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Abstract

Central exams are often hypothesized to favorably affect incentive structures in schools.
Indeed, previous research provides vast evidence on the positive effects of central exams
on student test scores. But critics warn that these effects may arise through the strategic
behavior of students and teachers, which may not affect human capital accumulation in the
long run. Exploiting variation in examination types across school systems and over time,
we provide the first evidence that central exams positively affect adult skills. However,
estimated effects on skills are small and we find no significant average effect on earnings.
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1 Introduction

Central exams are associated with substantially higher test outcomes of students (see
Bishop, 1997; Woessmann, 2003, 2005; Jiirges et al., 2005; Fuchs and Woessmann,
2007). While this reduced-form pattern is well documented, critics warn that this
result may simply reflect differences in students’ test-taking ability, rather than actual
differences in knowledge and skills. If that were so, central exams might not genuinely
improve the productive skills of adults. Indeed, the existing evidence on the relationship
between central exams and labor market outcomes is at best mixed (Bishop et al., 2000;
Backes-Gellner and Veen, 2008; Piopiunik et al., 2013). However, there is no evidence
on the direct effect on cognitive skills of adults, and the available evidence on the long-
term impacts of central exams on labor market outcomes rests entirely on observational
studies that estimate cross-sectional regression models.

This is the first paper to study the relationship between the type of exit examination
at the end of secondary school and the cognitive skills of adults, as well as labor
market outcomes in a panel framework. For this purpose, we draw upon data from
OECD’s survey of adult skills (OECD, 2013b). Internationally, the Programme for the
International Assessment of Adult Competencies (PIAAC) is the most comprehensive
survey of adult skills ever undertaken. It assesses literacy and numeracy skills and the
ability to solve problems in technology-rich environments. It also collects information
on labor market outcomes and background characteristics of representative samples
of respondents aged 16-65. We supplement the PIAAC data with data on reforms of
examination regimes since 1960 for 30 countries participating in PIAAC. We collected
these data specifically for this analysis from a wide variety of sources (cf. Table Al).
The data allow us to assign to each participant of PIAAC the type of exit exam that was
in place at the time when the participant graduated from high school. Our classification
of exam regimes focuses on the central versus local nature of high school leaving exams
and employs the definition of central exams of Bishop (1997).

We leverage the panel structure (by graduation cohort across countries) of our data
to identify the long-term effects of central exams by exploiting within-country variation
in exam types over time and across countries.! In particular, we estimate regression
models that include country fixed effects as well as country-specific linear trends, which

ensure that unobserved time-invariant differences in relevant characteristics or differ-

Note that exploiting this variation is different from comparing U.S. states with and without minimum
competency exams or differing graduation requirements (e.g., Baker and Lang, 2013; Bishop and Mane, 2001;
Dee and Jacob, 2007), as here graduation requirements in many cases do not change.



ences in linear trends across countries do not confound our estimates. To benchmark our
panel estimates, we also present results based on commonly estimated cross-sectional
models that rely entirely on strong selection-on-observable assumptions.

Our findings reveal a positive effect of central exams at the end of secondary school
on adult skills. We find that central exams on average increase cognitive skills of adults
by about 7 percent of a standard deviation. Effect sizes are similar for numeracy and
literacy, and only slightly higher for problem-solving skills. We find no significant effects
on earnings, employment, or the probability of holding a tertiary degree. In terms of
earnings, we can rule out effect sizes larger than 4.6 percent.

Our estimated average effects on skills are small compared to the results of studies
that examine student skills, which typically find central exam effects of more than 10
percent of a standard deviation. This difference might be the consequence of some
fade-out in central exam effects. Given recent estimates of the returns to adult skills
based on the same data (Hanushek et al., 2017), our small estimate of the skill effect
is consistent with not finding any earnings effects above 4.6 percent.

However, we also find evidence for effect heterogeneity across countries and popu-
lation groups. In particular, while all groups benefit from central exams, we find some
evidence for stronger effects on skills for second-generation migrants and also some
evidence for positive earnings effects for females and individuals with low parental ed-
ucation background. Most interestingly, we also find some evidence suggesting that
central exam effects positively depend on the level of school autonomy in a country.
Overall, these findings are in line with previous evidence on heterogeneities of central
exams on student achievement (see Woessmann, 2005).

We also conduct a series of robustness checks that reveal some interesting aspects.
First, our main results are robust to a large set of sensitivity checks. In particu-
lar, we present a decomposition of our twoway fixed effects estimate as recently pro-
posed in Goodman-Bacon (2021) and additionally report results based on Callaway
and Sant’Anna (2021)’s doubly robust difference-in-differences estimator to show that
our twoway fixed effects estimates of the average reform effect are not biased because
of time-varying treatment effects. Second, we supplement our main analysis with com-
parable estimates of the central exam effect on student skills. While these results are
purely descriptive, they support the conjecture that central exam effects on skills fade
out to some extent over time. Finally, we also provide some evidence for the existence of
a positive relation between central exams and adult skills by exploiting the variation in

exam types across German federal states. This finding within a single country concurs



with our international results.

The remainder of the paper is structured as follows. Section 2 reviews existing
evidence on the effects of central exams. In Section 3, we describe our self-collected
longitudinal data on exit examinations, the PIAAC data as well as the construction
of our estimation sample. In Section 4, we present our empirical strategy. Section 5
presents our main results, Section 6 discusses their robustness, and Section 7 presents

further supporting evidence. Our conclusion is in Section 8.

2 Conceptual background

We begin our discussion with a definition of central exams, based on Bishop (1997).2
A central school leaving examination (in short, a central exam) is a mandatory written
test, administered by a central authority (such as a ministry of education), that provides
centrally developed, curriculum-based test questions covering core subjects such as
math and the national language. Central exams impose consistent test implementation,
grading, and a pre-defined passing threshold. Thus, central exams set external and
consistent quality standards of secondary education (not necessarily skills), and ensure
comparability of students’ performance. Additionally, achievement in a central exam—
and, especially, failing a central exam—is required to have direct consequences for
students who take the exam, for example by representing a significant part of the final
grade and by a limited number of valid retakes. Finally, central exams can be organized
either on a national or regional level.®

The theoretical foundation for our empirical analysis of the effects of central exams
is laid out in models such as Bishop and Woessmann (2004) and Bishop (2006). Central
exams may affect student skills and later outcomes through a variety of channels. First,
by providing information on the outcomes of the educational process, central exams can
improve the monitoring of the behavior of teachers and schools. Thus, central exams
may raise educational outcomes as they improve accountability in school systems. Sec-
ond, if central exams improve the signal of educational achievement for employers and
institutions of higher education (Becker and Rosen, 1992; Schwerdt and Woessmann,

2017), they can have true productivity effects by creating incentives for students to

2See Bishop (1997, pg. 260) for the detailed definition of a central exam.

3Note that, according to the definition of Bishop (1997), commercially prepared tests such as the Scholastic
Assessment Test (SAT), American College Testing (ACT), or the California Achievement Test (CAT) do not
classify as central exams. These tests fail to have direct consequences for students since students can retake
them multiple times and the test content is neither curriculum-specific, nor are these tests mandatory for
graduation.



exert more effort.? Hvidman and Sievertsen (2021) provide evidence that grading in-
centives in high stakes tests significantly impact students’ learning effort. Exploiting a
school reform that endogenously re-coded the GPA of high school students, the authors
show that students whose prior achievement was downgraded exerted a greater effort
in the following school years to compensate for the reform-induced demotion. Finally,
central exams may also decrease collective peer pressure against learning, because they
render futile any collective strategy to lower standards in a classroom—which again
increases learning outcomes.

An extensive empirical literature has investigated the effects of central exams on
students’ skills. Evidence from international student achievement tests indeed shows
that students perform substantially better in countries with central exams than in
countries without them (see Hanushek and Woessmann, 2011, for an overview). Studies
like Bishop(1997, 1999a), Woessmann (2003), Woessmann (2005), Bishop (2006) or
Fuchs and Woessmann (2007) suggest that the effects of central exams on student
achievement may well be larger than a whole grade-level equivalent, or between 20
and 40 percent of a standard deviation of the respective international tests. Studies in
countries with regional variations in exam systems find similar results.’

To probe causality, Jiirges et al. (2005) apply a differences-in-differences approach
to the German TIMSS 1995 data that exploits the fact that in some secondary-school
tracks, the states with central exams have exams in math but not in science, finding a
smaller, but still substantial, effect of about 0.13 of a national standard deviation. More
recently, Bergbauer et al. (2021) show that an expansion in standardized external com-
parisons is associated with improvements in student achievement. Their panel analysis
is based on data on students observed over six waves in the international PISA student
achievement test 2000-2015, and exploits reforms in assessment systems over time for
identification. Most importantly, they show that both school-based and student-based
external comparisons have positive effects on student achievement, where their defini-
tion of a student-based external comparison is closely aligned with our definition of a
central exam.5
But students’ higher test scores, as induced by central exams, may not automatically

translate into better outcomes for adults. More school accountability and binding

“In a similar spirit, principal-agent models of educational standards model how educational credentials
affect the level of learning effort that students choose (e.g., Costrell, 1997; Betts, 1998).

5Positive effects of central exams on test-score outcomes have been shown for Canadian provinces (Bishop,
1997, 1999a), for U.S. states (e.g., Bishop et al., 2000), and for German states (Jiirges et al., 2005; Jiirges and
Schneider, 2010; Jirges et al., 2012; Liiddemann, 2011).

5Tn fact, Bergbauer et al. (2021) use our compiled data on central exams at the end of secondary school to
create their measure of student-based external comparisons.



standards through external testing could also have negative effects (see Figlio and
Loeb, 2011, for a review). Critics often argue that test-based accountability systems
may raise only test-taking skills, not genuine educational achievement (Popham, 2001;
Koretz, 2002; Volante, 2004). Increased test scores can also just be due to fraudulent
behavior such as outright cheating of teachers(Jacob and Levitt, 2003). Moreover,
studies for the United States (e.g. Figlio and Getzler, 2006; Cullen and Reback, 2006)
show that under educational accountability policies, schools tend to strategically place
low-performing students in special education tracks or bilingual programs that are not
subject to central testing to increase school performance. In addition, Jiirges and
Schneider (2010) find that while central exams do improve students’ academic skills,
they negatively affect students’ attitudes toward learning, as indicated in self-reported
enjoyment of mathematics. And Jiirges et al. (2012) indicate that the positive effect of
central exams on curriculum-based knowledge does not extend to a positive effect on
mathematical literacy.”

Central exams may also cause heterogeneous performance effects, depending on stu-
dents’ backgrounds or other characteristics of education systems. Central exams could
discourage especially low performing students who see little chance to pass a central
exam (Bishop, 1999b) and higher accountability standards could amplify the achieve-
ment gap for minority students because of perceived negative stereotypes (Dee and
Jacob, 2007). In a cross-sectional analysis of the effect heterogeneity of central exams,
Woessmann (2005) finds that central exam effects overall vary only little along most
dimensions of student background, but also provides some evidence that students with
an immigrant or less-educated family background seem to benefit relatively more from
central exams. Interestingly, Woessmann (2005) finds evidence for a substantial het-
erogeneity in the effect of central exams depending on whether schools have autonomy.
The economic rationale for this complementarity between central exams and school au-
tonomy is explained in the context of a simple principal-agent model. In such a model
the decentralization of decision-making power can be understood as the delegation of
a task by a principal (e.g., an education ministry) to agents (schools) in order to capi-
talize on the better local knowledge of agents. In this model, central exams can reduce
the danger of opportunistic behavior of autonomous agents by providing a monitoring
instrument.

Ultimately, any changes in students’ test scores, as induced by central exams, may

not automatically translate into changes in outcomes for adults. Only a few studies

"Jiirges et al. (2012) distinguish between test achievements reflecting the German mathematics curriculum
and achievements in applying the knowledge to real world issues (i.e., mathematical literacy).



have investigated this link. Backes-Gellner and Veen (2008) and Piopiunik et al. (2013)
study labor market outcomes exploiting cross-sectional variations in exit exams across
German federal states. Backes-Gellner and Veen (2008) fail to find a positive effect
of central exams on labor-market earnings for graduates of the highest school track
of the highly tracked German school system. But Piopiunik et al. (2013) show that
graduates from the lowest track have higher earnings if they received their high school
leaving certificate in a state with central exams. Piopiunik et al. (2013) also show that
graduates from both low-track and high-track schools have lower rates of unemploy-
ment when their school exit exam was centrally administered. However, these findings
may be specific to Germany’s rigid labor market, where earnings structures are mostly
determined by central bargaining.

For the United States, Bishop et al. (2000) provide evidence on the effects of central
exams, but their analysis ultimately boils down to a comparison of New York State
to the remaining states. Wider variation across U.S. states is restricted to course
graduation requirements and minimum competency exams, which assess only low-level
skills in public schools and have no consequences for university entrance. Based on
longitudinal data that allows linking the exam type of individual students with later
labor-market outcomes, Bishop and Mane (2001) find minimum competency exams, but
not mere course graduation requirements, to be positively associated with earnings.

Our paper directly contributes to this literature on central exams by providing a
first analysis of the direct effect of central exams on adult skills, and a first analysis
of the effect on labor market outcomes, in a panel framework that exploits several
reforms to examination systems across a wide range of countries. We believe that this
extension is important for several reasons. First, the existing evidence on the effect on
labor market outcomes is based on regression models that exploit variation in exam
regimes across regions. The evidence is therefore prone to biases arising because of
unobserved institutional or cultural differences across regions. Second, the existing
evidence on labor market effects is also limited to specific countries and might not
be generalizable. Third, studying the direct effect of central exams on adult skills is
important because positive effects of centralized examination systems may also arise
through other channels besides increased human capital accumulation. For example,
central exams may facilitate the matching process between vacancies and workers, as
it allows for an improved sorting of students by productive skills. This may increase

overall productivity in the long run.



3 Data

In this section we describe our data collection and the construction of our estimation
sample. We also elaborate on how we match our data on exit examinations in 30

countries to individual-level data of the Programme for the International Assessment
of Adult Competencies (PIAAC).

3.1 Longitudinal data on central exams

For this analysis, we make use of a large variety of sources to collect data on reforms of
exit exams at the end of secondary school in all 30 countries for our study period from
1960 to 2012 (2015 for PIAAC round 2 countries).® Our sources include international
and national publications, both online and offline sources, and personal communications
with country experts. We provide a detailed documentation of our country-specific
sources in Appendix—Table A1l. Based on this collected data on the history of exam
regimes in all 30 countries, we classify for each graduation cohort whether it was exposed
to a high school leaving exam that qualifies as a central exam according to the definition
provided in Bishop (1997).

Table 1 shows the central exam status and, if applicable, reform years between 1960
and 2015 across the 27 countries in our sample with no variation in exam regimes at
the sub-national level. Reform years indicate the first cohort of high school graduates
affected by the reform. In 9 countries central exams were introduced before 1960,
while in 5 countries no central exams were in place during our study period. In 13
countries we identified relevant changes in the central exam status at the national level
during our study period. In most cases, these changes were education reforms that
introduced central exam. However, we also observe the abolishment of central exams
at the national level. Sweden had central exams until 1968 and Greece first introduced
central exams in 1983 but abolished them again in 2005. We therefore observe a total
of 14 changes in the central exam status at the national level in our data.

In addition to these reform countries with national education systems, we also have
3 reform countries with federal education systems in our sample in which we observe
changes in the central exam status at the level of provinces or federal states within the

countries. These countries are Canada, Germany, and the United States. Table A2

8This analysis includes countries from the first two rounds of data collection in the first cycle of PIAAC. In
late 2019, data on 5 additional countries became available in a third round of data collection. Further analysis
based on a preliminary classification of the history of exam regimes at the end of secondary education in these
5 additional countries suggests that all results are robust to the inclusion of these countries in the estimation
sample. Results including these 5 additional countries are available from the authors upon request.



provides information on exit exams and on reforms affecting the central exam status in
these countries over time. In total, we observe 25 changes in the central exam status
at either the province or the state level within these 3 countries in our study period.

There are three peculiarities about our coding of exam regimes that are important
to note. First, while the treatment status of having a central exam is well defined, the
counterfactual is not. School systems may not satisfy our definition of having a central
exam for a variety of reasons. On the one hand, there might be a general absence of any
school leaving exam (as in Spain and Belgium). On the other hand, some school leaving
exams violate our definition across one or more dimensions. For example, exit exams
could be administered at the school district or school level (as in Greece and some
federal states in Germany), may not be mandated for graduation (Sweden after 1968),
may fail to have direct consequences for graduates (perhaps because of the option of
multiple retakes, as with CAT and SAT tests or in most of the U.S. graduation exams),
or may not be curriculum-based (as in many U.S. states).

Second, we generally distinguish between university entrance exams and high school
leaving exams, as only students who are aiming to attend a university typically partic-
ipate in university entrance exams. However, previous studies on central exams (e.g.,
Bishop, 1997; Fuchs and Woessmann, 2007) treated university entrance exams in Japan
and Korea as central exams, as in both countries the overwhelming majority of high
school graduates takes part in the centrally organized university entrance exams. To
stay consistent with the literature, we also adopt this view in our preferred specification
and treat university entrance exams in Korea and Japan as central exams. However,
in a specification where we exclude these two countries from our analysis we also show
that our main results stay robust.

Third, we ultimately cannot fully exploit the sub-national variation in central exams
across regions over time in the 3 reform countries with federal education systems as
the PTAAC data does not provide information on the province or state of residence for
surveyed individuals. Instead we follow the common practice in empirical studies on
central exams and assign a central exam factor to graduation cohorts in countries with
education systems organized at a sub-national level (for example, Fuchs and Woess-
mann, 2007).° For this purpose, we weight regional central exam dummies for each
state and each graduation year with the state’s respective population share in 2012.
Aggregating the weighted dummies, we obtain a single factor at the country level. For

a given graduation cohort and on the federal level, this factor should roughly reflect

9Germany is an exception, as we can identify the federal state of residence in the German data. We exploit
this information in Section 6.4.



the probability that an individual was exposed to a central exam regime.

Figure 1 displays the total variation in the central exam status over time in our full
sample of 30 countries. This variation includes the changes in the dichotomous classi-
fication of central exams in the 13 reform countries with national education systems as
well as the evolution of the factors for the three reform countries with federal education
systems. These factors range in Canada from 0.32 to 0.57, in Germany from 0.35 to

0.95, and in the United States from 0 to 0.063.

3.2 PIAAC data

The Programme for the International Assessment of Adult Competencies, was devel-
oped by the OECD to provide internationally comparable data on adult skills (OECD,
2013a; OECD, 2016). The first round of PIAAC was administered to 22 countries
between August 2011 and March 2012; the second was administered to additional 8
countries between April 2014 and March 2015. The two rounds combined thus provide
comparable skill data for 30 countries.!? In each participating country, a representative
sample of at least 5,000 adults between 16 and 65 years of age was interviewed at home
in the language of their country of residence. The standard survey mode was to answer
questions on a computer, but respondents without sufficient computer knowledge could
also do a pencil-and-paper survey.

PIAAC was designed to measure key cognitive and workplace skills needed for in-
dividuals to advance at work and participate in society. The survey assessed cognitive
skills in three domains: numeracy, literacy, and problem-solving in technology-rich en-
vironments.!! The tasks that respondents had to solve were often framed as real-world
problems, such as maintaining a driver’s logbook (numeracy domain) or reserving a
meeting room on a particular date using a reservation system (problem-solving do-
main). The domains are described in more detail in OECD (2013a). For analytical
purposes, we standardize skills in the full sample to have mean zero and standard de-
viation (SD) one, and employ the sample weights provided in PIAAC. In the empirical
analysis, we focus on numeracy skills, which we deem most comparable across countries,

but we report the results for the other two skill domains as well.

19The actual number of countries surveyed in the first and the second PIAAC rounds was 24 and 9. Following
the OECD recommendation, we excluded Russia because the Russian sample does not cover the population
of the Moscow region. We also had to exclude Australia because of restrictive access to the Australian data.
From the second-round countries, we excluded Indonesia as it withdrew its participation in the PIAAC study
and submitted only data from the Jakarta region.

HParticipation in the problem-solving domain was optional; Cyprus, France, Italy, and Spain did not par-
ticipate in this domain.



We also investigate whether central exams affect labor market and education out-
comes. For this analysis, we make use of the data on labor-market status, earnings,
education, and demographic characteristics, as provided by PIAAC. Specifically, we
estimate central exam effect on gross hourly earnings of wage and salary workers, em-
ployment status, and educational attainment. These outcome measures have been
used previously in the literature analyzing PIAAC data (for example Hanushek et al.,
2015).12

We match our self-collected data on exam regimes to the PIAAC data by country
of residence and year of completion of the highest level of schooling. That is, we
assign to each PIAAC participant the type of exit examination at the end of high
school that was in place in her country at the time of her graduation. High school
graduation in the PIAAC data is defined as having completed at least the Level 3a of
the International Standard of Classification of Education (ISCED), according to the
1997 classification. As PTAAC provides information on the highest educational degree
obtained and the age at which individuals left full-time education, we can derive the
year of graduation directly for individuals whose highest educational degree is the high
school diploma. Individuals who report having not graduated from high school are
kept in our baseline sample and are assigned to the graduation cohort corresponding
to the year they report having left full-time education. For individuals with higher
educational degrees, we assume their graduation age to be the country-specific median
age at high school graduation among those with high school as their highest degree.
To ensure that all individuals in our sample have been exposed to at least two years of
secondary schooling, we restrict our baseline sample to individuals with a graduation
age of 15 or above.!3

Note that our matching procedure implies a specific treatment definition, as some
individuals in our sample will be considered to have been exposed to a central exam
regime even though central exams were only introduced in their final high school year.
Thus, some students whom we consider to be treated, might not themselves have par-
ticipated in a central exam. However, they may be indirectly affected by the change
in exam regimes (such as by spillover effects of increased school accountability). As a
consequence, the treatment we are studying here could be described as “at least some

(direct or indirect) exposure to a central exam regime.”

12Tn particular, see Hanushek et al. (2015) for detailed information on the construction of our earnings
measure.

13Results are, however, almost identical when early school leavers are not excluded from the sample. See
Table 5, “Incl. early leavers” row .
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Table 2 provides summary statistics for our baseline sample in all 30 countries by
exam regime. The table shows that, on average, individuals exposed to central exams
are quite different from those in non-central exam regimes. In particular, they are
more skilled, earn more, are more likely to be employed, and are more likely to hold
a tertiary degree. These differences are not surprising, as the younger population is

over-represented in the central exam category.

4 Empirical strategy

We estimate the effect of central exams on adult outcomes based on regression models

of the following kind:

Yicg = B CEeg + Xioyy + e + 05 + Aeg + €icy, (1)

where y;., is the outcome of individual 7 in country ¢ belonging to graduation cohort g,
CE,, is a dummy that indicates whether an individual belonging to graduation cohort g
in country ¢ was exposed to a central exam, d. is a country fixed effect, 0, is a graduation
cohort fixed effect, A.g is a country-specific linear trend in graduation years, X., is
a vector of student background variables, and g;,, is an idiosyncratic error. When
presenting our results, we report estimates of this model with and without country-
specific linear trends in graduation years. To benchmark our panel estimates, we also
estimate cross-sectional versions of this model that do not control for any unobserved
country-specific effects.

The key parameter of interest in Equation 1 is 8. It captures the effect of graduating
in a central as opposed to non-central exam regime. By leveraging the panel nature
of our data at the cohort-country level, we identify 3 in our preferred model solely
based on within-country variation in examination regimes across graduation cohorts.'*
In particular, our identification strategy makes use of the fact that some countries
changed their exam regimes in different years between 1960 and 2012 (2015 for PIAAC
round 2 countries), while others did not. Thus, unobserved institutional or cultural
differences across countries that have a constant impact on adult outcomes do not bias
our estimates.

In our full sample, our estimation approach identifies an average effect over a total
of 39 education reforms (14 reforms at the national and 25 reforms at the sub-national

level) that changed the central exam status of a country. The model in Equation 1

M Other studies that exploit variation in the exposure to education policies across cohorts in cross-sectional
data for identification include Pischke (2007) and Pischke and von Wachter (2008).

11



is a twoway fixed effects model with country-specific linear trends and can be seen
as difference-in-differences (DD) design with differential timing of treatment. Recent
work has shown that the twoway fixed effects estimate, B, is a weighted average of
all potential 2x2 DD estimates where weights depend on group sizes and variance
in treatment (see Goodman-Bacon, 2021). It identifies a meaningful average reform
effect on the treated under the assumption of time-invariant treatment effects and vari-
ance weighted common trends.'® While this assumption can ultimately not be tested,
graphical evidence from an event study analysis presented in Figure Al reassuringly
reveals no systematic difference in pre-trends between reform countries and countries
that never adopted central exams.!¢

We conduct a wide range of sensitivity analysis to check on the causal interpretation
of our estimates. In particular, we check whether our results are sensitive to allowing
countries to follow different linear trends, which is commonly seen as an important
specification check in the context of difference-in-differences designs (see Angrist and
Pischke, 2015, p.199).'” In Section 6 we conduct further sensitivity checks including a
permutation test to assess whether our estimates are likely to be driven by accidental
correlations between changes in exam regimes and other unobserved discrete changes
that impact skill development. Moreover, we show results of a decomposition exercise
proposed by Goodman-Bacon (2021) to assess the potential of time-variant treatment
effects affecting our estimate and report estimates of the average treatment effect on
adult skills based on the doubly robust estimator developed in Callaway and Sant’Anna
(2021). In Section 7 we probe the heterogeneity of effects using different subgroups of
data defined by population characteristics and by the level of autonomy of schools in
different education systems.

Throughout the empirical analysis, we estimate and report standard errors clus-
tered at the country by graduation cohort level. Our primary motivation for clustering
standard errors at this level is design-based, as our treatment (the exposure to a cen-
tral exam) is constant within these clusters. We also follow other cross-country studies
based on PIAAC data (such as Hanushek et al., 2015) and estimate weighted regres-

5CGoodman-Bacon (2021) shows that the assumption of variance weighted common trends is sufficient in
this setting and that it is slightly weaker than the common assumption of exact parallel trends.

Details on the event study analysis are reported in the note to Figure Al. Note, that all leads are
jointly insignificant for numeracy and problem solving, but are marginally significant for literacy. All lags are
significantly different from zero for all three skill domains. However, Figure Al suggest that treatment effects
might be dynamic. A point we explore in more detail in Section 7.2.

"For example, Stephens and Yang (2014) have shown, in the context of studies exploiting reforms to
compulsory schooling laws for identification, that identification based on the timing of policy changes across
states over time can be very sensitive to the inclusion of state-specific trends.
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sions using sampling weights, which we adjusted so that each country is given the same

weight to account for different sample sizes across PIAAC countries.

5 Results

All else being equal, do central exams at the end of secondary education affect adult
outcomes? In addressing this question, we begin with a set of estimates of the effects on
adult skills, before presenting estimates of the effects on labor market and educational

outcomes.

5.1 The effect of central exams on adult skills

We report our main estimates of the effects of central exams on adult skills in Table 3.
We start by presenting a set of benchmark estimates that do not control for unobserved
heterogeneity across countries in columns 1 and 2 and follow by presenting estimates
of our preferred model given by Equation 1 in columns 3 to 8. As skill measures are
standardized to have a mean of zero and standard deviation of one, the coefficient of
interest can be interpreted as the effect of central exams on adult skills measured in
percent of a standard deviation of the respective skill distribution.

Across the different specifications, there is clear evidence that central exams are
positively related to adult skills. Without taking into account any control variables
and unobserved heterogeneity across countries, column 1, graduates in central exam
regimes outperform graduates in non-central exam regimes by about 20 percent of a
standard deviation in the numeracy test. The estimate decreases slightly to about 17
percent in column 2 when controlling for individual background characteristics and the
age at graduation. These effect sizes are comparable to estimates of central exam effects
on student skills based on cross-sectional data (for example Bishop, 1997; Woessmann,
2002; Fuchs and Woessmann, 2007). The estimates on the background variables reveal
several typical features of estimated education production functions that are in line
with previous evidence.!®

Turning to our panel estimates, we observe that estimates become much smaller
in absolute terms, but remain positive and significant. Including country fixed ef-
fects in column 3 suggests that central exams increase numeracy skills on average by

about 9 percent of a standard deviation. Column 4 introduced country-specific linear

8n line with estimates of education production for students (e.g., Fuchs and Woessmann, 2007), we also
find that skills are positively related with parental education background, negatively related with migration
background, and a more pronounced gender gap in favor of males in numeracy than literacy.
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time trends, which allows us to control, to some extent, for unobserved country-specific
confounders that have a different impact on outcomes across graduation cohorts. Intro-
ducing these country-specific trends decreases the estimate only slightly to 7 percent.
For literacy skills, estimated effects in columns 5 and 6 are similar to those for nu-
meracy, while the estimated effect on problem-solving skills, in column 8, is somewhat
larger, at 9 percent of a standard deviation.

Our estimates on adult skills are about half the size of well-identified estimates of
central exam effects on student skills (such as Jiirges et al., 2005). This may indicate
that the effect of central exams fades out as individuals grow older, which may reflect
that part of the initial effect on student test scores is indeed driven by an increased test-

taking ability gained during secondary education by students in central exam regimes.

5.2 The effect of central exams on labor market outcomes

To investigate whether the increase in adult skills induced by central exams also trans-
lates into better labor market outcomes, in Table 4 we report estimates of the central
exam effects on earnings, employment, and college degree. The first column in Table
4 reports coefficient estimates of variants of Equation 1, with individual earnings as
dependent variable. In column 2 we report estimates of the effect on employment.’
Finally, we test whether central exams affect the probability of completing tertiary
education and receiving a high school diploma in columns 3 and 4, respectively.?’
Once we control for unobserved country-specific trends, we do not find any signif-
icant effects on these outcomes. Most importantly, our estimates let us rule out the
existence of earnings estimates larger than 4.6 percent.” This finding is, however,
consistent with the finding of effects on adult skills of about 7 percent of a standard
deviation if central exams affect earnings primarily through a skill production channel.
Hanushek et al. (2017) report an average wage return to a one-standard-deviation in-
crease in numeracy skills of 20 percent. Based on a back-of-the-envelope calculation,
we should in this case expect that a shift in skills of 7 percent of a standard deviation
would produce a shift in earnings of only about 1 percent. Interestingly, our point
estimate actually suggests an effect on earnings of about 1 percent, but we lack the

statistical power to detect such small effect sizes.??

19 Any participant in PIAAC who reports positive labor earnings is coded as employed.

2ONote that in columns 3 and 4, we follow Hanushek et al. (2015) and exclude workers below age 25, as they
are not likely to have completed their first phase of full-time education.

2The upper bound of the 95 percent confidence interval of the earnings estimate in the first column of
Table 4 is 0.0461.

22The calculation is as follows: Central exams positively affect skills by about 7 percent of a standard
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6 Robustness

In this section we conduct a set of sensitivity checks to assess the robustness of our

main results.

6.1 Sensitivity checks

We begin by reporting estimates of a series of sensitivity checks in Table 5. To con-
solidate our presentation, we report estimates of the central exam effect based on six
outcomes in the first row. As shown in the second row of Table 5, our results prove to
be mainly robust to estimating regression models that do not use any survey weights.
Another robustness concern may be that the graduation year is partly endogenous to
the type of exit exam. We test the relevance of this concern by making an alternative
assumption about the graduation age of individuals. Estimations in the third row are
based on assigning the median graduation age within a country to all graduates in
the country. The results show the robustness of our main results to this alternative
assumption about individuals’ graduation age. Finally, we show that our main results
are generally robust to the inclusion of individuals who report having left school before
age 15.

Another key concern is that our overall finding is entirely driven by a specific country
or a small set of countries. To investigate this possibility, we estimate our preferred
specification several times, each time excluding a different country or group of countries.
Table 6 presents the results from this piecewise deletion exercise. The results are
very similar throughout, which shows that our main results are not driven by any
specific country or a small set of countries. Note, however, that we observe some
variation in the estimated average effect of central exams on skills if we selectively drop
reform countries with small (Canada, Greece, Japan, and U.S.) and large (Germany,
Poland, and Singapore) country-specific reform effects. This indicates some degree of
heterogeneity of the estimated reform effects across countries.

Finally, we also report standard errors clustered at the country level in square
brackets for all baseline estimates in the first row of Table 5. Clustering standard errors
at the level of countries can improve inference in case of intertemporal correlation of
errors within countries. With too few clusters, however, clustered standard errors might

also not be very reliable.?? Fortunately, our result are largely robust to clustering at the

deviation, while a standard deviation increase in skills increases earnings by about 20 percent (see Hanushek

et al., 2017)). Thus, the expected effect of central exams on earnings is 0.07 X 20, which comes to 1.4 percent.
%31n recent work Abadie et al. (2022) also argue that clustered standard errors at more aggregate levels may

be unnecessarily conservative in settings with variation in the distribution of the treatment across clusters.
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country level. Effects on labor market and education outcomes are still insignificant
and the somewhat larger effect on problem-solving skills remains significant in our
baseline specification with country-level clustering. Only the estimated coefficients on
numeracy and literacy in our baseline specification with country-specific linear trends

become insignificant (p-values of 0.14 and 0.22) with country-level clusters.?*

6.2 Staggered introduction of reforms

A recent literature documents possible shortcomings of two-way fixed effects specifi-
cations with time and state fixed effects in the form of equation (1) (Callaway and
Sant’Anna, 2021; De Chaisemartin and d’Haultfoeuille, 2020; Goodman-Bacon, 2021;
Sun and Abraham, 2021).

In particular, Goodman-Bacon (2021) shows that a twoway fixed effects estimate
is a weighted average of all potential 2x2 DD estimates. These different groups of
canonical 2x2 DD estimates also include estimates in which earlier-treated countries
are effectively serving as controls for later-treated countries. Such comparisons are,
however, problematic in the presence of time-varying treatment effects.

To show the anatomy of our estimate of average central exam effects, we implement
the decomposition exercise suggested by (Goodman-Bacon, 2021) based on a reduced
sample of countries that allows a straightforward application of the method.?® Table 7
summarizes the findings of the decomposition exercise, while Appendix Figure A2 visu-
alizes the variation in the 2x2 DD estimates from the Goodman-Bacon decomposition
and their weight for analysis of the average central exam effects.?® Note, that estimates
of the effects on adult skills are all close to the corresponding estimates based on our
full sample of countries reported in columns 3, 5, and 7 of Table 3.

Table 7 also shows that our estimate of the average reform effect is not largely
driven by comparisons in which earlier adopters of central exams are effectively serving

as controls for late adopters of central exams.?” Importantly, all of these 3 compo-

24Note, that in models without country-specific linear trends the larger estimated effects on numeracy and
literacy (not reported in Table 5) remain significant even with standard errors clustered at the country level.

25We implement the decomposition using the STATA software package bacondecomp provided by Goodman-
Bacon et al. (2019). The sample of countries that allows us to implement the decomposition excludes the 3
reform countries with federal education systems and non-binary treatment status, the 2 countries that abolished
central exams, Greece and Sweden, as well as two countries with observation gaps in graduation cohorts, Austria
and New Zealand.

26While in the Goodman-Bacon decomposition all weights are by construction positive, De Chaisemartin
and d’Haultfoeuille (2020) show, using a more detailed decomposition, that negative weights are possible
and may cause a negative estimate even if all the average treatment effects are positive. Reassuringly, using
De Chaisemartin and d’Haultfoeuille (2020)’s twowayfeweights STATA command, we find in our application
that only 16 percent of the weights are negative.

2"The comparisons of later- to earlier-treated groups (the timing groups) are positive on average with weights
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nents indicate a positive average effect and comparisons of timing groups is accounting
for substantially less of the total effects as opposed to the average treated/untreated
estimates.

Finally, we also apply the estimator of average treatment effects in DD setups with
multiple time periods and variation in treatment timing developed in Callaway and
Sant’Anna (2021) to our data.?® Results are reported in Table 8. Callaway and
Sant’Anna (2021) suggest to exclude always-treated units in the analysis. Thus, we
report in the first row of Table 8 estimates of our baseline twoway-fixed effects spec-
ifications for an estimation sample of only 16 countries. In this sample, all estimates
of the effect on adults are significant for both levels of clustering, but interestingly
estimated coefficients now tend to be slightly larger when country-specific linear trend
are included in the twoway-fixed effect model.

Reassuringly, estimates based on Callaway and Sant’Anna (2021)’s doubly robust
estimator are very similar to the estimated effects in the twoway-fixed effect model.
With standard errors clustered at the country level, only the effect on problem-solving
skills is statistically significant. However, using wild bootstrapped standard errors, as
suggested by Callaway and Sant’Anna (2021), effects on all adult skills are statistically

significant.

6.3 Permutation test

To check whether our estimates are driven by an accidental correlation between changes
in exam regimes and other unobserved discrete changes that impact skill development,
we conduct a placebo analysis in the spirit of the placebo and permutation tests con-
ducted in Chetty et al. (2009).2 Our placebo check replaces the actual year of the
reform with a randomly chosen year between 1960 and 2012 for each of the 13 de facto
regime-changing countries. We repeat this randomization procedure 2,000 times, esti-
mating the reform effect on adult skills based on our baseline specification for each of

those 2,000 iterations.>°

between 33 and 37 percent. The average treated/untreated estimates are also all positive. Together these two
components account for 66 and 62 percent of the total effect. Interestingly, the comparisons of the always vs.
timing groups are always significantly higher than the comparisons of never vs. timing groups. This indicates
a some heterogeneity in the 2x2 DD estimates, which is also visible in Figure A2.

28We implement Callaway and Sant’Anna (2021)’s doubly robust estimator using the STATA command
csdid (Rios-Avila et al. 2021) with stabilized inverse probability weighting.

29Chetty et al. (2009) use the test to check for robustness in their estimates of posting-tax on demand effect.
They estimate a placebo effect immediately before and immediately after the posting-tax experiment in order
to check for unusual patterns in demand around the timing of the experiment.

30Note that the direction of the placebo policy change is assumed to be identical to the actual direction
of the reform, i.e., introduction or discontinuation of central exams. For Greece, which experienced two
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Figure 2 displays the empirical cumulative distribution of central exam effect esti-
mates from the 2,000 placebo randomizations. The results reveal that more than 95
percent of the placebo estimates are well below our baseline estimate. In most cases,
estimates are close to zero and insignificant. Actually, the probability that the baseline
effect of 0.068 would appear by an accidental correlation is 0.03. Thus, this exercise re-
veals that the potential for discrete changes in unobserved impacts on skills that could

generate effect sizes comparable to our baseline estimate is very low in our data.

6.4 Exploiting within-country variation

For the German subsample, PIAAC provides identifiers for the respondents’ federal
state of residence, which allows us to exploit the variation in exam regimes across
federal states within a single country. The results should be directly comparable to the
findings of Backes-Gellner and Veen (2008) and Piopiunik et al. (2013).

Table 9 presents the results of this analysis. The set of controls used for the skills
outcomes (columns 1 to 3) is identical to Table 3, and the set of controls used for labor
market outcomes (columns 4 to 6) is identical to Table 4’s. Given that we cannot use
specification with state (Ldnder) fixed effects, the estimate for numeracy in Table 9
corresponds to the international estimate in column 2 of our baseline table (Table 3).

For numeracy and literacy skills, we find a significant positive association with cen-
tral exams. The estimates for problem-solving skills are also positive and economically
important, but only weakly significant. Our estimated effect of 0.11 for numeracy is
fairly close to the preferred effect of central exams to the TIMSS math score, namely
0.13 of national standard deviation, as evidenced by Jiirges et al. (2005).

As for labor market outcomes, we do not find a significant link between central
exams and earnings, but we do find a positive and highly significant relation with
employment probabilities. This pattern is broadly in line with the estimation results
of Backes-Gellner and Veen (2008) and Piopiunik et al. (2013), which exploit the same
variation but use data from the German Socio-Economic Panel (GSOEP) for their
analysis.

While these associations do not necessarily warrant a causal interpretation, overall
they support the interpretation of our baseline estimates. In particular, they increase

confidence in the validity of our analysis of the labor market effects of central exams in

changes in exam regimes between 1960 and 2012, the randomization assumes that the first randomized year of
change must be smaller than the second. For simplicity, in this analysis we dropped the three countries with
federal education systems. The data for the 14 countries that didn’t change their central exam regime are not
manipulated in this placebo analysis.
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PIAAC, as we find a pattern of results that is similar to the existing evidence on the

same association based on an independent data source.

6.5 Other education reforms

Another concern is that education reforms often come in packages that not only target
a specific element (such as introducing central exams) but also impact multiple levels
of an education system. Thus, the effect that we are capturing in our analysis might
not be attributable solely to changes in the central versus local nature of exit exams if
other elements of the education system systematically covary with exit exam systems.

We did further investigate the reforms to the exam systems we have identified, and
checked what other features of the education systems might have changed simultane-
ously. We find that changes to exam systems are indeed, in some cases, embedded in a
larger set of reforms that typically share a specific educational philosophy or are aimed
at achieving common objectives. We see, however, no clear pattern suggesting that
there is indeed a common set of other institutional changes that typically accompanies
changes in exit exams in the countries where we can study this.?!

Overall, our investigation of other reforms does not suggest that there actually was
a set of other institutional changes that systematically accompanied the changes in the
exam regimes we are studying. The only shared element of all these reforms is that
they changed the central versus local nature of exit exams at the end of high school.
However, we cannot exclude the possibility that each single estimated reform effect of
these 39 reforms, that drive our variation in central exams over time, is also partly
capturing other reform effects. Thus, a more careful interpretation of our results is
that educational reform packages that include strengthening the central nature of exit

exams as one element do lead to higher adult skills on average.

7 Heterogeneous effects

In this section we explore potential effect heterogeneities. We are particularly interested

in understanding whether central exam effects vary across different subgroups of the

31To provide just two examples, we elaborate further on the cases of Sweden and Greece. Sweden abolished
central exams in a comprehensive upper-secondary education reform in 1968. With this reform, the former
division of academic and vocational post-compulsory education was rescinded and a common curriculum was
implemented for all school tracks. After the 1968 reform, substantial effort was devoted to modernizing
vocational education at the upper-secondary level and preparing the work force for the economic challenges
of the time (Lundahl et al., 2010; Garrouste, 2010). In Greece, the 1983 introduction of central exams was
also surrounded by other education reforms, including reforms to teacher recruitment and training in 1982
and reform in 1985 targeted at the structure and operation of primary and secondary education, and training
standards for teachers (Garrouste, 2010).
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population and other features of education systems, whether reforms introducing or
abolishing central exams have immediate effects on student performance, and whether

the effect of central exams on individuals’ skills tends to decay over time.

7.1 Effect heterogeneity across population groups and education systems

Our main results show that central exams affect adult skills and labor market outcomes
on average. But this may conceal a substantial effect heterogeneity. Guided by evidence
on important heterogeneities of central exams in a cross-sectional analysis of student
achievement presented in Woessmann (2005), we study whether central exam effects on
adult outcomes also differ by gender, migration background, parental education, and
school autonomy.

To this end, we estimate variants of Equation 1 including interactions with the in-
dividual characteristic indicated in each panel of Table 10. Panel A reports results
on potential heterogeneities of central exam effects by three categories of educational
background parents. In Panel B we report estimates of an interaction between cen-
tal exam and second generation migrants. And Panel C investigates potential effect
heterogeneities by gender.

Overall, the estimates in Table 10 suggest that all groups benefit from central exams
in terms of higher adult skills. In terms of effect heterogeneities by social background,
we find that effects on skills, if anything, may be slightly larger for students from
more educated households. Interestingly, the estimates of the effects on earnings point
in a different direction. While the effects are not significantly different from zero for
individuals from more educated households, individuals whose parents lack a secondary
degree actually seem to also benefit from central exams in terms of their later earnings
(see column (4) of Panel A). With respect to migration background, results in Panel B
show that second-generation migrants benefit slightly more from central exams in terms
of their skill development, but differential effects on labor market outcomes do not exist.
Panel C suggests that central exam effects on adult skills are largely independent of
gender, with some evidence on interactions effects in terms of numeracy skills. We find,
however, positive effects on earnings for females.

These findings contribute to the discussion of whether school accountability policies
effectively decrease or increase gaps in student outcomes for disadvantaged groups. In
fact, it has been shown, in the context of minimum competency exit exams in the United
States, that the introduction of such exams increase dropout rates of minority and

disadvantaged students. In the context of the literature on the international variation
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in central exams, Woessmann (2005), however, reports that immigrant students or
students from a less-educated family background even benefit more from central exams
in terms of student achievement. Our results are in line with these findings.

The most interesting finding of Woessmann (2005) is, however, that central exams
have complementary effects to school autonomy. Unfortunately, information on school
autonomy and the development thereof over time is not available for our extensive
study period from 1960 to 2015. We can, however, operationalize differences in school
autonomy based on a time-invariant classification of countries by differences in school
autonomy in recent years. For this exercise, we can use measures of school autonomy
presented in Hanushek et al. (2013).%% For simplicity, we use this measure of cross-
country differences in school autonomy at the beginning of this century to categorize
countries into two groups, low and high autonomy countries, and assume that this
classification is a reasonable approximation of longer-run differences in school autonomy
over our entire study period.®?

Table 11 shows results of estimating Equation 1 separately for low and high au-
tonomy countries. In line with Woessmann (2005), we also find evidence for a com-
plementarity between central exams and school autonomy. The central exam effect on
adult skills is only significant in high autonomy settings. In these settings we also find
that central exams have positive effects on earnings and college graduation rates. This
indicates a substantial heterogeneity in the effect of central exams on adult outcomes
depending on the level of school autonomy in a country, with the effect being stronger
for more autonomous schools. This finding is in line with predictions of a principal-
agent model in which central exams act as a monitoring device and in which schools
have a significant local knowledge advantage, but also face substantial incentives for

local opportunistic behavior when determining course content.

321n particular, we use the index for academic-content autonomy of schools of Hanushek et al. (2013) averaged
over the years 2000 and 2009. Based on this measure we categorize countries in our study into low and high
autonomy countries according to the mean of the averaged index of all countries included in Hanushek et al.
(2013)

33Countries in the low autonomy group are: Austria, Belgium, Canada, Chile, Germany, Greece, Norway,
Slovak Republic, Turkey, and Spain. Countries in the high autonomy group are: Czech Republic, Denmark,
Finland, Israel, Ireland, Italy, Japan, Korea, New Zealand, Netherlands, Poland, Sweden, United States, and
United Kingdom. For 6 countries of our full sample no information on school autonomy is available in Hanushek
et al. (2013).
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7.2 Time to effect

The introduction of central exams might not be effective from the onset.>* On the
one hand, this could be the case if teachers and schools initially face problems with
implementation or adjustment. On the other hand, it might take some time for the
accountability mechanism set in motion by the introduction of central exams to unfold
its full impact. If centralized exams indeed make differences in school quality more
salient, it might be a few years until parents, teachers, and schools fully react to the
incentives set by this new environment and adjust their behavior in ways that will
ultimately lead to more effective learning and teaching.

We test for this “time to effect” assertion by estimating variants of Equation 1,
which allow for heterogenous impacts of central exams by years of existence of central
exams. In particular, we interact the central exam dummy with two dummies indicating
whether central exams exist in a country for more than two and five years, respectively.?

Table 12 shows the results of this analysis. Our findings suggest that the impact
of the introduction of central exams only really unfolds with a delay of about two
years. The estimates in columns 2, 4, and 6 show that the central exam effect becomes
statistically significant two years after the policy change. Thereafter, the effect of
central exams might still increase further (in particular in the case of literacy and
problem-solving skills), but any additional average central exam effect five years after
the reform is not significantly different from the average effect after two years. However,
given our limited statistical power, it is difficult to capture the dynamics in a very
nuanced way. For the sample of 16 countries, the event study analysis presented in
Figure A1 at least provides some graphical evidence that treatment effects might evolve
even more dynamically, with treatment effects becoming larger the longer the central

exams are in place in a country.

7.3 Fade-out of central exam effects

Comparing our results with findings of the existing literature on student skills can
be informative about the extent of fade-out in the effects of central exams. However,
differences in sample populations potentially blur this comparison. We address this

concern at least partly by investigating simple correlations between central exams and

34In a different policy context, for example, Hanushek and Raymond (2005) show gradual growth of the
acceptance of the National Assessment of Educational Progress criteria across U.S. states over the 1993-2002
period.

35For presentation reasons, we chose a model with just two interactions at two and five years after the policy
change. A more flexible model with interactions for each year reveals that this split roughly captures the
overall pattern of effect heterogeneities quite well.
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the skills of both students and adults for samples drawn from the same population.
Specifically, PISA 2000 surveyed a representative sample of 15-year-old students in
2000. Thus, the PISA sample should be sampled from about the same population as
the subsample of PIAAC participants who were 15 years old in 2000. Similarly, we
construct a correspondence data set for the TIMSS Repeat (1998/1999) data.

We report the results of this exercise in Table 13. All estimates stem from simple re-
gressions of skills on a central exam dummy that differs across countries. Unfortunately,
there is only a limited set of countries that participated in both PIAAC and PISA 2000
(columns 1 and 2) and countries that participated in both PTAAC and TIMSS Repeat
(columns 3 and 4). The estimates are all insignificant, but the estimated coefficients
in the student data are large and roughly comparable in size to the analogous esti-
mates reported in studies that use the PIAAC 2000 and TIMSS Repeat data to study
the central exam effect on student skills (for example, Woessmann, 2002; Fuchs and
Woessmann, 2007; Jiirges et al., 2005). Most notably, the estimated coefficients on the
central exam dummy are one third to one half lower if the dependent variable is adult
skills rather than student skills. While the results of this purely descriptive comparison
must be interpreted with caution, the decrease in estimated coefficients would be in

line with central exam effects that fade out over time.

8 Conclusion

This paper is the first to investigate the relationship between the type of exit examina-
tion at the end of secondary school and the cognitive skills and labor market outcomes
of adults, using a panel framework. We find that central exams increase the cognitive
skills of adults on average. But compared to the results of studies that examine the
effects on student skills, our estimates of the long-run effects on adults skills are small.
We find effect sizes as low as 7 percent of a standard deviation. This finding might be
the consequence of some fade-out in central exam effects over time.

In terms of labor market outcomes, we do not detect any significant effects. In
particular, our statistical power allows us to rule out effects on earnings above 4.6
percent. This finding is consistent with recent evidence on the average wage return to
increases in adult skills of about 7 percent of a standard deviation, if we assume that
central exams affect earnings only through their impact on skill production.

In line with previous evidence on heterogeneities of central exams on student achieve-
ment presented in Woessmann (2005), we find effect heterogeneity across countries and

population groups. In particular, we find evidence for a complementarity between
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central exams and school autonomy, evidence for stronger effects on skills for second-
generation migrants and some evidence for positive earnings effects for females and
individuals with low parental education background.

These findings contribute to the growing literature on accountability systems in
schools in general, and the literature on central exams in particular. Overall, our results

corroborate the notion of the positive effects of central exams on skill development.
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Figure 2: Distribution of central exam effect estimates from placebo
randomizations

Empirical CDF
5
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Note: The figure displays the empirical distribution of placebo estimates of central exam effects based on 2,000
randomizations of central exam change. The randomizations are based on the 27-countries sample that excludes
the three federal education systems, and use the specification (4) of Table 3. The vertical line corresponds to
the effect estimate of .067 for the sample without the three federal education systems reported in Table 6.



Table 1: Central exams status across PIAAC countries 1960-2015

Central exam countries - always treated

Denmark Finland France Ireland Israel

Italy New Zealand Norway United Kingdom
Non-central exam countries - never treated

Austria* Belgium (Flanders) Chile Spain Turkey
Reform countries - with national education systems

Cyprus Czech Republic Estonia Greece Japan

(2006) (2011) (1997) (1983) [2005] (1979)

Korea Lithuania Netherlands Poland Singapore

(1994) (2002) (1968) (2005) (1975)

Slovak Republic Slovenia Sweden

(2005) (1994) [1968]

Notes: Years in round/square brackets indicate the year in which central exams were introduced/abolished.
See Table Al for a detailed list of sources. *Austria introduced central exams, the Zentralmatura, for all

schools in 2016.



Table 2: Descriptive statistics

No central exams Central exams
Mean Std. dev. Mean Std. dev. Mean diff.
(1) (2) (3) (4) (5)

Numeracy .045 (.965) 234 (.927) 189
Literacy .008 (.938) 244 (.911) 236
Problem-solving -.125 (.990) 139 (.935) 264
Earnings 2.44 (.754) 2.80 (.637) .357
Employment 923 935 .012
College degree 347 .436 .089
High school .885 .891 .006
Age 43.02 (13.89) 36.40 (14.16) -6.62
Age at graduation 18.49 (3.37) 18.77 (4.23) 281
Female .495 .498 .003
Second-gen. migrant .094 135 .041
Parent education:

Primary 400 319 -.081

Secondary .366 351 -.015

Above secondary 197 272 .075

Missing .037 .058 .021
Observations 75,387 85,965

Notes: Means and standard deviations by exam regime, for variables used in empirical analysis. Individuals
from Germany, Canada, and the USA are included in the central exam group if their central exam factor is
> 0.5. Otherwise they are classified as non-central exam. Observations are weighted by adjusted sampling
weights that give same weight to each country. Baseline sample: high-school graduates aged 16-65. Numbers
of observations are smaller, than those indicated, for the following variables: for earnings, employment, college
degree, and high school attainment where we exclude those still studying and those younger than 25; problem-
solving skills are not available for Cyprus, France, Italy, and Spain.



Table 3: The effect of central exams on adult skills

Numeracy skills Literacy Prob. solv.
(1) (2) (3) (4) (5) (6) (7) (8)
Central exams 211K 1T0HR* .0927#H* 068*** Q7HHH* .068*F* 136+ .0927#H*
(.019) (.017) (.016) (.021) (.017) (.022) (.018) (.022)
Female - 188%** - 188%** - 188%** -.017H** 017K -.090%** -.091%**
(.006) (.006) (.006) (.005) (.005) (.008) (.008)
Second-gen. migrant -.019 -.024%* -.009 -.030%** -.011 -.016 -.008
(.012) (.010) (.011) (.010) (.011) (.013) (.013)
Parent education:
Secondary 2THHHH L2204k L2207k 231Kk L232%5K* 25 4HHK .24 8HK*
(.009) (.008) (.008) (.008) (.008) (.011) (.011)
Above secondary 5EYHH* H1g*** 520%** H15¥H* H15*H* HGRFH* BHOLHFH*
(.010) (.010) (.010) (.010) (.009) (.012) (.012)
Educ. missing -.218%** -.2047%** -.2017%F* - 1647%** - 1617 -.042%* -.046%*
(.018) (.015) (.015) (.015) (.015) (.021) (.021)
Grad. year FE yes yes yes yes yes yes yes yes
Grad. age FE no yes yes yes yes yes yes yes
Country FE no no yes yes yes yes yes yes
Country-specific linear
trend in grad. year no no no yes no yes no yes
Countries 30 30 30 30 30 30 26 26
Observations 161,352 161,352 161,352 161,352 161,352 161,352 113,417 113,417
Clusters 1,478 1,478 1,478 1,478 1,478 1,478 1,245 1,245
R? 101 .186 .253 .259 .246 .253 230 234

Notes: Least squares regressions weighted by adjusted sampling weights that give same weight to each country. Dependent variables are the globally
standardized test scores indicated in first row. Sample: high school graduates aged 16-65. Robust standard errors clustered by graduation year X country in
parentheses. * p<0.10, ** p<0.05, *** p<0.01



Table 4: The effect of central exams on labor market and education outcomes

Earnings Employed College High school
(1) (2) (3) (4)
Central exams .010 -.005 .025 -.012
(.019) (.006) (.019) (.015)
Female - 176%F* .004* 05 1** 013%**
(.006) (.002) (.005) (.002)
Second-gen. migrant .009 -.014%%* -.002 .003
(.009) (.004) (.007) (.004)
Parents education:
Secondary 110%** O11%** .095%** .039%**
(.007) (.003) (.005) (.003)
Above secondary L220%K* 013%%* .313%K* .045HH*
(.008) (.003) (.007) (.003)
Educ. missing -.028%* -.029%** -.039%** -.016%*
(.015) (.007) (.009) (.009)
Grad. year FE yes yes yes yes
Grad. age FE yes yes yes yes
Country FE yes yes yes yes
Country-specific linear
trend in grad. year yes yes yes yes
Countries 30 30 30 30
Observations 70,915 76,025 62,485 76,025
Clusters 1,383 1,392 1,313 1,392
R? 457 087 323 547

Notes: Least squares regressions weighted by adjusted sampling weights that give same weight to each country.
Dependent variables are log gross hourly wage (column 1), an employment dummy (column 2), a dummy for
tertiary education degree (column 3), and a high school attainment dummy (column 4). Sample: individuals
aged 25-65 with non-zero earnings (column 1), individuals aged 25-65 currently not in education (columns 2,
3, 4). Robust standard errors clustered by graduation year X country in parentheses. * p<0.10, ** p<0.05,
Rk p<0.01



Table 5: Sensitivity analysis

Adult skills

Labor market & education

Numeracy Literacy Prob. solv. Earnings Employed College
(1) (2) (3) (4) (5) (6)
Baseline .068%** 068FFF - 092 H* .010 -.005 .025
(.021) (.022) (.022) (.019) (.006) (.019)
[.046] [.055] [.042] [.026] [.009] [.025]
No weights L085*** 093+ 094%** .015 -.003 .036%*
(.019) (.019) (.018) (.017) (.006) (.014)
Median grad. age .078%** 068*FF 084 HK .012 .006 015
(.018) (.019) (.020) (.015) (.005) (.016)
Incl. early leavers .078%** 068%F** - -4HH* .013 .007 013
(.022) (.022)  (.020) (.015) (.005) (.016)

Notes: Each cell reports an estimate from a separate regression weighted by adjusted sampling weights that

give same weight to each country, except for the second row, where we forgo using any weight.

estimate of the central exam effect based on variants of Equation 1 is reported. Sample of 30 (26) countries
(in column 3). Dependent variables are globally standardized test scores in numeracy (column 1), literacy
(column 2), problem-solving (column 3), log gross hourly wage (column 4), an employment dummy (column
5), and a dummy for tertiary education degree (column 6). “Incl. early leavers” row additionally includes
individuals who, based on the calculatory age of graduation (highest attained degree), is below 15, i.e. earlier
than the compulsory leaving age in OECD countries. Robust standard errors clustered by graduation year x
country in parentheses. Clustered standard errors by country in square brackets. * p<0.10, ** p<0.05, ***
p<0.01 (significance refers to clustered standard errors by graduation year x country)

Only the



Table 6: Piecewise deletion of countries

Numeracy Earnings Numeracy FEarnings
(1) (2) (3) (4)
Excluding one country
Austria 068*H* .010 Belgium 06THH* .010
(.021) (.019) (.021) (.019)
Canada 06974 011 Chile 06 THH* .010
(.021) (.019) (.021) (.019)
Cyprus 062 ** .009 Czech Republic 072Kk 011
(.023) (.019) (.022) (.019)
Denmark 067HF* .010 Estonia 060*** 012
(.021) (.019) (.022) (.020)
Finland 068*H* .010 France .069*H* .010
(.021) (.019) (.021) (.019)
Germany 069*** .009 Greece 122%* .033*
(.021) (.019) (.025) (.020)
Ireland .068%** .010 Israel 066HH* .010
(.021) (.019) (.021) (.019)
Italy 068*H* .010 Japan 071Kk -.007
(.021) (.019) (.023) (.019)
Korea Q72%HK .005 Lithuania .055%* .006
(.022) (.020) (.022) (.020)
Netherlands Q72HH* 015 New Zealand 068*** .010
(.022) (.019) (.021) (.019)
Norway .066%+** .010 Poland .057** .014
(.021) (.019) (.022) (.019)
Singapore .068%** .007 Slovak Republic .053%* .008
(.017) (.019) (.022) (.019)
Slovenia 0T71HH* 013 Spain 06THH* 011
(.022) (.020) (.021) (.019)
Sweden Q7148 .004 Turkey 068*H* .009
(.022) (.020) (.021) (.019)
United Kingdom 0697+ .009 United States .068H* .009
(.021) (.019) (.021) (.019)
Excluding country groups
Germany, Poland, .055%** 011 Canada, Greece, 135%H* .017
and Singapore (.017) (.020) Japan, and U.S. (.028) (.021)
Japan and Korea 076H** -.014 Early or late regime 78HHk .010
(.024) (.020) changing countries (.024) (.021)

Notes: Each estimate stems from a separate regression excluding one or more countries. The regressions
are weighted by adjusted sampling weights that give same weight to each country. We report here only the
estimates of the central exam effect on numeracy (column (1)), which corresponds to the specification of
Table 3, column (4), and the effect on earnings (column (2)), which corresponds to the specification of Table 4,
column (1). Dependent variable is the globally standardized test scores in numeracy, or log gross hourly wage,
respectively. Early or late regime changing countries are Netherlands and Sweden (both 1968), Czech Republic
(2011). Robust standard errors clustered by graduation year X country in parentheses.

* p<0.10, ** p<0.05, *** p<0.01



Table 7: Goodman-Bacon decomposition of the average central exam effect on adult skills

Numeracy Literacy Weight Prob. solv. Weight
(1) (2) (3) (4) (5)

Timing groups (36/28) 0.049 0.074 0.3255 0.116 0.3678
Always vs. timing (9/8)  0.168 0.127 0.4396  0.184 0.4239
Never vs. timing (9/8) 0.026 0.056 0.2119 0.148 0.1957
Always vs. never (1) 0.445 -0.808 0.0007 -0.453 0.0007
Within component (1) -1.049 -1.105 0.0222 -2.239 0.0120
Total effect 0.072 0.067 0.123

(s.¢.) (.028) (0.026) (0.026)

Notes: Goodman-Bacon decomposition of the average effects of central exams on adult skills into different
types of 2x2 DD estimates. The estimate of the total average effect is reported in the bottom row. Estimates
are based on Equation 1 without country-specific linear trends for a reduced sample of countries. Sample of 23
countries. Excluded countries are: Austria, Canada, Germany, Greece, New Zealand, Sweden, and the United
States. The table reports average contributions and weights for each type of 2x2 DD estimates. Timing groups
refer to 2x2 DD estimates for later- to earlier-treated groups. In total, we have 36 4+ 2 « 9 + 2 = 56 distinct
2x2 DD estimates for numeracy and literacy skills and 28 + 2 % 8 4 2 = 46 distinct 2x2 DD estimates effects
for problem solving skills.



Table 8: Average effects based on Callaway and Sant’Anna (2021)’s doubly robust estimator

Numeracy skills Literacy Prob. solv.
(1) (2) 3) (4) (5) (6)
TWFE (Baseline, 16 countries) 071 115 .078 .136 130 151

(.020)  (.025)  (.020)  (.024)  (.021)  (.025)
[035]  [025]  [030] [.025] [.032]  [.044]

Callaway and Sant’Anna (2021) .097 A11 158

[.118] [.099] [.066]

{.032} {.031} {.038}
Country-specific linear trend no yes no yes no yes

Notes: Effects of central exams on adult skills based on a sample of 16 countries: 5 never treated and 11 reform
countries with Sweden and Greece excluded (see Table 1). The first row reports TWFE estimates without
and with country-specific linear time trend for each adult skill based on the reduced sample of 16 countries.
The second row reports estimates based on Callaway and Sant’Anna (2021)’s doubly robust estimator of the
central exam effect using stabilized inverse probability weighting applying csdid STATA command (Rios-Avila
et al. 2021). To construct bootstrapped standard errors the command uses a multiplicative WildBootstrap
procedure with 999 repetitions. Robust standard errors clustered by graduation year X country in parentheses.
Clustered standard errors by country in square brackets. Wild bootstrapped standard errors in curly brackets.



Table 9: Central exams and adult outcomes in the German subsample

Adult skills

Labor market & education

Numeracy  Literacy  Prob. solv. Earnings Employed College
(1) (2) (3) (4) (5) (6)
Central exams 12K .100%** .056* —.005 .053*** 017
(.030) (.032) (.033) (.023) (.016) (.013)
Backgr. char. yes yes yes yes yes yes
Grad. age FE yes yes yes yes yes yes
Grad. year FE yes yes yes yes yes yes
Observations 4,086 4,086 3,646 2,098 2,949 3,250
Clusters 570 570 555 449 499 543
R? .288 279 .263 .255 .168 .506

Notes: Dependent variables: for numeracy, literacy and problem solving skills we use standardized scores in
the German sub-sample. Earnings are log gross hourly wage, employed is a binary employment indicator,
college is a dummy indicating that individuals completed any college. The college estimation excludes those
currently studying, the earnings and employed estimations additionally exclude those younger than 25. The
set of controls used for the skill outcomes (column 1-3) is identical to our preferred specification of Table 3
(column 4), the set of controls used for labor market outcomes (column 4-6) is identical to Table 4. Estimations
are weighted by sampling weights. Robust standard errors (in parentheses) clustered at graduation year x
federal state. * p<0.10, ** p<0.05, *** p<0.01



Table 10: Effect heterogeneity across population groups

Adults skills

Labor market & education

Outcome Numeracy Literacy Prob. solv. Earnings Employed College
(1) (2) (3) (4) (5) (6)
Panel A: Interactions with parental education
Central exams .060** .045%* 148 .046%* .002 .029
(.025) (.025) (.026) (.020) (.006) (.021)
Secondary .008 029+ -.034* -.048%F*  _011%* .001
x Central exams (.016) (.015) (.020) (.013) (.006) (.011)
Tertiary .035% 059%FF  _.029 -.089%** - 014%** -.021
x Central exams (.020) (.019) (.024) (.017) (.007) (.013)
Panel B: Interactions with migration background
Central exams .0637#H* 0647%*% - O85HAK .006 -.004 027
(.021) (.022) (.022) (.019) (.006) (.019)
Second-gen. migrant .047* .036 075K .027 -.004 -.012
x Central exams (.025) (.024) (.029) (.020) (.008) (.018)
Panel C: Interactions with gender
Central exams L0847 073%*% Q95 HHk -.010 -.007 .021
(.022) (.023)  (.024) (.020) (.006) (.020)
Female -.032%** -.009 -.006 044%** 005 .010
x Central exams (.012) (.011) (.016) (.013) (.005) (.010)

Notes: Each panel reports least squares regressions weighted by adjusted sampling weights that give same
weight to each country. Only estimates of the central exam effects based on variants of Equation 1 including
interactions the individual characteristics indicated in each panel are reported. Dependent variables are globally
standardized test scores in numeracy (column 1), literacy (column 2), problem-solving (column 3), log gross
hourly wage (column 4), an employment dummy (column 5), and a dummy for tertiary education degree
(column 6). Robust standard errors clustered by graduation year X country in parentheses. * p<0.10, **

p<0.05, *** p<0.01



Table 11: Complementarity between central exam and school autonomy

Adults skills Labor market & education
Numeracy  Literacy  Prob. solv. Earnings Employed College

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

High autonomy  .069*** J05%F* 119 *F .048* -.021 .052%**
sample (.026) (027)  (.033) (.028) (.013) (.015)
Low autonomy .002 -.033 .041 -.063 -.005 -.044
sample (.035) (.039) (.040) (.046) (.009) (.036)

Notes: Table replicates the baseline estimation for adult skills, labor market and education outcomes on two
split samples for high and low school autonomy. School autonomy information is taken from Hanushek et al.
(2013). Reform countries with a high school autonomy are Poland, Czech Republic, Japan, Korea, Netherlands,
Sweden, and United States while the low school autonomy reform countries are Canada, Germany, Greece,
and Slovak Republic. From countries which did not change central exam status, Denmark, Finland, Israel,
Ireland, Italy, New Zealand, United Kingdom are high autonomy countries and Turkey, Chile, Austria, Belgium,
Norway, Spain are low autonomy countries. Robust standard errors clustered by graduation year X country
in parentheses. * p<0.10, ** p<0.05, *** p<0.01



Table 12: Time to effect

Outcome Numeracy skills Literacy skills Problem-solving skills
(1) (2) (3) (4) (5) (6)
Central exams Q70*** .023 Q70*** .014 .096*** .030
(.021) (.025) (.022) (.028) (.022) (.031)
Central exams 2+ .063* .059%* .067*
(.033) (.032) (.039)
Central exams 5+ -.006 .021 .030
(.030) (.029) (.031)
Countries 27 27 27 27 23 23
Observations 131,398 131,398 131,398 131,398 88,827 88,827
R2 .265 .265 .261 261 242 242

Notes: Estimates in columns (1), (3), and (5) correspond to our baseline specification, of Table 3, columns (4),
(6), and (8), for a sample without the three countries with federal education systems, i.e. Canada, Germany,
and the United States. In columns (2), (4), and (6) additional treatment indicators for “more than 2 years
after the reform” (Central exams 2+4) and for “more than 5 years after the reform” (Central exams 5+) are
included. All estimates are weighted by adjusted sampling weights that give same weight to each country.
Robust standard errors clustered by graduation year X country in parentheses. * p<0.10, ** p<0.05, ***

p<0.01



Table 13: Comparison with correlations in PISA and TIMSS

PIAAC PISA PIAAC TIMSS

(1) (2) (3) (4)
Central exams .074 175 .262 .361

(.140) (.124) (.244) (.290)
Countries 18 18 13 13
Observations 1,899 46,856 1,067 51,957
R? 018 013 .033 036

Notes: Dependent variable: globally standardized numeracy score for PIAAC and standardized math scores
for PISA and TIMSS. PISA data refers to the PISA 2000 wave. TIMSS data refers to the 1999 TIMSS-Repeat
study. The estimations in the PTAAC columns are based on a sample of PIAAC individuals who were 15
years old in 2000. The estimations in all columns except (1) are limited to the selection of countries which are
common to PIAAC/PISA and PIAAC/TIMSS. All estimations are weighted by adjusted weights, where each
country’s weights sum up to 1. Robust standard errors (in parentheses) clustered by country. * p<0.10, **
p<0.05, *** p<0.01



Figure Al: Event study graph of the central exam effects on adult skills
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along with their 95% confidence intervals. CE7, is a dummy equal to 1 if graduation year t is T years after
country c¢ introduced central exams. Sample of 16 countries: 5 never-treated and 11 reform countries (see
Table 1). The STATA command eventdd by Clarke and Tapia-Schythe (2021) is used to plot the event graph
and estimate the underlying leads and lags. The first lead (-10) and the last lag (15) are accumulated, while

the lead (-1) is normalized to zero.



Figure A2: Goodman-Bacon decomposition of central exam effects on adult skills
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Table Al: Introduction of central exit examinations (CEE) at the upper secondary level (ISCED 3) across PIAAC countries

Country Year of CEE-Introduction

Source

Austria 2016

Belgium -

Canada* 1929-2000

Chile -

Cyprus 2006

Czech Republic 2011

Denmark 1908

Ministerium fiir Bildung und Frauen Osterreich (BMBF):
https://www.bmbwf.gv.at/Themen/schule/schulpraxis/zentralmatura.html, Horner et al. (2007)

Horner et al. (2007), Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/
eurydice/content/assessment-second-and-third-stage-secondary-education-0_en

General Accounting Office, Washington, 1993: http://files.eric.ed.gov/fulltext/ED361377.pdf,
https://archive.org/details/ERIC_ED361377, Klinger (2008), Volante (2006), Bishop (1999a),
WENR Country Report: https://wenr.wes.org/2017/09/education-in-canada

OECD (2010), OECD Education Policy Outlook Snapshot:
https://www.oecd.org/education/highlightsChile.htm, WENR Country Report:
https://wenr.wes.org/2013/12/introduction-to-the-higher-education-system-of-chile

Hérner et al. (2007), Lamprianou (2012), Ministry of Education: http://www.moec.gov.cy/ypexams/
en/examinations.html#:~:text=Pancyprian’,20Examinations20The%200bjective’200£f%20the’,
20Pancypriany%20Examinations, Public20Higher’20Education’%20Institutions’200f%20Cyprus
20and’%20Greece,

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-11_en

Greger and Kifer (2012), FEurydice Country Report: https://eacea.ec.europa.eu/
national-policies/eurydice/content/assessment-upper-secondary-education-4_en

Bishop (1999a), Horner et al. (2007), Eurydice Country Report:

https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-12_en

Notes: *In Canada the central exam regime differs across provinces. See Table A2 for information on central exam reform years across them. Online

sources last retrieved August 18th, 2021.


https://www.bmbwf.gv.at/Themen/schule/schulpraxis/zentralmatura.html
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-second-and-third-stage-secondary-education-0_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-second-and-third-stage-secondary-education-0_en
http://files.eric.ed.gov/fulltext/ED361377.pdf
https://archive.org/details/ERIC_ED361377
https://wenr.wes.org/2017/09/education-in-canada
https://www.oecd.org/education/highlightsChile.htm
https://wenr.wes.org/2013/12/introduction-to-the-higher-education-system-of-chile
http://www.moec.gov.cy/ypexams/en/examinations.html#:~:text=Pancyprian%20Examinations%20The%20objective%20of%20the%20Pancyprian%20Examinations,Public%20Higher%20Education%20Institutions%20of%20Cyprus%20and%20Greece
http://www.moec.gov.cy/ypexams/en/examinations.html#:~:text=Pancyprian%20Examinations%20The%20objective%20of%20the%20Pancyprian%20Examinations,Public%20Higher%20Education%20Institutions%20of%20Cyprus%20and%20Greece
http://www.moec.gov.cy/ypexams/en/examinations.html#:~:text=Pancyprian%20Examinations%20The%20objective%20of%20the%20Pancyprian%20Examinations,Public%20Higher%20Education%20Institutions%20of%20Cyprus%20and%20Greece
http://www.moec.gov.cy/ypexams/en/examinations.html#:~:text=Pancyprian%20Examinations%20The%20objective%20of%20the%20Pancyprian%20Examinations,Public%20Higher%20Education%20Institutions%20of%20Cyprus%20and%20Greece
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-11_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-11_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-upper-secondary-education-4_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-upper-secondary-education-4_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-12_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-12_en

Table Al: Continued

Country Year of CEE-Introduction

Source

Estonia 1997

Finland 1921

France 1808
Germany* 1945-2008
Greece 1983, abolished in 2005

Archimedes Report 2010: https://eca.state.gov/files/bureau/estonia.pdf, Ministry of Educa-
tion: https://www.hm.ee/en/activities/external-evaluation/state-examinations

Education Youth Board Estonia: https://www.educationestonia.org/about-education-system/

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-14_en

Matriculation Examination Board Finland:
https://www.ylioppilastutkinto.fi/en/matriculation-examination/history

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-15_en

Horner et al. (2007), Ministry of Education France:
http://www.education.gouv.fr/cid60987/bac-2015-questions-reponses.html

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-17_en

Klein et al. (2009), Liiddemann (2011), Eurydice Country Report:

https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-21_en

Polydorides (1986), Goulas and Megalokonomou (2021), Eurydice Country Report:

https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-23_en

Notes: * In Germany the central exam regime differs across federal states. See Table A2 for information on central exam reform years across them. Online

sources last retrieved August 18th, 2021.


https://eca.state.gov/files/bureau/estonia.pdf
https://www.hm.ee/en/activities/external-evaluation/state-examinations
https://www.educationestonia.org/about-education-system/
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-14_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-14_en
https://www.ylioppilastutkinto.fi/en/matriculation-examination/history
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-15_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-15_en
http://www.education.gouv.fr/cid60987/bac-2015-questions-reponses.html
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-17_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-17_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-21_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-21_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-23_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-23_en

Table Al: Continued

Country

Year of CEE-Introduction

Source

Ireland

Israel

Italy

Japan

Korea

Lithuania

1927

1948

1923

1979

1994

2002

State examination Commission Ireland:
https://www.examinations.ie/71l=en&mc=1i&sc=1i

Department of Education and Skills:
http://www.education.ie/en/The-Education-System/Post-Primary/

Syrquin (1997), Lavy (2008), Yemini et al. (2014)

Nardi (2001), Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/
eurydice/content/assessment-general-upper-secondary-education-26_en

Eckstein and Noah (1989), Watanabe (2013) Entrich (2015), Metzger et al. (2010),

Ministry of FEducation: https://www.mext.go.jp/component/english/__icsFiles/afieldfile/
2011/03/07/1303013_005. pdf

WENR Country Report: https://wenr.wes.org/2021/02/education-in-japan

Chang (2009), Korea Institute of Curriculum and Evaluation:
http://www.kice.re.kr/sub/info.do?m=0205&s=english, WENR Country Report:
https://wenr.wes.org/2018/10/education-in-south-korea, Jones (2013)

Bethell and Zabulionis (2000), OECD (2002), Eurydice Country Report:

https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-31_en

Notes: Japan and Korea have national university entrance exams that we consider to be equivalent to a central exam in our main specification. Israel
introduced “Bagrut” exams already in 1923 during the British Mandate of Palestine (1920-1948). Online sources last retrieved August 18th, 2021.


https://www.examinations.ie/?l=en&mc=li&sc=li
http://www.education.ie/en/The-Education-System/Post-Primary/
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-26_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-26_en
https://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/03/07/1303013_005.pdf
https://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/03/07/1303013_005.pdf
https://wenr.wes.org/2021/02/education-in-japan
http://www.kice.re.kr/sub/info.do?m=0205&s=english
https://wenr.wes.org/2018/10/education-in-south-korea
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-31_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-31_en

Table Al: Continued

Country

Year of CEE-Introduction

Source

Netherlands

New Zealand

Norway

Poland

Singapore

1968

before 1960

before 1960

2005

1975

Horner et al. (2007), Boezerooy and Huisman (2000), Government of the Netherlands:

https://www.government.nl/topics/examination-in-secondary-education/
secondary-school-leaving-examination, Eurydice Country Report:

https://eacea.ec.europa.eu/national-policies/eurydice/content/

assessment-general-lower-secondary-education-25_en, WENR Country Report:

//wenr .wes.org/2018/12/education-in-the-netherlands

Hall (2000), Strachan (2002), New Zealands Qualifications Authority:
https://www.nzqa.govt.nz/ncea/ncea-exams-and-portfolios/external/,

www.nzqa.govt.nz/qualifications-standards

Horner et al. (2007), Organization for Internationalization in Education:

https:

https://www.epnuffic.nl/en/publications/find-a-publication/education-system-norway.
pdf, Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/

content/assessment-general-upper-secondary-education-39_en

The Central Examination Commission: https://cke.gov.pl/en/egzamin-maturalny/,

http://www.cke.gov.pl/images/stories/English/the_matura_exam.pdf

Statement Singapore Examinations and Assessment Board:
https://www.seab.gov.sg/home/examinations/gce-a-level/about-gce-a-level

Bishop (1997), Lim and Tan (1999)

Notes: Online sources last retrieved August 18th, 2021.


https://www.government.nl/topics/examination-in-secondary-education/secondary-school-leaving-examination
https://www.government.nl/topics/examination-in-secondary-education/secondary-school-leaving-examination
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-lower-secondary-education-25_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-lower-secondary-education-25_en
https://wenr.wes.org/2018/12/education-in-the-netherlands
https://wenr.wes.org/2018/12/education-in-the-netherlands
https://www.nzqa.govt.nz/ncea/ncea-exams-and-portfolios/external/
http://www.nzqa.govt.nz/qualifications-standards/results-2/secondary-school-qualifications-prior-to-2002/
https://www.epnuffic.nl/en/publications/find-a-publication/education-system-norway.pdf
https://www.epnuffic.nl/en/publications/find-a-publication/education-system-norway.pdf
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-39_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-39_en
https://cke.gov.pl/en/egzamin-maturalny/
http://www.cke.gov.pl/images/stories/English/the_matura_exam.pdf
https://www.seab.gov.sg/home/examinations/gce-a-level/about-gce-a-level

Table Al: Continued

Country Year of CEE-Introduction Source

Slovak Republic 2005 National Institute for Certified Educational Measurement:
https://www.nucem.sk/en/measurements/maturita
https://www.nucem.sk/en/measurements/maturita/brief-history-of-maturita

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-upper-secondary-education-11_en

Slovenia 1994 The National Examinations Centre: https://www.ric.si/general_matura/general_information/,
Ilc et al. (2014)

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-general-upper-secondary-education-56_en

Spain - Bishop (1999a), Fuchs and Woessmann (2007), Horner et al. (2007)

Sweden abolished in 1968 Bishop (1999a), Horner et al. (2007)

Eurydice Country Report: https://eacea.ec.europa.eu/national-policies/eurydice/content/
assessment-upper-general-and-vocational-secondary-education_en

Turkey - Yildirim et al. (2007), Measuring, Selection and Placement Center Turkey:
http://www.osym.gov.tr/belge/1-2706/tarihsel-gelisme.html

United Kingdom 1951 WENR Country Profile: https://wenr.wes.org/2014/02/a-guide-to-the-gce-a-level
http://www.a-levels.co.uk/history-of-a-levels.html
A-Levels.co.com: http://wuw.a-levels.co.uk/history-of-a-levels.html

United States* 2003 Caves and Balestra (2018), Education Commission of the States:

https://www.ecs.org/high-school-graduation-requirements/,
https://www.ecs.org/state-education-policy-tracking/

WENR Country Profile: https://wenr.wes.org/2018/06/education-in-the-united-states-of-america

Notes: *In the United States the education system is decentralized. According to the definition of Bishop (1997), only the state of New York has central
exams since 2003 in place. See also in Table A2. Online sources last retrieved August 18th, 2021.


https://www.nucem.sk/en/measurements/maturita
https://www.nucem.sk/en/measurements/maturita/brief-history-of-maturita
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-upper-secondary-education-11_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-upper-secondary-education-11_en
https://www.ric.si/general_matura/general_information/
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-56_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-general-upper-secondary-education-56_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-upper-general-and-vocational-secondary-education_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/assessment-upper-general-and-vocational-secondary-education_en
http://www.osym.gov.tr/belge/1-2706/tarihsel-gelisme.html
https://wenr.wes.org/2014/02/a-guide-to-the-gce-a-level
http://www.a-levels.co.uk/history-of-a-levels.html
http://www.a-levels.co.uk/history-of-a-levels.html
https://www.ecs.org/high-school-graduation-requirements/
https://www.ecs.org/state-education-policy-tracking/
https://wenr.wes.org/2018/06/education-in-the-united-states-of-america

Table A2: Central exams status in reform countries with federal education systems

1960-2015

Canada:

British Newfoundland/
Alberta Columbia Manitoba Labrador New Brunswick
(1984) [1974] (1983) [1970] (1991) (1974) (1994)
Northwest Prince Edward
Territories® Nova Scotia Nunavut?® Island Yukon?
(2000) (1972) (2000) [1970] (2000)
Germany:
Berlin Brandenburg  Bremen Hamburg Hesse
(2006) (2005) (2007) (2005) (2007)
Mecklenburg-Western North-Rhine
Pommerania Lower Saxony  Westphalia Saxony Saxony-Anhalt
(1991) (2006) (2007) (1993) (1993)
Schleswig-Holstein Thuringia
(2008) (1990)

United States:

New York
(2003)

Notes: Years in round/square brackets indicate the year in which central exams were introduced/abolished.
“Northwest Territories, Nunavut, and Yukon adopted the CEE system of British Columbia and Alberta around
the year 2000. See Table A1l for a detailed list of sources.



Table A3: Coding of central exams in Fuchs and Woessmann (2007) compared to
our coding across PIAAC/PISA and PIAAC/TIMMS countries

Country Dataset
Austria 0 PISA
Belgium 0 PISA/TIMSS
Canada 0.537 PISA/TIMSS
Chile 0 TIMSS
Cyprus 0 TIMSS
Czech Republic 1 0 PISA/TIMSS
Denmark 1 1 PISA
Finland 1 1 PISA/TIMSS
France 1 1 PISA
Germany 0.424 PISA
Greece 1 PISA
Ireland 1 1 PISA
Israel 1 TIMMS
Italy 1 1 PISA/TIMMS
Japan 1 1 PISA/TIMSS
Korea 1 1 PISA/TIMSS
Lithuania 0 TIMSS
Netherlands 1 1 PISA/TIMSS
New Zealand 1 1 PISA/TIMSS
Norway 1 1 PISA
Poland 1 0 PISA
Singapore 1 TIMSS
Slovak Republic 0 TIMSS
Slovenia 1 TIMSS
Spain 0 PISA
Sweden 0 PISA
Turkey 0 TIMSS
United Kingdom PISA/TIMSS

United States

o
QS =
()
J

PISA/TIMMS
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