations of the observed correlation.

'For evidence that the provision of choice raises student engagement see, for example, a review by Stroet et al.
(2013). The explanation is offered by the Self-Determination Theory (Deci and Ryan, 2000): provision of choice helps
to satisfy one of the students’ basic psychological needs, the need for autonomy, and thereby, raises motivation and
engagement.



This paper contributes to the longstanding debate on the effects of class size on educational out-
comes (Mishel et al., 2002, Hattie, 2005). It is most closely related to recent econometric studies
in higher education: Kokkelenberg et al. (2008), Bandiera et al. (2010), De Giorgi et al. (2012),
De Paola et al. (2013) estimate a negative effect of class size on student performance; Bedard and
Kuhn (2008), Westerlund (2008), Cheng (2011), Mandel and Sussmuth (2011), Monks and Schmidt
(2011), Sapelli and Illanes (2016) do the same for student course evaluations. My main added value
to this literature is cleaner identification of the class size effect: by exploiting the richness of the
data and comparing parallel sections of the same course taught by the same instructor in the same

semester I control for sources of bias not accounted for in prior literature.

My second contribution is to the literature on “why class size matters”. I show that the hetero-
geneity of class size effects across college courses is consistent with class size affecting educational
outcomes through student engagement. The engagement hypothesis is proposed by Finn et al.
(2003); supporting evidence is presented in, for example, Babcock and Betts (2009), Blatchford
et al. (2011). This literature, however, focuses on primary and secondary education. I believe mine
is the first paper to show that the same mechanisms that explain class size effects at school operate

at the university.

My findings are also consistent with Lazear (2001). Lazear builds a theoretical model of educational
production with a focus on student disruptive behavior. The model illustrates that schools enrolling
students with a higher propensity to disrupt realize a larger benefit from small classes through a
greater reduction in the time lost to disruptive behavior. Viewing disruptive behavior as an extreme
form of disengagement, the model shows that optimal class size varies with student engagement.
If engagement systematically varies across courses (i.e. mandatory vs electives), so does optimal
class size. The heterogeneity of class size effects I find across courses is indeed consistent with this

proposition.

The paper is organized as follows. Section 2 describes the institutional background and data.
Section 3 presents the results for student grades, while section 4 for course evaluations. Section 5

considers a number of alternative interpretations. Section 6 concludes.

2 Institutional Background and Data

I use administrative data from a small liberal arts and sciences college in the Netherlands. The
college offers a broad English-taught bachelor program with Majors in Science, Social Science and
Arts and Humanities. The total number of students is a little under 600; more than a third come

from outside of the Netherlands. The data spans 28 semesters from fall 2004 to spring 2018.

Several features of the college play an important role in the empirical analysis that follows. First,



attendance in all courses is compulsory. This rule assures that the number of students enrolled in a
section of a course, which I use to measure class size, closely approximates the number of students

effectively present in the same class.

Second, students enjoy much freedom in picking courses they would like to take. Several factors
affect their choice: preference to work with a certain instructor, interest in the subject matter,
need to take a course to qualify for a specific master, desire to spread known-to-be-difficult courses
evenly over their study program, desire to spread classes evenly over the week, preference for classes
scheduled in certain parts of the day. In addition, students face graduation requirements: they must
take certain courses at various points in their program. Finally, the chosen courses must not clash,

that is, they must be offered in different time slots.

This constrained freedom of choice generates substantial variation in class size. This variation is
shown in Figure 1, which depicts class size distribution across all course sections offered in the
sample period. While most sections have enrollments between 20 and 26 students, about a third

run at 10 to 19, and some have fewer than 10 students.

Figure 1 also shows the third important institutional feature - the upper limit on class size. The
college imposes this limit in order to facilitate student-centred teaching. This upper limit applies
to nearly all courses.? It was changed only once in my sample period, from 25 to 26 students in
2017 (with two exceptions allowed to run at 27). To abide by this limit, the college offers courses
with large enrollments in multiple parallel sections. These sections differ little: they use the same
course outline, the same assignments and assessments, and often are taught by the same instructor.

They do however often differ in class size.

These differences are shown in Figure 2. For each combination of semester ¢ course ¢ and instructor
i with multiple parallel sections (each denoted by g) I compute average class size, Ny, and then
subtract it from the original class size, NVi.4. Figure 2 plots the distribution of this demeaned class
size, Nicig — Niei. We can see that the class size differences between parallel sections of the same
course are often small to moderate, ranging between 0 and 4 students. An example would be two
sections running at 22 and 26 students, which translates in —2 and 42 students in Figure 2. But

sometimes the differences can be as high as 6 students or more.

Two main forces drive this within-semester-course-instructor variation in class size. First, the time
table configuration may, accidentally, favor one section over another. For example, one section may
be scheduled in the same time slot as some popular courses, and for that reason be avoided by a
large number of students. Second, students may prefer to take classes in certain times of the day

(or week) and for that reason prefer one section over the other.

2Courses deviating from this general rule are excluded from the analysis. These are performance courses, in which
teaching happens one on one, as well as labs and capstone courses, in which the upper limit is set at 15.



The modest, within-semester-course-instructor variation in class size shown in Figure 2 may make
it hard to identify the effect of interest. However, the range of class sizes I study (see Figure 1)
likely helps: it is precisely this range that has been found to matter in pre-university literature. For
example, the famous Project STAR compared small classes of 13-17 students with regular classes
of 22-26 students, and found substantial effects (Finn and Achilles, 1999, Krueger and Whitmore,
2001). Similarly, Blatchford et al. (2003) mention the number 25 as a threshold below which class

size effects become particularly visible.

The last important institutional feature is the presence of two types of courses: mandatory courses
and electives. Students can choose the former but not the latter (see Table 1 for an overview). By
definition, all students have to take mandatory courses, including those who would prefer not to.
I assume that these latter students drive average engagement in mandatory courses below that in
electives. If this assumption is true, and holding all else constant, I can attribute differences in

class size effect between these two groups of courses to varying student engagement.

I study the effect of class size on final grades and student course evaluations. Final grades in
courses are assigned as letters, from F to A+. The Student Office then converts these letters to
grade points following Table 2. In the regressions I use grade points, but make one adjustment: to

distinguish A+ from A I change all grade points that correspond to A+ from 4.0 to 4.3.

Student course evaluations, available from fall 2009 onward, are collected as follows. At the end of
every semester, in class, all (attending) students anonymously fill in a questionnaire with several
multiple choice and open questions. A student volunteer then brings all questionnaires to the

Student Office. The forms are scanned and the responses are digitized.
I use student responses to the following four questions (response options are in parentheses):

1. In your opinion the overall quality of this course is: (Very bad, Bad, Neutral, Good, Very
good)

2. I learned a great deal. (Strongly disagree, Disagree, Neither agree nor disagree, Agree,

Strongly agree)
3. Active student participation was encouraged. (Same as above)

4. How actively engaged were you in this course? (Very little, Little, Average, Much, Very

much)
For the regressions I convert these responses into numerical scores from 1 to 5.3

I focus on these four questions for the following reasons. The first question on overall quality

3The questionnaire changed in fall 2012. Tables 13-14 in Appendix A detail both the old and the new version.
The four questions used in this paper are available, with a slight change of language, in both the old and the new
form (see items 21, 2, 14, 19 in Table 13 and items 11, 1, 2, 8 in Table 14).



reflects student’s general satisfaction with the course, and can be viewed as an educational outcome
interesting in its own right; it has been studied by, for example, Bedard and Kuhn (2008) and Cheng
(2011). The second question on perceived amount learned can be viewed as an alternative measure
of study achievement, complementary to grades. The last two questions most directly relate to

student engagement - the focus of this paper.

In addition to class size, grades and course evaluations, I use information on student personal
characteristics. Specifically, for every course section I compute the percent of female students,

% Female, the percent of Dutch students, % Dutch, average student age and its standard deviation.

Table 3 compares summary statistics for electives (columns 1-3) and mandatory courses (columns 4-
6). On average, mandatory courses report lower final grades and lower scores on course evaluations.
Some of those differences are substantial: for example, average scores on Q1 “I learned a great deal”
are 3.77 vs 4.15. Other differences are trivial: for example, average scores on Q2 “Active student
participation was encouraged” are 4.03 vs 4.06. The average class size is a little higher in mandatory
courses: 21.5 vs 20.9. Controls for gender and age distribution are, on average, very similar. Finally,
the somewhat lower % of Dutch students in mandatory courses has likely to do with non-Dutch

students being obliged to take Dutch language as an additional required course.

3 Class Size and Student Grades

To compare the effect of class size between mandatory courses and electives I estimate the following
equation:
Y;icigs = /B(J)EDE + /BFDENtcig + ﬂ(])\/[DM + B{WDMNtcig +FE+ €tcigs (1)

Yicigs is the final grade of student s enrolled in group g of course c in semester ¢ taught by instructor
i. Nicig is the number of students enrolled in group g of course ¢ in semester ¢ taught by instructor
i. Dummy D¥ equals 1 for electives. Dummy D™ equals 1 for mandatory courses. 6{3 measures the
ceteris paribus effect of a one-student increase in class size on the final grade in electives. 31/ does
the same for mandatory courses. F'E stands for various combinations of time, course, instructor
and student fixed effects. All estimations are performed using Stata routine reghdfe (Correia,

2016). Standard errors are three-way clustered at the level of instructor, course and student.

Table 4 reports the results. In column 1, equation 1 includes time dummies \; as the only control.
The estimates of both ,B{E and ,B{w are negative; the latter is significant at 5%. The magnitude
of M implies that a one-student increase in class size reduces the average grade in a mandatory
course by about 0.02. To compute the corresponding effect size note that the standard deviation
of class size in mandatory courses is 4 students, while the standard deviation of grade point is 0.95

(see Table 3). Therefore, a one standard deviation increase in class size reduces the average grade



in a mandatory course by 0.021 % 4/0.95 ~ 0.09 standard deviations. This effect size is very close
to the ones reported by Bandiera et al. (2010) and De Giorgi et al. (2012), and is somewhat lower
than the average effect size reported in Hattie (2005).

The coefficients reported in column 1 may suffer from omitted variable bias: the same factors that
drive student course choice (and by implication class size) may correlate with student performance.
One such potential factor is instructor characteristics. For example, some instructors may be
particularly effective teachers, both enjoying popularity among students and allowing most of them
to excel. This mechanism introduces a positive correlation between grades and class size, and thus
biases (1’s upward. Alternatively, popular instructors may apply higher standards and stricter
grading, without running the risk of scaring too many students away. In this case, big classes go
together with strict grading, and thus introduce a negative bias. In line with prior studies (Bandiera
et al., 2010), I control for this source of bias by adding to the regression instructor fixed effects, u;.
The results are in Table 4 column 2. The estimates of B and B are again negative. Unlike in

column 1, both are highly statistically significant (p < 0.01).

Another potential contaminating factor is student characteristics. For example, top performers may
seek smaller classes where they can enjoy more quality time one-on-one with the instructor. This
mechanism biases 1’s downward. Following Bandiera et al. (2010) and De Giorgi et al. (2012), I
control for this source of bias by adding student fixed effects, a;. The results are in Table 4 column
3. The estimates of BIE and B{V[ are still negative and significant at 5%. Both, however, shrink
in magnitude compared to column 2. This shrinkage suggests that the downward bias discussed

above, is indeed alleviated by the addition of student fixed effects.

Columns 4 and 5 progressively recognize that factors inducing a spurious correlation between grades
and class size across instructors, may also operate within instructors, both across courses and
over time. For example, an instructor may be particularly skilled at teaching a subset of her
courses. That subset would then likely be both more popular among students and result in their
better performance. Alternatively, if teaching skills improve with experience, the same course-
instructor may enjoy growing popularity and improving student performance over time. To address
these concerns, I add course-instructor and semester-course-instructor fixed effects in, respectively,
columns 4 and 5. In both cases I find a negative and highly statistically significant 51 (p < 0.01)
for mandatory courses, but not for electives. In column 5 the magnitude of 517 is very close to
that reported in column 1: a one-student increase in class size reduces the average grade by 0.016;
effect size ~ 0.07.

The regression reported in column 5 represents an important value added of this paper. Inclusion
of semester-course-instructor fixed effects amounts to only exploiting variation in class size across
parallel sections of the same course taught by the same instructor in the same semester. It allows

me to control for sources of bias operating across semesters within the same course-instructor, and



thus to achieve a cleaner identification of the class size effect compared to existing studies. The
latter (Kokkelenberg et al., 2008, Bandiera et al., 2010, De Giorgi et al., 2012) employ course,
instructor, and time fixed effects, but not the interaction of the three, because their data does not

have parallel sections of the same course taught by the same instructor.

There still remains one concern with the results presented in column 5. Parallel course sections
are scheduled in different time slots, some potentially more favored by students than others. For
example, students tend to avoid classes in the early morning, as well as on Friday afternoon (see
Table 12 in Appendix A for the list of time slots). If these time slot preferences correlate with
student performance, the estimated ($;’s in column 5 would be biased. To alleviate this concern,
I include time slot fixed effects, py, in column 6. The results change little. 517 remains negative

and highly statistically significant.

Finally, column 7 controls for differences in student body characteristics across course sections: the
percent of female students, % Female, the percent of Dutch students, % Dutch, average student
age and its standard deviation. These are standard controls employed in prior literature. Again,

adding these controls affects the results little.

Let me explore the source of variation in class size that drives the results in columns 6 and 7. This
variation is clearly unrelated to semester, course, instructor or time slot characteristics as those are

controlled for using fixed effects. There are two remaining sources of variation.

First, students must enroll in a course section that does not clash with other chosen courses; in
addition, they often try to spread classes evenly over the week. In other words, student’s choice
depends on the college-wide time table configuration. Because the latter represents an outcome
of dozens of random factors (e.g. availability and time preferences of instructors, year-on-year
variation in the number of students, strategic changes in course offerings imposed by management,

etc.), I argue that this source of variation in class size is as good as exogenous.

Second, some students literally don’t care and pick the course section at random. Clearly, this too
represents an exogenous source of variation in class size, appropriate to study its causal effect on

student performance.

Having made the case for clean identification of the class size effect, let me now turn to the
hypothesis of interest: is the effect stronger in mandatory courses compared to electives? First,
in line with expectations, in all specifications of Table 4 £ is negative and smaller than BF.
Second, the last row reports the p-value of an F-test of the null hypothesis: 8 = M. In the
last three specifications, which most cleanly identify the class size effect, the equality is rejected at
1%. These results support the engagement channel: small class size helps the instructors to raise
student engagement (and consequently performance); but the effects are only visible in mandatory

courses, in which engagement is (relatively) low to start with.



The last point I would like to discuss is the positive and significant estimate of 3% in columns
5-7. The significance is not very strong, yet the positive sign is unexpected: it suggests bigger
classes raise performance in electives. Such positive estimates of the class size coefficient have been
reported in prior literature (Dobbelsteen et al., 2002, Denny and Oppedisano, 2013). The proposed
explanation builds on social cognitive learning theory: students learn from each other, in particular,
from classmates with similar levels of competence; bigger class size raises the (expected) number

of classmates with a similar level of competence and thus benefits learning of a particular student.

Taken together, the opposite signs of 517 and Bf clearly suggest optimal class size differs between
mandatory courses and electives. In some sense, this conclusion is not surprising. As shown by
Lazear (2001), optimal class size varies with student engagement.* If engagement systematically

varies across courses, so should optimal class size.

4 Class Size and Course Evaluations

To study the effect of class size on student course evaluations, I re-estimate equation 1 replacing
grades on the left-hand side with each of the numerical scores reported in Table 3. Those scores
represent student answers to questions on overall course quality, amount learned, participation
and engagement. Tables 5-8 present the results. They follow the same structure as Table 4 with
one exception: because course evaluations are anonymous, regressions do not include student fixed

effects nor clustering at the student level.

Table 5 reports the results for perceived overall course quality. The pattern of findings is very
similar to that reported for final grades in Table 4: 3M is consistently negative, highly statistically
significant, and smaller than 5¥; the latter difference is significant at 5% in four out of six speci-
fications (see last row), including columns 4-6 that include semester-course-instructor fixed effects.
The magnitude of B{W in column 6 implies that a one-student increase in class size reduces the
overall quality score in a mandatory course by 0.023; effect size =~ 0.11. These results are very close

to those reported in prior literature (Cheng, 2011).

Table 6 reports the results for perceived amount learned. The pattern of findings is similar to that
reported for overall course quality®: bigger classes reduce perceived amount learned; with semester-
course-instructor fixed effects included in the regression, the effect is present in mandatory courses,

but not in electives; the difference is significant at 5%.

Tables 7-8 report the results for questions on, respectively, student participation and engagement.

In both tables we again see 3} being negative, significant, and typically smaller than 5¥°; with

4Lazear (2001) focuses on disruptive behavior, which can be viewed as an extreme form of disengagement (Finn
et al., 2003).
5This outcome is not surprising as the two scores are strongly correlated (r ~ 0.66).
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semester-course-instructor fixed effects included in the regression, the latter difference is often (but
not always) significant. In other words, bigger classes result in students feeling less encouraged to
participate and less engaged in mandatory courses, but not in electives. These findings provide fur-
ther support for student engagement being the channel through which class size affects educational

outcomes.

5 Further Considerations

Any findings based on observational data are subject to alternative interpretations. I now turn to
those.

5.1 Endogeneity of Class Size

The first concern I would like to address is potential endogeneity of class size. While I have
made the case for exploiting its exogenous variation across multiple sections of the same course,
ultimately students choose which section of the course to enrol in. Because of this presence of
student choice, there remains a concern that some unobserved variable drives both class size and

student performance. To address this concern, I need to disable student choice.

Fortunately, a sub-sample of my data is “free” from student choice. Specifically, first semester
students do not get a chance to choose a specific section within a course. For them the procedure
runs as follows. When they apply to college, they indicate their preferred courses on the application
form. Before semester starts, the Student Office enrolls them in courses trying to accommodate
their preferences. If a course has multiple sections, the Student Office picks one without consulting
the student. That is, student choice plays no role in her assignment to a specific section within a

course.

I exploit this assignment of first semesters in Table 9. It reproduces the results from Table 4
but for a sub-sample of first semester students only. Of particular interest are regressions with
semester-course-instructor fixed effects reported in columns 5-7. The results are similar to those
in Table 4: BM is consistently negative and significant; 5 is positive and sometimes marginally
significant; equality g = ﬂ{\/l is rejected at least at 5%. Arguably, these regressions provide the
cleanest identification of the class size effect. Importantly, the results remain consistent with the
engagement channel. Unfortunately, I can’t replicate this exercise for course evaluations because

the latter are anonymous.

11



5.2 Student versus Teacher Behavior

My tests of engagement channel focus on the difference 3£ — B{V[ . Yet, it is interesting to consider
what drives the levels of 3 and 8. Similarly to affecting the behavior of students, class size may
affect the behavior of teachers. For example, Blatchford et al. (2002) and Blatchford et al. (2005)
report extensive evidence on changes in teacher behavior as a potential explanation for the benefits

of smaller classes.

Two items from the course evaluation most directly address teacher behavior: item 6 “I was provided
with feedback on my individual work” and item 7 “The instructor was available for individual
guidance” (see Table 14). Using the numerical score on each of those two items as a dependent
variable, I re-estimate the most demanding specifications with semester-course-instructor fixed
effects of Table 5. For both items I find very small and highly insignificant f8;’s (see Table 10).
That is, across parallel sections of the same course, class size has little effect on teacher behavior.
This result holds for both mandatory courses and electives. It suggests that, for parallel sections of
the same course, student behavior may not be just one mechanism through which class size affects
educational outcomes; it may be the most important one. Clearly, this conclusion is very tentative:
teacher behavior includes much more than feedback and availability; those aspects have not been

considered here.

5.3 Placebo Regressions

Finally, I run some placebo regressions. These are regressions in which class size is expected to
not affect the dependent variable. Finding that it does, would cast doubt on student engagement

being the story behind my earlier results.

Assuming clarity of (oral or written) explanation does not depend on the size of the audience, two
items from the course evaluations should be unrelated to class size: item 4 “The requirements were
clear” and item 5 “The grading criteria were clear” (see Table 14). Using the numerical score on
each of those two items as a dependent variable, I re-estimate the most demanding specifications
with semester-course-instructor fixed effects of Table 5. For both items I find mostly insignificant

B1’s (see Table 11). These results are in line with expectations.

6 Conclusion
In this paper, I use administrative data from a small Dutch liberal arts college to study the effect
of class size on student grades and course evaluations. My identification strategy exploits variation

in class size across parallel sections of the same course taught by the same instructor in the same

12



semester. I show that class size has a stronger negative effect on student grades in mandatory
courses compared to electives. I show similar results for various components of student course
evaluations: perceived overall course quality, perceived amount learned, student participation and

engagement.

I interpret these findings to support the engagement hypothesis (Finn et al., 2003). Because class
size works as a substitute for engagement, its effects should be particularly pronounced in courses
with low engagement. That’s exactly what I find: mandatory courses, which students often take
because they have to, enjoy a stronger class size effect compared to electives. The takeaway for
policy is clear: holding all else constant, class size reductions should prioritize mandatory courses
(or other courses with low student engagement). And vice versa, class size increases would likely

do less harm in electives.
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Tables and Figures

Table 1. Overview of Mandatory Courses

Course Mandatory for

Methods and Statistics 1 All students

Methods and Statistics I1 Social Science majors

Qualitative Methods Social Science majors

English for Academic Purposes (abolished in 2015) Students with insufficient English
Academic Writing and Presenting All students

Writing Across the Disciplines All students

Introduction to Rhetoric and Argumentation Arts and Humanities majors
Mathematical Ideas and Methods in Context Science majors

Foreign language: Dutch, French, German or Spanish  All students

Table 2. Equivalence between Letter Grades and Grade Points

Letter F D- D D+ C- C C+ B- B B+ A- A A+

Grade Point 0 .7 1 13 17 2 23 27 3 33 37 4 4
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Table 3. Summary Statistics

(1) 2 ) (4) (5)  (6)
Electives Mandatory

VARIABLES N mean  sd N mean  sd

Grade Point 33,342 3.28 0.90 14,721 3.12  0.95
Score on Q1 22,236 4.15 0.81 9,391 3.77  0.90
Score on Q2 22,195 4.06 0.85 9,383 4.03 0.82
Score on Q8 22,217 3.58 0.87 9,395 3.46 0.88
Score on Q11 22,188 4.08 0.82 9,370 3.77  0.85
Class Size 33,782 209 4.71 14,943 21.5  4.01
% Female 33,782 65.2 16.3 14,943 65.2 11.6
% Dutch 33,782 69.6 13.2 14,943 67.3 234
Mean of Age 33,782 20.5 0.79 14,943 20.0 0.89
SD of Age 33,780 1.39 048 14,930 1.36  0.55
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Table 5. Results for Score on Q11: In your opinion the overall quality of this course is

Y;fcigs = /BgDE + /BlEDENtcig + ﬁ(])\/[DM + /B{MDMNtcig +FE+ €tcigs

tcigs identifies student s enrolled in section g of course ¢ in semester ¢ taught by instructor . The dependent
variable, Yicigs, is reported in table heading. Ny.;4 is the number of students enrolled in section g of course ¢
in semester ¢ taught by instructor i. Dummy D equals 1 for electives. Dummy D™ equals 1 for mandatory
courses. F'E stands for various combinations of time, course, instructor and student fixed effects reported
in column headings. The last column regression includes the following (unreported) controls: % Female,
%Dutch, Mean and SD of Age. Clustered standard errors are in parentheses. The last row reports the
p-value of an F-test of the following null hypothesis: ¥ = M. *** p<0.01, ** p<0.05, * p<0.1

(1) (2) (3) (4) (5) (6)
VARIABLES At At + i At + fhei Atei Atei + [h Atei + Uh
ﬂ{f 0.004 -0.009*%**  -0.010%** 0.012 0.012 0.008
(0.005) (0.003) (0.003) (0.012) (0.013) (0.011)
ﬁ{w -0.014**  -0.015*** -0.016*** -0.020*** -0.023*** _0.023***
(0.006) (0.004) (0.005) (0.006) (0.007) (0.008)

Observations 31,558 31,558 31,558 31,558 31,558 31,545
R? 0.032 0.211 0.254 0.337 0.337 0.338
Pval: gF =M 0.021 0.195 0.264 0.018 0.009 0.015
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Table 6. Results for Score on Q1: I learned a great deal

Y;fcigs = /BgDE + /BlEDENtcig + ﬁ(])\/[DM + /B{MDMNtcig +FE+ €tcigs

tcigs identifies student s enrolled in section g of course ¢ in semester ¢ taught by instructor . The dependent
variable, Yicigs, is reported in table heading. Ny.;4 is the number of students enrolled in section g of course ¢
in semester ¢ taught by instructor i. Dummy D equals 1 for electives. Dummy D™ equals 1 for mandatory
courses. F'E stands for various combinations of time, course, instructor and student fixed effects reported
in column headings. The last column regression includes the following (unreported) controls: % Female,
%Dutch, Mean and SD of Age. Clustered standard errors are in parentheses. The last row reports the
p-value of an F-test of the following null hypothesis: ¥ = M. *** p<0.01, ** p<0.05, * p<0.1

(1) (2) (3) (4) (5) (6)
VARIABLES At At + i At + Uei Atci Atci + b Atei + [
BE -0.001  -0.009%** -0.008*** 0.014*  0.016  0.014
(0.004) (0.003) (0.003) (0.008) (0.010) (0.010)
M -0.012%F  -0.015%**  -0.019%** -0.020% -0.021* -0.022*
(0.005) (0.005) (0.004) (0.012) (0.012) (0.012)

Observations 31,627 31,627 31,627 31,627 31,627 31,614
R? 0.045 0.161 0.208 0274  0.274  0.274
Pval: gF =M 0.106 0.336 0.044 0.015  0.026  0.027
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Table 7. Results for Score on Q2: Active student participation was encouraged

Y;fcigs = /BgDE + /BlEDENtcig + ﬁ(])\/[DM + /B{MDMNtcig +FE+ €tcigs

tcigs identifies student s enrolled in section g of course ¢ in semester ¢ taught by instructor . The dependent
variable, Yicigs, is reported in table heading. Ny.;4 is the number of students enrolled in section g of course ¢
in semester ¢ taught by instructor i. Dummy D equals 1 for electives. Dummy D™ equals 1 for mandatory
courses. F'E stands for various combinations of time, course, instructor and student fixed effects reported
in column headings. The last column regression includes the following (unreported) controls: % Female,
%Dutch, Mean and SD of Age. Clustered standard errors are in parentheses. The last row reports the
p-value of an F-test of the following null hypothesis: ¥ = M. *** p<0.01, ** p<0.05, * p<0.1

(1) (2) 3) (4) () (6)

VARIABLES At At 4 1 At =+ fhei Atei Atei + Atei + [h
B -0.007  -0.017%%*  _0.016%**  0.028%*F  0.029**  0.025**
(0.005) (0.002) (0.002) (0.010) (0.011) (0.012)
pM -0.023%F%  _0.017FF*  _0.018%FF  _0.022%%F  _0.023%F*  0.022%**
(0.008) (0.003) (0.004) (0.005) (0.005) (0.005)
Observations 31,578 31,578 31,578 31,578 31,578 31,566
R? 0.005 0.183 0.213 0.275 0.275 0.276
Pval: g£ =M  0.110 0.889 0.618 0.000 0.000 0.000
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Table 8. Results for Score on Q8: How actively engaged were you in this course

Y;fcigs = /BgDE + /BlEDENtcig + ﬁ(])\/[DM + /B{MDMNtcig +FE+ €tcigs

tcigs identifies student s enrolled in section g of course ¢ in semester ¢ taught by instructor . The dependent
variable, Yicigs, is reported in table heading. Ny.;4 is the number of students enrolled in section g of course ¢
in semester ¢ taught by instructor i. Dummy D equals 1 for electives. Dummy D™ equals 1 for mandatory
courses. F'E stands for various combinations of time, course, instructor and student fixed effects reported
in column headings. The last column regression includes the following (unreported) controls: % Female,
%Dutch, Mean and SD of Age. Clustered standard errors are in parentheses. The last row reports the
p-value of an F-test of the following null hypothesis: ¥ = M. *** p<0.01, ** p<0.05, * p<0.1

(1)

(2) 3)

(4)

()

(6)

VARIABLES At At 4 1 At =+ fhei Atei Atei + Atei + [h
B -0.014%%% _0.022%F%  _0.020%**  0.003 -0.008 -0.010
(0.003) (0.002) (0.003) (0.010) (0.012) (0.012)
pM -0.020%%%  -0.017%F*  -0.014%FF  _0.021F%F  -0.024%F*  -0.025%**
(0.004) (0.003) (0.004) (0.006) (0.005) (0.005)
Observations 31,612 31,612 31,612 31,612 31,612 31,599
R? 0.011 0.062 0.082 0.125 0.125 0.125
Pval: gF =M 0.293 0.263 0.216 0.049 0.172 0.172
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Table 10. Results for Scores on Q6 and Q7

}/;fcigs = /BOEDE + ﬁlEDENtcig + /B(Z)MDM + 5{\4DMNtcig + FE + €tcigs

tcigs identifies student s enrolled in section g of course ¢ in semester ¢ taught by instructor . The dependent
variable, Yi.igs, is the numerical score on Q6 “I was provided with feedback on my individual work” in
columns 1-3 and on Q7 “The instructor was available for individual guidance” in columns 4-6. N4 is the
number of students enrolled in section g of course ¢ in semester ¢ taught by instructor . Dummy D¥ equals
1 for electives. Dummy DM equals 1 for mandatory courses. F'E stands for various combinations of time,
course, instructor and student fixed effects reported in column headings. Regressions in columns 3 and 6
include the following (unreported) controls: %Female, % Dutch, Mean and SD of Age. Clustered standard
errors are in parentheses. The last row reports the p-value of an F-test of the following null hypothesis:
BE = M. *x p<0.01, ** p<0.05, * p<0.1

(1) (2) (3) (4) () (6)

VARIABLES Atci Atei + b Atci + i Atci Atei + b Aici + h

ﬁf 0.002 0.005 -0.001 0.018 0.005 -0.001
(0.015)  (0.019)  (0.019)  (0.017)  (0.023)  (0.026)

5{\4 0.005 0.006 0.006 0.002 -0.006 -0.005

(0.014)  (0.016)  (0.017)  (0.014)  (0.013)  (0.014)

Observations 21,231 21,231 21,231 20,552 20,552 20,552
R? 0.247 0.247 0.247 0.213 0.213 0.213
Pval: pF =M  0.873 0.953 0.749 0.473 0.659 0.875

24



Table 11. Results for Scores on Q4 and Q5

Y;fcigs - /BOEDE + ﬁlEDENtcig + ﬁ(])\/[DM + /B{WDMNtcig + FE + €tcigs

tcigs identifies student s enrolled in section g of course ¢ in semester ¢ taught by instructor . The dependent
variable, Y;cigs, is the numerical score on Q4 “The requirements were clear” in columns 1-3 and on Q5 “The
grading criteria were clear” in columns 4-6. Ny.;4 is the number of students enrolled in section g of course ¢
in semester ¢ taught by instructor i. Dummy D equals 1 for electives. Dummy D™ equals 1 for mandatory
courses. F'E stands for various combinations of time, course, instructor and student fixed effects reported
in column headings. Regressions in columns 3 and 6 include the following (unreported) controls: % Female,
%Dutch, Mean and SD of Age. Clustered standard errors are in parentheses. The last row reports the
p-value of an F-test of the following null hypothesis: g = M. *** p<0.01, ** p<0.05, * p<0.1

(1) (2) (3) (4) () (6)

VARIABLES Atci Atei + b Atci + ph Atei Atei + b Atci + ph

5{5 0.024*  0.028* 0.018 0.002 0.001 -0.010
(0.014)  (0.016)  (0.018)  (0.011)  (0.019)  (0.019)

ﬁ{\/[ -0.011  -0.009 -0.008 -0.004 -0.007 -0.007

(0.018)  (0.018)  (0.020)  (0.010)  (0.010)  (0.011)

Observations 21,372 21,372 21,372 21,229 21,229 21,229
R? 0281 0281  0.282 0247  0.248  0.248
Pval: gF =M 0121  0.071 0.251  0.721  0.682  0.864
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Appendices

A Appendix

Table 12. Description of Time Slots

Time Slot Description

TO Irregular times (typically late afternoons)

T1 Monday 08.45 - 10.45 and Thursday 13.45 - 15.45
T2 Monday 11.00 - 13.00 and Thursday 11.00 - 13.00
T3 Monday 13.45 - 15.45 and Thursday 08.45 - 10.45
T4 Monday 16.00 - 18.00 and Tuesday 11.00 - 13.00
T5 Tuesday 08.45 - 10.45 and Friday 13.45 - 15.45
T6 Tuesday 16.00 - 18.00 and Friday 11.00 - 13.00
T7 Tuesday 13.45 - 15.45 and Friday 16.00 - 18.00
T8 Thursday 16.00 - 18.00 and Friday 08.45 - 10.45
T9 Wednesday all day
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