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Abstract

Using randomized field experiments, I investigate the effectiveness of two social information in-
terventions at increasing participation in a voluntary remedial math course for university stu-
dents. In Intervention 1, incoming students receive invitation letters with information about the
course sign-up rate in a previous semester. In Intervention 2, the students who signed up for
the course receive reminder letters that include information on how helpful the course has been
evaluated by previous students. On average, neither intervention increases participation in the
course, but further analyses reveal that the effects of Intervention 1 are heterogeneous along two
dimensions: First, by increasing the salience of the course, it raises attendance among students
who enroll late in their study program, which in turn increases their first-year performance and
closes the achievement gap to early enrollees. Second, the effect of the information about the
past sign-up rate depends on the predicted ex-ante sign-up probability. Students for whom the
prediction falls just short of the past sign-up rate increase sign-up and participation, while the
opposite is true for students whose sign-up probability exceeds the social information. Along this
dimension, however, the changes in attendance do not carry over to academic achievements.
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1 Introduction

Decisions about educational investment are often characterized by uncertainty about the associated
returns, which can lead to non-optimal decision-making (Altonji, 1993; Altonji, Blom and Meghir,
2012). One way to address this is to provide individuals with the relevant information, which has, for
example, been shown to change the amount of time individuals stay in school (Jensen 2010), which
college major they choose (Wiswall and Zafar 2015b,a), or their educational aspirations (Bleemer and
Zafar 2018; Lergetporer, Werner and Woessmann 2021). But in many cases, policy makers themselves
do not have access to the information that is required to inform individuals. For instance, because the
educational investments have not yet been evaluated or because the returns consist of non-pecuniary

benefits that are difficult to measure.’

In such cases, providing information about the behavior of others could be a promising alterna-
tive: First, it may provide a signal about returns, if individuals believe that the decision of others is
linked to the expected utility of the investment (Coffman, Featherstone and Kessler, 2017). Second,
and more general, the behavior of others may be perceived as a descriptive norm, i.e., individuals
might want to invest in education because they expect others to do the same (Bicchieri and Dimant,
2019).

This paper studies if social information can indeed be used to influence an educational invest-
ment decision, and whether individuals subsequently benefit from their investment. The context is
a voluntary remedial math course for economics and business students at a large German university
that takes place at the beginning of the first semester; a setting characterized by the features described
above. A considerable number of students does not participate in the course, even among those who
initially signed up for it. Conditional on a large set of observable characteristics, these students per-
form worse in their first year of studies, suggesting that their decision is not optimal. This could be
rooted in the fact that the course is an investment with uncertain returns, since students are usually
not aware of the exact content of their study program in advance and whether it is really necessary to
attend the course, given their prior knowledge. Because the course has not been causally evaluated

yet, students could not be informed of its returns directly.

Against this background, I conducted field experiments with two consecutive cohorts of incoming
students, to evaluate the effectiveness of two different social information interventions at increasing
sign-up for and participation in the remedial math course: i) In Intervention 1 (N = 789), shortly
after enrolling in their study program, students in the social information treatment receive a postal
invitation letter that includes the information that 85% of students signed up for the remedial math
course in the previous semester (throughout the paper, the term “enrollment” refers to enrolling in a
study program or at the university and the term “sign-up” refers to signing-up for the remedial math

course). In both cohorts, I compare the sign-up and participation behavior of this treatment group

lsee e.g., Oreopoulos and Salvanes (2011) and Hout (2012) for reviews on the non-pecuniary benefits of education. Dela-
vande and Zafar (2019) provide evidence that non-pecuniary benefits can play an important role in educational investment
decisions.



to a control group that receives no invitation letter at all. To explore whether the information on past
sign-up rates or an increase in the salience of the course is driving potential effects of the social infor-
mation treatment, in the second cohort, I add a second treatment group that receives an invitation
letter without the social information. ii) To increase attendance among students who initially sign
up for the course I run Intervention 2 (N = 574), in which students in the social information group
receive a postal reminder letter with the information that the course made it easier to get started with
university mathematics for 95% of the students in the past. I compare the outcomes of this group to
a control group that receives no reminder letter at all, and, in the second cohort, I again add another
treatment group that receives a reminder letter without the social information to explore potential

salience effects.

My main findings are as follows: First, I find that, on average, neither of the two interventions
affects students’ decision to sign up for or participate in the remedial math course. Second, further
analyses provide evidence that the effects of Intervention 1 are heterogeneous along two dimensions:
i) Both the social information and the salience treatment are more effective for students who enroll
late in their degree program, i.e., students who enroll in their program within the last month before
the beginning of the remedial math course. The treatments offset more than half of the roughly 9 and
16 percentage point (pp) lower sign-up and participation rates that I observe for these students in the
control group relative to students who enroll before the last month. The fact that both treatments
have similar effects suggests that the lower attendance among late enrollees in the control group is
at least partly driven by a lack of (relative) salience of the course. ii) To explore effect heterogeneity
along the outcome dimension, I use background characteristics — e.g., degree program, sex, and age
as well as grade, type, date, and place of the high school degree — and the control group to predict all
students’ ex-ante sign-up probability; i.e., I perform endogenous stratification (Abadie, Chingos and
West, 2018). I find that the information about the past sign-up rate — but not the salience treatment
—leads to a decrease in sign-up and participation by about 10 pp among those with the highest pre-
dicted ex-ante probability, while the opposite is true for students whose probability falls just short
of the past sign-up rate; students with the lowest predicted sign-up probabilities show no behavioral
response. This pattern is broadly consistent with the idea that treated students update their beliefs
about the behavior of others, which in turn affects beliefs about the descriptive norm or the expected

utility of the course.

Third, I investigate whether these heterogeneous effects on remedial math course participation
carry over to academic achievements in the first year of studies. My findings suggest that this only
holds true with respect to students’ timing of enrollment. For late enrolling students, whose overall
performance in the absence of treatment is about 0.26 standard deviations worse compared to early
enrollees, the increase in remedial math course participation is able to almost completely close the
gap in academic achievement. The remarkably large effects on first-year performance appear to be
driven by large increases in average course participation among a small group of individuals. My
findings are in line with the notion that early engagement with their studies in form of the reme-

dial math course increases academic and social integration among these students and prevents them



from dropping out early.

The context and results of this paper are related to the following strands of the literature. First, my
study contributes to the sparse literature on social information and educational decision-making in
higher education. To my knowledge, it is the first to apply social information with the goal to affect
an educational investment decision.? Silva and John (2017) investigate effects of providing informa-
tion about how many students have already paid their university tuition fees and find that this does
not improve payment of late fees. Page et al. (2019) test the effectiveness of different informational
interventions at improving refiling for federal student aid. One treatment arm adds social pressure to
the basic information by emphasizing the rates at which other students file for financial aid. Overall
they find little to no impact for any of their informational interventions.? Attempting to nudge stu-
dents to participate in online teaching evaluations, Neckermann et al. (2022) include a treatment that
provides information about the participation rates in past evaluations; this also fails to be effective.
Consistent with these results, I also find no evidence for a significant average effect of my social infor-
mation interventions. In contrast to these studies, however, I am able to uncover heterogeneities in
the behavioral response to the social information provided in Intervention 1 by employing endoge-
nous stratification. In conjunction with findings showing that the effects of social information can
depend on prior beliefs (Coffman, Featherstone and Kessler, 2017; Cantoni et al., 2019), my results
suggest that future studies in higher education may need to be designed with such heterogeneities in

mind.

Second, my and the other above-mentioned papers are also related to the more general literature
on the effects of social information and norms. Studies from other contexts, however, have generally
reported significant positive effects, which is in stark contrast to the results that I and other authors
report for educational decisions in college or university. Most closely related is a substantial litera-
ture that uses social norms to improve the on-campus behavior of students, i.e., decisions that are
arguably only indirectly related to educational outcomes. The majority of those studies is targeted at
students’ drinking behavior (e.g., Perkins, 2002; Turner, Perkins and Bauerle, 2008; Burger et al., 2011),
but other topics such as mental health (Turetsky and Sanderson, 2018), cyberbullying (Doane, Kelley
and Pearson, 2016), and hygiene measures (Lapinski et al., 2013) are also addressed (see the appendix
of Rhodes, Shulman and McClaran (2020) for a comprehensive list of studies). In their meta-analysis
on social norms, Rhodes, Shulman and McClaran (2020) estimate a positive descriptive norm effect
on behavioral outcomes of d = 0.105 for studies using college-aged participants, which is very close

to their overall estimate of d = 0.097, but much smaller than the effect size they estimate for field ex-

2The literature on the provision of relative performance feedback in higher education also makes use of social informa-
tion (Azmat et al., 2019; Brade, Himmler and J4ckle, 2021; Dobrescu et al., 2021). However, there, information is usually
given about the contemporaneous performance of similar others, which can, for instance, create positive effects through
competitive preferences and learning about own ability. Such mechanisms are unlikely to play a role for the type of social
information that I study in this paper. In addition, the studies on relative feedback typically aim at affecting decisions and
efforts at the intensive instead of the extensive margin.

3Studying the effects of student debt letters on student loan decisions, Darolia and Harper (2018) combine information
on the median total loan debt of recent graduates with a summary of a student’s borrowing to date and an estimate of
expected future dept payments. They do not find effects for this combined information treatment.



periments (d = 0.30). The meta-analyses on the effects of nudging by Hummel and Maedche (2019)
and Mertens et al. (2022) estimate relative and standardized effects sizes for social reference nudges
of 20% and d = 0.40, respectively (see Section 5 for further discussion of my estimates and the evi-
dence from several meta-analyses).4 However, given the lack of studies from (higher) education, both
in the samples of these meta-analyses and beyond, more evidence is needed to establish whether

educational decisions are indeed more difficult to influence by social information.

Third, my study relates to the literature that uses nudges to improve decision-making in educa-
tion (see, e.g., Damgaard and Nielsen 2018 for a review). More specifically, I contribute to research
that aims to improve outcomes of students in higher education by providing information via low
touch channels, such as text-messages, e-mails, and postal letters. Initial studies showed promis-
ing results, especially with respect to enrolling in college and applying for financial help (see French
and Oreopoulos 2017 and Bird et al. 2021 for reviews). However, results from recent large-scale field
experiments suggest that these interventions may not necessarily scale up, creating the need for al-
ternative approaches (Bird et al., 2021; Bergman, Denning and Manoli, 2019; Gurantz et al., 2021).
Furthermore, attempts to improve persistence in college with the help of low-touch information in-
terventions have so far not provided the desired results (e.g., Oreopoulos and Petronijevic, 2018, 2019;
Huntington-Klein and Gill, 2019). My study extends this literature by adding the following: First, as
mentioned above, it is the first to explicitly test whether information about the past behavior of oth-
ers affects an educational investment decision in higher education. Given the promising results in
other areas, surprisingly little attention has been paid to this approach so far. Second, this study in-
vestigates if (social) information can be used to influence smaller educational investment decisions.
Previous studies have often focused on educational investments that are likely more difficult to influ-
ence, such as whether to enroll in college at all. Third, my results also illustrate that in some contexts a
targeted provision of (social) information nudges may be necessary to achieve desired results. This is
consistent with Bryan, Tipton and Yeager (2021), who argue that most treatment effects in behavioral

science are heterogeneous and that a more systematic approach to their analysis is required.

Finally, the paper contributes to the ongoing discussion on college remediation (e.g., Holzer and
Baum 2017; Oreopoulos 2021). My setting allows me to report on the effectiveness of remediation
based on experimentally induced variation in attendance, thus providing evidence from complier
populations that have not been studied so far. Due to the voluntary nature of remedial education in
Germany, the context of my study is also notably different from the existing literature. There, studies
mostly report results based on natural experiments that occur when participation is based on perfor-
mance in a placement test (e.g., Martorell and McFarlin Jr. 2011; Scott-Clayton and Rodriguez 2015;
Boatman and Long 2018). In contrast to this type of remediation, voluntary courses are arguably less

likely to be stigmatizing and discouraging. Because they are usually scheduled at the beginning of

*Evidence for positive effects of social information comes from contexts such as charitable giving (Frey and Meier 2004;
Croson and Shang 2008; Martin and Randal 2008; Shang and Croson 2009), public good contributions in the lab (Keser
and Van Winden 2000; Fischbacher, Géchter and Fehr 2001), environmentally friendly behavior (Goldstein, Cialdini and
Griskevicius 2008; Allcott and Rogers 2014; Byrne, Nauze and Martin 2018; Brent et al. 2020), tax compliance (Hallsworth
etal., 2017), job applications (Gee, 2019), and job take-ups (Coffman, Featherstone and Kessler, 2017).



the study program, they may also contribute to students’ early academic and social integration, and
the effects that I report for late enrolling students are consistent with this idea. However, similar to
Boatman and Long (2018), my findings also tentatively suggest that not all changes in course partic-
ipation translate into respective changes in academic achievements and that the returns to course
participation may depend on the complier population. More general, the effectiveness of voluntary
remediation (in Germany) is still largely unknown. To my knowledge, the only other more rigorous
evidence comes from Biichele (2020a,b), who uses survey data and difference-in-difference designs

and finds some evidence for positive effects on students’ skills and performance in math.

The paper continues as follows. In Section 2, I first describe the organization of remedial educa-
tion in Germany and at the Faculty of Business and Economics and provide some descriptive evidence
on the correlates of remedial math course participation and its association with academic achieve-
ment. Afterwards, I describe the design of the two interventions as well as the data and empirical
approach used for the analysis. In Sections 3 and 4, I present the results of Intervention 1 and 2, re-
spectively. Section 5 concludes by discussing the findings and their implications for policy and future

research.

2 Institutional background and research design

2.1 Remedial math education in Germany

Math remediation in Germany is organized differently than in many other countries, such as the US
(see, e.g., Biichele (2020a,b) for further details). Remedial courses are generally offered on a volun-
tary basis, i.e., they are neither tied to performance in a placement test nor are they a prerequisite
for enrolling in the regular study program. The courses are typically organized in a decentralized way
by individual departments (mostly for STEM majors), there is no participation fee, and they do not
award course credits or factor into a students’ grade point average (GPA). Most of the time, they come
in the form of preparatory block courses that take place before or at the beginning of the first semester
and last roughly two to four weeks, depending on the math intensity of the study program. In terms of
content, the courses generally aim to prepare students for their particular study program by review-
ing relevant secondary school mathematics. The effectiveness of remedial education in Germany is,
however, still an open question, as it has hardly been subjected to rigorous causal evaluation (see the

discussions in Biichele (2020a,b)).

The different organization of remediation has implications for the underlying mechanisms
through which it can affect students’ academic achievements. Two hypotheses are commonly dis-
cussed in the literature (see, e.g., Scott-Clayton and Rodriguez, 2015; Boatman and Long, 2018): On
the one hand, remedial courses are supposed to help students develop or refresh the skills they need
to succeed in their studies, and it is reasonable to assume that this mechanism applies to courses in
Germany as well. On the other hand, it is argued that remediation can be discouraging as it often
lengthens the time to graduation by design, and because the placement procedures can be stigma-

tizing, which may negatively affect students’ self-confidence and self-efficacy. Since these discour-



aging features are not present in the organization of German remedial education, it is arguably less
likely that such adverse effects will occur (cf. Biichele, 2020a). Instead, students in Germany also
perceive the remedial courses as an opportunity to get to know peers and the university at an early
stage (VoBkamp and Laging, 2014), and the courses may therefore play an important role in students’
academic and social integration. Given the extensive literature on the importance of integration for

success in college dating back to Tinto (1975, 1993), this is an interesting avenue for future research.

2.2 Remedial math course at the Faculty of Business and Economics

The focus of the present study is a voluntary remedial math course organized by the Faculty of Busi-
ness and Economics at one of the largest universities in Germany, which is offered to prepare fresh-
man students of the five bachelor’s degree programs for the mandatory math exam and other math-

ematically demanding compulsory courses.’

The course takes place at the beginning of the first
semester — in the two weeks prior to the start of the official lecture period — and is organized as an
eight-day, 42- to 44-hour block course (see Figure A.1 for a detailed course timeline for the two co-
horts studied in this paper). Lectures make up about one-third of the course and are mostly held
in the morning, while the rest of the time is spent in tutorials to practice the concepts taught in the
lectures. All lectures are given by the same instructor, while students are divided into smaller groups
of about ten to twenty students for the parallel tutorials, which are taught mainly by students from
higher semesters. The course aims at refreshing secondary math knowledge and filling potential gaps,
and covers topics such as numbers, arithmetic, summation, binomial formulas, (in)equations and
systems of linear equations, exponentiation, root extraction, logarithms, functions, and differential
calculus. Study skills, testing strategies, or specific content from the upcoming study programs are

not part of the course.

To facilitate the organization of the course, in particular the prior formation of the tutorial groups,
students are asked to sign up for the course in advance via a web portal. When students enroll in their
study program, which most do during the two months prior to the start of the first semester, they re-
ceive information about the course via the following channels: First, information is publicly available
on a website that also includes a syllabus and a test that students can use to self-assess their math
knowledge prior to signing up. Second, incoming students receive a letter from the student body of
the faculty that provides information about the (social) activities that are planned at the beginning
of their studies, including the remedial math course. Third, the organizers of the course themselves
email the students, inviting them to participate in the course. Students who sign up for the course get
access to an online platform on which further details about content and structure are provided about

one week before the start of the course. Via the platform, a few days before the course starts, students

5The math exam is mandatory in all but one of the five bachelor programs and students have to pass it by the end of the
second semester in order to continue with their program. Due to the coronavirus pandemic, this requirement was relaxed
and students in my sample were allowed to pass the math exam in later semesters. However, students were not aware
of this when enrolling their program. The lecture associated with the math exam is taught by a different instructor than
the remedial course. It is therefore unlikely that students will expect to gain instructor-specific knowledge in the remedial
course about how to pass the math exam.



are also informed about the tutorial group to which they have been assigned.®

2.3 Descriptive evidence on remedial math course participation and its association with
academic performance

Given all the available information, students should be well aware of the remedial math course. Nev-
ertheless, a considerable number of students does not sign up for the course and attendance is even
lower: for instance, in the control group of Intervention 1, only 76% of the incoming students sign
up for the course, and the participation rate in the first tutorial and the average participation across
all tutorials - i.e., the share of tutorials a student participates in — are 70 and 60%, respectively (see

bottom row of Table 1).”

But there may be good reasons for students to refrain from participation. First and foremost, stu-
dents may be certain that they already possess the mathematical skills needed for their studies. To
gain some insights into what is driving students’ decision-making, Table 1 shows estimates of regress-
ing sign-up and participation in the course on several background characteristics using the control
group of Intervention 1 (see Section 2.5 and Table A.1 for further details on all variables). The results
show that most of the covariates have no statistically significant effect. Notably, this includes ability
or academic preparedness, as measured by students’ high school GPA (p = 0.237, 0.568, and 0.271 in
Columns 1, 3, and 5). Instead, the most relevant correlates of the participation decision are the fol-
lowing: First, students for whom this is the first semester at any university are 22.4 to 28.5 pp more
likely to sign up for and participate in the course. This is plausible, because students who have already
studied at this or another institution may have already attended a similar course or be confident that
their math skills are sufficient. Second, students who enrolled in their study program within the last
month before the beginning of the math course are somewhat less likely to sign-up for the course (9.0
pp, p =0.100; Column 1), but are particularly less likely to participate in it (13.9 and 16.3 pp, p = 0.019
and 0.002, respectively; Columns 3 and 5). For these students the course may be less salient, because
they are still busy with organizational issues such as looking for or moving into their accommoda-
tion. Additionally, some of them may be unable to attend because they have not yet moved to the city

where the university is located.?

6During the sign-up process students are asked to self rate their math knowledge. The organizers use this information
and try to form homogeneous tutorial groups.

"Because my intervention sample comprises only students who enroll in their study program until about one week
before the beginning of the remedial course, these numbers likely overestimate the true extent of sign-up and participation.
Students who enroll later, which is also possible after the official start of the semester, are less likely to participate or may
not be able to participate at all at some point.

8The place —i.e., the federal state, — in which students’ obtained their high school degree is also a significant predictor of
sign-up and participation, as indicated by the p-value of the F-test for joint significance. The predictive margins for each
category are presented in Table A.2. They show that students who obtained their high school degree abroad or outside of
the federal state in which the university is located and two of its neighboring states are more likely to participate in the
course. Possible explanations are that these students were previously located farther away and thus use the course as an
opportunity to meet new peers or that these students are less certain about whether their math knowledge matches up
with what is required for their studies (note that education policy in Germany is mostly under the jurisdiction of the federal
states and that the secondary school curricula can therefore differ between states).



However, the observed covariates exclude other factors that may be important for students’ par-
ticipation decision such as further external constraints?, their beliefs about the participation decision
of others, or their beliefs about the effectiveness of the course. Moreover, given the lack of robust
causal evidence on the effects of remediation in Germany, it is not even clear whether attendance
should be a priority for most of the students. To provide some suggestive evidence on this, in Ta-
ble 2, I use the same sample as above and regress different measures of academic achievement on
average participation, controlling for all covariates presented in the previous table; the effects of the
standardized and inverse-scaled high school GPA are shown as comparison (on the original scale 1.0
is the highest and 4.0 the lowest possible GPA). The results show that going from 0 to 100% participa-
tion is related to a significant increase in the likelihood to attempt and pass the math exam within the
first semester (year) by 51.8 (49.1) pp and 42.5 (44.9) pp, respectively. It is also related to an increase in
obtained credits by 9.7 (17.7), and a reduction in the probability to drop out of the study program by
12.9 (17.2) pp. For these outcomes, the effects of participation are more pronounced and significant
than the effects of a better high school GPA. For the grade in the math exam and the GPA in university,
on the other hand, participation in the math course appears to be of little value. If one is willing to
assume that grades depend more on ability and skill development, while the credit load and the deci-
sion to drop out depend more on a successful social and academic integration, these results provide
some tentative evidence that the remedial math course may be beneficial to students because it helps

with the latter.

In sum, the evidence presented in this section suggests that in the absence of my interventions a
substantial number of students does not sign up for or participate in the course, even though it might

actually be beneficial for them to do so.

2.4 Design of the interventions

Against this background, I partnered with the organizers of the remedial math course and designed
two social information interventions with the goal of increasing the share of students that sign up
for and participate in the remedial math course: i) an invitation letter that includes information on a
previous sign-up rate for the course (Intervention 1), and ii) a reminder letter for students who signed
up for the course, containing information about how helpful students have evaluated the course in
the past (Intervention 2). To test their effectiveness, I conducted field experiments with a cohort of
incoming first-year students who enrolled in the summer term and the subsequent cohort in the
winter term (the summer and winter terms in Germany are generally equivalent to the spring and fall
terms in other countries). The general design and timing of the interventions was the same in both

cohorts and is summarized in Figure 1.1

9 Another potential reason for non-attendance is that students are working to finance their studies. Staneva (2018) pro-
vides evidence from a representative student sample and shows that at the beginning of their studies, only about 20% of
German students are working, and that they spend about 11 hours per week on doing so. It is thus unlikely that work
prevents many students from part