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Abstract 
 
Many organizations use onboarding programs to assist newcomers with the transition process. 
Are brief social interactions during such programs sufficient to create lasting performance 
spillovers? Exploiting quasi-random assignment to groups of a two-day freshman orientation 
program for university students, I find that higher ability peers generate positive effects even three 
years later. A one SD increase in peer ability improves the academic performance of business 
administration students by 0.05 to 0.08 SD. I provide evidence that the effects result from the 
formation of lasting social ties, and that performance spillovers are moderated by the broader 
social environment of the organization. 
JEL-Codes: I210, I230, J240. 
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1 Introduction

Onboarding programs are essential tools for organizations to help individuals adapt to their

new environment (Bauer et al., 2007; Bauer and Erdogan, 2011; Klein et al., 2015). Promoting

social integration through brief interactions with existing members or fellow newcomers is

often a key part of these programs. To design effective onboarding processes, organizations

need to understand whether and how peers met during such brief social activities shape

individuals’ subsequent success and performance.

One important setting where it is critical to get the transition process and potential peer

dynamics right is higher education. This is because students’ early progress at university is

an important determinant of their later academic success (Angrist et al., 2022; Attewell et al.,

2012). Many universities around the world therefore assist incoming students by offering

freshman orientation programs that introduce them to the institution, its resources, and its

services. To facilitate the early social integration of students, the programs typically involve

the formation of groups that go through orientation together.

Does the composition of such short-term peer groups matter for students’ later academic

performance? I address this question by investigating whether ability peer effects emerge

in the context of a two-day freshman orientation program at the Department of Business

Administration at a German university. To identify the causal effect of higher ability peers

on students’ academic achievement, I leverage the surname-based assignment of students

to freshman orientation groups. Several tests provide strong evidence that the assignment

mechanism generates peer group compositions that are as good as random.

I document that being assigned to a freshman orientation group with higher ability peers

has significant and persistent positive effects on the academic achievement of students in

Business Administration (BuA) – the largest program at the department. A one standard de-

viation (SD) increase in the average peer high school grade point average (GPA) increases an

index of students’ academic achievement by 0.08 SD at the end of the first year. Two years

later, academic achievement is still 0.06 SD higher. Put differently, students assigned to a

peer group at the 90th percentile of the peer ability distribution, rather than the 10th per-

centile, have 0.16 to 0.21 SD higher academic achievement. The effects are not driven by a

single component of the achievement index: assignment to more able freshman orientation

peers enhances study progress, as measured by accumulated course credits, leads to higher

persistence, and improves students’ GPA. Additional analyses provide no evidence for non-

linear effects of peer ability and indicate that students of all ability levels benefit from being

assigned to more able peers.

How can peer effects emerge from a setting as brief as a two-day freshman orientation

event? In contrast to peer group contexts such as dormitories or tutorials (Booij et al., 2017;
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Carrell et al., 2009; Corno et al., 2022; Feld and Zölitz, 2017), students do not observe or ex-

perience the behavior of their assigned peer group over an extended period of time. Persis-

tent peer effects therefore require the formation of lasting social networks (Calvó-Armengol

et al., 2009; Jackson et al., 2022). Using out-of-sample survey data, I show that students meet

at least one-third of their study partners – i.e., the individuals with whom they exchange or

discuss course materials or plan to study for exams together – during freshman orientation,

and that the relationships persist throughout their studies. To provide more direct evidence

on the role of social ties, I use the survey sample to predict students’ probability of having

met no study partners during freshman orientation – i.e., their “isolation” probability – in the

main estimation sample. Consistent with the proposed mechanism, the subsequent analy-

sis shows that the main effects are almost entirely driven by students with a lower isolation

probability. I complement this with an analysis showing that the specializations students

choose from the fourth semester onward are positively correlated with the specialization

choices of their peers. Together, the results show that orientation succeeds in creating last-

ing social connections that shape students’ behavior and performance.

Are brief peer contexts for newcomers generally sufficient for positive effects of higher

ability peers? Considering that peer effects are often highly context dependent (Sacerdote,

2014), the existence and nature of performance spillovers from freshman orientation peers

might be related to the broader organizational environment. To examine this, I exploit that

freshman orientation at the Department of Business Administration is organized in the same

way for two other study programs: International Business (IB) and International Business &

Technology (IBT). They have much smaller cohorts and therefore smaller classes (75 stu-

dents per cohort instead of 350 to 400 in BuA), and are more selective about who they admit.

A heterogeneity analysis shows that the estimated effects of more able peers in IB(&T) are

significantly smaller and switch sign: a one SD increase in peers’ high school GPA reduces

academic achievement by an imprecisely estimated 0.01 to 0.05 SD.

I argue and provide evidence that this heterogeneity is related to the size of the programs,

which may shape the overall social dynamics (Bernerth et al., 2023; Maurer et al., 2023), and

thereby moderate the effects of freshman orientation peers. For instance, outside of the

orientation program, it may be more costly to connect with others and seek information

when the program is large and more anonymous (Chandrasekhar et al., 2018; Sandvik et al.,

2020). Consistent with this idea, the out-of-sample surveys indicate differences in the social

environment during the studies (i.e., after freshman orientation). Students in the smaller

programs have more study partners and more learning-related social interactions (e.g., dis-

cussing course content and working together). This, in turn, may mitigate the influence

of freshman orientation peers. Supporting this notion, and in contrast to the specialization

choices in BuA, I find no evidence of a positive correlation between students’ and their peers’
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choice of subjects (IB) or minors (IBT). In addition, I do not find evidence that the hetero-

geneous effects are driven by the selectivity of the programs and the resulting differences

in the student composition. The significant heterogeneity in the effects across programs is

robust to controlling for the interaction of peer ability and students’ background character-

istics, and there is no significant difference in peer effects between BuA students who are

more comparable to IB(&T) students and BuA students who are less comparable to them.

The first contribution of this paper is to investigate and show that even brief social activi-

ties can be sufficient for the emergence of substantial and persistent peer effects. Most previ-

ous studies investigate performance spillovers in longer-lasting peer contexts or when peers

work alongside each other (see Sacerdote (2014) and Villeval (2020) for reviews). Consistent

with my findings, studies in higher education mainly document positive effects when stu-

dents are exposed to more able peers in their cohorts, tutorial groups, or dorms (Booij et al.,

2017; Carrell et al., 2009; Feld and Zölitz, 2017; Frijters et al., 2019; Griffith and Main, 2019;

Humlum and Thorsager, 2021; Ost, 2010; Sacerdote, 2001).1 Research that provides evidence

for the existence of performance spillovers in the workplace is also largely based on the con-

temporaneous effort or productivity of peers (Bandiera et al., 2010; Chan et al., 2014; Cohen-

Zada et al., forthcoming; Cornelissen et al., 2017; Frakes and Wasserman, 2021; Guryan et al.,

2009; Mas and Moretti, 2009; Tan and Netessine, 2019). Short-term peer groups, on the other

hand, have received little attention to date. The two closest papers, Fischer and Rode (2020)

and Thiemann (2022), study more extensive freshman orientation programs in more selec-

tive settings and find null or even negative effects of higher ability peers on later outcomes.2

Second, this study also contributes to ongoing discussions about the mechanisms un-

derlying ability peer effects in education (Conley et al., 2024; Coveney and Oosterveen, 2021).

One suggestion is direct social interaction between peers, such as discussions of course ma-

terial in or out of class (Booij et al., 2017; Carrell et al., 2013; Feld and Zölitz, 2017; Garlick,

2018). A second proposed mechanism is that peer group composition affects the classroom

environment and thus how well instructors are able to teach to students’ level and deal with

disruptions (Duflo et al., 2011; Lavy and Schlosser, 2011; Lavy et al., 2012). It is often dif-

ficult to isolate which of the two mechanisms is at work. But the brief nature of freshman

orientation virtually rules out the second. Instead, my setting and the results I present on

students’ study partners and specialization choices underscore that persistent social net-

1There is also evidence of negative peer spillovers, at least for subgroups such as women and low ability
students (Carrell et al., 2013; Feld and Zölitz, 2017; Fischer, 2017).

2My results suggest that the general level of social interaction, rather than the composition of the student
body, is the main driver of the heterogeneous effects across programs. Because there are too many substantial
differences between the setting of my study and the settings of Fischer and Rode (2020) and Thiemann (2022)
(e.g., length and content of freshman orientation, selectivity of the programs, and composition of the student
body), it would be too much of a stretch to conclude that the moderator I identify in my setting can also explain
the heterogeneous effects across our studies.

4



works can shape individuals’ long-term performance and behavior (Calvó-Armengol et al.,

2009; Field et al., 2016; Jackson et al., 2022).

Finally, the result that positive effects of higher ability freshman peers only emerge in

a large and less interactive organizational setting suggests that other social dynamics and

knowledge flows may play an important moderating role for performance spillovers from

brief social interactions (Cai and Szeidl, 2018; Frakes and Wasserman, 2021; Sandvik et al.,

2020). The paper therefore directly speaks to the external validity of its results and to the

conditions under which they emerge (List, 2020). This is particularly relevant, because the

direction and nature of peer effects is generally highly context dependent (Sacerdote, 2014;

Villeval, 2020).

2 Institutional background

Universities and colleges around the world offer freshman or new student orientation to help

students with the transition to university. In the US, about 70% of colleges organize events

that introduce students to the institution, familiarize them with resources and services, and

allow them to form social connections and become part of the community (Feygin et al.,

2022). In Germany, almost all students have access to events that provide opportunities

to socialize with fellow students (92%), to events that introduce them to central facilities

such as libraries, computer labs, and learning and communication platforms (90%), and to

events about the organization of their studies (81%). 78, 66, and 65% of students attend these

events, and of those, 90, 83, and 84% rate them as rather or very helpful (see Table A.2).3

2.1 Freshman orientation at the Department of Business Administration

The context of this study is the freshman orientation program of the Department of Busi-

ness Administration at a large German university of applied sciences (UAS). It is organized

for students of three bachelor programs: Business Administration (BuA), International Busi-

ness (IB), and International Business and Technology (IBT).4 The programs are structured

according to the European Credit Transfer and Accumulation System (ECTS), have a sched-

uled study duration of seven semesters, and students must earn a total of 210 course cred-

3Data are from data from the representative National Educational Panel Study starting cohort five (https:
//www.neps-data.de/Portals/0/NEPS/Datenzentrum/Forschungsdaten/SC5/17-0-0/SC5_17-0-0_C

odebook_en.pdf, retrieved on December, 12, 2022). Some universities also offer bridging courses (i.e., short
remedial courses; 49%) and courses on academic and scientific skills (45%).

4Besides accounting for a substantial share of students at this UAS (about 20%), BuA was also the most
popular study program in Germany in the winter semester 2020 among German freshman students (8.3%;
Destatis 2021).
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its to graduate.5 Although there are no courses that students in the three programs take

together, the intended study structure is generally the same. In the first and second year,

students mostly take compulsory courses that provide them with the fundamentals. In the

fourth or fifth semester, students must complete a mandatory internship, and in the final

year, students mostly choose from elective courses and write their bachelor’s thesis.6

There are, however, several important differences between the programs. First, they dif-

fer in terms of cohort size. While cohorts in BuA consist of about 350 to 400 students, there

are only about 75 students per cohort in IB and IBT. Second, and relatedly, IB and IBT are

more selective with respect to the high school GPA of the students that they admit to the

program (cf. Section 3). Third, IB and IBT are aimed at a more international audience and

the language of instruction is therefore English rather than German. In IB, students are ex-

pected to go abroad for one semester and for their mandatory internship. In addition, in

the second and third semester, they are expected to take courses in one additional business

language (French, Italian, Spanish, or German). In IBT, instead of going abroad, students

choose one of three STEM minors to complement their business courses (Mechanical Engi-

neering, Electrical Engineering, or Science and Technology). In BuA, starting in the fourth

semester, students choose three out of sixteen specializations such as finance, controlling,

human resource management, or business taxation.

To help students get started and to familiarize them with the university and their study

program, the department organizes a two-day freshman orientation for each program dur-

ing the first week of the semester. Orientation is organized in the same way for all three pro-

grams and includes the following activities, which students go through in groups of about

26 students: meet and greet with department staff, opportunities to socialize with fellow

students such as team-building activities and going to lunch together, meetings with the

student association, introduction to the services of the university’s library, general informa-

tion about studying at a university, information about the weekly study schedule during the

semester, and a campus rally; i.e., the type of activities offered by most German universities

(cf. Table A.2). The program is standardized so that all groups receive the same information

and go through the same activities. The groups are supervised by tutors, i.e., students from

a more advanced semester, who are randomly assigned to the groups. Although attendance

is not mandatory, most students participate: according to the organizers and in line with

5Universities throughout Europe use this standardized point system, in which a full-time academic year
consists of 60 credits. The typical workload for one credit is 25-30 hours of study. See also https://ec.europ

a.eu/education/resources-and-tools/european-credit-transfer-and-accumulation-system-e

cts_en, retrieved on September 10, 2023.
6Students in the three programs attend lectures and tutorials on the same campus. Unlike in other countries,

however, students at this and most other German universities do not live on campus. “College clubs”, in which
students might participate together, are also not widespread in Germany.
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survey evidence, the participation rates are typically between 80 to 90%.7

The allocation of students to peer groups is organized in the following way: The depart-

ment determines the number of groups based on the number of students who enroll. Stu-

dents are then assigned to groups based on ranking them in the alphabetical order of their

last names. One exception is that in BuA there is usually one group that is reserved for stu-

dents who enroll in their program after the initial allocation; because of the different allo-

cation mechanism, I exclude these groups from my analyses. Once students are assigned to

their groups, they are not allowed to switch between them. In addition, after freshman ori-

entation, these groupings are no longer used for any other study-related activities, such as

lectures and tutorials. Similar surname-based assignments to peer groups have been used

to analyze peer effects before (Goulas et al., 2022; Harmon et al., 2019; Mulhern, 2023), and

in Section 4.2 I provide evidence that the allocation mechanism, which is the basis for my

identification strategy, leads to peer group compositions that are as good as random.

2.2 Study partners and social environment

How can peer effects emerge in such a context? Given the short duration of the orientation

program, and the absence of performance-oriented team activities like case study compe-

titions (Thiemann, 2022), there is arguably little scope for direct peer effects to occur dur-

ing the two days of orientation. Rather, it is more plausible that peer effects will emerge if

the brief social interactions during orientation lead to longer-lasting, study-related relation-

ships.8 In addition, the influence that freshman orientation peers have on later outcomes

may depend on how socially interactive the study programs are in general.

Study partners from freshman orientation. To provide direct evidence on the formation

of lasting social ties, Figure 1 reports results from online surveys conducted in the summer

semesters of 2022 and 2023.910 The surveys asked students about the number of students

from their study program with whom they are in contact so closely that they regularly ex-

change or discuss course materials or plan on studying for exams together (see notes of Fig-

7The survey evidence stems from an online survey that was conducted in the summer semester of 2023
among all bachelor students at the university. The survey included the question “Please think back to the be-
ginning of your studies. Which of the following services offered by the university did you make use of when you
started your studies?” and the sub item “Introductory/orientation days”, to which 83.3% of the 215 participating
students from the BuA department answered with “Yes” (10.7% answered with “No” and 6.0% answered that
they were not aware of the orientation days).

8This idea is supported by Back et al. (2008), who show that randomly determined physical proximity in the
classroom at the beginning of university leads to higher friendship intensity one year later, and by Thiemann
(2022), who finds that students who are randomly assigned to the same freshman orientation group are more
likely to choose the same tutorial groups later and to be among each other’s five best friends.

9Summer and winter semesters in Germany are equivalent to spring and fall semesters in other countries.
10Table A.3 shows that the survey sample is very similar to the main estimation sample.

7



Figure 1: Average number of study partners from own study program
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Notes: The figure plots students’ number of study partners for the study programs at the Business Administration department based on
data from online surveys that were conducted in the summer semesters of 2022 and 2023 among all bachelor students at the university.
The numbers are linear predictions based on regressing the respective outcome on an IB(&T) dummy, year of study FE, survey wave FE,
and a dummy indicating students whose orientation was conducted online because of the Covid-19 pandemic (results are qualitatively
the same when excluding these students). The “total” number is based on the survey question “With how many students from your current
study program are you in contact so closely that you regularly exchange or discuss course materials or plan on studying for exams together?”.
The “actual” number of study partners met during freshman orientation is based on the survey question “How many of these contacts have
you met during an introductory week or during orientation days at the beginning of your studies?”. For students who reported zero study
partners and for students who reported that they did not attend freshman orientation, the number of study partners met during freshman
orientation is set to zero. For the “expected” number of study partners met during freshman orientation, the total number of study partners
is multiplied by the number of peers per freshman orientation group divided by the total number of peers per cohort. Based on the data
presented in Section 3, on average, the peers in a student’s own freshman orientation group make up 7.05 and 32.5% of all students in a
Business Administration and International Business (& Technology) cohort, respectively. N = 380.

ure 1 for the exact wording). Directly afterwards, students were asked how many of those

“study partners” they met during freshman orientation.11 The left panel shows the number

of study partners by respondents’ year of study. Across all years, students report between

4 and 5 study partners from their own program. In all years except the second, they report

meeting about 1.8 of their study partners during freshman orientation. To put this number

in perspective, the figure also shows the expected number of study partners from the same

orientation group if students were to select study partners from their cohort by chance alone.

To do so, I multiply the total number of students’ study partners by the ratio of orientation

group peers to peers in the entire cohort. The results show that the actual number of study

partners met during orientation is well above what would be expected by chance. Taken to-

gether, the main insight is that a substantial fraction of students’ study partners can be traced

back to the freshman orientation groups at the very beginning of their studies. It therefore

11The survey question did not ask students about study partners from their own freshman orientation group,
but from freshman orientation in general. I therefore have to assume that the number of students who met out-
side of their own freshman orientation group is negligible. The assumption is plausible, however, as students
go through the entire freshman orientation program within the groups to which they were assigned.
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seems reasonable to assume that the composition of the groups affects the type of study

partners students have later, which in turn is likely to affect their academic achievement and

behavior.

Social environment during the studies. The size of the study programs – but potentially also

the composition of the student body – may create different types of social environments.

Larger cohorts and larger lectures arguably make BuA more anonymous. The right panel

of Figure 1 provides the first piece of evidence for this. Compared to students in IB(&T),

BuA students report having about 4 instead of 5 study partners, and they met 1.3 instead

of 2.3 of their study partners during freshman orientation. The bigger cohort size in BuA,

however, also makes it much less likely that a randomly selected study partner was in the

same orientation group.

Table 1: Learning-related social interaction – by study program

(1) (2) (3) (4) (5) (6) (7)
Outcome Index Work Discuss Ask Joint Learning Tell others

together content advice goals agreements about goals

IB(&T) 0.257** 0.220* 0.217* 0.095 0.141 0.335*** 0.097
(0.124) (0.127) (0.126) (0.123) (0.123) (0.122) (0.125)

Study year FE yes yes yes yes yes yes yes
Covid cohort FE yes yes yes yes yes yes yes
Survey FE yes yes yes yes yes yes yes

R2 0.03 0.03 0.03 0.01 0.02 0.06 0.02
N 321 319 319 320 316 315 316

Note: The table reports estimates from regressing different measures of social interaction on an IB(&T) dummy (reference
group are BuA students). The underlying data is from online surveys that were conducted in the summer semesters of
2022 and 2023 among all bachelor students at the university. Covid cohort FE indicate students whose orientation was
conducted online because of the Covid-19 pandemic (results are qualitatively the same when excluding these students).
Index is the standardized inverse-covariance weighted average of the other outcomes. The outcomes in Columns (2) to (7)
are standardized within survey waves and based on the following question and sub-items: “Now we would like to know
more about learning with other students. For each activity, please indicate how often it is typically done by you.”; Work
together: “I work on texts or assignments together with my fellow students.”; Discuss content: “I discuss the course content
with fellow students.”; Ask advice: “If something is not clear to me, I ask fellow students for advice”; Joint goals: “I set learning
goals together with my fellow students.”; Learning agreements: “I make learning agreements with my fellow students (e.g.,
distribution and preparation of learning content and group work).”; Tell others about goals: “I tell my fellow students, friends,
or family about my learning goals.”; Answer categories were 1 – Very rarely, 5 – Very often, and “no answer” in summer
semester 2022, and 1 – Very rarely, 7 – Very often, and “no answer” in summer semester 2023. Robust standard errors clustered
at the student level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.

Second, in the surveys, students were also asked how often they work together, discuss

course content, ask each other for advice, set joint learning goals, make learning agreements,

and tell others about their learning goals. Table 1 reports on the difference between BuA and

IB(&T) students for each type of social activity. Considering an overall index (Column 1), the

level of social interaction in IB and IBT is about 0.26 SD higher than in BuA (p = 0.039). Direc-

tionally, this difference is reflected in all six sub-items (Columns 2 to 7), but it is particularly

pronounced for working on texts and assignments together, discussing course content, and

making learning agreements. In sum, the evidence suggests that the study environment in

9



IB(&T) is much more interactive than in BuA.

3 Data and descriptives

In addition to the out-of-sample surveys, the analyses in this paper are based on data from

two sources. First, the organizers of the freshman orientation program provided information

about the group assignments for the winter semesters of 2016 to 2019 (BuA) and 2017 to

2019 (IB and IBT).12 Second, for 99% of the students, the assignment information could be

matched with administrative data from the university (cf. Panel c) of Table 2), which contain

information on students’ background characteristics and their academic performance.13

Background characteristics. Panel a) in Table 2 reports descriptive statistics for students’

background characteristics, separately for BuA and IB(&T). About 53% of the students are

women14, the mean age is 21.8 years, and students start their studies at this university on av-

erage about two years after obtaining their high school degree, i.e., their university entrance

qualification. For 73% of the students in the sample, it is their first semester at any university,

indicating that most students have little prior experience with the higher education system.

And students enroll on average about 40 days before the start of the first semester.15 Along

these dimensions, students in the different degree programs are very similar.

In line with the more international target audience, IB(&T) has more students with a non-

German citizenship (22 instead of 9% in BuA) and more students with a foreign high school

degree (20 instead of 4%). Because the two smaller programs are more selective in who they

admit, there are also differences in students’ type of high school degree and their high school

GPA. 70% of the students in IB(&T) obtained the “Abitur” as their entrance qualification, i.e.,

the high school degree from the German academic track schools (or a foreign equivalent). In

BuA, this is the case for 44% of the students.16 There is a similar difference in students’ high

12Because of the Covid-19 pandemic, a large part of the classes from the summer semester of 2020 to the
winter semester of 2021 were held online. In addition, during these semesters, some of the usual exam policies,
such as the semester until which students must take certain exams for the first time, or how many times stu-
dents can retake failed exams before failing their degree, were suspended and not reinstated until the summer
semester of 2022.

13The main reason for unmatched cases are students who enroll but then withdraw in the first months of
the semester. For these students, the administrative information is usually deleted, and a match is no longer
possible. In my analyses, I exclude individuals who could not be matched, but I account for them by controlling
for the share of students in each group who could not be matched, and the original group size.

14This is very similar to the proportion of women among all BuA freshman students in Germany (50% in the
winter semester 2020; Destatis 2021).

15The enrollment date is usually available for all students, but for the winter semester of 2019 it was missing
for some students (8% of the total sample) and, within study programs, I therefore imputed it linearly based on
regressing the enrollment date on all other background characteristics.

16Compared to “regular”, more research-intensive universities, students at UASs are more likely to arrive via
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Table 2: Descriptive statistics

Business Administration International Business (& Technology)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
N Mean SD Min. Max. N Mean SD Min. Max.

a) Students’ background characteristics

Woman 1,459 0.54 0.50 0.00 1.00 440 0.50 0.50 0.00 1.00
Non-German citizen 1,459 0.09 0.28 0.00 1.00 440 0.22 0.41 0.00 1.00
Age 1,459 21.93 3.42 17.83 51.07 440 21.23 2.74 17.66 36.02
High school GPA 1,459 2.49 0.47 1.00 4.00 440 2.89 0.61 1.30 4.00
Time since HS degree 1,459 1.99 2.69 0.15 27.26 440 1.68 2.01 0.19 14.32
HS degree Abitur 1,459 0.44 0.50 0.00 1.00 440 0.70 0.46 0.00 1.00
HS degree local 1,459 0.31 0.46 0.00 1.00 440 0.24 0.43 0.00 1.00
HS degree other state 1,459 0.07 0.26 0.00 1.00 440 0.12 0.33 0.00 1.00
HS degree foreign 1,459 0.04 0.20 0.00 1.00 440 0.20 0.40 0.00 1.00
First university 1,459 0.72 0.45 0.00 1.00 440 0.77 0.42 0.00 1.00
Enrollment date 1,459 41.53 7.02 0.00 61.00 440 37.79 10.48 0.00 61.00
Enrollment date N/A 1,459 0.08 0.27 0.00 1.00 440 0.06 0.24 0.00 1.00

b) Peer ability

Peer high school GPA 1,459 2.49 0.12 2.17 2.79 440 2.89 0.26 2.37 3.24

c) Group characteristics

Original group size 55 26.85 2.14 17.00 32.00 18 25.22 2.34 22.00 28.00
Share not matched 55 0.01 0.02 0.00 0.07 18 0.03 0.06 0.00 0.21
Group size 55 26.53 2.19 17.00 32.00 18 24.44 2.25 22.00 28.00

d) Students’ academic achievement

First semester
Accumulated credits 1,459 25.44 12.67 0.00 98.00 440 22.53 15.63 0.00 155.00
Persistence 1,459 0.95 0.22 0.00 1.00 440 0.95 0.23 0.00 1.00
GPA 1,377 2.52 0.53 1.15 4.00 393 2.53 0.69 1.00 4.00
Second semester
Accumulated credits 1,459 46.78 21.24 0.00 149.00 440 47.12 24.23 0.00 186.00
Persistence 1,459 0.85 0.36 0.00 1.00 440 0.86 0.35 0.00 1.00
GPA 1,384 2.49 0.52 1.10 4.00 403 2.59 0.59 1.00 4.00
Third semester
Accumulated credits 1,459 67.78 31.54 0.00 192.00 440 67.53 33.78 0.00 188.50
Persistence 1,459 0.82 0.38 0.00 1.00 440 0.84 0.37 0.00 1.00
GPA 1,386 2.48 0.50 1.15 4.00 404 2.57 0.56 1.00 4.00
Fourth semester
Accumulated credits 1,459 88.29 42.82 0.00 210.00 440 87.72 44.09 0.00 210.00
Persistence 1,459 0.79 0.41 0.00 1.00 440 0.78 0.41 0.00 1.00
GPA 1,386 2.53 0.49 1.15 4.00 405 2.55 0.55 1.00 4.00
Fifth semester
Accumulated credits 1,459 108.33 54.50 0.00 210.00 440 102.08 52.53 0.00 212.00
Persistence 1,459 0.78 0.41 0.00 1.00 440 0.77 0.42 0.00 1.00
GPA 1,386 2.55 0.49 1.15 4.00 405 2.55 0.54 1.00 4.00
Sixth semester
Accumulated credits 1,459 127.81 65.82 0.00 221.00 440 120.73 63.16 0.00 212.00
Persistence 1,459 0.76 0.43 0.00 1.00 440 0.75 0.43 0.00 1.00
GPA 1,386 2.59 0.49 1.15 4.00 405 2.58 0.53 1.00 4.00

Note: See Table A.1 for a definition of all variables.
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school GPA, i.e., the grade of the university entrance qualification (for ease of interpretation,

the original German scale is reversed such that higher values indicate better grades; on the

original scale, 1.0 is the best and 4.0 is the worst high school GPA).17 Students in IB(&T) have

a 0.4 grade points better mean high school GPA than students in BuA, which corresponds

to a standardized difference of 0.727. As the left panel of Figure 2 shows, this difference is

not only observed on average: for IB(&T) students, the entire high school GPA distribution is

shifted to the right.

Figure 2: Distribution of ability – by study program
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Notes: Students’ high school GPA is reverse scaled such that higher values indicate better grades (on the original German scale 4.0 is the
best and 1.0 the worst high school GPA). The histograms in the left panel start at 1 and use a binwidth of 0.1. The histograms in the right
panel start at 2.1 and use a binwidth of 0.025. N = 1,459 for Business Administration and N = 440 for International Business (& Technology)
in both panels.

Academic achievement. Panel d) reports on students’ academic achievements until the end

of the sixth semester. I consider three achievement dimensions: i) Accumulated course cred-

its, which track students’ progress and are thus directly related to the time it takes students to

graduate. Faster graduation, in turn,implies that students have earlier access to the returns

of their education. For students who drop out of their study program, the last observed ac-

cumulated course credits are carried forward. The outcome is therefore also observed for

alternative educational pathways, e.g., some of them have previously completed vocational training. This does
not imply that UAS serve only a few students: in 2020, about 39.9% of German freshman students enrolled at a
UAS (Destatis, 2021).

17On the original German scale, students in BuA have a mean high school GPA of 2.51, which is a bit worse
than the the mean high school GPA among all German high school graduates (2.42). This number is based
on the high school graduation cohorts of 2016 through 2019, i.e., the years in which the cohorts in my sample
begin their first semester (see https://www.kmk.org/dokumentation-statistik/statistik/schulstat
istik/abiturnoten.html, retrieved on October 04, 2022).
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students who have already dropped out of their program. ii) Persistence, which indicates

whether a student is still enrolled in their initial study program at the end of the respective

semester. The table shows that most of the dropout occurs in the first three to four semesters.

At the end of my observation period, 76% of the students are still enrolled in their initial pro-

gram. Since there is typically almost no additional dropout after that, it is very likely that all

students who are still enrolled at that point will graduate.18 iii) GPA, which is the cumulative

grade point average at the end of each semester (the original German scale is reversed so that

4.0 is the best and 1.0 is the worst GPA).19 It is only observed for students who pass at least

one graded course, i.e., only passing grades enter a student’s GPA (the values of dropouts are

again carried forward). For the analyses, the GPA is standardized within cohorts and study

programs.

I report results for all three outcomes, but I have no clear hypotheses which of them

should be most affected by peer ability. Therefore, as well as to increase the statistical power

and to reduce concerns related to multiple hypothesis testing, I use an index of overall aca-

demic achievement as my main outcome variable. Following Anderson (2008) and Schwab

et al. (2020), the index is computed as the standardized inverse-covariance weighted average

of the other three outcomes; before computing the index, the accumulated credits are also

standardized within cohorts and study programs. In essence, the effects on this academic

achievement index can be interpreted as a summary effect size that indicates whether there

is any effect on students’ academic achievements. Similar to the accumulated course credits

and persistence, the index is observed for all students in the sample, and in the estimations,

I therefore do not have to worry about selective attrition.

(Peer) Ability. I use students’ high school GPA and the leave-own-out mean of students’

high school GPA as proxies for their own and their peers’ ability (Panel b) in Table 2 and the

right panel of Figure 2 report on peer ability). To facilitate the interpretation of the estimated

effects in this paper, and to make them more comparable to other estimates in the literature,

I standardize both the individual and the peer high school GPAs within cohorts and study

programs for my analyses.

The German high school GPA is not a standardized test, and instead consists of two (high

school degree Abitur) or one (other high school degrees) year of written and oral school ex-

ams, plus state-specific exit exams (Germany has no central exit exams). Nevertheless, I am

confident in its suitability as a proxy for students’ ability. First, I can control for a number

18The rate of persistence is consistent with national and international dropout rates. In Germany, 25% of
bachelor’s students at UAS drop out of their studies (Heublein et al., 2022), and in OECD countries, three years
after the scheduled duration of studies, 23% have left tertiary education without a degree (OECD, 2022).

19Achieving a good GPA itself is important, as it has been shown to affect the employability of graduates in
Germany (Piopiunik et al., 2020).
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of institutional determinants such as students’ place, type, and timing of high school de-

gree. Second, I can also control for several other important individual characteristics such

as gender, migration background, age, first university status, and enrollment date. Third, in a

robustness check, I show that my results do not change when controlling for the leave-own-

out mean of all those characteristics. Last, even when controlling for all other individual

characteristics, the high school GPA is highly predictive of all the academic achievement di-

mensions that I consider, and there are hardly any significant differences in the slope for stu-

dents with or without high school degree Abitur (see Table A.4).20 In essence, I assume that

(conditional on observable characteristics) individuals with a high innate ability are more

likely to achieve a good high school GPA than individuals with a low innate ability. Even if

one is not willing to make the assumption, the high school GPA is still highly predictive for

students’ academic achievements and would therefore be an obvious candidate dimension

for tracking students into groups.

4 Empirical strategy

4.1 Linear-in-means model of peer effects

The goal of this study is to identify the effect of being assigned to higher ability freshman

orientation peers on academic achievement.21 Going back to the seminal work of Manski

(1993), I follow large parts of the literature and use a linear-in-means peer effects model as

my main specification. I estimate it via OLS separately for each of the sixth semesters of my

observation period:

Y k
i g c =α0 +α1xi +α2x−i g +ziα3 +sgα4 +wcα5 +εi g c , (1)

where Y k
i g c is the outcome measure k for student i in freshman orientation group g of cohort

c. xi is the standardized high school GPA of student i , and x−i g denotes the standardized av-

erage high school GPA of all students in group g excluding student i , i.e., the “leave-own-out

mean”. Accordingly, the main parameter of interest is α2, which captures the effect of be-

ing assigned to a peer group with a one SD higher peer high school GPA. I also include the

20Similar to results from another university in Germany (Brade, 2024), the high school GPA is most strongly
correlated with students’ GPA, and less so with their accumulated credits and their persistence.

21Note that I am estimating the effect of being assigned to a peer group with higher ability peers and not the
effect of attending a peer group with higher ability peers, because attendance is not mandatory and because
I do not have information on students’ attendance. But given that attendance in many freshman orientation
programs is not mandatory, the estimated effect of assignment is arguably the more relevant parameter from a
pure policy perspective. In addition, as noted in Section 2.1, attendance rates in my context are typically well
above 80%.
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vector zi with individual background characteristics (see Panel a) of Table 2), group-level

characteristics sg (share of students who could not be matched and the original group size;

cf. Section 3), and selection pool (i.e., cohort) fixed effects (FE; wc).22 Unless noted other-

wise, I report standard errors clustered at the freshman orientation group level throughout

the paper.

Three well-known identification problems can prevent a causal interpretation of α2.

First, the reflection problem, which arises because individuals in a group simultaneously

influence each other’s behavior. I address this by using the high school GPA, which is deter-

mined before students enter university and attend freshman orientation, as my (peer) ability

measure. Second, there could be unobserved common shocks. If they occur at the selection

pool level, they are captured by the corresponding FE in my specification. The remaining

concern are common shocks at the freshman orientation group level. Arguably, they are un-

likely to be a major problem in my context. As described in Section 2.1, all freshman orien-

tation groups are provided with a standardized set of information and go through the same

activities. The tutors who supervise the groups are randomly assigned and interact with stu-

dents only for the brief period of freshman orientation, minimizing the potential impact of

tutors on student behavior. In addition, orientation group assignments are not used for any

other study-related events afterwards.

Third, endogenous selection of students into peer groups, which could lead to corre-

lations between (unobserved) student and peer characteristics and biased estimates of the

parameter of interest α2. This could happen if students were allowed to self-select into peer

groups. In my context, self-selection is not an issue, because students are grouped based on

the first letter of their last name. A major concern, however, is that the assignment mecha-

nism itself introduces an association between students’ characteristics and the characteris-

tics of their peers. Below, I therefore report evidence from several tests for random assign-

ment, and show that the freshman orientation groups resulting from the surname-based

assignment mechanism are plausibly as good as random. In addition, I show in the analysis

that the results are robust to including first letter of last name FE.

4.2 Tests for random assignment

Regressing peer ability on students’ own characteristics. The standard test for random as-

signment used in the peer effects literature is to regress peer background characteristics on

students’ own characteristics, or vice versa. As noted by Guryan et al. (2009) and formal-

ized by Caeyers and Fafchamps (2020), this test can suffer from “exclusion bias”, i.e., small

22As I explain in Section 5, I focus on the sample of BuA students in my main analysis. Therefore, Equation 1
does not include study program by cohort FE.
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negative correlations, that arise because a student cannot be their own peer.

Figure 3: Regression of peer ability on students’ own ability – permutation based test
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Notes: In both panels, the solid line depicts the estimated coefficient from regressing peer high school GPA on own high school GPA control-
ling for selection pool FE based on the observed group allocation. In addition, in both panels, the distribution of the estimated coefficient
under the null of random assignment within selection pools is plotted based on 10,000 re-randomizations that keep the selection pools as
well as group sizes fixed.

I address this in two ways: First, I adopt a permutation-based approach similar to the

one proposed in Caeyers and Fafchamps (2020). Namely, I regress the peer high school GPA

on students’ own high school GPA, controlling for selection pool FE. To account for the ex-

clusion bias, I re-randomize the group assignments 10,000 times, holding the selection pool

and the group sizes fixed, to simulate the distribution of the estimated coefficient under the

null of random assignment within selection pools. The distributions of the coefficients, as

well as the coefficients from the observed allocations, are plotted in Figure 3, separately for

BuA and IB(&T). They show that the observed allocations are well within the range of the

estimated coefficients that would be observed under pure random assignment. Figures A.1

and A.2 show that the same is true for the correlation between all other observed student

characteristics and their respective peer characteristics.

Second, following the suggestions of Guryan et al. (2009), in Table A.5, I regress peer

high school GPA on student background characteristics and the selection pool leave-own-

out mean, while also controlling for selection pool FE. The results confirm that there is little

to no correlation between peer ability and students’ own characteristics.

Regressing student background characteristics on peer group dummies. The third test for

random assignment is adopted from similar approaches in Goulas et al. (2022) and Isphord-

ing and Zölitz (2022), and is related to the usual balance checks for randomized experiments.
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Figure 4: Quantile plot of p-values from regressing student characteristics on freshman orientation
group dummies

p-value one-sample Kolmogorov-Smirnov test = 0.539
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Notes: This figure plots 110 ordered p-values of the following randomization check against the quantiles of the uniform distribution. Within
each cohort by study program combination, students’ background characteristics are regressed on freshman orientation group dummies.
The p-values are from F-tests for joint significance of all included freshman orientation group dummies. See Table A.6 for the exact p-values
for each background characteristic and cohort study program combination. The Kolmogorov-Smirnov test tests whether the observed
distribution of p-values is equal to a uniform distribution.

Within each selection pool, I regress students’ background characteristics on freshman ori-

entation group dummies. Under random assignment, the group dummies should not be

predictive of student characteristics, and the p-values of the corresponding F-tests for joint

significance of the orientation group dummies should follow a uniform distribution. Given

the ten peer group assignments (two study programs with three years of data and one with

four years) and eleven background variables, Figure 4 shows a quantile plot of the 110 p-

values and the p-value of a Kolmogorov-Smirnov test whether the observed distribution of

p-values is equal to a uniform distribution (see Table A.6 for the exact p-values for each back-

ground characteristic and cohort by study program combination). The observed distribu-

tion, which closely follows the theoretical uniform distribution, and the test, which fails to

reject the null hypothesis, provide evidence that the p-values are uniformly distributed and

that the peer group compositions are as good as random.
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5 Effects of peer ability on academic achievements in Busi-

ness Administration

Having established that the peer group assignments underlying my estimation strategy are

plausibly random, I now turn to presenting the results for the effects of peer ability on aca-

demic achievements. Because the study programs in my context differ substantially in terms

of their size and social environment (cf. Section 2) as well as their student composition (cf.

Section 3), I restrict the main analyses presented in this section to the larger sample of BuA

students. In Section 6, I then leverage the fact that freshman orientation is organized in the

same way for all study programs and examine whether the effects that I find in BuA extrapo-

late to smaller, more interactive, and more selective study programs.

5.1 Main effects

Academic achievement index. The estimated effects reported in Figure 5 and Panel a) of

Table A.7 provide evidence that being assigned to higher ability peers has a long-lasting pos-

itive effect on the academic achievement of BuA students. A one SD increase in peer ability

increases the index of academic achievement by 0.070 and 0.080 SD (p = 0.001 and p = 0.001)

in the first and second semester of studies. In the following two years, peer ability has a pos-

itive effect of 0.048 to 0.061 SD (p = 0.033 to p = 0.010). One way to interpret these estimates

is that students who have been assigned to a group at the 90th rather than the 10th percentile

of the peer ability distribution have approximately 0.19 to 0.21 SD and 0.13 to 0.16 SD higher

academic achievement.23

Accumulated course credits. Turning to the three underlying measures of academic

achievement, Panel a) of Figure 6 and Panel b) in Table A.7 report estimated effects on stu-

dents’ accumulated course credits. By the end of the fourth semester, being assigned to a

group with a one SD higher peer ability increases the accumulated course credits by 2.620

credits (p = 0.003). On average, higher ability peers thus increase the course credits earned

in each of the first four semesters by 0.655 credits. The estimates suggest little additional ef-

fects in the fifth and sixth semester, and the effect on the accumulated courses therefore lev-

els off at 2.986 credits (p = 0.026).24 In sum, these estimates show that exposure to more able

freshman orientation peers has a significant positive effect on BuA students’ study progress.

The effect accumulates mainly in the first two years, when students are tasked with taking

23In the non-standardized peer ability distribution, one SD corresponds to 0.12 grade points (cf. Table 2) and
there is a difference of about 2.67 SD between the 10th (2.34) and the 90th (2.66) percentile of peer ability.

24Effects are estimated less precisely in later semesters, because of the increasing variance in the accumulated
course credits (cf. Table 2).
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Figure 5: Effect of peer ability on academic achievement index – Business Administration
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Notes: All coefficients and the corresponding confidence intervals are from separate regressions based on Equation 1. Estimates are also
reported in Table A.7. Peer ability is the leave-own-out mean of the high school GPA, standardized within cohorts. Academic achievement
index is the standardized inverse-covariance weighted average of the standardized accumulated credits, persistence, and the standard-
ized GPA. Regressions include the following controls: standardized high school GPA, cohort FE, enrollment date imputed, first university,
woman, HS degree Abitur, HS degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the
enrollment date, the age at the beginning of the first semester, the time between the HS degree and the beginning of the first semester, the
share in each group that could not be matched, and the original group size. The confidence intervals are based on robust standard errors
clustered at the freshman orientation group level.

and passing the required core courses. In the third year, when students begin to take elec-

tives and are expected to complete their internships, there is little additional effect on credit

accumulation.

Persistence. Panel b) in Figure 6 and Panel c) in Table A.7 show the estimated effects on BuA

students’ persistence. In line with the effects on study progress, higher ability peers increase

the likelihood that students remain enrolled in BuA. By the end of the first year, a one SD in-

crease in peer ability increases persistence by 2.2 percentage points (pp; p = 0.009). The ef-

fect remains roughly the same thereafter, amounting to 2 pp by the end of the sixth semester

(p = 0.062). Put differently, assignment to a peer group at the 90th instead of the 10th per-

centile of the peer ability distribution improves persistence by 5.3 pp; a substantial effect,

given that 24% of students drop out during my observation period (cf. Table 2). Considering

that there is little additional dropout after the fourth semester tentatively suggests that the

effect on persistence might also translate into positive effects on degree attainment.25

25The mean time to graduation in previous BuA cohorts is 8.5 semesters, but it can take over 12 semesters for
all students to either graduate or drop out of the program. This implies that it would take up to six additional
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Figure 6: Effect of peer ability on academic achievements – Business Administration

0.820
1.590

2.140
2.620 2.637 2.986

-1
0
1
2
3
4
5
6
7

Ef
fe

ct
 o

f p
ee

r a
bi

lit
y

1st 2nd 3rd 4th 5th 6th

Semester

a) Accumulated credits

0.008

0.022
0.017

0.014 0.016
0.020

-.01

0

.01

.02

.03

.04

.05

Ef
fe

ct
 o

f p
ee

r a
bi

lit
y

1st 2nd 3rd 4th 5th 6th

Semester

b) Persistence

0.064
0.047

0.034 0.030 0.036 0.033

-.05
-.025

0
.025
.05

.075
.1

.125

.15

Ef
fe

ct
 o

f p
ee

r a
bi

lit
y

1st 2nd 3rd 4th 5th 6th

Semester

c) Standardized GPA

99% CI 95% CI 90% CI

Notes: All coefficients and the corresponding confidence intervals are from separate regressions based on Equation 1. Estimates are also
reported in Table A.7. Peer ability is the leave-own-out mean of the high school GPA, standardized within cohorts. Accumulated credits
are the accumulated course credits at the end of the respective semester. Persistence indicates if a student is still enrolled in their initial
study program at the end of the respective semester. Standardized GPA is the GPA at the end of the respective semester, standardized
within cohorts. The GPA is based on passing grades only, i.e., it is unobserved for students who have not passed any courses. Regressions
include the following controls: standardized high school GPA, cohort FE, enrollment date imputed, first university, woman, HS degree
Abitur, HS degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the enrollment date, the age
at the beginning of the first semester, the time between the HS degree and the beginning of the first semester, the share in each group that
could not be matched, and the original group size. The confidence intervals are based on robust standard errors clustered at the freshman
orientation group level.
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Standardized grade point average. Panel c) of Figure 6 and Panel d) of Table A.7 report

estimated effects on students’ standardized GPA. They provide evidence that higher peer

ability is beneficial not only for students’ progress in university, but also for the quality of

that progress. Here, the positive effects of peer ability are strongest in the first (0.064 SD;

p = 0.009) and second semester (0.047 SD; p = 0.029). Afterwards, it levels off at about 0.030

to 0.036 SD (p = 0.178 to 0.106), and is not estimated precisely enough to be significant at

any conventional level. Consistent with the observed effects on accumulated course credits,

this pattern tentatively suggests that the grades that students earn in later semesters are no

longer positively affected by higher ability freshman orientation peers.

5.2 Robustness of main effects

In Figure A.3 and Tables A.8 to A.10, I provide evidence that the main results presented above

are robust to different ways of conducting inference and to the exact choice of specification.

Multiple hypothesis correction for index components. Using the index as my main out-

come reduces concerns regarding multiple hypothesis testing with respect to effects on stu-

dents’ overall academic achievement. But it is still a concern for the effects on the three

components of the index. Table A.8 therefore reports model p-values, as well as Sidak-Holm

and false-discovery-rate adjusted p-values following Anderson (2008). Adjusting for multiple

comparisons, the effects on accumulated course credits are still significant at the 5 or 10%

level in each semester. For the other two outcomes this is true in the first year. Afterwards

most p-values are either slightly below, or slightly above 10%.

Wild cluster bootstrap. In my main specification, I cluster standard errors at the freshman

orientation group level. The 55 orientation groups I observe for BuA are just above the num-

ber that is often considered as sufficient for using conventional cluster-robust variance esti-

mators (Angrist and Pischke, 2009). In Panel b) of Table A.9, I thus report p-values obtained

from using the wild cluster bootstrap (Cameron et al., 2008). Except for the fourth (p = 0.061)

and the sixth semester (p = 0.060), all my effects remain significant at the 5% level.

Non-clustered standard errors. Regarding inference, from a design-based perspective one

might argue that the standard errors should reflect the level of the quasi-random assign-

ment to peer groups, which takes place at the student level (Abadie et al., 2022). Panel b)

of Table A.9 therefore also reports estimates with non-clustered, heteroskedasticity-robust

standard errors. Compared to the main estimates, the standard errors are somewhat larger

in most semesters, but the effects are still significant at or below the 5% level in all but one of

the semesters.

semesters to observe with certainty whether the graduation rate is positively affected by higher ability peers.

21



Permutation based inference. Given the quasi-random assignment of students to fresh-

man orientation groups, another way to conduct inference is to use a permutation-based

approach. I do this using an approach similar to the respective tests for random assignment

in Section 4.2. Namely, I re-randomize group assignments 10,000 times, keeping the selec-

tion pools and group sizes fixed. For each draw, I then re-run the analyses presented in Fig-

ure 5 and Panel c) of Table A.7. Figure A.3 plots the distribution of the peer effect coefficients

from the 10,000 re-randomizations, the peer effect estimate from the observed allocation,

and p-values that denote the proportion of coefficients from the re-randomization that are

larger than the observed effect of peer ability. In all semesters this proportion is at or below

0.027, thus confirming the conclusions from Figure 5 and Panel a) of Table A.7.

Exclusion of control variables. In my main specification, I include a large set of controls

covering individual background characteristics and variables accounting for group size and

the share of unmatched observations; mainly to potentially increase the precision of my es-

timates. Importantly, given the quasi-random assignment to groups, these controls should

have little effect on the estimated peer effect coefficients. In Panel c) of Table A.9, I therefore

exclude all of these controls. As expected, the standard errors are slightly larger without the

controls. The peer effect estimates show almost no change, leaving the conclusions from my

main specification intact.

First letter of last name fixed effects. The assumption of as good as random assignment

to freshman orientation groups underlying my estimation strategy could be violated, and

my estimated effects biased, if the first letters of the last names that determine grouping

are systematically related to unobservables that affect student performance. In Panel d) of

Table A.9, I therefore follow Mulhern (2023) and present results including first letter of last

name FE. Reassuringly, this leads only to a small decrease in the estimated effects, and – as

indicated by the R2 – the inclusion of the FE also adds little explanatory power to my main

specification. Moreover, the coefficient on students’ own standardized high school GPA is

also barely affected, further suggesting that students’ surnames are not related to important

unobservables.

Other peer characteristics. Another concern is that my measure of peer ability, i.e., students’

high school GPA, is correlated with other peer characteristics that actually drive the results.

For instance, studies on peer effects in college have found effects of ethno-linguistic diversity

(Chevalier et al., 2020), the gender composition (Oosterbeek and Van Ewijk, 2014), and peers’

personality (Golsteyn et al., 2021). In Panel a) of Table A.10, I therefore report estimates

controlling for other peer characteristics, i.e., the leave-own-out mean of the other student

background characteristics. Importantly, this includes peers’ citizenship and whether they

obtained their high school GPA abroad, peers’ gender, and peers’ enrollment date, which
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other studies have used as a proxy for students’ procrastination tendencies.26 Again, there is

only little change in the estimated coefficients. This is particularly reassuring, because the

specification also includes peer level controls for several high school degree characteristics

such as the place, type, and timing, which could have effects on students’ achievement and

are potentially correlated with students’ high school GPA.

Allowing for heterogeneous peer effects. Recent studies have shown that OLS with FE is not

necessarily a consistent estimator of average treatment effects in the presence of heteroge-

neous treatment effects, proposing, for instance, interaction-weighted estimators (Gibbons

et al., 2018). Given the presence of cohort FE, my main specification can be thought of as

a one-way FE model, and my average effects could thus also be affected by the presence

of heterogeneous treatment effects. In Table A.10, I therefore report the marginal effects of

peer ability from specifications that allow for heterogeneous effects of peer ability by selec-

tion pool FE (Panel b) and by all other controls (Panel c). Compared to my main specifica-

tion, the estimated effects are virtually the same in the first case and somewhat larger in the

second.

5.3 Nonlinear peer effects and heterogeneity by own ability

Nonlinear effects of peer ability. Several studies on peer effects find evidence for models

more complex than the linear-in-means approach that I adopt here (Sacerdote, 2014). To as-

sess this, in Figure A.4, I first follow the approach of Cattaneo et al. (2023, forthcoming) and

use binned scatterplots to visualize the effects of peer ability on the academic achievement

index. They suggest that the linear-in-means model that I use as my main specification pro-

vides a good approximation of the underlying relationship between peer ability and student

achievement.

Second, in Table A.11, I present results from a specification that replaces average peer

ability with the fractions of high and low ability peers. Providing no evidence for a nonlin-

ear pattern, the estimates indicate that replacing middle ability with high (low) ability peers

generally increases (decreases) students’ academic achievements. The effects are, however,

often estimated rather imprecisely.

Heterogeneity by students’ own ability. A common finding in the peer effects literature is

that the effects of peer ability depend on students’ own ability levels (Carrell et al., 2013; Feld

and Zölitz, 2017; Thiemann, 2022). To assess whether this is also the case in my context, in

Table A.12, I start by simply interacting peer ability with students’ own ability, finding no

26In Brade (2024), I document that students who enroll in the last month before the beginning of the first
semester have significantly lower academic achievement. Similarly, Himmler et al. (2019) use the application
date as a proxy for procrastination and show that it is highly correlated with performance.
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evidence for a significant interaction of the two.

Dropping the assumption of a linear interaction, Table A.13 reports results from a spec-

ification that interacts peer ability with dummies that indicate terciles of the standardized

high school GPA. As shown in Panels a) to c), I find no evidence of heterogeneous peer ef-

fects with respect to students’ own ability for the academic achievement index, accumulated

course credits, and students’ persistence. For the standardized GPA (Panel b) I find some

tentative evidence that the effects of peer ability are strongest for students in the lowest abil-

ity tercile. But the F-tests for joint significance of the interaction terms are never statistically

significant at any conventional level (p = 0.173 to 0.362).

5.4 Mechanisms

5.4.1 Heterogeneity by students’ social isolation probability

What mechanism is driving the robust and persistent performance spillovers that I find? In

Section 2.2, I proposed that peer effects in this context arise, because freshman orientation

facilitates the formation of lasting social ties. In support, I provided evidence from out-of-

sample surveys showing that at least one-third of students’ study partners are from freshman

orientation. But are the positive peer effects really driven by this? To shed light on this, I

leverage the out-of-sample survey to examine heterogeneity along students’ probability of

having no study partners from freshman orientation.

Table 3: Student background characteristics by isolation status – Business Administration

Survey sample Main sample p-value

All Not isolated Isolated All Low Pr(isol.) High Pr(isol.) (1) vs (4)
(1) (2) (3) (4) (5) (6) (7)

Pr(isolated) - - - - 0.411 0.651 -
Woman 0.634 0.686 0.583 0.541 0.693 0.388 0.007
Non-German citizen 0.080 0.076 0.083 0.089 0.064 0.114 0.639
Age 22.086 22.005 22.165 21.934 21.255 22.614 0.531
High school GPA 2.437 2.447 2.426 2.492 2.512 2.472 0.103
Time since HS degree 2.010 1.990 2.030 1.990 1.726 2.254 0.915
HS degree Abitur 0.466 0.551 0.383 0.435 0.714 0.156 0.369
HS degree local 0.181 0.178 0.183 0.308 0.248 0.369 0.000
HS degree other state 0.080 0.068 0.092 0.074 0.070 0.078 0.752
HS degree foreign 0.034 0.034 0.033 0.042 0.025 0.059 0.553
First university 0.681 0.729 0.633 0.721 0.810 0.632 0.201

N 238 118 120 1,459 730 729

Note: Isolation status is equal to one for students who reported in the surveys used for Figure 1 that they met zero of their study partners
during freshman orientation. Students in the main sample are grouped into low and high isolation probability based on a median split of
the predicted probabilities that are derived from a survey-sample logistic regression of isolation status on all background characteristics
(cubic terms for the continuous variables are used; cf. Table A.14). See Table A.1 for definitions of all other variables. The p-values reported
in Column (7) are from two-sample tests on the equality of proportions and means.

24



The left panel of Table 3 reports descriptive statistics for Business Administration stu-

dents in the out-of-sample survey. Reassuringly, the composition of the survey sample (Col-

umn 1) is very similar to that of my main sample (Column 4). I observe significant differences

only with respect to the share of women and the share of students who obtained their high

school degree in the county in which the university is located (Column 7). Within the survey

sample, the main differences between students who are “isolated” – i.e., students who did

not meet any of their study partners in freshman orientation – and non-isolated students are

the share of women, the share with the Abitur as their high school degree, and the share for

whom this is the first semester at any university.

To derive predictions for the isolation probability in my main sample, I run logistic re-

gressions in the survey sample in which I regress the isolation status dummy on all back-

ground characteristics (see Table A.14). Because it provides the best fit, I use the model with

cubic terms for the continuous variables. Students are then grouped into low and high iso-

lation probability, by splitting the main sample at the median of the predicted probabilities;

descriptive statistics for students in the two groups are reported in the right panel of Table 3.

Assuming that my prediction model provides a reasonable proxy for students’ actual

probability of meeting zero study partners in freshman orientation, and that the effects

of freshman orientation peers do indeed operate through lasting social ties, I should find

stronger peer effects for students with low isolation probabilities. To investigate whether

this is the case, I estimate the following equation:

Y k
i g c =α0 +α1xi +α2x−i g +α3High Pr(isolated)i

+α23x−i g High Pr(isolated)i +ziα4 +sgα5 +wcα6 +εi g c ,
(2)

where High Pr(isolated)i is a dummy indicating students with a high predicted probability of

having met zero study partners in freshman orientation; all other parameters are defined as

in Equation 1.

The estimated effects on the academic achievement index are reported in Figure 7 and

Panel a) of Table A.15. In line with the reasoning above, I find that the effects of higher ability

peers are almost entirely driven by students with a low isolation probability. For them, I find

effects between 0.087 and 0.126 SD (p = 0.022 and 0.001), while the effects for the students

with a high isolation probability are between 0.010 and 0.038 SD and never close to being sta-

tistically significant at any conventional level (p = 0.273 and 0.758). This evidence should be

interpreted with some caution, as the effects for the two groups are marginally significantly

different from each other only in the first semester (p = 0.085).

Reassuringly, Panels b) to d) of Table A.15 show that the reported pattern holds for all

of the individual performance dimensions that I consider. In addition, the results are not
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Figure 7: Effect of peer ability on academic achievement index by isolation probability – Business
Administration
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Notes: Coefficients for each semester and the corresponding confidence intervals are from separate regressions based on Equation 2.
The coefficients of the interaction term α23 are reported in Table A.15. High Pr(isolated) indicates students that have a high predicted
probability of having met zero of their study partners during freshman orientation (cf. Table 3). Peer ability is the leave-own-out mean of
the high school GPA, standardized within cohorts. Academic achievement index is the standardized inverse-covariance weighted average
of the standardized accumulated credits, persistence, and the standardized GPA. Regressions include the following controls: standardized
high school GPA, cohort FE, enrollment date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state,
HS degree foreign, and non-German citizen dummies as well as the enrollment date, the age at the beginning of the first semester, the time
between the HS degree and the beginning of the first semester, the share in each group that could not be matched, and the original group
size. The 99, 95, and 90% confidence intervals are based on robust standard errors clustered at the freshman orientation group level.

very sensitive to the exact specification used to predict the isolation probabilities: Table A.16

shows that the differences between the two groups are slightly less pronounced when using

linear terms for the continuous background characteristics, and slightly stronger when using

quadratic terms. In Table A.17, students whose orientation was conducted online because

of the Covid-19 pandemic are dropped from the survey sample that I use for predicting the

isolation probabilities. This leaves the estimated effects virtually unchanged.

5.4.2 Association between students’ specialization choices

To provide more evidence that the study behavior of students who have been assigned to the

same freshman orientation group is actually correlated, I adopt a second approach. From the

fourth semester onward, students in BuA have to choose three out of sixteen possible spe-

cializations such as finance, controlling, human resource management, or business taxation.
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I estimate the following pooled OLS specification to assess whether students’ specialization

choice is correlated with the choice of their peers:

Speci al i zati oni g cs =α0 +α1Speci al i zati on−i g s +vsα2 +wcα3 +εi g c , (3)

where Speci al i zati oni g cs indicates whether student i in the orientation group g of cohort

c chooses specialization s. Speci al i zati on−i g s is the fraction of other students in the same

orientation group who choose the same specialization. Following Jones and Kofoed (2020),

I include specialization FE (vs) to account for the overall popularity of specializations. wc

indicates cohort FE, and standard errors are clustered at the freshman orientation group

level. In an additional specification, I replace the cohort FE with student FE. In both cases,

α1 should still be interpreted as a simple association between specialization choices and

not as the causal effect of peers’ specialization choice on own specialization choice, as the

reflection problem cannot be avoided here.

Table 4: Association between students’ specialization choices – Business Administration

(1) (2)

Fraction of peers 0.167*** 0.188***
(0.047) (0.048)

Cohort FE yes no
Specialization FE yes yes
Student FE no yes

N 23,344 23,344
Ns 1,459 1,459

Note: Pooled OLS regression of students’ special-
ization choice on the fraction of peers choosing
the same specialization based on Equation 3.
Robust standard errors clustered at the freshman
orientation group level in parentheses. * p < 0.1;
** p < 0.05; *** p < 0.01.

Table 4 indicates that students’ specialization choices are in fact correlated. Increasing

the fraction of freshman orientation peers who choose a specialization by 10 pp increases

a students’ own probability to choose this specialization by 1.67 pp (p = 0.001; Column 1).

With the inclusion of student FE, the coefficient is 1.88 pp (p = 0.000; Column 2). Figure A.5

presents results from a permutation based approach, and provides evidence that the ob-

served association in students’ specialization choices is extremely unlikely to be produced

by chance alone. These results complement the heterogeneous effects by students’ isolation

probability and provide further evidence that freshman orientation creates social ties that

influence students’ behavior throughout their studies.
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6 Are the positive effects of higher ability freshman peers con-

text dependent?

The results presented so far provide evidence that short-term peer groups can be sufficient

for the emergence of substantial and persistent ability peer effects. Considering that peer ef-

fects are often highly context dependent (Sacerdote, 2014), an important question is whether

the introduction of a similarly brief freshman orientation or onboarding program can create

the same peer dynamics elsewhere. The fact that Thiemann (2022) and Fischer and Rode

(2020), who also study peer effects in freshman orientation programs, report no significant

or even significantly negative effects of higher ability freshman peers on students’ academic

performance may suggest that this is not the case. However, in their studies, the freshman

orientation programs last a full week and – in the setting of Thiemann (2022) – the program

also includes intensive group work and a case study competition. In addition, both mention

that the study programs in their studies are rather selective, which is not the case for the

BuA program in my context. It is therefore not possible to pin down whether the different

results arise from the different organization of freshman orientation, from differences in the

composition of the student body, or from differences in the broader setting of the studies.

6.1 Heterogeneous effects of peer ability across study programs

To provide more rigorous evidence on the context dependence of my findings, I leverage that

the orientation program in my setting is organized in exactly the same way for very different

programs: BuA and IB(&T). I use the following estimation equation to examine whether peer

effects are heterogeneous across study programs:

Y k
i g c =α0 +α1xi +α2x−i g +α3IB(&T)i +α23x−i g IB(&T)i +ziα4 +sgα5 +wcα6 +εi g c , (4)

where IB(&T)i is a dummy indicating students who are studying IB or IBT.

Based on this estimation equation, Figure 8 and Panel (a) of Table A.18 report effects of

peer ability on the academic achievement index in BuA and IB(&T); the table also reports the

p-value of the interaction term α23. In contrast to BuA, IB(&T) students do not benefit from

higher ability peers: Being assigned to a peer group with a one SD higher ability has no sta-

tistically significant effect on their academic achievement index; if anything, the coefficients

are even negative (−0.011 to −0.048 SD; p = 0.634 to 0.129). Importantly, the effects in BuA

and IB(&T) are statistically significantly different from each other at or below the 5% level

in all semesters. In addition, as reported in Panels b) and c) of Table A.18, these results are

observed for the effects on accumulated course credits and persistence. For the standard-

28



Figure 8: Effect of peer ability on academic achievement index by study programs
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high school GPA, cohort FE, enrollment date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state,
HS degree foreign, and non-German citizen dummies as well as the enrollment date, the age at the beginning of the first semester, the time
between the HS degree and the beginning of the first semester, the share in each group that could not be matched, and the original group
size. The 99, 95, and 90% confidence intervals are based on robust standard errors clustered at the freshman orientation group level.

ized GPA (Panel d), the pattern is the same in the first year, but becomes less pronounced

over time. The strong heterogeneity across study programs suggests that – depending on the

context – the same freshman orientation program can generate very different peer dynamics.

6.2 Potential mechanisms behind the differential effects of peer ability

across study program

Students’ ability and background characteristics. One of the main differences between the

study programs is that students in IB(&T) are more positively selected in terms of their ability.

The idea that the ability level may matter for peer effects has been expressed, for instance,

by (Stinebrickner and Stinebrickner, 2006), who argue that “strong academic ability, good

study habits, and strong beliefs about the importance of college may substantially mitigate

the potential influence of peer effects”. Consistent with this idea, Humlum and Thorsager
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(2021) provide suggestive evidence from Danish universities that peer effects are consistently

smaller in selective programs. This gives rise to the hypothesis that peer effects in IB(&T) are

negated by the higher ability level of the students that are enrolled in these programs.

The finding that peer effects in BuA are not heterogeneous with respect to students’ own

ability already provides some evidence to the contrary, but I now provide additional evi-

dence that differences in students’ background characteristics across programs are unlikely

to be the main driver of the heterogeneous effects. In Table A.19, I report estimates based on

Equation 4, but additionally control for interactions of peer ability with student background

characteristics. If differences in student characteristics were driving the heterogeneity across

study programs, one would expect the differences in peer effects to become smaller. But as

the results in the table show, the heterogeneity is, if anything, even more pronounced.

In a second approach, I examine the heterogeneity in the effects of peer ability by BuA

students’ likelihood of being enrolled in IB(&T). I first estimate a logistic regression model

that regresses a dummy for enrollment in IB(&T) on the background characteristics reported

in Table A.20 (cubic terms are used for the continuous variables). I then use the estimates to

predict students’ propensity to be enrolled in IB(&T). Within cohorts, I then split the sample

of BuA students at the median of the predicted probability to create two groups: BuA stu-

dents with a low probability of being enrolled in IB(&T), and BuA students with a high prob-

ability. In essence, this approach allows me to identify a group of students within BuA who

are similar to the IB(&T) students in terms of their observable characteristics (Table A.20 re-

ports descriptive statistics). In Table A.21, I then present estimates based on interacting peer

ability with a high probability of enrolling in IB(&T) dummy for the sample of BuA students.

The results are consistent with the notion that students’ background characteristics do not

explain the heterogeneity across study programs: there is no significant difference in the ef-

fects of peer ability between the two subgroups of BuA students. Taken together, the two

analyses provide evidence that differences in student characteristics are unlikely to be the

main reason for the heterogeneous effects across study programs.

Social environment. An alternative explanation is that differences in the broader social en-

vironment are moderating the effects of peer ability. As described in Section 2, BuA and

IB(&T) differ substantially in terms of the cohort size and the social environment. In partic-

ular, IB(&T) students have more study partners and there seems to be more social interaction

among students during the course of the study programs. What does this imply for the po-

tential effects of freshman orientation peers? On the one hand, more social interaction could

indicate that students also interact more with their freshman peers, which should have led

to more pronounced effects in IB(&T). On the other hand, if the general level of social in-

teraction in a study program is higher and the whole environment is less anonymous due to

smaller classes, this could also reduce the impact of social connections formed during fresh-
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man orientation, since students are much more likely to interact with other students or the

instructors. Evidence that class size may be important for the effects of social interactions

is provided by Maurer et al. (2023). They study student-instructor gender matches at a Ger-

man university and find that positive gender match effects for women are entirely driven by

classes with 73 or fewer students.

Table 5: Association between students’ language/minor choices – IB(&T)

Int. Bus. Int. Bus. & Tech

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

Fraction of peers 0.057 0.092 -0.234 -0.164
(0.190) (0.195) (0.281) (0.272)

Cohort FE yes no yes no
Language/minor FE yes yes yes yes
Student FE no yes no yes

N 900 900 645 645
Ns 225 225 215 215

Note: Using the same approach as in Table 4, this table reports results from
pooled OLS regression of students’ language (IB) or minor (IBT) choice on
the fraction of peers choosing the same language or minor. Robust standard
errors clustered at the freshman orientation group level in parentheses.
* p < 0.1; ** p < 0.05; *** p < 0.01.

To provide additional evidence on how the broader social environment shapes students’

social interactions, I follow my analysis of correlations in specialization choices among BuA

students, and assess whether freshman orientation peers also affect students’ study choices

in IB and IBT. In IB, the study plan requires students to take courses in an additional busi-

ness language in the second and third semester (French, Italian, Spanish, or German). In

IBT, students choose one of the three STEM minors (Mechanical Engineering, Electrical En-

gineering, or Science and Technology), which changes the subjects they are supposed to take

from the third semester onward.

Contrary to the finding for BuA, the results reported in Table 5 show no significant pos-

itive association between students’ and their peers’ choice of language or minor in IB and

IBT; results of the permutation based approach depicted in Figure A.6 confirm this. While

tentative, the evidence is consistent with the idea that the higher overall level of social inter-

action in the smaller study programs mitigates the influence of freshman orientation peers

on students’ later study choices.

7 Conclusions

Exploiting the quasi-random assignment of incoming university students to groups of a two-

day freshman orientation program, this paper documents that such brief social interactions
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can be sufficient for the emergence of persistent performance spillovers. Assignment to a

group with a one SD higher peer ability increases the academic achievement of business

administration students by 0.05 to 0.08 SD, even three years later. My results further indicate

that the underlying mechanism for the effects is the formation of lasting, study-related social

ties. In examining whether the results transfer to other settings, I find that the presence and

nature of performance spillovers depend on the broader organizational setting, and that they

occur only in a large and less interactive study environment.

The insight that brief social interactions in orientation programs can shape the subse-

quent success of newcomers is important for policy makers and administrators in settings

where it is infeasible or too costly to create the longer-term peer contexts in which such

spillovers have typically been found. My findings also suggest that designers of such pro-

grams need to consider the social dynamics of the broader organizational environment: set-

tings that are already highly interactive may mitigate performance spillovers from orienta-

tion programs.

As for the optimal composition of freshman orientation groups, my findings provide only

limited guidance. They suggest that the presence of high ability individuals in groups is de-

sirable, but this can usually only be achieved by exchanging them with a lower ability individ-

ual. Given the linearity of the peer effects I find, this reallocation will reduce the performance

of the group that the lower ability individual joins. Policy makers and administrators there-

fore face a trade-off between promoting high achievers through ability tracking and reducing

inequality in academic achievement through ability mixing.
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Appendix

A Additional tables and figures

Table A.1: Description of variables

Variable Description

a) Student background
Woman Indicator for being a woman.
Non-German citizen Indicator for non-German citizenship.
Age Age in years at the beginning of the first semester.
High school GPA Reverse scaled grade of the high school degree (=university entrance qualification; 1.0=best, 4.0=worst

on original German scale). Standardized within cohorts and study programs for the analyses.
Time since HS degree Time in years since obtaining the high school degree at the beginning of the first semester.
HS degree Abitur Indicator for a general track high school degree (“Abitur”; 0=vocational track degree (“Fachhochschul-

reife”) or other degrees.)
HS degree local Indicator for high school degree obtained in the county in which the university is located (0=rest of

Bavaria, other federal state, or abroad).
HS degree other state Indicator for high school degree obtained in another federal state (0=Bavaria or abroad).
HS degree foreign Indicator for high school degree obtained abroad (0=Bavaria or other federal state).
First university Indicates if the first semester was the first semester at any university.
Enrollment date Number of days between the start of the first semester and the date of enrollment at university.
Enrollment date N/A Indicates if the enrollment date was missing.

b) Peer ability
Peer high school GPA Leave-own-out mean of the high school GPA. Standardized within cohorts and study programs for the

analyses.

c) Group characteristics
Original group size Size of the freshman orientation groups according to the data received by the organizers.
Share not matched Share of students in each freshman orientation group that could not be matched to the administrative

data.
Group size Size of the freshman orientation groups in the estimation data, i.e., after matching with the administra-

tive data.

d) Student outcomes
Accumulated credits Total number of course credits accumuluated until the end of the respective semester. Standardized

within cohorts and study programs for the construction of the achievement index.
Persistence Indicator for still being enrolled in the initital study program.
GPA Reverse scaled grade point average at the end of the respective semester based on passing grades only

(1.0=best, 4.0=worst on original German scale). Missing for students who have not passed any graded
course. Standardized within cohorts and study programs for the analyses.

Achievement index Standardized inverse-covariance weighted average of the standardized accumulated credits, persis-
tence, and the standardized GPA.
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Table A.2: Freshman orientation events at German higher education institutions

(1) (2) (3)
Type of event Offer Participation Rather/very helpful

Getting to know fellow students 92.48% 77.64% 90.18%
Central facilities 90.26% 65.51% 82.67%
Study organization 80.83% 65.45% 84.09%
Bridging courses 49.17% 24.41% 78.16%
Academic skills 44.74% 27.07% 79.14%

No event offered 0.33%

Note: Own depiction based on data from the representative National Educational Panel Study starting
cohort five (https://www.neps-data.de/Portals/0/NEPS/Datenzentrum/Forschungsdaten/S
C5/17-0-0/SC5_17-0-0_Codebook_en.pdf, retrieved on December, 12, 2022). Participation is the
share of all respondents, who participated in the respective type of event. Only students who indicated
that they made use of the offer were asked how helpful they rated the participation in the respective type
of event.

Table A.3: Comparison between main estimation and survey sample by study programs

Business Administration International Business (& Technology)

Main sample Svy. sample p-value Main sample Svy. sample p-value
(1) (2) (3) (4) (5) (6)

Woman 0.541 0.618 0.024 0.500 0.646 0.002
Non-German citizen 0.089 0.081 0.689 0.218 0.306 0.033
Age 21.934 22.040 0.658 21.230 21.162 0.800
High school GPA 2.492 2.433 0.078 2.891 2.994 0.081
Time since HS degree 1.990 1.964 0.891 1.676 1.716 0.847
HS degree Abitur 0.435 0.463 0.410 0.698 0.743 0.299
HS degree local 0.308 0.187 0.000 0.241 0.132 0.006
HS degree other state 0.074 0.085 0.534 0.123 0.090 0.289
HS degree foreign 0.042 0.033 0.494 0.200 0.271 0.074
First university 0.721 0.687 0.273 0.770 0.743 0.502

N 1,459 246 440 144

Note: See Table A.1 for definitions of all variables. The p-values reported in Columns (3) and (6) are from two-sample tests on the equality
of proportions and means.
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Table A.4: Regression of academic achievements on students’ high school GPA and type of high school
degree

Ach. ind. Acc. credits Persistence Std. GPA

(1) (2) (3) (4) (5) (6) (7) (8)
Semester Second Sixth Second Sixth Second Sixth Second Sixth

a) Full sample

High School GPA 0.401*** 0.533*** 6.902*** 17.801*** -0.011 0.072** 0.960*** 0.944***
(0.076) (0.072) (1.543) (4.522) (0.027) (0.032) (0.070) (0.069)

HS degree Abitur 0.387 0.516** 15.262*** 32.711** 0.002 0.169 0.566*** 0.589***
(0.243) (0.233) (5.471) (15.317) (0.087) (0.105) (0.216) (0.219)

Abitur*HS GPA -0.097 -0.129 -4.564** -9.041 0.000 -0.054 -0.107 -0.112
(0.097) (0.092) (2.054) (5.883) (0.034) (0.040) (0.084) (0.084)

Cohort FE yes yes yes yes yes yes yes yes
Study program FE yes yes yes yes yes yes yes yes
Controls yes yes yes yes yes yes yes yes

R2 0.09 0.14 0.11 0.12 0.02 0.05 0.25 0.27
N 1,899 1,899 1,899 1,899 1,899 1,899 1,787 1,791

b) Business Administration

High School GPA 0.419*** 0.538*** 6.221*** 15.889*** -0.011 0.070* 0.941*** 0.949***
(0.085) (0.083) (1.742) (5.186) (0.029) (0.036) (0.081) (0.080)

HS degree Abitur 0.429 0.543* 15.732** 33.184* 0.031 0.176 0.439* 0.554**
(0.294) (0.281) (6.655) (18.691) (0.104) (0.124) (0.258) (0.259)

Abitur*HS GPA -0.120 -0.149 -4.954* -9.712 -0.016 -0.062 -0.060 -0.099
(0.119) (0.112) (2.542) (7.315) (0.041) (0.048) (0.102) (0.101)

Cohort FE yes yes yes yes yes yes yes yes
Study program FE no no no no no no no no
Controls yes yes yes yes yes yes yes yes

R2 0.09 0.14 0.09 0.10 0.02 0.04 0.23 0.26
N 1,459 1,459 1,459 1,459 1,459 1,459 1,384 1,386

c) International Business (& Technology)

High School GPA 0.403** 0.549*** 16.135*** 38.999*** 0.039 0.141* 1.026*** 0.919***
(0.175) (0.151) (3.861) (9.688) (0.068) (0.077) (0.132) (0.133)

HS degree Abitur 0.348 0.582 30.737** 66.256** 0.029 0.299 0.918** 0.699
(0.538) (0.482) (12.023) (31.231) (0.197) (0.241) (0.460) (0.444)

Abitur*HS GPA -0.036 -0.106 -7.956* -15.698 0.023 -0.058 -0.244 -0.158
(0.199) (0.177) (4.226) (11.259) (0.072) (0.088) (0.167) (0.163)

Cohort FE yes yes yes yes yes yes yes yes
Study program FE no no no no no no no no
Controls yes yes yes yes yes yes yes yes

R2 0.11 0.17 0.15 0.18 0.05 0.09 0.32 0.31
N 440 440 440 440 440 440 403 405

Notes: Academic achievement index is the standardized inverse-covariance weighted average of the other three outcomes. Accumulated
credits are the accumulated course credits at the end of the respective semester. Persistence indicates if a student is still enrolled in
their initial study program at the end of the respective semester. Standardized GPA is the GPA at the end of the respective semester,
standardized within cohorts and study programs. The GPA is based on passing grades only, i.e., it is unobserved for students who have
not passed any courses. Controls: enrollment date imputed, first university, woman, HS degree local, HS degree other state, HS degree
foreign, and non-German citizen dummies as well as the enrollment date, the age at the beginning of the first semester, and the time
between the HS degree and the beginning of the first semester. Robust standard errors in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.5: Regression of peer ability on students’ own characteristics

(1) (2) (3)
Bus. Adm. Int. Bus. (& Tech) Full Sample

High school GPA -0.026 0.075 -0.009
(0.081) (0.111) (0.008)

Enrollment date 0.000 0.001 0.000
(0.000) (0.000) (0.000)

Woman 0.002 -0.000 0.001
(0.004) (0.006) (0.003)

Non-German citizen 0.012* 0.010 0.011**
(0.007) (0.007) (0.005)

Age 0.000 -0.000 0.000
(0.001) (0.001) (0.001)

First uni. sem. -0.000 0.012 0.002
(0.006) (0.009) (0.005)

Time since HS degree -0.000 -0.001 -0.000
(0.001) (0.002) (0.001)

HS degree Abitur -0.004 0.006 -0.002
(0.004) (0.010) (0.004)

HS degree local 0.002 0.016 0.005
(0.004) (0.010) (0.004)

HS degree other state -0.014* 0.014 -0.005
(0.007) (0.013) (0.006)

HS degree foreign 0.003 0.005 0.004
(0.009) (0.010) (0.007)

Cohort FE yes no no
Cohort LOO mean yes no no
Cohort*study program FE no yes yes
Cohort*study program LOO mean no yes yes

N 1,459 440 1,899

Notes: The table depicts coefficients of regressing the peer high school GPA on student background
characteristics, controlling for cohort (by study program) FE, and, following Guryan et al. (2009), the
cohort (by study program) level leave-own-out (LOO) mean of the high school GPA. Each row depicts the
coefficient from a separate regression. Robust standard errors clustered at the freshman orientation group
level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.7: Effect of peer ability on academic achievements – Business Administration

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Std(Peer HS GPA) 0.070*** 0.080*** 0.061** 0.048** 0.050** 0.056**
(0.019) (0.022) (0.023) (0.022) (0.022) (0.026)

Std(HS GPA) 0.070** 0.172*** 0.195*** 0.203*** 0.213*** 0.219***
(0.029) (0.024) (0.027) (0.028) (0.029) (0.028)

R2 0.05 0.10 0.11 0.12 0.13 0.14
N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Std(Peer HS GPA) 0.820*** 1.590*** 2.140*** 2.620*** 2.637** 2.986**
(0.293) (0.452) (0.621) (0.829) (1.075) (1.307)

Std(HS GPA) 0.620* 1.835*** 2.691*** 3.689*** 4.478*** 5.307***
(0.360) (0.558) (0.859) (1.139) (1.427) (1.693)

R2 0.07 0.09 0.09 0.10 0.10 0.10
N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Std(Peer HS GPA) 0.008* 0.022*** 0.017** 0.014* 0.016* 0.020*
(0.005) (0.008) (0.008) (0.008) (0.008) (0.011)

Std(HS GPA) -0.013* -0.008 -0.001 0.005 0.013 0.019
(0.007) (0.009) (0.011) (0.012) (0.012) (0.012)

R2 0.02 0.03 0.02 0.03 0.04 0.05
N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Std(Peer HS GPA) 0.064*** 0.047** 0.034 0.030 0.036 0.033
(0.024) (0.021) (0.021) (0.022) (0.022) (0.021)

Std(HS GPA) 0.414*** 0.427*** 0.436*** 0.430*** 0.424*** 0.421***
(0.027) (0.028) (0.028) (0.028) (0.029) (0.028)

R2 0.22 0.23 0.25 0.25 0.25 0.26
N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: Std(high school GPA) is the high school GPA, standardized within cohorts. Std(Peer high school GPA)
is the leave-own-out mean of the high school GPA, standardized within cohorts. Academic achievement
index is the standardized inverse-covariance weighted average of the other three outcomes. Accumulated
credits are the accumulated course credits at the end of the respective semester. Persistence indicates if a
student is still enrolled in their initial study program at the end of the respective semester. Standardized GPA
is the GPA at the end of the respective semester, standardized within cohorts. The GPA is based on passing
grades only, i.e., it is unobserved for students who have not passed any courses. Controls: enrollment date
imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state, HS degree
foreign, and non-German citizen dummies as well as the enrollment date, the age at the beginning of the
first semester, the time between the HS degree and the beginning of the first semester, the share in each
group that could not be matched, and the original group size. Robust standard errors clustered at the
freshman orientation group level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.8: Effect of peer ability on academic achievements – MHT correction for index components

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Accumulated credits

Std(Peer HS GPA) 0.820 1.590 2.140 2.620 2.637 2.986
Model p-value [0.007] [0.001] [0.001] [0.003] [0.017] [0.026]
Sidak-Holm p-value [0.021] [0.003] [0.003] [0.008] [0.051] [0.077]
FDR q-value [0.014] [0.003] [0.004] [0.008] [0.056] [0.086]

N 1,459 1,459 1,459 1,459 1,459 1,459

b) Persistence

Std(Peer HS GPA) 0.008 0.022 0.017 0.014 0.016 0.020
Model p-value [0.088] [0.009] [0.037] [0.096] [0.067] [0.062]
Sidak-Holm p-value [0.088] [0.017] [0.072] [0.184] [0.130] [0.121]
FDR q-value [0.031] [0.009] [0.039] [0.107] [0.072] [0.086]

N 1,459 1,459 1,459 1,459 1,459 1,459

c) Standardized GPA

Std(Peer HS GPA) 0.064 0.047 0.034 0.030 0.036 0.033
Model p-value [0.009] [0.029] [0.108] [0.178] [0.106] [0.133]
Sidak-Holm p-value [0.021] [0.029] [0.108] [0.184] [0.130] [0.133]
FDR q-value [0.014] [0.014] [0.059] [0.135] [0.077] [0.098]

N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: Based on the results reported in Table A.7, this table reports the model p-values, as well as
Sidak-Holm p-values and FDR q-values (i.e., false-discovery-rate adjusted p-values Anderson (2008))
to adjust for multiple hypothesis testing separately for each semester. Std(Peer high school GPA) is the
leave-own-out mean of the high school GPA, standardized within cohorts. Accumulated credits are the
accumulated course credits at the end of the respective semester. Persistence indicates if a student is
still enrolled in their initial study program at the end of the respective semester. Standardized GPA
is the GPA at the end of the respective semester, standardized within cohorts. The GPA is based on
passing grades only, i.e., it is unobserved for students who have not passed any courses. Controls:
enrollment date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other
state, HS degree foreign, and non-German citizen dummies as well as the standardized high school
GPA, the enrollment date, the age at the beginning of the first semester, the time between the HS
degree and the beginning of the first semester, the share in each group that could not be matched, and
the original group size.
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Table A.9: Effect of peer ability on academic achievement index – robustness checks I

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Wild cluster bootstrap (WCB; 10,000 replications)

Std(Peer HS GPA) 0.070 0.080 0.061 0.048 0.050 0.056
Model p-value [0.001]*** [0.001]*** [0.010]** [0.033]** [0.025]** [0.038]**
WCB p-value [0.004]*** [0.003]*** [0.028]** [0.061]* [0.048] ** [0.060]*

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

R2 0.05 0.10 0.11 0.12 0.13 0.14
N 1,459 1,459 1,459 1,459 1,459 1,459

b) Non-clusted standard errors

Std(Peer HS GPA) 0.070*** 0.080*** 0.061** 0.048* 0.050** 0.056**
(0.027) (0.025) (0.025) (0.025) (0.025) (0.025)

Std(HS GPA) 0.070** 0.172*** 0.195*** 0.203*** 0.213*** 0.219***
(0.030) (0.030) (0.030) (0.029) (0.029) (0.028)

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

R2 0.05 0.10 0.11 0.12 0.13 0.14
N 1,459 1,459 1,459 1,459 1,459 1,459

c) Without controls

Std(Peer HS GPA) 0.068*** 0.079*** 0.059** 0.045* 0.046* 0.052*
(0.019) (0.024) (0.026) (0.025) (0.025) (0.029)

Std(HS GPA) 0.094*** 0.201*** 0.226*** 0.236*** 0.244*** 0.254***
(0.027) (0.023) (0.024) (0.025) (0.025) (0.024)

Cohort FE yes yes yes yes yes yes
Controls no no no no no no

R2 0.01 0.05 0.05 0.06 0.06 0.07
N 1,459 1,459 1,459 1,459 1,459 1,459

d) Controling for first letter of last name FE

Std(Peer HS GPA) 0.074*** 0.072*** 0.052** 0.038* 0.039* 0.046*
(0.019) (0.020) (0.021) (0.022) (0.021) (0.025)

Std(HS GPA) 0.074** 0.172*** 0.195*** 0.202*** 0.211*** 0.216***
(0.029) (0.024) (0.027) (0.028) (0.028) (0.027)

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes
First letter of last name FE yes yes yes yes yes yes

R2 0.06 0.11 0.13 0.14 0.14 0.15
N 1,459 1,459 1,459 1,459 1,459 1,459

Notes: Std(high school GPA) is the high school GPA, standardized within cohorts. Std(Peer high school GPA) is the leave-
own-out mean of the high school GPA, standardized within cohorts. Academic achievement index is the standardized
inverse-covariance weighted average of the standardized accumulated credits, persistence, and the standardized GPA.
Controls: enrollment date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state, HS
degree foreign, and non-German citizen dummies as well as (the standardized high school GPA; Panel a), the enrollment date,
the age at the beginning of the first semester, the time between the HS degree and the beginning of the first semester, the
share in each group that could not be matched, and the original group size. Robust standard errors (clustered at the freshman
orientation group level) in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.10: Effect of peer ability on academic achievement index – robustness checks II

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Controling for other peer characteristics

Std(Peer HS GPA) 0.091*** 0.075*** 0.056*** 0.045** 0.043** 0.047**
(0.017) (0.019) (0.019) (0.018) (0.018) (0.021)

Std(HS GPA) 0.078** 0.174*** 0.198*** 0.205*** 0.213*** 0.219***
(0.030) (0.024) (0.027) (0.027) (0.028) (0.027)

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes
Peer controls yes yes yes yes yes yes

R2 0.06 0.12 0.13 0.14 0.15 0.16
N 1,459 1,459 1,459 1,459 1,459 1,459

b) Allowing for heterogeneous peer effects by Cohort FE

Std(Peer HS GPA) 0.070*** 0.080*** 0.061*** 0.048** 0.050*** 0.055***
(0.018) (0.021) (0.021) (0.020) (0.019) (0.019)

Cohort FE yes yes yes yes yes yes
Std(Peer HS GPA)*(Cohort FE) yes yes yes yes yes yes
Controls yes yes yes yes yes yes
Std(Peer HS GPA)*controls no no no no no no

R2 0.05 0.10 0.11 0.13 0.14 0.15
N 1,459 1,459 1,459 1,459 1,459 1,459

c) Allowing for heterogeneous peer effects by all covariates

Std(Peer HS GPA) 0.079*** 0.094*** 0.076*** 0.061*** 0.062*** 0.068***
(0.020) (0.022) (0.022) (0.021) (0.019) (0.020)

Cohort FE yes yes yes yes yes yes
Std(Peer HS GPA)*(Cohort FE) yes yes yes yes yes yes
Controls yes yes yes yes yes yes
Std(Peer HS GPA)*controls yes yes yes yes yes yes

R2 0.05 0.11 0.12 0.13 0.14 0.15
N 1,459 1,459 1,459 1,459 1,459 1,459

Notes: Estimates reported in Panels b) and c) are marginal effects at the average of the covariates. Std(high school GPA) is
the high school GPA, standardized within cohorts. Std(Peer high school GPA) is the leave-own-out mean of the high school
GPA, standardized within cohorts. Academic achievement index is the standardized inverse-covariance weighted average
of the standardized accumulated credits, persistence, and the standardized GPA. Controls: enrollment date imputed, first
university, woman, HS degree Abitur, HS degree local, HS degree other state, HS degree foreign, and non-German citizen
dummies as well as (the standardized high school GPA; Panels b and c), the enrollment date, the age at the beginning of the
first semester, the time between the HS degree and the beginning of the first semester, the share in each group that could
not be matched, and the original group size. Peer controls: leave-own-out means of all variables shown in Panel a) of Table 2,
except the enrollment date imputed dummy. Robust standard errors clustered at the freshman orientation group level in
parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.11: Nonlinear effects of peer ability on academic achievements – Business Administration

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Frac. high ability peers 0.338 0.439 0.195 0.238 0.156 0.199
(0.264) (0.268) (0.249) (0.240) (0.241) (0.273)

Frac. low ability peers -0.535** -0.382 -0.420 -0.239 -0.328 -0.437
(0.264) (0.316) (0.322) (0.305) (0.300) (0.348)

Frac. high - frac. low 0.873** 0.821** 0.616 0.478 0.484 0.636
(0.330) (0.358) (0.370) (0.353) (0.348) (0.417)

N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Frac. high ability peers 6.387* 13.864** 18.173** 21.873** 22.928* 21.186
(3.644) (5.986) (7.989) (9.923) (12.634) (15.039)

Frac. low ability peers -2.370 -2.055 -4.829 -7.906 -2.884 -8.767
(3.255) (5.316) (8.843) (11.578) (14.826) (17.751)

Frac. high - frac. low 8.757* 15.919** 23.002** 29.779** 25.813 29.953
(4.868) (6.584) (9.510) (12.127) (16.151) (20.798)

N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Frac. high ability peers 0.046 0.171 0.101 0.144 0.105 0.153
(0.069) (0.112) (0.103) (0.106) (0.111) (0.126)

Frac. low ability peers -0.071 -0.055 -0.061 0.013 -0.044 -0.100
(0.069) (0.107) (0.111) (0.110) (0.111) (0.138)

Frac. high - frac. low 0.117 0.226 0.162 0.131 0.149 0.253
(0.095) (0.144) (0.140) (0.136) (0.143) (0.178)

N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Frac. high ability peers 0.115 0.044 -0.084 -0.005 -0.001 -0.036
(0.288) (0.286) (0.270) (0.271) (0.287) (0.274)

Frac. low ability peers -0.639** -0.439 -0.440 -0.308 -0.374 -0.368
(0.266) (0.298) (0.278) (0.285) (0.289) (0.281)

Frac. high - frac. low 0.754** 0.483 0.356 0.302 0.373 0.332
(0.329) (0.313) (0.307) (0.347) (0.342) (0.337)

N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: Based on grouping students into terciles of the standardized high school GPA (Lowest (N = 499), Middle
(N = 478), and Highest (N = 482)), this table presents effects of regressing academic achievements on the fractions
of high and low ability peers (middle-ability peers are the reference group). Academic achievement index is the
standardized inverse-covariance weighted average of the other three outcomes. Accumulated credits are the
accumulated course credits at the end of the respective semester. Persistence indicates if a student is still enrolled
in their initial study program at the end of the respective semester. Standardized GPA is the GPA at the end of the
respective semester, standardized within cohorts. The GPA is based on passing grades only, i.e., it is unobserved for
students who have not passed any courses. Controls: enrollment date imputed, first university, woman, HS degree
Abitur, HS degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the
standardized high school GPA, the enrollment date, the age at the beginning of the first semester, the time between
the HS degree and the beginning of the first semester, the share in each group that could not be matched, and
the original group size. Robust standard errors clustered at the freshman orientation group level in parentheses.
* p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.12: Effect of peer ability on academic achievements by own ability – Business Administration

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Std(Peer HS GPA) 0.070*** 0.080*** 0.061** 0.048** 0.050** 0.056**
(0.019) (0.022) (0.023) (0.022) (0.022) (0.026)

Std(HS GPA) 0.070** 0.172*** 0.195*** 0.203*** 0.213*** 0.219***
(0.029) (0.024) (0.027) (0.028) (0.029) (0.027)

Std(Peer HS GPA)*Std(HS GPA) -0.005 0.010 0.007 -0.002 -0.000 -0.008
(0.029) (0.023) (0.022) (0.023) (0.021) (0.021)

N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Std(Peer HS GPA) 0.828*** 1.590*** 2.134*** 2.622*** 2.634** 2.980**
(0.304) (0.453) (0.621) (0.826) (1.070) (1.299)

Std(HS GPA) 0.621* 1.835*** 2.690*** 3.689*** 4.477*** 5.305***
(0.361) (0.558) (0.859) (1.140) (1.430) (1.697)

Std(Peer HS GPA)*Std(HS GPA) -0.139 0.002 0.127 -0.044 0.059 0.126
(0.420) (0.573) (0.840) (0.980) (1.151) (1.397)

N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Std(Peer HS GPA) 0.008* 0.022** 0.017** 0.013 0.015* 0.020*
(0.005) (0.008) (0.008) (0.008) (0.008) (0.011)

Std(HS GPA) -0.013* -0.008 -0.001 0.005 0.013 0.019
(0.007) (0.009) (0.011) (0.012) (0.012) (0.012)

Std(Peer HS GPA)*Std(HS GPA) 0.001 0.011 0.009 0.006 0.007 0.003
(0.006) (0.008) (0.009) (0.011) (0.009) (0.009)

N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Std(Peer HS GPA) 0.066*** 0.049** 0.035* 0.032 0.038* 0.034
(0.024) (0.021) (0.021) (0.023) (0.022) (0.022)

Std(HS GPA) 0.414*** 0.427*** 0.437*** 0.431*** 0.425*** 0.421***
(0.026) (0.028) (0.028) (0.028) (0.029) (0.028)

Std(Peer HS GPA)*Std(HS GPA) -0.041 -0.037 -0.034 -0.039 -0.038 -0.038
(0.027) (0.028) (0.027) (0.026) (0.025) (0.024)

N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: Std(high school GPA) is the high school GPA, standardized within cohorts. Std(Peer HS GPA) is the leave-own-out mean
of the high school GPA, standardized within cohorts. Academic achievement index is the standardized inverse-covariance
weighted average of the other three outcomes. Accumulated credits are the accumulated course credits at the end of the
respective semester. Persistence indicates if a student is still enrolled in their initial study program at the end of the respective
semester. Standardized GPA is the GPA at the end of the respective semester, standardized within cohorts. The GPA is
based on passing grades only, i.e., it is unobserved for students who have not passed any courses. Controls: enrollment
date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state, HS degree foreign, and
non-German citizen dummies as well as the enrollment date, the age at the beginning of the first semester, the time between
the HS degree and the beginning of the first semester, the share in each group that could not be matched, and the original
group size. Robust standard errors clustered at the freshman orientation group level in parentheses. * p < 0.1; ** p < 0.05;
*** p < 0.01.
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Table A.13: Effect of peer ability on academic achievements by terciles of own ability – Business Ad-
ministration

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Effect of Std(Peer HS GPA) in lowest tercile 0.080*** 0.087*** 0.079** 0.058 0.058 0.066
(0.030) (0.031) (0.033) (0.038) (0.036) (0.041)

Effect of Std(Peer HS GPA) in middle tercile 0.074 0.065 0.031 0.033 0.038 0.054
(0.056) (0.048) (0.050) (0.050) (0.049) (0.055)

Effect of Std(Peer HS GPA) in highest tercile 0.063 0.095** 0.079* 0.061 0.062 0.054
(0.042) (0.038) (0.040) (0.040) (0.041) (0.040)

P-value int. term 0.946 0.887 0.689 0.909 0.931 0.972
N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Effect of Std(Peer HS GPA) in lowest tercile 0.883 1.468** 1.920* 2.185* 1.623 1.895
(0.661) (0.732) (0.989) (1.259) (1.557) (2.024)

Effect of Std(Peer HS GPA) in middle tercile 1.195*** 1.758** 2.396* 3.308* 3.826 4.306
(0.423) (0.847) (1.320) (1.893) (2.450) (3.172)

Effect of Std(Peer HS GPA) in highest tercile 0.496 1.720** 2.368* 2.796* 2.961 3.331
(0.467) (0.821) (1.207) (1.598) (2.053) (2.471)

P-value int. term 0.620 0.948 0.939 0.894 0.745 0.815
N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Effect of Std(Peer HS GPA) in lowest tercile 0.007 0.015 0.015 0.004 0.005 0.012
(0.007) (0.013) (0.016) (0.019) (0.018) (0.021)

Effect of Std(Peer HS GPA) in middle tercile 0.011 0.024 0.013 0.020 0.026 0.033
(0.013) (0.016) (0.018) (0.018) (0.018) (0.022)

Effect of Std(Peer HS GPA) in highest tercile 0.009 0.029** 0.025* 0.019 0.019 0.018
(0.009) (0.013) (0.013) (0.015) (0.015) (0.016)

P-value int. term 0.953 0.740 0.803 0.836 0.766 0.813
N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Effect of Std(Peer HS GPA) in lowest tercile 0.129*** 0.097** 0.088** 0.083** 0.089** 0.078**
(0.047) (0.040) (0.036) (0.035) (0.034) (0.034)

Effect of Std(Peer HS GPA) in middle tercile 0.034 0.016 -0.005 -0.009 -0.007 0.001
(0.051) (0.051) (0.048) (0.049) (0.047) (0.047)

Effect of Std(Peer HS GPA) in highest tercile 0.041 0.041 0.030 0.028 0.037 0.032
(0.035) (0.039) (0.039) (0.040) (0.040) (0.037)

P-value int. term 0.173 0.362 0.224 0.230 0.218 0.355
N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: Based on grouping students into terciles of the standardized high school GPA (Lowest (N = 499),
Middle (N = 478), and Highest (N = 482)), this table presents effects of peer ability by Business Administration
students’ own ability. The p-values are from F-tests on the joint significance of all interaction terms between
the standardized high school GPA terciles and the peer high school GPA. Std(Peer HS GPA) is the leave-own-out
mean of the high school GPA, standardized within cohorts. Academic achievement index is the standardized
inverse-covariance weighted average of the other three outcomes. Accumulated credits are the accumulated
course credits at the end of the respective semester. Persistence indicates if a student is still enrolled in their initial
study program at the end of the respective semester. Standardized GPA is the GPA at the end of the respective
semester, standardized within cohorts. The GPA is based on passing grades only, i.e., it is unobserved for students
who have not passed any courses. Controls: enrollment date imputed, first university, woman, HS degree Abitur,
HS degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the
enrollment date, the age at the beginning of the first semester, the time between the HS degree and the beginning
of the first semester, the share in each group that could not be matched, and the original group size. Robust
standard errors clustered at the freshman orientation group level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.14: Logistic regression of isolation status on background characteristics – Business Adminis-
tration, survey sample

(1) (2) (3)
Linear Quadratic Cubic

Woman -0.342 -0.308 -0.340
(0.288) (0.294) (0.300)

Non-German citizen 0.000 -0.061 0.074
(0.570) (0.578) (0.590)

Age -0.022 0.259 -6.460*
(0.064) (0.493) (3.880)

High school GPA 0.151 1.033 -8.021
(0.271) (1.759) (7.702)

Time since HS degree 0.011 0.120 0.032
(0.083) (0.149) (0.303)

HS degree Abitur -0.894*** -0.909*** -0.966***
(0.306) (0.308) (0.316)

HS degree local 0.024 0.064 0.069
(0.356) (0.360) (0.368)

HS degree other state 0.576 0.496 0.556
(0.524) (0.528) (0.534)

HS degree foreign 0.726 0.678 0.797
(0.906) (0.924) (0.958)

First university -0.631* -0.508 -0.562
(0.325) (0.341) (0.356)

Age2 -0.006 0.267*
(0.010) (0.156)

(High school GPA)2 -0.167 3.874
(0.351) (3.325)

(Time since HS degree)2 -0.006 0.000
(0.013) (0.063)

Age3 -0.004*
(0.002)

(High school GPA)3 -0.573
(0.463)

(Time since HS degree)3 0.001
(0.003)

Age p-value [0.732] [0.864] [0.345]
High school GPA p-value [0.578] [0.675] [0.532]
Time since HS degree p-value [0.896] [0.697] [0.645]
Pseudo R2 0.04 0.05 0.07
χ2 p-value [0.147] [0.193] [0.084]
N 238 238 238

Notes: Isolation status is equal to one for students who reported in the surveys used
for Figure 1 that they met zero of their study partners during freshman orientation.
See Table A.1 for definitions of all other variables. The p-values for age, high school
GPA, time since high school graduation are from F-tests on the joint significance of all
terms of the respective variable. Standard errors in parentheses. * p < 0.1; ** p < 0.05;
*** p < 0.01.
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Table A.15: Effect of peer ability on academic achievements by isolation probability – Business Ad-
ministration

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.117*** 0.126*** 0.105*** 0.087** 0.094** 0.098**
(0.031) (0.037) (0.037) (0.037) (0.037) (0.041)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.026 0.038 0.021 0.012 0.010 0.017
(0.033) (0.034) (0.034) (0.035) (0.033) (0.035)

Low Pr(isolated) - high Pr(isolated) 0.091* 0.088 0.084 0.075 0.084 0.081
(0.052) (0.057) (0.055) (0.058) (0.056) (0.055)

N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Effect of Std(Peer HS GPA) for low Pr(isolated) 1.409*** 2.365*** 3.507*** 4.575*** 4.801** 5.351**
(0.378) (0.651) (1.014) (1.419) (1.847) (2.257)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.282 0.883 0.893 0.830 0.654 0.824
(0.418) (0.731) (1.055) (1.481) (1.842) (2.224)

Low Pr(isolated) - high Pr(isolated) 1.126** 1.481 2.615 3.745 4.147 4.527
(0.539) (1.050) (1.669) (2.410) (3.038) (3.684)

N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.015** 0.034** 0.028** 0.022 0.028* 0.032*
(0.007) (0.014) (0.013) (0.014) (0.015) (0.018)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.002 0.011 0.008 0.006 0.004 0.009
(0.009) (0.013) (0.013) (0.014) (0.014) (0.015)

Low Pr(isolated) - high Pr(isolated) 0.013 0.024 0.021 0.017 0.024 0.022
(0.012) (0.021) (0.021) (0.023) (0.024) (0.026)

N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.096** 0.071* 0.059* 0.055 0.063* 0.062*
(0.040) (0.035) (0.033) (0.033) (0.033) (0.031)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.035 0.026 0.011 0.009 0.011 0.006
(0.036) (0.032) (0.033) (0.034) (0.035) (0.033)

Low Pr(isolated) - high Pr(isolated) 0.062 0.044 0.048 0.046 0.052 0.056
(0.060) (0.052) (0.052) (0.051) (0.052) (0.048)

N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: This table presents effects of peer ability by students’ probability of having met zero of their study partners during freshman orientation
(cf. Table 3). Std(Peer HS GPA) is the leave-own-out mean of the high school GPA, standardized within cohorts. Academic achievement index is
the standardized inverse-covariance weighted average of the other three outcomes. Accumulated credits are the accumulated course credits at
the end of the respective semester. Persistence indicates if a student is still enrolled in their initial study program at the end of the respective
semester. Standardized GPA is the GPA at the end of the respective semester, standardized within cohorts. The GPA is based on passing grades
only, i.e., it is unobserved for students who have not passed any courses. Controls: enrollment date imputed, first university, woman, HS
degree Abitur, HS degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the standardized high
school GPA, the enrollment date, the age at the beginning of the first semester, the time between the HS degree and the beginning of the first
semester, the share in each group that could not be matched, and the original group size. Robust standard errors clustered at the freshman
orientation group level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.16: Effect of peer ability on academic achievements by isolation probability – Business Ad-
ministration, robustness to different prediction model specifications

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Prediction with linear terms for continuous variables

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.112*** 0.108*** 0.090** 0.072* 0.077** 0.080**
(0.031) (0.035) (0.036) (0.037) (0.036) (0.036)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.029 0.054 0.035 0.026 0.027 0.034
(0.037) (0.037) (0.039) (0.037) (0.038) (0.043)

Low Pr(isolated) - high Pr(isolated) 0.083 0.054 0.055 0.046 0.049 0.046
(0.055) (0.057) (0.058) (0.058) (0.060) (0.060)

b) Prediction with quadratic terms for continuous variables

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.118*** 0.116*** 0.105*** 0.094*** 0.097*** 0.102***
(0.028) (0.031) (0.033) (0.032) (0.030) (0.035)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.026 0.049 0.022 0.007 0.008 0.014
(0.032) (0.032) (0.032) (0.030) (0.030) (0.032)

Low Pr(isolated) - high Pr(isolated) 0.092* 0.067 0.084* 0.087* 0.090** 0.089**
(0.047) (0.047) (0.047) (0.045) (0.043) (0.042)

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

N 1,459 1,459 1,459 1,459 1,459 1,459

Notes: This table presents effects of peer ability by students’ probability of having met zero of their study partners during freshman orientation
(cf. Table 3). See Table A.14 for the estimated coefficients of the different prediction models. Std(Peer HS GPA) is the leave-own-out mean of
the high school GPA, standardized within cohorts. Academic achievement index is the standardized inverse-covariance weighted average of the
standardized accumulated credits, persistence, and the standardized GPA. Controls: enrollment date imputed, first university, woman, HS degree
Abitur, HS degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the standardized high school GPA,
the enrollment date, the age at the beginning of the first semester, the time between the HS degree and the beginning of the first semester, the
share in each group that could not be matched, and the original group size. Robust standard errors clustered at the freshman orientation group
level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.17: Effect of peer ability on academic achievements by isolation probability – Business Ad-
ministration, robustness to excluding covid cohort from prediction

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.119*** 0.123*** 0.114*** 0.096** 0.100*** 0.104**
(0.033) (0.038) (0.040) (0.038) (0.037) (0.040)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.022 0.038 0.010 0.001 0.001 0.008
(0.032) (0.031) (0.031) (0.031) (0.030) (0.031)

Low Pr(isolated) - high Pr(isolated) 0.097* 0.085 0.104* 0.095* 0.099* 0.096*
(0.052) (0.054) (0.055) (0.054) (0.052) (0.051)

N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Effect of Std(Peer HS GPA) for low Pr(isolated) 1.120*** 1.994*** 3.148*** 4.188*** 4.469*** 5.106***
(0.329) (0.547) (0.867) (1.152) (1.547) (1.872)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.520 1.183 1.145 1.089 0.845 0.877
(0.484) (0.745) (1.086) (1.501) (1.872) (2.285)

Low Pr(isolated) - high Pr(isolated) 0.600 0.811 2.003 3.099 3.624 4.229
(0.591) (0.945) (1.530) (2.119) (2.711) (3.312)

N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.015* 0.030** 0.031** 0.024 0.026* 0.030*
(0.008) (0.014) (0.015) (0.014) (0.015) (0.017)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.002 0.014 0.005 0.003 0.005 0.010
(0.007) (0.012) (0.012) (0.013) (0.013) (0.014)

Low Pr(isolated) - high Pr(isolated) 0.012 0.016 0.026 0.020 0.021 0.019
(0.012) (0.020) (0.021) (0.022) (0.022) (0.023)

N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Effect of Std(Peer HS GPA) for low Pr(isolated) 0.119*** 0.081** 0.069* 0.065 0.077** 0.075**
(0.041) (0.039) (0.039) (0.039) (0.037) (0.036)

Effect of Std(Peer HS GPA) for high Pr(isolated) 0.010 0.013 -0.002 -0.004 -0.005 -0.010
(0.031) (0.029) (0.029) (0.031) (0.032) (0.030)

Low Pr(isolated) - high Pr(isolated) 0.108* 0.068 0.071 0.069 0.082 0.085
(0.058) (0.055) (0.056) (0.056) (0.054) (0.051)

N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: This table repeats the approach from Table A.15, but excludes students whose orientation was conducted online because of the Covid-19
pandemic from the survey sample that is used for predicting the isolation probabilities. Std(Peer HS GPA) is the leave-own-out mean of the high
school GPA, standardized within cohorts. Academic achievement index is the standardized inverse-covariance weighted average of the other
three outcomes. Accumulated credits are the accumulated course credits at the end of the respective semester. Persistence indicates if a student
is still enrolled in their initial study program at the end of the respective semester. Standardized GPA is the GPA at the end of the respective
semester, standardized within cohorts. The GPA is based on passing grades only, i.e., it is unobserved for students who have not passed any
courses. Controls: enrollment date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state, HS degree
foreign, and non-German citizen dummies as well as the standardized high school GPA, the enrollment date, the age at the beginning of the first
semester, the time between the HS degree and the beginning of the first semester, the share in each group that could not be matched, and the
original group size. Robust standard errors clustered at the freshman orientation group level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.18: Effect of peer ability on academic achievements by study programs

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Effect of Std(Peer HS GPA) in BuA 0.070*** 0.082*** 0.063*** 0.050** 0.052** 0.058**
(0.018) (0.022) (0.023) (0.022) (0.022) (0.027)

Effect of Std(Peer HS GPA) in IB(&T) -0.035 -0.023 -0.011 -0.028 -0.031 -0.048
(0.033) (0.020) (0.023) (0.026) (0.028) (0.031)

BuA - IB(&T) 0.106*** 0.105*** 0.074** 0.078** 0.083** 0.105**
(0.038) (0.029) (0.033) (0.034) (0.036) (0.040)

N 1,899 1,899 1,899 1,899 1,899 1,899

b) Accumulated credits

Effect of Std(Peer HS GPA) in BuA 0.773** 1.594*** 2.144*** 2.639*** 2.673** 2.981**
(0.357) (0.518) (0.692) (0.912) (1.133) (1.394)

Effect of Std(Peer HS GPA) in IB(&T) 0.290 -0.227 -0.268 -1.103 -1.063 -3.358
(1.373) (1.713) (2.240) (2.890) (2.987) (4.355)

BuA - IB(&T) 0.483 1.822 2.412 3.741 3.736 6.339
(1.408) (1.768) (2.311) (2.993) (3.165) (4.520)

N 1,899 1,899 1,899 1,899 1,899 1,899

c) Persistence

Effect of Std(Peer HS GPA) in BuA 0.008* 0.023*** 0.018** 0.014* 0.016* 0.021*
(0.004) (0.008) (0.008) (0.008) (0.009) (0.011)

Effect of Std(Peer HS GPA) in IB(&T) -0.018 -0.020 -0.012 -0.024 -0.030 -0.036
(0.011) (0.014) (0.016) (0.020) (0.020) (0.023)

BuA - IB(&T) 0.026** 0.043*** 0.030 0.038* 0.046** 0.057**
(0.012) (0.016) (0.018) (0.021) (0.021) (0.025)

N 1,899 1,899 1,899 1,899 1,899 1,899

d) Standardized GPA

Effect of Std(Peer HS GPA) in BuA 0.067*** 0.049** 0.035* 0.031 0.036 0.032
(0.025) (0.021) (0.020) (0.022) (0.022) (0.021)

Effect of Std(Peer HS GPA) in IB(&T) -0.002 0.012 0.013 0.024 0.029 0.022
(0.046) (0.040) (0.042) (0.041) (0.041) (0.044)

BuA - IB(&T) 0.069 0.037 0.022 0.007 0.006 0.011
(0.052) (0.045) (0.046) (0.046) (0.046) (0.048)

N 1,770 1,787 1,790 1,791 1,791 1,791

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: Std(Peer HS GPA) is the leave-own-out mean of the high school GPA, standardized within cohorts and study programs.
Academic achievement index is the standardized inverse-covariance weighted average of the other three outcomes. Accumulated
credits are the accumulated course credits at the end of the respective semester. Persistence indicates if a student is still enrolled
in their initial study program at the end of the respective semester. Standardized GPA is the GPA at the end of the respective
semester, standardized within cohorts and study programs. The GPA is based on passing grades only, i.e., it is unobserved for
students who have not passed any courses. Controls: enrollment date imputed, first university, woman, HS degree Abitur, HS
degree local, HS degree other state, HS degree foreign, and non-German citizen dummies as well as the standardized high school
GPA, the enrollment date, the age at the beginning of the first semester, the time between the HS degree and the beginning of the
first semester, the share in each group that could not be matched, and the original group size. Robust standard errors clustered
at the freshman orientation group level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.19: Effect of peer ability on academic achievements by study programs – robustness to inter-
acting peer ability with other controls

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Effect of Std(Peer HS GPA) in BuA 0.074*** 0.089*** 0.071*** 0.059*** 0.061*** 0.069**
(0.020) (0.022) (0.024) (0.022) (0.022) (0.027)

Effect of Std(Peer HS GPA) in IB(&T) -0.044 -0.034 -0.024 -0.044 -0.047 -0.072**
(0.038) (0.028) (0.028) (0.030) (0.032) (0.033)

BuA - IB(&T) 0.118** 0.123*** 0.094** 0.103** 0.108*** 0.141***
(0.047) (0.039) (0.040) (0.039) (0.040) (0.046)

N 1,899 1,899 1,899 1,899 1,899 1,899

b) Accumulated credits

Effect of Std(Peer HS GPA) in BuA 0.957*** 1.862*** 2.605*** 3.286*** 3.464*** 3.970***
(0.321) (0.494) (0.691) (0.945) (1.191) (1.467)

Effect of Std(Peer HS GPA) in IB(&T) -0.119 -0.792 -1.284 -2.527 -2.834 -5.823
(1.328) (1.678) (2.175) (2.835) (2.937) (4.246)

BuA - IB(&T) 1.076 2.655 3.889* 5.813* 6.299* 9.793**
(1.367) (1.756) (2.290) (3.009) (3.240) (4.505)

N 1,899 1,899 1,899 1,899 1,899 1,899

c) Persistence

Effect of Std(Peer HS GPA) in BuA 0.008* 0.023*** 0.020** 0.016** 0.019** 0.024**
(0.005) (0.008) (0.008) (0.008) (0.009) (0.011)

Effect of Std(Peer HS GPA) in IB(&T) -0.018 -0.022 -0.015 -0.030 -0.036* -0.045**
(0.011) (0.015) (0.017) (0.021) (0.020) (0.022)

BuA - IB(&T) 0.026** 0.046** 0.034* 0.046** 0.055** 0.069***
(0.013) (0.018) (0.019) (0.022) (0.021) (0.024)

N 1,899 1,899 1,899 1,899 1,899 1,899

d) Standardized GPA

Effect of Std(Peer HS GPA) in BuA 0.072*** 0.056** 0.041* 0.039 0.045* 0.043*
(0.026) (0.023) (0.022) (0.024) (0.023) (0.023)

Effect of Std(Peer HS GPA) in IB(&T) -0.001 0.003 0.007 0.013 0.015 0.003
(0.049) (0.044) (0.043) (0.044) (0.044) (0.046)

BuA - IB(&T) 0.073 0.053 0.034 0.026 0.029 0.040
(0.061) (0.052) (0.051) (0.051) (0.051) (0.053)

N 1,770 1,787 1,790 1,791 1,791 1,791

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes
Std(Peer HS GPA)*controls yes yes yes yes yes yes

Notes: Std(Peer HS GPA) is the leave-own-out mean of the high school GPA, standardized within cohorts and study programs.
Academic achievement index is the standardized inverse-covariance weighted average of the other three outcomes. Accumulated
credits are the accumulated course credits at the end of the respective semester. Persistence indicates if a student is still enrolled in
their initial study program at the end of the respective semester. Standardized GPA is the GPA at the end of the respective semester,
standardized within cohorts and study programs. The GPA is based on passing grades only, i.e., it is unobserved for students
who have not passed any courses. Controls: enrollment date imputed, first university, woman, HS degree Abitur, HS degree local,
HS degree other state, HS degree foreign, and non-German citizen dummies as well as the standardized high school GPA, the
enrollment date, the age at the beginning of the first semester, the time between the HS degree and the beginning of the first
semester, the share in each group that could not be matched, and the original group size. Robust standard errors clustered at the
freshman orientation group level in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table A.20: Student background characteristics by study program and Int. Bus. (& Tech.) probability

Business Administration Int. Bus. (& Tech.) p-value p-value

Low Pr(IB(&T)) High Pr(IB(&T)) (1) vs (3) (2) vs (3)
(1) (2) (3) (4) (5)

IB(&T) probability 0.100 0.277 0.375 0.000 0.000
Woman 0.637 0.444 0.500 0.000 0.061
Non-German citizen 0.052 0.126 0.218 0.000 0.000
Age 22.492 21.374 21.230 0.000 0.388
High school GPA 2.272 2.713 2.891 0.000 0.000
Time since HS degree 2.229 1.750 1.676 0.001 0.542
HS degree Abitur 0.175 0.696 0.698 0.000 0.963
HS degree local 0.345 0.272 0.241 0.000 0.241
HS degree other state 0.027 0.121 0.123 0.000 0.925
HS degree foreign 0.001 0.082 0.200 0.000 0.000
First university 0.705 0.738 0.770 0.014 0.209

N 731 728 440

Note: Students in BuA are grouped into low and high IB(&T) probability based on a median split of the predicted probabilities that
are derived from a logistic regression of being enrolled in IB(&T) on all background characteristics (cubic terms for the continuous
variables are used). See Table A.1 for definitions of all other variables. The p-values reported in Columns (4) and (5) are from
two-sample tests on the equality of proportions and means.
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Table A.21: Effect of peer ability on academic achievements by probability to be enrolled in Interna-
tional Business (& Technology) – Business Administration

(1) (2) (3) (4) (5) (6)
Semester First Second Third Fourth Fifth Sixth

a) Academic achievement index

Effect of Std(Peer HS GPA) for low Pr(IB(&T)) 0.034 0.053 0.034 0.020 0.023 0.033
(0.032) (0.033) (0.033) (0.034) (0.032) (0.033)

Effect of Std(Peer HS GPA) for high Pr(IB(&T)) 0.104** 0.105** 0.087** 0.074* 0.076* 0.076*
(0.043) (0.042) (0.043) (0.041) (0.040) (0.044)

Low Pr(IB(&T)) - high Pr(IB(&T)) -0.069 -0.052 -0.053 -0.054 -0.053 -0.043
(0.065) (0.062) (0.062) (0.061) (0.057) (0.058)

N 1,459 1,459 1,459 1,459 1,459 1,459

b) Accumulated credits

Effect of Std(Peer HS GPA) for low Pr(IB(&T)) 0.556 1.291* 1.669* 2.159* 1.859 2.088
(0.461) (0.747) (0.922) (1.226) (1.578) (1.955)

Effect of Std(Peer HS GPA) for high Pr(IB(&T)) 1.065*** 1.859*** 2.578** 3.037** 3.377* 3.843
(0.358) (0.643) (1.061) (1.513) (1.976) (2.423)

Low Pr(IB(&T)) - high Pr(IB(&T)) -0.509 -0.569 -0.909 -0.878 -1.519 -1.755
(0.580) (1.059) (1.556) (2.204) (2.869) (3.557)

N 1,459 1,459 1,459 1,459 1,459 1,459

c) Persistence

Effect of Std(Peer HS GPA) for low Pr(IB(&T)) 0.002 0.016 0.012 0.006 0.010 0.019
(0.008) (0.012) (0.013) (0.014) (0.014) (0.015)

Effect of Std(Peer HS GPA) for high Pr(IB(&T)) 0.014 0.028* 0.023 0.021 0.021 0.021
(0.009) (0.015) (0.015) (0.014) (0.015) (0.017)

Low Pr(IB(&T)) - high Pr(IB(&T)) -0.012 -0.012 -0.010 -0.014 -0.011 -0.002
(0.014) (0.022) (0.023) (0.023) (0.023) (0.024)

N 1,459 1,459 1,459 1,459 1,459 1,459

d) Standardized GPA

Effect of Std(Peer HS GPA) for low Pr(IB(&T)) 0.063* 0.038 0.022 0.020 0.021 0.014
(0.036) (0.033) (0.029) (0.031) (0.030) (0.029)

Effect of Std(Peer HS GPA) for high Pr(IB(&T)) 0.062** 0.054* 0.042 0.038 0.048 0.048
(0.026) (0.030) (0.033) (0.035) (0.033) (0.034)

Low Pr(IB(&T)) - high Pr(IB(&T)) 0.001 -0.016 -0.019 -0.018 -0.027 -0.034
(0.042) (0.047) (0.046) (0.049) (0.046) (0.047)

N 1,377 1,384 1,386 1,386 1,386 1,386

Cohort FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes

Notes: This table presents effects of peer ability by Business Administration students’ probability to be enrolled in International Business
(& Technology). Std(Peer HS GPA) is the leave-own-out mean of the high school GPA, standardized within cohorts. Academic achievement
index is the standardized inverse-covariance weighted average of the other three outcomes. Accumulated credits are the accumulated
course credits at the end of the respective semester. Persistence indicates if a student is still enrolled in their initial study program at
the end of the respective semester. Standardized GPA is the GPA at the end of the respective semester, inverse scaled and standardized
within study programs. The GPA is based on passing grades only and, on the original scale, the best passing grade is 1.0 and the worst
passing grade is 4.0. Controls: enrollment date imputed, first university, woman, HS degree Abitur, HS degree local, HS degree other state,
HS degree foreign, and non-German citizen dummies as well as the standardized high school GPA, the enrollment date, the age at the
beginning of the first semester, the time between the HS degree and the beginning of the first semester, the share in each group that could
not be matched, and the original group size. Robust standard errors clustered at the freshman orientation group level in parentheses.
* p < 0.1; ** p < 0.05; *** p < 0.01.
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Figure A.1: Regression of peer characteristics on students’ own characteristics – permutation based
test, Business Administration
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Notes: The solid line in all panels in this figure shows the estimated coefficient from regressing the respective peer characteristic on stu-
dents’ own characteristic controlling for cohort FE based on the observed group allocation. In addition, each panel plots the distribution
of the estimated coefficients under the null of random assignment within selection pools based on 10,000 re-randomizations that keep the
selection pools as well as group sizes fixed.
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Figure A.2: Regression of peer characteristics on students’ own characteristics – permutation based
test, International Business (& Technology)
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Notes: The solid line in all panels in this figure shows the estimated coefficient from regressing the respective peer characteristic on stu-
dents’ own characteristic controlling for cohort by study program FE based on the observed group allocation. In addition, each panel
plots the distribution of the estimated coefficients under the null of random assignment within selection pools based on 10,000 re-
randomizations that keep the selection pools as well as group sizes fixed.
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Figure A.5: Association between students’ specialization choices – Business Administration
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Notes: The solid line in this figure shows the estimated association between students’ and their peers’ specialization choice
as reported in Column (2) of Table 4, i.e. for the observed group allocation. In addition, the figure plots the distribution of the
estimated coefficients of peer specialization choice under the null of random assignment within selection pools based on
10,000 re-randomizations that keep the selection pools as well as group sizes fixed. The reported p-values denote the respec-
tive proportion of coefficients from the re-randomizations that are larger than the observed association between students’
and their peers’ specialization choice.
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Figure A.6: Association between students’ language/minor choices – IB(&T)
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a) International Business
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b) International Business & Technology

Notes: The solid line in both panels in this figure shows the estimated association between students’ and their peers’ language
(IB) and minor (IBT) choice as reported in Columns (2) and (4) of Table 5, i.e. for the observed group allocations. In addition,
both panels plot the distribution of the estimated coefficients of peer language/minor choice under the null of random
assignment within selection pools based on 10,000 re-randomizations that keep the selection pools as well as group sizes
fixed. The reported p-values denote the respective proportion of coefficients from the re-randomizations that are smaller
than the observed association between students’ and their peers’ language/minor choice.
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