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ARTICLE INFO ABSTRACT

JEL classification:

Early-life environments can have long-lasting effects on individuals’ later life courses. Interestingly, research on

12 the effects of school reforms has hardly adopted this perspective. Therefore, we investigate a staggered school
gl reform that reduced the number of school years and increased weekly instructional time for secondary school

3 students in most German federal states. We analyze this quasi-experiment in a difference-in-differences frame-
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work using nationally representative large-scale survey data on 69,513 students who attended university be-
tween 1998 and 2016. Using both TWFE and weighted-group ATT estimators, we find negative effects of reform
exposure on hours spent attending classes and on self-study. Moreover, reform exposure increased the time gap
between school completion and higher education entry. Our results support the view that research should
examine unintended long-term effects of school reforms on individual life courses.

1. Introduction

Environments during childhood and adolescence influence a wide
range of important outcomes in the later life course, such as skill
development (Tymms et al., 2018), labor market performance (Gertler
et al., 2014), and health (Taylor, 2010). Interestingly, very few studies
have investigated whether policy reforms that change the learning
environment have long-lasting effects on students’ study time later in
life. Such knowledge of potentially unintended long-term effects of
policy interventions, however, is important for the planning, develop-
ment, and implementation of future educational reforms.

To address this research gap, we exemplarily investigated whether a
major school reform in Germany - known as the G8 reform — had long-
term effects on students in higher education. The G8 reform reduced the
overall duration of the academic-track lower secondary school (Gym-
nasium) from 9 to 8 years, while increasing weekly instructional time by

about 3.68 h or 12.5 % (Hiibner et al., 2022; Huebener et al., 2017),
which led to reductions in students’ leisure time (Hiibner et al., 2017;
Milde-Busch et al., 2010; Quis, 2018). Previous studies showed that the
reform tended to lead to worse health outcomes (Dahmann & Anger,
2014; Hiibner et al., 2017; Marcus et al., 2020; Quis, 2018) and mostly
negative educational outcomes at secondary school (Biittner & Thom-
sen, 2015; Hiibner et al., 2017; Huebener et al., 2017; Huebener &
Marcus, 2017). First studies examining students in higher education also
suggested that G8 students are somewhat more likely to delay higher
education enrollment, drop out, and change their fields of study (Marcus
& Zambre, 2019; Meyer et al., 2019).’

Building on these research findings, we tested whether the G8 reform
also affected study time in higher education. Theoretically, students
might have become accustomed to learning at a higher intensity in
secondary school and maintained this intensity in higher education
(habituation scenario). Conversely, they might also have reduced their
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learning intensity in higher education to recover from their stressful
school years or because they have acquired a negative attitude toward
formal education (compensation scenario). Determining the effects of
the G8 reform on students’ study time is of high importance, as several
studies have shown a causal link between time investment in one’s
studies and performance in higher education (Andrietti, 2014; Andrietti
& Velasco, 2015; Arulampalam et al., 2012; Ersoy, 2021; Grave, 2011;
Metcalfe et al., 2019; Schwerter et al., 2022a), which in turn improves
labor market outcomes (Kittelsen Rgberg & Helland, 2017). Therefore,
our analysis of the long-term effects of secondary school reforms on
study time at university closes an important research gap.

The different German federal states introduced the G8 reform on a
staggered basis, leading to exogenous variation in instructional time
across states. We exploited this quasi-experimental setting created by
the staggered reform using a difference-in-differences (DiD) framework.
Going beyond existing studies on the effects of the G8 reform, we esti-
mated weighted group-time average treatment effects on the treated
(ATT), as introduced by Callaway and Sant’Anna (2021b). This method
overcomes several caveats of the two-way fixed effects (TWFE) method
for examining time-staggered reforms. As a robustness check, however,
we also present conventional TWFE estimates.

Using rich survey data on 69,513 university students in Germany, we
found that G8 students spent less time attending classes and on self-
study at university than G9 students. We did not find evidence that G8
students invested their freed-up time in additional work. Instead, G8
students tended to enroll in university after longer time gaps compared
to G9 students. Thus, our study may explain why G8 students are more
likely to drop out of higher education (Marcus & Zambre, 2019) despite
their similar levels of intelligence compared to their peers (Dahmann,
2017): They devote less time to learning, both in classes and on their
own. This finding is important because it strongly aligns with research
indicating that students benefit from higher study time and effort
(Metcalfe et al., 2019; Schwerter et al., 2022a, Schwerter et al., 2022b;
Stinebrickner & Stinebrickner, 2008). Attending more classes (Grave,
2011) and, in particular, spending more time on self-study (Andrietti &
Velasco, 2015; Arulampalam et al., 2012; Bonesrgnning & Opstad, 2015;
Bratti & Staffolani, 2013) improves exam performance. Notably, we also
examined heterogeneity in the reform effects by gender and social
background. Whereas the reform effects were very similar for first- and
(at least) second-generation students (operationalization of social
background), our results suggest that males were slightly more nega-
tively affected by the reform than females. In summary, our results
support the view that more intensive daily instruction can have adverse
effects on children’s development in the long run. On a broader note,
they suggest that future research should more closely examine (un)
intended long-term effects of school reforms on individual life courses.

This requires a deeper understanding of how early learning envi-
ronments shape individuals’ learning behavior in the long term. In this
respect, different social science disciplines help us achieve this under-
standing: The sociological life course perspective highlights that expe-
riences and decisions in the early life course create path dependencies
that influence experiences and decisions in later life (Elder et al., 2003).
As a result of their socialization throughout childhood and adolescence,
individuals tend to accumulate resources depending on their parents’
economic, social, and cultural capital (Bourdieu, 1973). The life course
approach underscores that even slight differences in individuals’
early-age resources and life chances may lead to severe social in-
equalities in later life (DiPrete & Eirich, 2006). Notably, such cumula-
tive (dis)advantages may not only result from differences in individuals’
early-age resource endowments; they are also shaped by the institu-
tional settings that individuals pass through during the life course. Such
institutional settings include the different stages of the education sys-
tem, which may be abruptly altered by structural reforms (Mayer,
2004).

In line with these sociological propositions, psychological and school
effectiveness research has shown how early learning environments
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shape student learning and motivation later in life. For instance, prior
studies have found that the negative association between a reference
group’s achievement and individuals’ perception of their own abilities
(the big-fish-little-pond effect) has negative effects on achievement and
aspirations that can still be detected five years after graduation from
high school (Marsh & O’Mara, 2010). This line of inquiry also illustrated
that being part of an effective learning environment at the beginning of
school is associated with higher educational attainment more than ten
years later (Tymms et al., 2018). Moreover, stressful childhood envi-
ronments are closely tied to health risks in adulthood (Taylor, 2010).

Relatedly, research on the economics of education amply demon-
strated how early changings to their school environments affect in-
dividuals’ labor market outcomes later in life (Heckman et al., 2013).
Abramitzky et al. (2021) showed that economic incentives changing
children’s schooling decisions in the early years of education increased
later years of schooling and wages. Also, a free school choice program
targeting disadvantaged students in Israel improved students’ higher
education enrollment in universities and teachers’ colleges, as well as
earnings later in life (Lavy, 2021). Moreover, changes in the curriculum,
that is, intensified math instruction for low-ability students in lower
secondary school, increased high school graduation rates and college
enrolment (Cortes et al., 2015; Nomi & Raudenbush, 2016). Similarly,
changing course selection opportunities in high school affected students’
choices of study areas higher education (Biewen & Schwerter, 2022).
Lastly, the literature highlights that more education (e.g., more years of
compulsory schooling) lead to higher wages (Angrist & Krueger, 1991;
Henderson et al., 2011; Oreopoulos, 2007), higher job prestige (Oreo-
poulos & Salvanes, 2011), and job satisfaction (Winkelmann & Win-
kelmann, 1998).

In summary, educational research from different disciplines illus-
trates that experiences and learning environments in the early life course
can have long-lasting influences on later life. Hence, alterations in the
early structure of learning environments may have a cascading impact
on student learning behaviors in their future. Surprisingly, there is no
established line of research testing this proposition. To narrow this
research gap, we investigated the effects of an instructional time reform
(the G8 reform) on students’ study time in higher education.

1.1. Previous research on instructional time reforms

A long-standing debate addressed the importance of instructional
time for student learning (Patall et al., 2010; Pischke, 2007). This debate
produced rich, albeit mixed evidence — with some studies suggesting
negative effects of more instructional time, some suggesting positive
effects, and others suggesting that the effects vary depending on the
examined student characteristics and outcomes (Allensworth et al.,
2009; Andersen et al., 2016; Lavy, 2015; Meyer & Van Klaveren, 2013).
Most of these studies investigated whether increased instructional time
led to higher student achievement. Theoretically, these studies are in
line with traditional school effectiveness models assuming that proper-
ties of the learning process (e.g., time on task) influence how specific
learning inputs translate to specific learning outputs (Scheerens, 1990).
They also align with theoretical frameworks such as the “Carroll Model
of School Learning” (Carroll, 1988) or the concept of “Mastery Learning”
(Bloom, 1968), which suggest that learning outcomes can be explained
(and increased) by an optimal balance between students’ aptitude and
the amount of learning time.

Consistent with these models are the results of a reform in Ontario,
Canada, which shortened college-preparatory high school by one year.
Krashinsky (2014) and Morin (2013)) concluded that student achieve-
ment declined due to the reform, especially among lower-performing
students. Thus, reducing instructional time alone led to a decline in
achievement. This is in line with other findings that more years of
schooling increase student achievement (Card, 1999; Lochner, 2011).

In recent decades, most German federal states have introduced a
reform compressing school time (Hiibner et al., 2022). Unlike the reform
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in Canada, the German G8 reform not only shortened academic sec-
ondary school (Gymnasium) from 9 to 8 years, but also increased the
amount of weekly instructional time (by about 3.68 h or 12.5 % per
week, see Hiibner et al., 2022; Huebener et al., 2017), so that the total
hours of instruction over the course of secondary school remained
relatively constant. The G8 reform was one of the most fundamental
reforms of the past decades and was accompanied by heated debates
(Dorsam & Lauber, 2019).

Completing an academic-track school is still the primary way to
fulfill the requirements for enrollment in a German university (Biichele,
2020). The Gymnasium is the highest of several secondary school tracks,
which start after Grade 4 in most German federal states. Some states
require a school track recommendation at the end of Grade 4 from
elementary school teachers, while others leave the decision to students’
parents. Students who start secondary school in the Realschule (inter-
mediate-track school) or Hauptschule (lower-track school) and perform
well have an opportunity to switch to an academic-track school after
Grade 9 or 10, depending on the federal state (Biewen & Tapalaga,
2017). The main concern of parents, teachers, and researchers about the
G8 reform was that increasing weekly instructional time could harm
children’s development (Kiihn et al., 2013; Lehn, 2010; Marcus et al.,
2020; Quis, 2018). Empirical evidence on the outcomes of the reform,
however, varies across outcomes.

Andrietti and Su (2019), as well as Huebener et al. (2017), found that
G8 students performed better than G9 students on the PISA tests in
Grade 9; however, students with low socio-economic status benefitted
less than students with a higher socio-economic status, or not at all.
Additionally, Huebener and Marcus (2017) found that G8 students had a
lower final grade point average (GPA) than G9 students, although their
graduation rates were unchanged. Furthermore, as outlined by Hiibner
et al. (2017), G8 students exhibited lower performance in English
reading and biology by the end of upper secondary school. Other studies
suggested that the lower GPA of G8 compared to G9 students was likely
driven by worse grades in mathematics (Biittner & Thomsen, 2015).
Interestingly, Dahmann (2017) found no significant differences between
G8 and G9 students in (fluid and crystalline) intelligence by the end of
high school and Roth (2019) found no significant reform effects on social
inequalities in upper secondary school attendance.

While Huebener and Marcus (2017) found that the increased grade
repetition rates continued until the end of high school, Hiibner et al.
(2022) showed that the grade repetition rate was generally rather low at
academic-track schools: There were extremely few repeaters in the
double cohort, and there was only a very small difference between G8
and G9 students (in favor of G8 students). Additionally, Meyer et al.
(2019) found only moderate changes in the incidence of grade repetition
and dropout following the G8 reform, which they could not track back to
the reform. Several studies showed that the G8 reform increased
school-related stress and health problems (Hiibner et al., 2017, 2022;
Marcus et al., 2020; Quis, 2018) and reduced emotional stability among
upper-secondary students (Dahmann & Anger, 2014). Additionally,
Hofmann and Miihlenweg (2018) showed that the G8 reform signifi-
cantly reduced adolescents’ self-rated mental health status.

Doersam and Lauber (2019), Marcus and Zambre (2019), Meyer
et al. (2019), as well as Meyer and Thomsen (2016, 2018) more closely
investigated the influence of the reform on outcomes after school
graduation. While Meyer et al. (2019) found only minor indications of
reform-related selectivity regarding the decision to enroll into higher
education, Marcus and Zambre (2019) found that G8 students were
more likely to delay enrollment, drop out, or change their fields of study
in higher education. The finding on delayed higher education entry is
consistent with Meyer et al. (2019) and Meyer and Thomsen (2016). In
contrast, Meyer and Thomsen (2018) and Doersam and Lauber (2019)
did not find higher university dropout rates or differences in exam
performance. However, the results of Meyer and Thomsen (2018) refer
to only one German federal state and the results of Doersam and Lauber
(2019) to only one university.
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1.2. Present study

Building on the aforementioned studies, we examined the effects of
the German G8 reform, which increased instructional time in lower
secondary school while reducing the overall years of schooling by one
year in German academic-track schools. We focused on reform-related
changes in students’ study time at university. More precisely, we
examined time spent attending classes and on self-study. Moreover, we
investigated whether students invest their potentially freed-up time in
paid work during their studies. Finally, less concentration on one’s
studies could also manifest in later enrollment in higher education.
Therefore, we additionally analyzed if the reform increased the number
of months passing between high school graduation and university
enrollment. This allowed us to investigate whether students were more
likely to take a gap year. Though our literature review showed that
examining instructional time has a long history, we could not identify
any study investigating its potential long-term impact on study time
after school.

From a life course perspective (e.g., Becker & Schulze, 2013), it is
theoretically plausible that either processes of habituation (a) or of
compensation (b) explain the effects of the examined policy reform. The
habituation scenario (a) suggests that G8 students became used to a
higher learning intensity in lower secondary school, which they main-
tained in higher education. If this was the case, we would expect to find
that G8 students spent more hours attending classes and on self-study in
higher education than G9 students. In contrast, the compensation sce-
nario (b) suggests that the higher learning intensity in lower secondary
school and associated reduced leisure time and health as well as
increased stress created a desire among G8 students for more leisure
time after school completion. If this was true, we would expect to find
that G8 students spent less hours on attending classes and on self-study
and took more time between high school completion and university
entry than G9 students.

The aforementioned literature on the impact of the G8 reform on
achievement found either no G8 reform effects or even a worse perfor-
mance at the end of secondary school and university. Moreover, the
cited health literature found negative effects of the reform. Therefore,
the habituation scenario (a) seemed rather unlikely, and we expected to
find evidence for the compensation scenario (b). Further support for the
compensation scenario would be similar hours spent on paid work
during the semester among G8 students and G9 students, as more time
spent working during the semester would contradict the desire to
experience more leisure time. G8 students had less free time during
school, meaning that if scenario (b) was to hold true, students should not
simply invest their freed-up time into more paid work. As additional
support for scenario (b), G8 students could also take more time between
graduation and university enrollment, as this would show that students
were more likely to take a gap year after a more stressful time in sec-
ondary school. We intentionally did not look at student performance,
because grades assigned in similar courses at different universities over
multiple terms are not based on standardized tests and are thus not
comparable across universities.

2. Methodology

The so-called G8 reform marked a pivotal educational trans-
formation in several German states in the early 2000s (Homuth, 2017).
To accelerate students’ entry into the labor market without significantly
altering their core curriculum, the reform redistributed the learning
content of nine years into eight years. Importantly, the total number of
hours of instruction required for graduation from academic-track
schools remained constant, thus maintaining the time standards for
student achievement. The reform primarily affected cohorts entering
academic-track schools after the completion of primary school. Its
implementation varied from state to state, with different ministries of
education designing specific schedules in consultation with educational
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researchers and practitioners. Following the reform, the average number
of instructional hours per week increased substantially, by about 3.68 h
or 12.5 % (Hiibner et al., 2022; Huebener & Marcus, 2017).

The start of the G8 reform differed between German federal states.
The reform was implemented between 1999 and 2007 in all states but
two. Rheinland-Pfalz never implemented the reform, and in Schleswig-
Holstein, the reform was implemented one year after the last year
covered by our dataset. Sachsen and Thiiringen always had the G8
regime, as this was common in East Germany before reunification in
1990 and not changed afterwards. Therefore, we omitted these always-
takers from the analysis. Similar to prior studies (e.g., Huebener et al.,
2017), we also decided to drop Hessen, where the reform was imple-
mented gradually over the course of three years and thus differed from
the implementation in the other states. Due to the reduced number of
years of schooling, the first G8 cohort graduated in the same year as the
last G9 cohort. Hence, the first treatment cohort is a so-called “double
cohort”. Table 1 shows in which states and years students received their
diploma under the G8 regime.

The reform implementation created a quasi-experimental setting,
which can be exploited using a difference-in-differences (DiD) method.
The DiD method aims at estimating a treatment effect by comparing the
effect of a quasi-experimental treatment on a treatment group with a
baseline measurement and to a corresponding measure for an untreated
group. The resulting estimation of a causal effect is commonly referred
to as the average treatment effect on the treated (ATT). The idea of DiD
is to compare a treatment-induced change over time in the treatment
group to a change without treatment in the control group. To calculate
valid standard errors, DiD is typically estimated in a regression frame-
work using two-way fixed effects (TWFE) models (e.g., Biewen &
Schwerter, 2022; Hackenberger et al., 2021; Henry et al., 2020; Jacob
et al.,, 2017; Zimmer et al., 2017). Such a regression model can be
formalized as follows:

Yise = @+ A + A + p Treatment,, + X, + €3y

where index i is on the individual level, s is on an aggregated level like a
state, and t stands for the time point. 4; captures general state effects and
A¢ captures time effects. The variable Treatment is equal to 1 for the
treatment group after the treatment took place and O otherwise. The
vector X includes all additional covariates. The classical DiD setting is
the 2 x 2 setting, in which there are two periods and two states. In the
second period, one state has received the treatment, and the unobserv-
able counterfactual development is interpolated using the untreated
state. To control for possible dependence within clusters (Bertrand et al.,
2004), standard errors are usually clustered by the time dimension for
each state. If the data are characterized by few (treated) clusters, the
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standard errors may still be biased toward zero (MacKinnon & Webb,
2017; Roth et al., 2023). To solve this issue, one can apply a wild cluster
and subcluster bootstrap to obtain more reliable standard errors (Biewen
& Schwerter, 2022; MacKinnon & Webb, 2017; Roth et al., 2023).

The German federal states implemented the G8 reform in different
years (Table 1). In such cases, using TWFE to estimate the ATT can be
troublesome (Callaway & Sant’Anna, 2021b; applied in Gandara & Li,
2020). First, TWFE assume a constant treatment effect. However, TWFE
suffer from heterogeneity bias if the treatment effect is not homogenous.
In this case, the parallel trend bias is positive, while the heterogeneity
bias is negative. Ex-ante, it is unclear which of these biases dominates or
whether they cancel each other out. Consequently, the direction of the
estimated coefficient in TWFE can be incorrectly estimated due to these
biases (Callaway & Sant’Anna, 2021b). Second, TWFE work well only in
the classical 2 x 2 setting. If there are more time points with different
treatment dates, TWFE aggregate all underlying 2 x 2 DiD treatment
effects into one ATT. In doing so, TWFE put more weight on the un-
derlying 2 x 2 DiD at the center of the time distribution and on those
with more observations (Callaway & Sant’Anna, 2021b).

There are two methods to solve the TWFE treatment effect problem:
weighted group-time ATT (Callaway & Sant’Anna, 2021b; Roth et al.,
2023; Sun & Abraham, 2021) and imputation (Athey & Imbens, 2021;
Borusyak et al., 2022). Because we observe only two never-treated states
with relatively few observations, we must base our comparison on states
that have not yet been treated. This is easier with weighted group-time
ATT (Callaway & Sant’Anna, 2021b). Weighted group-time ATT are
based on manually aggregated DiD models of each non-forbidden 2 x 2
DiD. Forbidden 2 x 2 DiD are those in which the already-treated states
are used as a comparison group for the to-be-treated states. In other
words, the main idea is to estimate the ATT of each 2 x 2 DiD and then
aggregate the treatment effect of interest. This model works well even if
(i) treatment effects are heterogeneous, as in the case of a staggered
reform introduction, (ii) treatment effects change over time, (iii)
short-run effects are more pronounced than long-run effects, and (iv)
treatment effect dynamics differ when people are first treated in a
recession relative to economic expansion years. In our study, (i) is the
case as the reform was implemented in a staggered way, because
educational decisions are taken at the state level in Germany. Moreover,
(ii) changes in treatment effects over time are likely because the share of
students affected by the reform changed as each additional German state
adopted the reform, meaning that the treatment effect might have varied
across states. Therefore, we rely on the R package did (Callaway &
Sant’Anna, 2021a) and use not-yet-treated individuals as the control
group. Given that we only have few clusters, we do not cluster by state,
as the ordinary wild bootstrap performs better than the wild cluster or

Table 1
G8 Reform Introduction per State and High School Graduation Year.
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Baden-Wiirttemberg - - - - - - + + + +
Bayern - - - - - + + + +
Berlin - - - - - - + 4 4 +
Brandenburg - - - - + + + +
Bremen - - - - + + + +
Hamburg - - - - - - + + 4 +
Hessen - - - - - - _ + 4 +
Mecklenburg-Vorpommern - - + + + + + +
Niedersachsen - - - - + + + + + +
Nordrhein-Westfalen - - - - - - - 4 + +
Rheinland-Pfalz - - - - - - - - - -
Saarland - - - + + + + n + +
Sachsen + + + + + + + + +
Sachsen-Anhalt - + + + + + + + + +
Schleswig-Holstein - - - - - - _ _ _ _
Thiiringen + + + + + + + + + +

Note: — = Before implementation of G8 reform. + = After implementation of G8 reform. Rheinland-Pfalz never implemented the reform. The first G8 high school

graduates in Schleswig-Holstein graduated in 2016, but we do not have data covering years after 2015.
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subcluster bootstraps for few (treated) cluster (MacKinnon & Webb,
2017; 2018; Roodman et al., 2019). One feature of the ordinary wild
bootstrap is that it uses randomly generated Rademacher weights (+1 or
—1) with equal probabilities. The function att gt() in the R-package did
(Callaway & Sant’Anna, 2021a) uses the multiplier bootstrap by default,
which basically amounts to perturbing the influence function by
multiplying it by +1 or —1 weights. When including additional control
variables, we use doubly robust estimations. Our tables and figures
provide statistical significance tests and confidence intervals at the 5 %
and 10 % significance levels in the figures.

We first present weighted group-time ATT without any additional
variables. We also present event-study graphs to visualize the reform
effect over time. Thereafter, we include control variables. Following
Huebener et al. (2017), we thereby check threats to the identification
strategy, i.e., changes in the composition of the students due to reform,
by using the potential control variables as outcome variables. Moreover,
we examine potentially heterogenous ATT by gender and social back-
ground, rerunning our analysis with and without control variables for
the subsamples of men, women, first-generation students, and (at least)
second-generation students. As additional robustness checks, we
consider different coding scenarios for the double cohort, treating it as
part of the treatment group initially (following Huebener et al., 2017),
excluding it, and recoding the double cohort to a pre-treatment cohort
(recoded DC) including a one-year anticipation period. Lastly, we
compare the results of the weighted group-time ATT with a
TWFE-regressions to show the difference between the new and old
method. In the TWFE-regressions, we apply a p-value correction for
few-treated clusters using the ordinary wild bootstrap (Fischer &
Roodman, 2021; MacKinnon & Webb, 2017).

For the DiD method to produce valid estimates, we must ensure that
the reform did not affect the group composition. Concretely, the reform
must not encourage students to choose a Gymnasium (i.e., academic
school track) or other schools. Likewise, families should not have moved
to another state to evade the reform. Huebener et al. (2017), Huebener
and Marcus (2017) and Anger and Dahmann (2014) have already crit-
ically examined and convincingly rejected these potential threats to the
validity of our results. In fact, the mobility rates of citizens in Germany
are generally low compared to those in other OECD countries (Kulu
et al., 2021; Sanchez & Andrews, 2011). Most relocations in Germany
happen within close ranges; moreover, parents’ intentions to improve
their children’s education are rarely a motivation for relocations within
Germany (Kemper, 2008). To additionally check the parallel trends
assumption, we provide event-study graphs below.

3. Data

To exploit the described DiD setting, we used data from the German
Student  Social  Survey  (https://doi.org/10.21249/DZHW:ssyp
00l:1.0.1). Since 1951, this survey provides nationally representative
data on the socio-demographic characteristics, previous educational
history, and current situation of students in German higher education.
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Using a simple random sampling procedure, the survey addresses cross-
sections of students at most public and private higher education in-
stitutions every three to four years in the summer semester (for details,
see Apolinarski et al., 2021). We analyzed data from the survey years
2003, 2006, 2009, 2012, and 2016. We used the first two waves mainly
for pre-trend analyses, as no state had implemented the reform yet in
2003 and 2006. Even though the survey is conducted only every three to
four years, each high school graduating year is represented because
university students in different years of study are surveyed. Thus, the
2009 survey cohort includes not only first-year students who graduated
in 2008, but also more advanced students who graduated before 2008.

As the reform only targeted academic-track schools, the secondary
school type with the highest academic standards in Germany, we only
considered students who graduated from this track. Furthermore, we
dropped students who had been enrolled at university for more than 16
semesters, for whom the gap between high school graduation and survey
year was larger than eight years, and students above the age of 30.

After applying these sample restrictions, our pooled dataset con-
tained N = 69,513 students, of which 59 % were female (Table 2).
Students in the sample had an average age of 23. The average number of
semesters of university enrollment was 6.63. The vast majority (81 %)
attended a university and about one-fifth (19 %) a university of applied
sciences. Furthermore, 41 % of students had attended school after the
implementation of the reform (treatment group). Only a few students
were born outside Germany (3 %) and had children (2 %). Summary
statistics for different areas of study and divided by G8 and G9 students
are shown in the appendix (Tables A1, A2, and A3).

We investigated the effects of the G8 reform on eight outcome var-
iables. These variables provide a comprehensive picture of students’
study time investment: First, we examined time spent attending classes,
time spent on self-study, and working hours during a typical week
during the term. The question used to capture these items was “During
the last ‘typical’ week of the semester, how many hours a day did you
spend on the following activities? Indicate this for each day of the week
in hours. Please round to full hours!”. We aggregated the daily infor-
mation into two distinct variables for workweeks (Monday-Friday) and
weekends (Saturday-Sunday). We also investigated a dichotomous var-
iable that assessed whether students worked for pay during the semester.
Lastly, we looked at the number of months between high school
completion and university entry.

Table 3 shows that students spent 12.41 h on average attending
classes during the workweek and (as expected) hardly any time on the
weekends. They further spent another 12.7 h on self-study per week —
9.2 h during the workweek and 3.5 h on the weekend. Moreover, they
devoted about 3.6 h to paid work during the workweek and 1.2 h on the
weekend. Around 64 % of students worked during the semester. The
average number of months between high school completion and uni-
versity entry was about 11 months.

Table 2
Sample Descriptives.
Observations Mean SD Min Max
Treatment (1 = yes) 69,513 0.41 0.24 0 1
High school graduation year 69,513 2008.26 5.13 1998 2016
Female 69,513 0.59 0.49 0 1
Age 69,513 22.99 2.35 16 30
First-generation student 69,513 0.46 0.50 0 1
Semester of study 69,513 6.63 3.71 1 16
University (vs. university of applied sciences) 69,513 0.81 0.39 0 1
Child(ren) 69,513 0.02 0.12 0 1
Immigrant background 69,513 0.03 0.18 0 1

Note: SD = standard deviation, Min = minimum, and Max = maximum (of possible values of each variable). Descriptive statistics differentiated by G8 and G9 students

and by area of study are presented in the appendix (Table A2).
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Table 3
Descriptive Statistics of Outcome Variables.
Observations Mean SD Min Max
Workweek
Hours spent attending classes 69,513 12.41 11.49 0 71
Hours spent on self-study 69,513 9.20 10.11 0 80
Hours spent working 69,513 3.61 6.70 0 60
Weekends
Hours spent attending classes 69,513 0.16 1.06 0 24
Hours spent on self-study 69,513 3.48 4.48 0 38
Hours spent working 69,513 1.22 3.18 0 32
Non-weekly variables
Working during the semester 67,906 0.64 0.48 0 1
Months between high school completion and university entry 69,513 11.26 12.34 0 106

Note: SD = standard deviation, Min = minimum, and Max = maximum (of possible values of each variable). Descriptive statistics differentiated by G9 and G8 students

and by area of study are presented in the appendix (Table A3).

Table 4
Treatment Effects of the G8 Reform on Study Time at University.

ATT SE Lower 95% CI Upper 95% CI

Workweek

Hours spent attending classes —1.745* 0.480 —3.002 —0.488

Hours spent on self-study —1.401* 0.371 —2.384 —0.418

Hours spent working —0.062 0.197 —0.568 0.444
Weekends

Hours spent attending classes —0.003 0.029 —0.070 0.064

Hours spent on self-study —0.519* 0.180 —-1.011 —0.028

Hours spent working —0.165 0.121 —0.474 0.144
Non-weekly variables

Working during the semester 0.043 0.021 —0.014 0.099

Months between high school completion and university entry 1.792* 0.349 0.905 2.680

Note: ATT refers to the weighted group-time average treatment effect on the treated (Callaway & Sant’Anna, 2021b). Standard errors (SE), lower and upper 95 %
confidence intervals (CI) are adjusted for multiple testing using ordinary bootstrapped standard errors. N = 69,513. *p < 0.05.

4. Results

Our baseline results indicate significant G8 treatment effects on time
spent attending classes during the workweek, hours spent on self-study
during the week and on the weekend, and on the time gap between high
school completion and university entry (Table 4). Students affected by
the G8 reform spent about 1.7 h less attending classes during the week.
In addition, G8 students spent about 1.4 h less on self-study during the
workweek and 0.5 h less on the weekend. We also found an average
increase of 2 months in the duration between high school graduation
and university entry. There was no statistically significant effect on time
spent attending classes during the weekend, hours spent on paid work
(during the workweek or the weekend), and the general probability of
working. Overall, these results align with the compensation scenario (b),
which suggests that G8 students spend less time on self-study at uni-
versity, without increasing their working time.

We further decomposed the general ATT using an event-study design
(Fig. 1) in which the treatment effects in all states were aggregated in
terms of normalized time relative to the reform implementation. In so
doing, we tested (a) whether there was a pre-trend that violates the
common trends assumption and (b) whether the ATT were constant
across all post-treatment periods. This elucidates whether (a) the par-
allel trends assumption holds and whether (b) the treatment effects
changed over time.

First, we did not observe any statistically significant differences in
the pre-treatment periods over time, supporting the validity of the
common trend assumption concerning all examined outcome variables.
For time spent attending classes during the workweek, the effect was
negative but not statistically significant when the treatment was first
introduced. For the following two post-treatment periods, we found
negative and statistically significant effects. Thereafter, the estimates
were constant from the third throughout the eighth post-treatment pe-
riods, but the confidence intervals widened, resulting in statistically

insignificant effects. Notably, G8 students graduated from high school
between 2007 and 2013, and the last data collection point was in 2015.
Thus, our data included only a few students from some larger states with
more than three post-treatment periods. This explains the less efficient
estimations for the later periods.

The effect of the G8 reform on hours spent on self-study during the
workweek was significant for the double cohort and the subsequent two
graduation years. Again, the estimation results were relatively stable but
less efficient for the later post-reform years. For hours spent on self-study
on the weekend, we found a trend of decreasing ATT over time up to the
fifth post-treatment period. Still, only the effect for the second post-
treatment period was statistically significant. Lastly, for the months
between high school graduation and university entry, the effects were
significant for the first to fifth post-treatment periods. The graphs for
time spent in class on the weekend and all three work-related outcomes
did not reveal any additional information compared to Table 4, as there
were no significant differences.

To check for differences between federal states, we included control
variables for gender, age, and whether students attended a university or
a university of applied sciences. Because the reform affected students
beginning in Grade 5, any student characteristics measured after Grade
5 might represent intermediate outcomes or “bad” controls (Angrist &
Pischke, 2009). Consequently, a reduction in the treatment effects after
adding the additional control variables would not necessarily imply that
the treatment was less effective, but rather that the treatment effects
were partly explained by the intermediate outcomes. For ease of inter-
pretation, we compared the results presented in Table 4 graphically with
the estimation results using additional control variables in Fig. 2. We
found no change in the interpretation of whether the treatment effects
were statistically unequal to zero at the 10 % significance level. Only for
hours spent on self-study during the weekend does the 5 % interval now
overlap zero. Thus, our previous estimation results were robust and
cannot be explained by the additional control variables.
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Fig. 1. Event-Study Results.

Note: The x-axis shows the time in years relative to the treatment. The red lines (values on the x-axis less than zero) indicate years before the treatment, turquoise
lines (values on the x-axis greater than or equal to zero) indicate years after the treatment. The y-axis shows the effect of the treatment on the respective outcomes. 95
% confidence intervals were adjusted for multiple testing using ordinary bootstrapped standard errors.
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Fig. 2. Comparing Baseline Results with Estimations Including Additional Control Variables.

Note: We included the 95 % and 83.4 % confidence intervals for each estimate. We provided the 95 % confidence intervals to highlight whether the estimates were
statistically different from zero at the 5 % level. We also included the 83.4 % confidence intervals to highlight whether the point estimates from the base regression
(red, square) and the regression with additional control variables (turquoise, cross) were significantly different from zero at the 5 % level (Knol et al., 2011). We did
not report estimates for working during the semester because the estimated reform effects was not significant and because the variable was not captured in hours or

months but coded as a dichotomous variable.

5. Sensitivity analyses
5.1. Heterogenous reform effects by gender and social background

Following the G8 literature (Huebener et al., 2017), we explored
potential heterogeneity in the treatment effects between first- and
second-generation students (as an operationalization of social back-
ground) as well as between women and men (Fig. 3). An analysis for the
subgroups of men vs. women revealed that the ATT on spending time
attending classes during the workweek as well as on self-study during
the workweek and on the weekend were partly driven by the estimates
for men. Interestingly, whereas the ATT for men were statistically sig-
nificant different from zero for all three aforementioned outcomes
(spending time attending classes during the workweek as well as
self-study during the workweek and on the weekend), this was not the
case for women. Notably, although the ATT for hours spent working
during the weekend were statistically insignificant for both men and
women, the positive ATT for men was significantly different from the
negative ATT of women, indicating that men were more likely to work
longer hours than women if they work.

Moreover, we found that the ATT for spending time attending classes
during the workweek was driven by the estimates for second-generation
students. However, for time spent on self-study, the ATT for both second
and first-generation students were not significantly different from zero.
Our results suggest that treatment heterogeneity was more pronounced
between men and women than between second and first-generation
students. Overall, however, we found that the effects of the G8 reform
on study time in higher education were rather similar across students of
different gender and social background.

5.2. Double cohort

As the first treatment period also contained students from the G9
regime, we re-estimated our models considering the double cohort a pre-
treatment cohort (recoded DC) including a one-year anticipation period.
Additionally, we estimated models in which we completely dropped the
double cohort (no DC). Again, all results were relatively robust (Fig. 4).
Only for self-study during the week did the ATT shift clearly toward zero
when assigning the double cohort to the non-treatment period without
an anticipation period. This can be easily explained by the fact that in
Fig. 1c, the double cohort has a significantly negative ATT. Additionally,
not including the double cohort led to generally higher ATT, except with
the months between high school completion and university entry. Other
than that, the results were not affected much by the coding of the double
cohort. Therefore, our main conclusions are unaffected by how we treat
the double cohort.

5.3. Composition of treatment and control groups

To ensure the robustness of our DiD analyses, we examined possible
compositional changes in the cohorts affected by the reform. Specif-
ically, we tested whether the reform affected the selection of students
into higher education by examining students’ personal characteristics,
choice of study area, and type of degree. Significant changes in the
composition of student bodies by personal characteristics, study areas,
or degree types might suggest that the reform changed the patters of
selection into higher education and thus students’ average study time.
Such a scenario could explain our observed treatment effects.

Supporting our results, however, we did not find any significant
reform-related compositional changes regarding students’ personal
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Note: We included the 95 % and 83.4 % confidence intervals for each estimate. We provided the 95 % confidence intervals to highlight whether the estimates were
statistically different from zero at the 5 % level. We also included the 83.4 % confidence intervals to highlight whether the point estimates for the subgroups were

significantly different from zero at the 5 % level (Knol et al., 2011).

characteristics, study areas, and types of degrees (Tables 5 and 6). Only
students’ age differed significantly between pre- and post-reform co-
horts at the 95 % level; moreover, the share of first-generation students
differed significantly at the 90 % level (Table 5). The first difference,
however, is by construction: As the reform was conducted more recently
in the bigger German federal states, there were not yet so many older
post-reform students enrolled at university. Importantly, younger stu-
dents usually invest more time in their studies than older students
(Hauschildt et al., 2015, 2018; Pellizzari & Billari, 2012). Similarly,
first-generation students tend to be less engaged in their studies and
perform worse than second-generation students (Canning et al., 2020).
Thus, having more younger students and fewer first-generation students
in the G8 sample might (if at all) have biased our estimates toward zero,
leading (at worst) to lower bound estimates of the true treatment effects.

Besides the age difference, we did not find any significant differences
between pre- and post-reform cohorts. Consequently, we are highly
confident that the reform did not unintentionally influence students’
interest in different study areas or types of degrees — and thus that we
actually measured the effects of G8-related changes in instructional
time.

5.4. Comparing weighted group-time with TWFE estimates

This section demonstrates the necessity of using the DiD method
introduced by Callaway and Sant’Anna (2021b). Typically, multiple
specifications with different sets of control variables are included
sequentially when using the TWFE. However, the biggest problem are
forbidden DiDs in TWFE estimations, which compare always-takers or
already-takers (students from states that already implemented the re-
form) with to-be-treated students. The following graphs show the TWFE
estimations for five different models. Following Huebener et al. (2017),
the first TWFE model includes the general DiD variables and a dummy
for the double cohort (Model 1). The second model includes the control
variables for gender, age, semester of study, enrollment in a university
vs. university of applied sciences, having at least one child, nationality
and first-generation status (Model 2). The third model added the type of

degree students were pursuing (e.g., bachelor’s or master’s degree) and
a dummy variable for each study area (Model 3). Table 7 presents the
respective estimation results with ordinary wild bootstrap p-values.
The TWFE yielded estimates biased heavily toward zero. For
example, instead of an estimated reduction of almost two hours, the
TWEE estimated treatment effects of about half an hour up to one hour
for hours spent attending classes during the workweek. This estimation
highlights the problem with TWFE, as it underestimated the G8 reform
effects. Only for the number of months between high school completion
and university were the estimation results similar with both methods,
albeit only once we included additional control variables. In terms of
significance, however, the same estimates were significant, as in Table 4.

6. Discussion and conclusion

Adopting a life course perspective, we examined whether changes in
the learning environment in the early life course have long-lasting ef-
fects on students’ study time later in life. We investigated the effects of
the G8 reform in Germany, which reduced secondary school by one year
and increased average instructional time by about 3.68 h or 12.5 % per
week. Instructional time in the remaining eight years of secondary
school was increased to compensate for the omitted school year, so that
a similar amount of content could be covered. We tested whether this
quasi-experimental setting influenced the duration between high school
completion and university entry, students’ investment in different forms
of study time, and the likelihood of working during the semester.

Our results showed that G8 students spent less time attending classes
at university during the workweek than G9 students. The G8 reform also
reduced hours spent on self-study during the workweek and weekends.
Thus, compressing students’ time in school while increasing average
weekly instructional time had detrimental effects on study time at uni-
versity. Furthermore, G8 students did not use their freed-up time to
work more and tended to enroll at university after longer time gaps than
G9 students.

We started from two theoretically plausible scenarios explaining
possible G8 reform effects, that is, a habituation scenario (a) and a
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Fig. 4. Robustness Check Including Various Treatments of the Double Cohort.

Note: As in Fig. 2, we included the 95 % and 83.4 % confidence intervals for each estimate. In addition to the baseline regressions (red, square) and regressions
including additional control variables (yellow, triangle) presented above, we added regressions in which the double cohort was recoded as a pre-treatment cohort
without anticipation (recoded DC, no anticipation) and with anticipation (recoded DC and anticipation) — each of these treatments of the double cohort once without
additional control variables (green, cross; purple, triangle pointing downwards), and once with additional control variables (blue, diamond). 95 % confidence in-
tervals were adjusted for multiple testing using ordinary bootstrapped standard errors.

Table 5
Treatment Effects of the G8 Reform on Students’ Characteristics.
95 % CI 90 % CI

Variable Observations ATT SE Lower CI Upper CI Lower CI Upper CI
Female 69,513 0.017 0.022 —0.042 0.075 —0.034 0.068
Age 69,513 —0.415* 0.077 —0.625 —0.205 —0.591 —0.239
Number of children 69,513 —0.014 0.007 —0.030 0.002 —0.030 0.003
Foreign 69,513 -0.017 0.012 —0.046 0.011 —0.045 0.010
First-generation student 69,513 —0.047+ 0.019 —0.097 0.002 —0.091 —0.003
Married (vs. single or in a relationship) 67,093 —0.007 0.004 —0.017 0.003 —0.164 0.003
Single (vs. married or in a relationship) 67,093 0.014 0.017 —0.030 0.058 —0.023 0.050
Father with university entrance qualification 65,389 0.020 0.016 —0.023 0.063 —0.020 0.061
Mother with university entrance qualification 66,312 —0.004 0.017 —0.050 0.042 —0.044 0.036
Father without school-leaving certificate 65,389 0.000 0.003 —0.008 0.009 —0.007 0.007
Mother without school-leaving certificate 66,312 0.003 0.003 —0.003 0.010 —0.002 0.009

Note: ATT refers to the weighted group-time average treatment effect on the treated (Callaway & Sant’Anna, 2021b). The last six variables were not included as control
variables in any analysis to prevent a reduction of observations. Married: Dummy variable indicating whether students are married (vs. single or in a relationship).
Single: Dummy variable indicating whether students are single (vs. married or in a relationship). With university entrance qualification: 1 = university entrance
qualification [Abitur], 0 = secondary school qualification [Realschulabschluss], lower secondary school qualification [Hauptschulabschluss], or no school-leaving
certificate. With no school-leaving certificate: 1 = no school-leaving certificate, 0 = university entrance qualification, secondary school qualification, or lower sec-
ondary school qualification. Standard errors (SE), lower and upper confidence intervals (CI) were adjusted for multiple testing using ordinary bootstrapped standard
errors. * p < 0.05, * < 0.10.

compensation scenario (b). Our empirical results align with the number of G8 students from states that implemented the reform in 2012
compensation scenario (b) in that G8 students spent less time studying or 2013. For example, only three cohorts of students were affected by the
without working more and enrolling at university after longer time gaps. reform in those states in which the first G8 students graduated in 2013.
Thus, G8 students opted for more leisure time after school completion Our results are consistent with previous findings on the G8 reform
than G9 students. The estimated ATT were particularly pronounced in suggesting rather negative effects of reform exposure on educational
the first periods after the introduction of the treatment. Thereafter, the attainment: Several studies found that G8 students delayed their uni-
treatment effects were reasonably stable, but not statistically significant versity entry, changed their fields of study more frequently, and were
due to large standard errors. One possible explanation for the lack of more likely to drop out of higher education (Marcus & Zambre, 2019;
significance in the later post-reform periods is the relatively small Meyer et al., 2019; Meyer & Thomsen, 2018). These patterns align with
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Table 6
Treatment Effects of the G8 Reform on Students’ Study Area and Degree Type.

Panel A 95 % CI 90 % CI

Study Area Observations® ATT SE Lower CI Upper CI Lower CI Upper CI
Agricultural, forestry, nutritional sciences 1,722 0.016 0.015 —0.022 0.056 —0.018 0.051
Medicine 5,227 0.002 0.003 —0.006 0.010 —0.005 0.010
Engineering 13,012 —0.028 0.020 —0.081 0.026 —0.075 0.020
Art 2,138 0.003 0.015 —0.037 0.042 —0.032 0.037
Mathematics & sciences 12,090 0.007 0.009 -0.016 0.030 -0.014 0.028
Law, business, economics, and social scienes 20,486 —0.001 0.001 —0.003 0.001 —0.003 0.001
Sport 945 0.003 0.005 —0.010 0.016 —0.008 0.015
Languages 14,662 —0.004 0.019 —0.054 0.044 —0.048 0.039
Panel B 95 % CI 90 % CI

Degree Type Observations® ATT SE Lower CI Upper CI Lower CI Upper CI
Other degree 272 —0.029 0.019 —0.079 0.021 —-0.073 0.015
Bachelor (without teaching degree) 27,146 0.011 0.011 —0.016 0.037 —-0.013 0.035
Bachelor (teaching degree) 2,823 0.008 0.013 —0.026 0.042 —-0.021 0.038
Art college degree 9,251 0.007 0.005 —0.005 0.018 —0.005 0.018
University vs. university of applied sciences 2,956 —0.003 0.001 —0.006 0.000 —0.006 0.000
Not striving for a degree 153 0.005 0.004 —0.003 0.014 —0.003 0.014
Magister 2,723 0.000 0.001 —0.003 0.003 —0.003 0.003
Master (without teaching degree) 8,271 0.003 0.012 —0.029 0.034 —0.024 0.030
Master (teaching degree) 1,120 —0.008 0.011 —0.035 0.018 —0.033 0.016
Doctorate degree 623 0.000 0.000 —0.001 0.001 —0.001 0.001
State examination (without teaching degree) 8,582 0.004 0.002 —0.000 0.009 —0.000 0.009
State examination (teaching degree) 6,576 0.002 0.002 —0.001 0.006 —0.001 0.006

Note: Observations® shows how many students major in the respective study area. Observations® indicates how many students major in the respective degree type. ATT
refers to the weighted group-time average treatment effect on the treated (Callaway & Sant’Anna, 2021b). Standard errors (SE), lower and upper confidence intervals
(CI) were adjusted for multiple testing using bootstrapped standard errors. N = 69,513. * p < 0.05, © < 0.10.

Table 7
Comparing Weighted Group-Time and TWFE Estimates.

Two-Way Fixed-Effects Regressions

Model 1 Model 2 Model 3
Workweek
Hours spent attending classes —0.511* —0.449* —0.403*
[0.002] [0.004] [0.007]
Hours spent on self-study —0.541* —0.589* —0.546*
[0.001] [0.000] [0.002]
Hours spent working 0.008 0.002 —0.005
[0.923] [0.982] [0.961]
Weekends
Hours spent attending classes —0.012 —0.011 —-0.010
[0.463] [0.480] [0.528]
Hours spent on self-study —0.181* —0.186* —0.173*
[0.008] [0.004] [0.011]
Hours spent working 0.025 0.047 0.042
[0.625] [0.309] [0.392]
Non-weekly variables
Working during the semester 0.008 0.008 0.004
[0.323] [0.289] [0.5971
Months between high school completion and university entry 0.716* 1.828* 1.830*
[0.002] [0.000] [0.000]

Note: The ordinary wild bootstrap (Fischer & Roodman, 2021) p-values for the TWFE models are shown in rectangular brackets. Model 1 included no additional control
but a dummy for the double cohort, Model 2 included students’ gender, age, semester, first-generation status, type of university, and nationality. Model 3 additionally
included degree type and area of study fixed effects. TWFE results using normal clustered SE are shown in the manuscript in Fig. Al. * p < 0.05, + p < 0.10.

our finding that G8 students are less focused on higher education
attainment. This finding underscores a new facet of a broadly visible
pattern of the G8 reform having possibly detrimental effects. The ho-
mogeneous treatment effects on students’ from different social back-
grounds also align with previous findings (Biittner & Thomsen, 2015;
Huebener et al., 2017; Huebener & Marcus, 2017). Additionally, the
tendency for a more negatively pronounced effect on men aligns with
results by Huebener et al. (2017), who found that boys were more
negatively affected by the reform than girls.

While G8-induced increases in average performance were visible
among 9th graders in PISA data (Andrietti & Su, 2019; Huebener et al.,
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2017), negative effects on grade repetition rates, graduation rates, and
GPA were found at the end of high school (Huebener & Marcus, 2017). A
possible explanation for why G8 students are more likely to drop out of
higher education (Marcus & Zambre, 2019) despite similar levels of
intelligence, a similar personality development, unchanged levels of
social inequality at the end of high school, and the absence of compelling
evidence for different achievement levels of G8 students at university
(Dahmann, 2017; Dorsam & Lauber, 2019; Meyer & Thomsen, 2018;
Roth, 2019; Thiel et al., 2014) is the lower study time of G8 students we
found in our analysis. Our results are of particular importance when
reconsidering the ample evidence showing that more effort at university
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(e.g., preparing for classes, attending classes, practicing after classes,
and especially self-study) leads to better educational performance
(Andrietti & Velasco, 2015; Arulampalam et al., 2012; Bonesrgnning &
Opstad, 2015; Bratti & Staffolani, 2013; Ersoy, 2021; Grave, 2011;
Metcalfe et al., 2019; Schwerter et al., 2022a, 2022b; Stinebrickner &
Stinebrickner, 2008). Less effort on the part of G8 students might result
from long-term negative effects of increased stress and reduced health at
high school: Students who experience fatigue, feel overwhelmed,
experience stress, and have overall poorer health (especially at the end
of upper secondary school; Hiibner et al., 2017, 2022; Marcus et al.,
2020; Quis, 2018) might reduce their study time in higher education,
when they have the autonomy to do so. They might do so to compensate,
at least to a certain degree, for more stressful school years. In summary,
the existing empirical evidence tends to confirm the main concern of
parents, teachers, and researchers that more intensive daily instruction
can have adverse effects on children’s development in the long run
(Kiihn et al., 2013; Lehn, 2010).

The differential effects of the G8 reform on men and women might be
explained by women’s generally higher conscientiousness (Verbree
et al., 2023), greater self-discipline (Duckworth et al., 2019; Duckworth
& Seligman, 2006), and better grades (Blanden, 2020; Duckworth et al.,
2019; Friedman-Sokuler & Justman, 2016; Lubinski & Benbow, 2006).
Women’s higher levels of conscientiousness, self-discipline, and aca-
demic performance could make them less susceptible to the effects of the
reform, as they might be inherently more motivated or better prepared
to navigate academic challenges induced by systemic changes. Notably,
a formal test of the relevance of personality traits for gender disparities
in the context of the G8 reform needs to be conducted in future studies
that have adequately captured measures for these traits.

Our results are robust to several sensitivity checks and align with
previous results. Still, our study has limitations, which also highlight
ways forward for future research on the long-term effects of educational
reforms. To begin with, the German Student Social Survey assessed
students only every three to four years. As G8 students seem to be more
likely to drop out of higher education (Marcus & Zambre, 2019), the
remaining students may be particularly determined to complete their
studies. However, as reported in previous studies, students who drop out
are less likely to attend class and invest time in self-study (Bernardo
et al., 2016). These patterns suggest that their higher likelihood of
dropout likely leads to an underestimation of the ATT of the G8 reform.
Considering this fact and that our G8 sample contains more younger
students and less first-generation students, our estimations are likely
conservative.

Our data on the number of hours spent studying were reported
subjectively. While minor differences to actual hours spent studying are
thus theoretically possible, it is unlikely that the reform changed stu-
dents’ response behavior in this respect, and therefore unlikely that the
subjective measurement of our dependent variables produced notably
biased ATT of the G8 reform. Furthermore, our data did not allow us to
determine whether students only invested less time or whether they also
obtained fewer ECTS credits per semester. Thus, we could not determine
whether G8 students made less formal progress in their studies and
graduated later from university than G9 students. We are not aware of
large-scale data allowing researchers to test this.

We observed little change in the composition of student bodies due to
the reform. Where we observed small changes, these were likely to result
in lower-bound estimates. Other studies reported some selection into
university as a result of the reform (Marcus & Zambre, 2019; Meyer
et al., 2019; Meyer & Thomsen, 2016). As our data only included stu-
dents in higher education, we could not further examine possible se-
lection patterns in this study. Similarly, we were not aware of data
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allowing us to further examine what and how students learn in their time
devoted to studying. Considering that G8 students do not only spend less
time on average on class attendance and self-study in higher education,
but also tend to receive similar or worse grades (Huebener & Marcus,
2017), exhibit a higher propensity to drop out of higher education
(Marcus & Zambre, 2019), and report school-related stress and health
problems more frequently (Quis, 2018), we have no reason to assume
that G8 students learned to invest their study time more efficiently. Yet,
future research could properly test this hypothesis. Analyzing study ef-
ficiency in addition to study time would provide further valuable evi-
dence on whether the G8 reform induced a habituation or a
compensation scenario.

Future research could also more systematically examine the imple-
mentation of the G8 reform at the school level. The reform foresaw a
uniform framework for lower and upper secondary students within the
different German states. Furthermore, the reform required schools to
implement changes in the majority or all subjects and did not lead to a
cut in the number of subjects. However, our data did not allow us to
properly examine how the reform was implemented within individual
schools. For instance, it would have been highly interesting to know
whether study time was equally condensed in all subjects. The
assumption of a uniform implementation of the reform is supported by
the fact that schools within the same state typically use similar text-
books, indicating relatively homogenous curriculum compressions.

From a life-course perspective, it would also be important to examine
whether the lower study time of G8 students in higher education extends
to later periods in the life course. Are G8 students also less likely to
enroll in professional developmental training later in life? This could be
concerning in rapidly changing and increasingly digitized labor markets
(Acemoglu et al., 2020, 2021; Acemoglu & Restrepo, 2019) — in which
lifelong learning will be important for meeting future labor market de-
mands (OECD, 2019).

To our knowledge, no prior study had investigated the extent to
which policy reforms implemented in lower secondary school created
path dependencies that influence study time in the life course after
school completion. We addressed this research gap by showing that the
German G8 school reform, which increased the weekly instructional
time in lower secondary school for academic-track students, decreased
students’ time on class attendance and self-study in higher education.
Additionally, we found no statistically significant reform effects on
students’ probability to work but that G8 students delayed their
enrollment in higher education. Our study also advanced the corre-
sponding methodological literature by presenting weighted group-time
ATT (Callaway & Sant’Anna, 2021b), which overcome several prob-
lems of the TWFE in DiD frameworks. Our results suggest that re-
searchers and policymakers should more seriously consider potential
long-term effects when developing, implementing, and evaluating
school reforms.
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Health Sciences Engineering Natural Sciences Social Sciences Languages and Cultural Studies
Mean SD Mean SD Mean SD Mean SD Mean SD
Workweek
Hours spent attending classes 16.68 14.08 10.96 11.89 14.57 13.09 11.09 10.51 12.25 9.18
Hours spent on self-study 9.81 10.65 7.90 10.33 10.41 10.73 8.68 9.93 9.98 9.25
Hours spent working 2.06 5.28 3.33 7.08 3.23 6.48 3.84 7.01 4.43 6.53
Weekend
Hours spent attending classes 0.19 1.31 0.11 0.95 0.13 0.99 0.18 1.07 0.17 1.07
Hours spent on self-study 4.57 5.47 2.83 4.29 4.00 4.71 3.22 4.29 3.65 4.23
Hours spent working 1.40 3.76 0.81 2.62 1.08 2.92 1.18 3.12 1.55 3.46
Non-weekly variables
Working during the semester 0.54 0.50 0.61 0.49 0.59 0.49 0.65 0.48 0.71 0.45
Months between high school completion and university entry  13.46  16.86 10.86  11.75 9.49 9.90 12.40 13.38 10.12 10.37
Note: SD = standard deviation.
Table A2
Sample Descriptives Differentiated by G9 and G8 Students.
G9 G8
N Mean SD Min Max N Mean SD Min Max
Double cohort 46,763 0.00 0.00 0 0 23,733 0.22 0.42 0 1
High school graduation year 46,763 2005.69 4.30 1998 2016 23,733 2013.33 1.80 2007 2016
Female 46,763 0.59 0.49 0 1 23,733 0.60 0.49 0 1
Age 46,763 23.58 2.26 16 30 23,733 21.83 2.10 17 30
First-generation student 46,763 0.46 0.50 0 1 23,733 0.47 0.50 0 1
Semester of study 46,763 7.24 3.89 1 16 23,733 5.44 2.99 1 16
University (vs. university of applied sciences) 46,763 0.83 0.37 0 1 23,733 0.76 0.43 0 1
Child(ren) 46,763 0.02 0.14 0 1 23,733 0.01 0.09 0 1
Immigrant background 46,763 0.03 0.17 0 1 23,733 0.04 0.20 0 1
Note: SD = standard deviation, Min = minimum, and Max = maximum (of possible values of each variable).
Table A3
Description of the Outcome Variables Differentiated by G9 and G8 Students.
G9 G8
N Mean SD Min Max N Mean SD Min Max
Workweek
Hours spent attending classes 46,763 14.61 11.25 0 71 23,733 8.16 10.71 0 58
Hours spent on self-study 46,763 11.07 10.35 0 80 23,733 5.61 8.51 0 60
Hours spent working 46,763 4.42 7.24 0 60 23,733 2.06 5.20 0 60
Weekend
Hours spent attending classes 46,763 0.19 1.19 0 24 23,733 0.09 0.76 0 20
Hours spent on self-study 46,763 412 4.64 0 38 23,733 2.25 3.88 0 25
Hours spent working 46,763 1.46 3.45 0 32 23,733 0.75 2.52 0 24
Non-weekly variables
Working during the semester 44,524 0.66 0.47 0 1 23,382 0.61 0.49 0 1
Months between high school completion and university entry 46,763 12.35 13.37 0 106 23,733 9.14 9.64 0 100

Note: SD = standard deviation, Min = minimum, and Max = maximum (of possible values of each variable).
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(a) Time spent attending classes during workweek (b) Time spent attending classes during the weekend
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(g) Working during the semester (yes/no)
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Fig. A1. Weighted Group-Time ATT and TWFE Estimates.
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