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Abstract

Knowing how one’s characteristics compare to those of other individuals is important in every setting of economic decision making.
This paper examines the effects of information provision about relative
ability on students’ attainments and repetition of university admission
exams. Our identification strategy exploits a natural experiment where
students in some cohort are provided with feedback through standardized national exams. We exploit this variation using administrative
data combined with new school level data. Employing Difference techniques, we show evidence that feedback information from sitting similar exams prior to university admission high stake exams improves
the performance of the high achieving students by 0.15 standard deviations and reduces the performance of the low achieving students
by 0.3 standard deviations. The provision of feedback information on
own prior performance in similar exams induces lower repetition rates
among the better students one year after graduation from high school.
The results are consistently more pronounced for females indicating
greater sensitivity to feedback.
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Introduction

Improving pupils’ attainments has been an important issue for policy makers and academics alike. In an effort to improve students grades, education
policies have focused on improving school inputs such as reducing class size
(Angrist and Lavy (1999), Krueger (1999)), improving the quality of teachers
(Chetty et al. (2014), Rothstein (2010) Aaronson et al. (2007)), extending
the term length (Card and Krueger (1992)) and improving the quality of
the peer group a student is exposed (Lavy et al. (2012) ,Zimmerman (2003),
Hoxby (2000)). Manipulating the availability of social comparison information may be an important and low cost instrument for the principal who
cares about enhancing students’ performance (Ertac (2005)).
This paper presents a theoretical motivation and empirical analysis of
whether providing high school students with feedback on their performance
in externally marked exams affects future performance in similar exams.
Our analysis relies on the fact that different cohorts have different policies
regarding the provision of feedback information. The feedback policies we
observe differ based on whether students receive information about their
relative rank position at the end of the eleventh grade.
We exploit a large scale natural experiment that took place in Greece
where until 2005 all students were provided with relative performance information in a series of externally graded national exams prior to University
admission high stake exams. In particular, until 2005 all students (feedback regime) had to take national exams in two adjacent grades; one year
before graduation from high-school and the year they graduated from high
school. This system allowed students to receive information about their relative performance in the penultimate year. Knowing their performance in
the penultimate year exams, students could translate their hours of effort
into exam result. In the feedback regime, each student’s performance in the
eleventh grade exams was publicly announced, giving students the opportunity to calculate their national and school rank. So students could compare
themselves to others allowing for social comparison. An individual’s decision
to exert more or less effort is influenced by how well he has done relative
to others doing the same task. Knowing their relative performance in the
eleventh grade could affect the amount of effort students decide to exert
towards their twelfth grade performance (Ertac (2005)). Students’ perfor-
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mance in the twelve grade national exams is the most important determinant
for University admission.
After 2005, the penultimate year national exams are abolished and students have to sit the national exams only in the last year of high school
(non-feedback regime). As a consequence, they no longer receive information on their penultimate year relative performance. This imposes a loss of
feedback information regarding previous performance in similar exam.
In this study we document the direction and size of the effect of feedback
information on students attainments. We define feedback as the information
of one’s performance in comparison to their peers in school. Using new data
on school performance and national exams for university admission we test
the hypothesis that students final year exam performance is independent
of the feedback regime. Based on their prior ability, we compare the final
year performance of students across feedback regimes. After controlling for
students’ characteristics, we identify the effect of feedback from the difference for each one decile of prior ability rank between feedback regime and
non-feedback regime.
Our first finding is that the better students perform better in externally graded exams when they are aware of their performance relative to
their schoolmates in similar exams. More specifically, feedback information on past performance improves the next period’s exam performance of
the better students by 0.2 standard deviations and their relative national
rank by 4-6 percentiles. This is of comparable magnitude to being taught
by a teacher 1.5-2 standard deviations above the average ( Hanushek et al.
(2005), Chetty et al. (2014)). Additionally, we find strong evidence that students in the lowest percentiles are getting discouraged by feedback. When
feedback is provided, the twelfth grade performance of the low achieving
students declines by 0.3 standard deviations and their relative national rank
decreases by 8 percentiles. To build intuition here, we consider that knowing how someone performs relatively to others in the same task affects his
motivation to exert less or further effort in the next time period.
Our second finding suggests differential response to feedback at different parts of the ability distribution by gender. As literature on evaluating
social programs has shown, individuals respond differently to the same policy (Heckman (2001)). Females seem to be considerably more sensitive to
feedback at all parts of the ability distribution than males. Furthermore,
3

high achieving males and females respond positively to positive feedback
whereas low achieving male and female students respond negatively to negative feedback. Our results are consistent with the findings in the existing
literature on gender differential response to feedback information because of
initial different levels of self-confidence (McCarty (1986)).
In the recent years there has been an increasing interest in the economic literature of feedback information provision on exam performance.1
Bandiera et al. (2008) examine the effect of feedback information on students’ future absolute performance using data on MSc students scores registered to University Departments with different feedback policies. In her
study, feedback is defined as the knowledge of someone’s absolute performance in the midterm exam in period one and before students exert effort
on their essay in period two. The authors find that the effect of feedback is
positive for all students and that the positive effects of feedback are more
pronounced for more able students. Azmat and Iriberri (2010) examine the
effect of relative performance feedback on students future absolute performance. They exploit a natural experiment that took place in a high school,
where for one year only students received information about the average class
score in addition to their own performance. Like Bandiera et al. (2008) and
differently from us, their findings suggest that provision of relative performance feedback improves the performance of all students in the subsequent
test. However, their effects are stronger at the tails of the ability distribution
and they find no differential effect by gender along the ability distribution.
More recently and in a related literature, Murphy and Weinhardt (2014)
examine the effect of knowing one’s ordinal rank position in exam results on
future exam performance. They find large and robust effects of being highly
ranked in primary school on secondary school achievement. The authors
also find evidence that boys are more affected by knowing their ordinal rank
than girls.
At first, this approach may seem as a departure from the usual behavioural formula, where individuals are only uncertain of other agents’
1

The relative feedback information has been studied in the tournament literature. Some
studies find that relative performance information has a positive effect for all participants
in tournaments and piece rate payment schemes(Hannan et al. (2008)). On the other hand,
some other studies find mixing results.Barankay (2012) using data on furniture salesmen’s
effort finds negative feedback effects on the lowest performing employees.)
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type. Although one may observe their own perspicacity, they do not generally observe everyone’s ability so as to deduce a useful assessment of their
own relative ability. We provide evidence that feedback provision can change
good allocation in such environments.
We believe that the nature of the natural experiment that we study and
the structure of our dataset offer us a unique opportunity to combat potential problems that these studies faced. Fist, students in our setting know
their exact rank position and they do not figure that out through interactions with their classmates. Same ability students with different initial self
perception could have different impressions about their own relative ranks.
In our setting, students know their precise rank based on externally marked
scores. Second, the main part of our analysis is based on the most conservative outcome variable we have which is the rank in the last year exam
within the school. We believe that the comparison of the absolute performance across different cohorts could invalidate the OLS estimates in various
ways (difference in difficulty of the exam, grade inflation, teachers or schools
with different grading practices ).
The paper is organized as follows. Section 2 presents a theoretical model
for the individual’s behaviour and motivates the empirical investigation.
Section 3 provides a brief description of the Greek education system and the
administrative data. Section 4 sets out our empirical strategy. Section 5
presents the main results and the heterogeneity by ability, gender and speciality. Section 6 discusses our empirical specification and findings regarding
the decision to retake the national and in Section 7 we conclude and discuss
possible policy implications.

2

Theoretical Framework

We adapt a theoretical model proposed by Ertac (2005) 2 where students
have imperfect information about their own ability.
In the non-feedback regime eleventh graders sit school exams and they re2

Ertac presents a principal-multiple agents model where agents have imperfect information about their abilities under multiple types of contracts. The model is also used by
Azmat and Iriberri (2010). The natural experiment they study gives students information
about the average grade of the class, while here the social comparison information refers
to the average school grade
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ceive information about their own performance only. In the feedback regime,
they receive information about their own performance and about the school
average performance. Students engage in a task in two time periods, the
eleventh and the twelfth grade. Students’ performance in the eleventh grade
depends on their ability and the easiness of the task. This performance provides them with some information about ability and easiness of the exam 3 ;
we will refer to that as the private signal si . The ability of a student is denoted by αi > 0 and αi ’s are independent draws from the same distributions
and independent of task difficulty. All distributions are common knowledge.
When signals coming from the eleventh grade are realized, students update their beliefs about the ability and decide the subsequent effort. The
amount of effort students decide to exert in the twelfth grade determines
their final year’s scores. Period 1: This is the learning stage. Students
receive a noisy signal about their ability:
si = αi + n

, i = 1, 2, ....

αi ∼ N (ᾱ, σ 2 ), ᾱ > 0
n ∼ N (0, ψ 2 )
cov(αi , n) = 0,

cov(α1 , α2 = 0)

This signal (si ) depends on student’s i ability level (αi ) and a shock that
is common to all students in a school ie. the easiness of the exam (n). We
also assume that αi and n are normally distributed and αi and si are jointly
normally distributed. In the feedback regime, students in each school also
observe the average signal:
N
P

s̄ =

N
P

si

i=1

N

=

N
P

(αi + n)

i=1

N

=

(αi )

i=1

N

+n

The type of the signal each student receives, affects student’s perceived
belief about his own ability in the first period and his belief about his own
ability determines the amount of effort he chooses to exert in the second
period. Then we find student’s i expectation of his own ability conditional
3

In the feedback regime n corresponds to the easiness of the national exams. In the
non-feedback regime n corresponds to the easiness of the school exam.
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on the signal he observes in each case 4 . In the non-feedback regime the
student observes his own performance in the school exams. His expected
ability given the observed signal is:
E(αi |si ) = ᾱ +

σ 2 (si − ᾱ)
σ2 + ψ2

In the feedback regime, the student receives also the social comparison information :
E(αi |si , s̄) = ᾱ +

(σ 2 + ψ 2 )(si − ᾱ) − ψ 2 (s̄ − ᾱ)
σ 2 + 2ψ 2

The higher the private signal a student receives, the higher is his belief
about perceived ability. If the average signal is observed, then the belief
about ability decreases with it.
Period 2: Following the realisation of the signals, in the second period
students choose the effort to exert. Assuming that the performance production is a linear function in effort 5 and that effort and ability are complements
in performance6 it follows that: qi = αi ei . There is also a cost associated
with the effort exerted that is c(ei ) and is increasing in effort and convex.
7 In the second period, students choose the effort level e > 0 in order
i
to maximise their last year’s utility function. In the absence of the social
comparison information students receive only the private signal and they
maximise:
uN F = E[pi (αi , ei ) − c(ei )|si ] = E[αi |si ]ei − c(ei )
F ∗ ) = 0 (1)
and the F.O.C simplifies to E[αi |si ] − c0 (eN
i
In the feedback regime where social comparison information is provided
the student observes the average signal and maximises:

uF = E[pi (αi , ei ) − c(ei )|si , s̄] = E[αi |si , s̄]ei − c(ei )
4
of the multivariate normal distribution,
we find that
 Using

 theproperties

αi
ᾱi
σ2
σ2
σ 2 /N
    2

σ2 + ψ2
(σ 2 + N ψ 2 )/N 
 si  ∼ ᾱi   σ
2
2
2
2
2
s̄
ᾱi
σ /N (σ + N ψ )/N (σ + N ψ )/N
5
the predictions of the model do not change if the performance function is not linear
in effort
6 dqi
>0
dαi dei
7 0
(c (ei ) > 0, c00 (ei ) > 0, c0 (0) = c00 (0) = 0)
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and the F.O.C simplifies to E[αi |si , s̄] − c0 (eFi ∗ ) = 0 (2)
Given that the F.O.Cs are sufficient, we will compare the optimal effort
levels in the two regimes. The conditional expectation of ability is independent of effort while the second term in (1) and (2) is an increasing function
of effort. That means that an increase in the beliefs about ability -a higher
self confidence level- leads to an increase in the optimal effort level. The
comparison of the F.O.Cs for the two regimes simplifies to the comparison
of the conditional expected abilities.
E[αi |si , s̄] = E[αi |si ]

if

s∗ = (s̄ − ᾱ)

N (σ 2 + ψ 2 )
+ ᾱ
σ2 + N ψ2

Thus, if si > s∗ then eF ∗ > eN F ∗ and if si < s∗ then eF ∗ < eN F ∗ . 8 .
Students with signal above (below) s∗ will put in more (less) effort, when
feedback is provided. If s̄ = ᾱ then the exam is neither hard nor easy. If
s∗ = ᾱ which means that s∗ = s̄ and the average signal equals the average
ability level and eF ∗ = eN F ∗ . However, if s∗ > ᾱ then s∗ > s̄ and if s∗ < ᾱ
then s∗ < s̄. That means that if the signal is above the average signal then
students will exert more effort when feedback is provided. Similarly, if the
signal is below the average signal then students will exert less effort when
feedback is provided.
If s̄ > ᾱ then the exam was hard and the signal needed in order for
students to exert more effort is higher than the average signal(s∗ > s̄). If
s̄ < ᾱ then the exam was easy and the signal needed in order for students
to exert more effort is lower than the average signal(s∗ < s̄)
Let us summarize now the main hypothesis about the effect of the
eleventh grade social comparison information on the twelfth grade performance.
Null Hypothesis: Students do not react to the social comparison information
That would suggest that students are not uncertain about their ability or
that students have already figured out their relative performance information
and the explicit addition of it is redundant or that the private signal that
students get in the feedback regime equals the average signal.
Alternative Hypothesis: Positive effect on performance for high
ability students and negative effect on performance for low ability
2

2

8 N (σ +ψ )
σ 2 +N ψ 2

> 1 provided than N >= 2
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students
That would suggest that students will react differently to feedback.
Based on the model, high ability students will perform better when the social comparison information is provided because they have been encouraged
by their period one performance. On the other hand, low ability students
will performance worse when the social comparison information is provided
because they have been discouraged by their eleventh grade performance.
Notice here that there is no pass-fail scheme and students do not try to
achieve a performance threshold. University cutoffs are determined endogenously based on demand and pre-specified supply of seats. In other words,
the model makes these predictions based on the fact that ability and effort
are complements in the production function. 9

3

Institutional Setting and the Data

3.1

Institutional Setting

In Greece, all students in secondary education are obliged to take the national exams to have access to tertiary education. Students sit these national
exams in specific subjects on specific dates every year and the questions
asked are the same for all students across the country. All universities are
public and the admission procedure is run exclusively by the Ministry of
Education. The University admission in Greece is based on the “admission
grade” (a weighted average of the grades a student gets in the national exams and the school grades). The school grade of every subject is the average
of the term grades. Only final year students can participate in the university
admission procedure. Admission is made in a specific university department.
All students are examined on the General Education core modules. On the
top of that, students are examined on Elective subjects that are determined
by the “speciality” they choose at the beginning of the twelfth year.
The admission grade takes into consideration the student’s school term
grades in the twelfth grade with 30% weight. After the admission grades are
announced, every student makes a preference list of university departments
9

In a different setting where University cutoffs are pre-determined, effort and ability
could be substitutes in the production function. In that case, a student who is above
average in the eleventh grade may choose to exert less effort in the twelfth grade in order
to achieve a specific performance threshold
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he would like to be admitted to in that year. If a student is admitted to
a school in a higher place in his preference list he cannot be admitted to
those below that. That makes students to be very careful in constructing
their preference list. The only way a student can flee from the university
admission procedure is to deny submitting a list of preferences. Every university department admits a pre-specified number of students. Then, each
department admits the best students that have included this department in
their preference list. All students are compared to each other according to
their admission grades and every successful candidate is admitted to the first
department in his list where there is an available place and every student
with higher admission grade has already been allocated. The rest of the
students are denied admission at that year.
At the end, every department announces the grade of the last student it
admitted in that year. This grade is considered to be the “bottom grade” or
the “cutoff grade” of a university department. More popular departments
exhibit higher bottom grades. Students are aware of the “ bottom grades”
of the previous years. The ranking of university departments according
to their bottom grades appears to stay largely unchanged, year after year,
and this represents the society’s valuation for these departments. It’s not
possible to defer someone’s admission. Some students that have not been
admitted to the university department they wanted to may decide to retry
admission a year (or more) after graduation using their school grades in
the admission procedure and retaking national exams in all subjects. Those
students usually do not attend any school/college or pursue any job or do
military service after graduation and before the next admission period.

3.2

Data Collection

The Hellenic Ministry of Education collects data on all students who sit national exams. The administrative data they provide us contain twelfth grade
performance and student information such as gender, national and school
exam results in each subject nationally examined, name of High school attended, year of birth and graduation year from High school, speciality chosen
at the beginning of 12th grade. We also obtained University admission related information such as the University Department each student got admitted to, number of applications made to University Departments , reported
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ordinal preference rank of University Department admitted. The dataset
refers to the period 2003-2009 and gives us information about 435.589 students.
As the Ministry does not collect information on tenth grade results,
we collected this information directly from the schools. 10 We also collected
data on students’ eleventh grade performance because the Ministry does not
collect information on the eleventh grade scores, in the non-feedback regime.
Thus, we visited High schools across the country and we have constructed a
unique data set of detailed student performance in every subject throughout
senior high school. More specifically, we have physically collected data from
13411 public, experimental 12 and private schools both near big cities and
in the countryside (this number corresponds to around 11 % of the school
population).
The final dataset includes information about school and national exam
results in tenth, eleventh and twelfth grade in all subjects, indicators for
gender, graduation year, year of birth, speciality chosen at the beginning of
the eleventh and twelfth grade and a unique identification code for each student that stays the same for each student throughout high school. We have
had short interviews with the principal of every school in our sample to find
out about any effects potentially affecting our outcomes of interest. Inter
alia, principals were asked about the size and history of the school, facilities,
attrition and teacher quality. The matching between the Ministry dataset
and the schools dataset was almost perfect (92 % of students matched because of missing values regarding the year of birth of the gender in the school
data) providing us with a complete high school history for 45.842 students
which is our sample size.
The Ministry of Economy and Finance provided us with average household income information for 2009 for every postcode in the country. We
employ this as a proxy for family income. Every school follows the same
curriculum and students are assigned to public schools based on a school
district system. Moreover, teachers are allocated to public schools based on
10

The tenth grade data are recorded in each school’s archives either in their computers
or in their history books.
11
We exclude from the analysis schools that had at least one year school cohort size
smaller than ten students because these small schools may be atypical in some dimensions
12
Experimental schools are public schools where admission in these schools is based on
a randomised lottery.
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geographical criteria and no quality criteria are taken into consideration in
the process. We exclude the evening schools 13 from our analysis because
they differ in many aspects from the other types of schools and the cut-offs
University admission grades are different for them. Figure2 presents the geographic position of each school included in the sample. The density of the
school population in Athens is 32 % thus many of the schools in our sample
are located in Athens.
Table 2 reports the mean characteristics for the schools that we have
in our sample to the whole school population to investigate any changes in
exam behaviour within schools. There are some variables for which there
is a statistical significant difference between the 134 sample schools and the
population of schools and these differences are mainly related to the sampling
methods that we used14 . So the sample may not be fully representative of
national responses, but it looks pretty similar nonetheless.

3.3

How does feedback work?

Knowing one’s own relative ability affects the amount of effort they exert
with regard to a certain objective. In the context of our study, students
objective is the maximization of their score and/or rank at the end of senior
high school.
Consider a student in the treated group. This student is of certain ability and her objective is to maximize her score given hers and everyone elses
choice of effort. In the world of this experiment, students compete with
each other over access to a limited number of places in higher education.
Throughout the academic year, the student observes the effort level exerted
by her peers through social interaction. At the end of the penultimate
year everyone takes standardized exams in five core subjects with external
interlocutors and at least two anonymous external markers per subject. Everyone’s results then become public knowledge as the names and detailed
grades are printed and pinned on boards at the entrance of every school. So
is when the student of our example receives feedback. She may be satisfied
or not with the results but in any case she wants to know how well or bad
13

which are public but lessons take place in the evenings targeting employed student
i.e. the relative percentage of schools in Athens for which we collected data is higher
than the relative percentage of schools in Athens. Furthermore, our sample contains 5 %
fewer private schools than the population
14
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her peer group did relative to her. Humans are social beings and social
comparison is an indispensable part of bonding among adolescents. Once
school starts again next year, our student has an idea of how well she can
do given a specific level of effort when national exams come around again.
Most importantly, she knows how well she can do relative to her schoolmates
given hers and their choice of effort.
For the sake of comparison lets consider a student in the control group of
our study. Given his ability he chooses an effort level at the penultimate year
of senior high school in order to succeed in the end of the year school exams
necessary to advance to the twelfth grade. Teachers coordinate to cover
the same material and usually give the same exam questions intra-school.
Before the summer break, our student receives a written report from school
with his own grades. When he reaches twelfth grade, he has access to the
same material, study guides and past exam papers as any student in the
treated group. He is only unaware of how his schoolmates did relative to
him in the penultimate year final exams.
Up to 2005, the names of the students together with their eleventh grade
national results and the cohort’s average national score were announced in
the newspaper. So each student could calculate her distance from the cohort’s average score and derive her relative rank in comparison to her cohort;
a national rank, which is a broader measure of relative ability. However, we
cannot make sure that all students do that. It is quite likely that all students
know their school rank and some also know their national rank.

3.4

Test Scores

The prior ability measure used in this analysis is based on student’s overall
school performance in the tenth grade. Each subject’s grade is a weighted
average of the school final exam result and the performance of the student
during the school year. In particular, we calculate the average rank each
student achieves in thirteen subjects within their school cohort. Teachers
receive guidance on how to mark students’ exams in the tenthth grade and
test scores are not curved.
Given the prior ability, we map the effect of the treatment on a composite outcome variable. Our main outcome variable is the relative average
rank a student achieves in five subjects measured at the end of twelfth grade.
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Before 2005 these five subjects were examined at a national level. From 2005
onwards, two subjects are examined at a national level whereas the other
three subjects are examined at a school level. We do various robustness
checks later to check if the results change when we include the rank in each
subject separately or the average rank in these five subjects. The test scores
in these five subjects is the most important determinant for the calculation of the high school graduation grade under both regimes. In the main
analysis, we do not include the Elective subjects in the outcome variable
because students choose their electives based on endogenous criteria ie.their
perceived differential ability. We show robustness checks later that the results remain unchanged when the Elective subjects are taken into account.
Moreover, the subjects included in the outcome variable are compulsory for
everyone and test different skills. We also check if there are spill-over effects
of feedback on the subjects which do not matter for University admission
(non- incentivized subjects).
We use the within school percentile ranks for the prior measure of ability and the outcome variable instead of the absolute scores for a couple of
reasons. First, using the percentile rank in the tenth grade allows us to do
comparisons across cohorts within the school. Notice that we do not observe the different feedback policies in the same year so we need to compare
students who are exposed to different peer groups and teachers. As long as
the teacher expresses the same level of harshness across students, then the
tenth grade percentile rank gives us a flexible measure of relative ability.
Second, a given twelfth grade national exam score does not represent the
same ability level in different years and it is important to make sure that
students of the same ability obtain the same relative rank in different years
and subjects. If the difficulty of the exam changes from the one year to
another then the mean test score changes and any comparison of students’
absolute scores across cohorts would be problematic. Furthermore, the mean
test scores may be different for different subjects, thus using the percentile
rank also allows comparisons across subjects.
Third, students face a very competitive University admission environment and it is highly possible that they might care more about their percentile rank rather than their absolute score. Notice that each University
Department admits a pre-specified number of students based on their relative performance and there is no specific score threshold for students to be
14

admitted.
Also note that any school grade inflation possibly taking place in the
tenth grade is not affecting our prior measure of ability. Grade inflation
would make the teacher more lenient in the overall grading procedure, which
implies that the ranking of the students is not affected. Furthermore, the
national exam procedure does not receive any grade curving.

3.5

Descriptive evidence

The means for the available variables in the twelfth grade are reported in
Table 1, where ”internal migration” takes the value one if the district of
University Department the student is admitted to is different from the district of residence; the latter being proxied by the school district. Moreover,
the variable ”early enrolment” takes the value of one if the student enrols
in the first grade before the age of six. Interestingly, 82 % of the students
on average get admitted to at least one University Department they apply
to. Given that there are no fixed cut-offs, if there is not much demand for
a particular University Department the cut-off grade this year is very low.
Table 3 reports the summary statistics of the variables of interest across the
two regimes. Most of the differences seem to be significantly different but
they are either very small or economically non meaningful.
In order to calculate the relative rank of the student within his school in
the tenth and the twelfth grade, we use the following normalization in order
to allow comparisons within the school across cohorts and across subjects.
Rank12iscj =

kiscj −1
Kcsj −1

Rank10isc =

nisc −1
Nsc −1

Where k iscj is the ordinal national rank position of student i in school s
in cohort c in subject j in 12th grade and is increasing in the national exam
grade. K c is the cohort size in cohort c in school s in subject j. Rank 12isc
is projected into the [0,1] interval and is increasing in national test scores,
with the lowest rank pupil in each cohort and school having Rank12isc =0.
Similarly, nisc is the rank position of student i within school s in cohort c in
tenth grade and is increasing in GPA and N sc is the cohort size of school s in
cohort c. The higher the R10isc , the higher the rank position of student i in
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tenth grade in his school s and cohort c. Moreover Risc is bounded between
between 0 and 1, with the lowest rank pupil in each school cohort having
R10isc = 0.
The test scores are percentalized by school cohort and subject and each
student has five test scores varying between 0 and 100 in the twelfth grade
as students take exams in five core education subjects. Then applying the
formula above, we construct five different relative rank measures one for
each subject examined(j). Then we average these five ranks and we end
up with our outcome variable. We also adapt a complementary strategy
in the calculation of the outcome variable as a placebo that we present in
Section5. We find the rank calculated on the average of all scores and then
we normalise it using the above formula. This second way assumes that
one point change in the score in one subject affects the overall rank in the
same way as one point change in the score in another subject, which is
not necessarily the case. Among these five subjects, some may take special
weights depending on the nature of the University Department the student
applies to. In the same way, we construct a rank measure based on the prior
ability score of each student(tenth grade GPA) taking the score in thirteen
subjects into account.

4

Empirical Strategy

This section identifies and magnifies the effect of relative performance feedback information on students’ exam performance. First , we need to identify
if there is an effect. Since we use as an outcome variable the rank in the
twelfth grade national exams within the school and we study the effect of
feedback provision conditional on the prior ability rank of the student, the
effect is, if anything of a distributional nature. Second, we focus on the
treatment effects along the distribution of students ability and we examine
any possible heterogeneity by gender and subject.

4.1

Identifying the effect

Figure 3 shows the fitted values of the twelfth grade rank for each percentile
of prior ability rank. In other words, these lines represent the slopes of the
production functions under the two different feedback regimes. We observe
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that the fitted regression line for the feedback period is steeper than the
non feedback one, implying that feedback has a positive effect to the better students and a negative effect to the students in the lower part of the
ability distribution. Thus, the better students are more likely to end up
higher in the twelfth grade rank distribution when they are aware of their
relative performance within the school rather than when they are not. The
opposite holds for the worse students who are more likely to end up lower
in the twelfth grade rank distribution when they are aware of their previous
performance instead of not knowing.
In the same direction, Figure 4 shows the average rank each performance
group gets in the exams that they sit in five subjects in the twelfth grade.
Cohorts up to 2005 have received feedback information and cohorts from
2006 onwards are used as a comparison group meaning that feedback is
abolished. Identification is achieved through a difference-in-difference approach requiring that the treatment and the control group would follow the
same trend in the absence of the treatment. This assumption requires that
before treatment, the time trends for each quantile of school performance
are following a similar pattern from year to year. In other words, there are
no differential pre-treatment trends for different performance groups. So
any change in the slopes of the trends at the post treatment period, is a
result of the treatment. We observe that from 2005 to 2006 the slopes of
the time trends change, meaning that the treatment affected considerably
students in all performance groups except of the middle quintile. Another
important observation here, is that the slopes remain relatively stable after
2006, which is the first affected cohort. In Figure 6, we do the same exercise
for each one subject examined in the twelfth grade finding similar results.

4.2

Method

In this section we proceed to quantify the effect of feedback information on
future performance by adopting two complementary strategies.
First, we use the following specification to estimate the effect of feedback
information on students’ later rank conditional on their prior ability.
Rank12isc = α + βF eedbackc ∗ Quintiles10isc + λQuintiles10isc
+ψF eedbackc + X 0 γ + θc + ϕs + isc (1)
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where Rank12isc is the rank of student i,in school s and cohort c in the
twelfth grade based in the national exam. Quintiles10isc is a dummy variable
that takes the value of one if the student is in the corresponding quintile
based on his tenth grade rank. Moreover, F eedbackc is a dummy variable
equal to one if the student takes the eleventh grade national exam ie. if the
graduation year is smaller than 2006 (feedback regime). The parameter of
interest β measures the effect of providing feedback in the eleventh grade on
the difference in students’ relative performance one year after, conditioning
on relative prior performance in the tenth grade.
Main OLS results are reported in Table 4. The outcome variable in the
first three columns is the average rank of the five core subjects on which
students sit national exams in the twelfth grade. We call them incentivized
subjects because they influence the University admission grade. The first
column is a basic specification without school and year fixed effects. The
dummy for the third tenth grade quintile is missing as a point of comparison.
This shows that when feedback is provided, a student who is at the top
quintile in his school has a 0.045 percentile rank gain in national exam
scores in comparison to a student who is at the median quintile , ceteris
paribus. Similarly, a students who receives feedback and is at the bottom
quintile has a 0.079 percentile rank points loss in national exams in twelfth
grade in comparison to a student at the median quintile. In the second
and third column, we add school fixed and year fixed effects gradually. The
coefficients estimates slightly change and remain statistically significant at
an 1 % significance level. In all specifications, we control for a set of pupil
characteristics and we cluster the standard errors at the school level.
In addition, we check if feedback information has an effect on students’
school exams in columns 4,5 and 6. These subjects include Religion, Sociology and Literature and students sit school exams on these subjects in both
regimes. We calculate the rank on each subject and then we normalise it
using the formula provided in Section3.5. The coefficients are not statistically significant implying that feedback information does not affect students’
performance in the non-incentivized subjects. Results are reported on Table
5 indicating that the empirical analysis supports the alternative hypothesis
in the model. In other words, with feedback provision students at the top
quintile increase their overall rank by 0.026 percentile ranks and students
at the bottom quintile reduce their overall rank by 0.050 percentile ranks.
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The effect of feedback on the third quintile is given by the coefficient of the
variable F eedback in Table5 which is very small (0.005 percentile ranks) and
not statistically significant.
In addition to the first strategy, we estimate the following Difference
specification to understand how conditional distribution of national exam
results is affected by the provision of feedback at each decile of tenth grade
within-school rank performance (Risc ), θ ∈ [0, 1]
Rank12iscθ = δθ + αθ Xiscθ + βθ Dc + uitθ (2)
where δθ captures a performance group-specific fixed effect. The parameter
of interest β is estimated for ten deciles, including clusters at the school level.
Figure 6 plots the βθ coefficients and the associated 95 % confidence interval.
A similar regression across all decile groups gives the pooled OLS estimator
of β which is exactly zero because as we explained before, the provision of
feedback has a zero average effect. A negative coefficient of β implies that
students who are provided with feedback experience a deterioration in their
later rank position in comparison with those of the same decile who are not
provided with feedback.15
In Figure 6 we observe that knowing someone’s relative performance
has a negative effect for all students below the forty-fifth percentile and a
positive effect to all students above it. At the highest two deciles, the curve is
relatively flat implying that there is a ceiling effect. In other words, there is
some upper bound on how much improvement can feedback provision bring
for the most able students. Thus, sitting similar exams prior to university
admission high stake exams improves the relative national rank of the better
students by 5 percentiles respectively. Figure 7 reports the βθ coefficients
for each subject separately. Figure 8 plots the βθ coefficients for the nonincentivized subjects where we find no effect of feedback and Figure 9 shown
the difference coefficients for all subjects together. So when the overall effort
is considered then the effect of feedback is positive for students above the
fortieth percentile and negative for students below it.
As an alternative way of estimating the standardized feedback effect,
we normalise the national exam within each year, subject and school. The
normalised new national exam score has a mean of zero and a standard
15

Similar results when we also include the Elective subjects to the outcome variable.The
Elective subjects are four for each speciality.
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deviation of one for each subject. Then we run again specification (2). In
Figure 10, the gain for students above the 40th percentile is associated with
0.15 standard deviations. Similarly, the effect of feedback information for
students below the 40th percentile is 0.3 standard deviations.

4.3

Gender

We run specification (2) separately for men and woman. Results are depicted in Figure 11. For both genders, the effect of feedback is positive if
they students -both males and females- are at the top deciles in school and
negative if they are at the bottom deciles in their school . Nevertheless, the
effects of feedback are more pronounced for women. More specifically, men
exhibit smaller sensitivity to knowing how they do compared to their school
peers.
Our evidence are consistent with the literature supporting differential
gender effect to feedback with females responding more to additional information. McCarty (1986) shows in an experimental context, that women may
react differently than men in the absence of feedback information because of
different levels of self-confidence. Franz et al. (2009) did an experiment as
well and they argue that women never had the same level of self-confidence
as men because women expect less of themselves than men do.

4.4

Positive Vs Negative Surprise

In this section, we quantify students’ response to the specific type of the
feedback they get. Students have a prior about their relative performance
that is coming from the tenth grade. They might realise that through the
daily interaction with their classmates. Although, this is a noisy measure of
their relative ability and not standardised, that gives them an incomplete
signal about their relative performance.
When students sit the national exams in the eleventh grade, they learn
their actual relative ability within their school, i.e. the exact percentile they
fall in based on a standardised exam. If a student gets a percentile rank
in the eleventh grade that is higher than the percentile rank he achieved
in the tenth grade, then our student receives a positive shock, that can
be translated as a ”positive surprise”. A possible mechanism here could
be that those who receive a positive surprise in the eleventh grade might
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increase their expectations of themselves and exert more effort in the twelfth
grade. In order to examine potential effects coming from the surprise they
experience in the eleventh grade, we graph the effect on the twelfth grade
percentile rank for each combination of percentile ranks in the tenth grade
and eleventh grade. That is shown by the hitplot in Figure 14.
The horizontal axis represent the eleventh grade percentile rank of students and the vertical axis represent the tenth grade percentile rank. Different colours express different magnitudes of the treatment effects. Figure
14 is constructed conditional on receiving feedback (period 2003-2005). The
diagonal starting from zero towards the right upper edge of the box, represents the case of ”no value feedback” or in other words for those students
the percentile rank in the eleventh grade equals the percentile rank of the
tenth grade. The treatment effect is positive for students experiencing a
positive surprise (expressed by red, to the right of the diagonal) but not for
those who are in the lowest percentiles. Additionally, the treatment effect
is negative for students who experience a negative surprise finding out that
their eleventh grade percentile is lower than their tenth.

4.5

Does the school quality matter?

In this section, we examine if the effect of feedback information on students
exam placement depends on the quality of the school they attend. Since
we have performance data for the whole country, we rank the schools based
on schools’ average national exam performance in the twelfth grade from
2003 to 2009. The average quality of the schools in our sample is 0.52 (sd
0.21, Min 0.018 and Max 0.985) which means that our school sample is of a
representative quality.
In Figure 15, we plot the average national rank time trends for specific
school and students qualities. Starting with the bottom lines, we observe
that bottom students in top schools do better that bottom students in worst
schools under both regimes. Surprisingly, the top lines indicate that top
students in worse schools end up in a higher rank than top students in top
schools.
We identify two possible mechanisms here. First, it could be that the top
students in the bottom schools when they sit national exams in the eleventh
grade and receive feedback, they realise that they are actually exceptional in
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a national scale and thus decide to exert more effort in the next time period.
So feedback acts as a motivation boost for these students. Second, it could be
that students in the top schools are closer to the null hypothesis in the model
presented previously. In other words, these students may not be agnostic
about their ability and already know how good they are compared to their
schoolmates. In this case, the explicit provision of feedback information as
it comes from the natural experiment examined here could be redundant.
If this is the case, then the effects of feedback for the top students in top
schools would be very small and the effect of feedback for the top students
in bottom schools would be much bigger, which is the case here.

5

Threats to identification

Attrition
In this attempt to evaluate the impact of feedback on different ability groups,
the problem of attrition cannot be ignored. Attrition occurs if students exit
the sample before completing the twelfth grade , even if they return to the
sample a year after. Attrition could be random, for instance students move
to another school or need to repeat the grade because of many absences
or poor performance. If attrition is random and affects the treatment and
the control group in the same way, then the estimates remain unbiased.
In other words, if systematically more students from the lowest percentiles
than from the highest percentiles drop out from school and feedback does
not affect this difference in the attrition rates then our estimates remain
unbiased. However, if the difference in drop out rates between any two
quintiles change following the abolition of feedback then our estimates will
be biased.
Differential attrition here could arise because students from the lowest
percentiles are more likely to drop out from school in comparison to students
from the highest percentiles when they realise their actual relative ability.
In other words, the difference in drop out rates between the top and the
bottom quintile would increase for the period 2001-2003. 16 In Figure 12,
16

The first affected cohort for which feedback is abolished is the cohort that was in the
twelfth grade in 2006. Accordingly, this cohort was in the tenth grade in 2004.This is the
first cohort that did not sit national exams in the eleventh grade.
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we observe that attrition rates differ for each quintile but the difference in
drop out rates does not change dramatically before of following the abolition
of feedback. We also use the following difference in difference specification
to check for differential attrition:
Drop − out12−10isc = α + βF eedbackc ∗ Quintiles10isc + λQuintiles10isc
+ψF eedbackc + X 0 γ + θc + ϕs + isc
Table 6 reports the results. The drop out rate is larger for the lowest
quintile than any other compared to the third quintile when feedback is
provided. We find positive coefficient estimates for all quintiles compared
to the third one but these coefficients are not statistically significant. In
addition to that, the coefficient of the variable F eedback is equivalent to the
effect of feedback provision on the third quintile. Thus , the true effect can be
found by adding the extra effect coming from F eedback to the effects coming
from the other quintiles. For example the effect for the the fifth quintile
is 0.009+0.017=0.026. Given that none of the coefficients is statistically
significant, we find no evidence of attrition changing with feedback.

Robustness checks
In this section, we construct a robustness exercise to complete our main
analysis. We need to check if there is a change in the variation of test
scores over time that is not caused by the provision of feedback. We do
some placebo tests in order to rule out the possibility that the best students
become worse over time and the worst students become better over time,
when this has nothing to do with feedback.
Thus we run specification (2) but without pulling over years, we just
compare every pair consecutive years in the sample (Figure 13). The 20052006 figure corresponds the actual reform and we observe that the treatment
effects are negative for all percentiles below the fiftieth one, and positive
above it. Before the actual change there is no similar pattern in 2003 or
2004. Regarding any policy anticipation effects, the reform was announced
on around December of 2003-2004. To this direction, there are very small
treatment effects to the same direction one year after the implementation
of the reform (as if feedback was abolished in 2007). Again after 2007, the
curve is almost flat throughout the ability distribution.
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Furthermore, we construct another robustness exercise where the outcome variable is the rank in the five core subjects calculated as the average
of all scores and then it is normalised. As discussed in Section 4, this way
assumes that one percentage point change in one subjects corresponds to
the same change in the rank as one percentage point change in another
subjects. Results are shown in Figure 16 and Table 7 and prove that the
direction of the feedback effects remains the same although the magnitude is
slightly smaller. We also include the Electives subjects 17 on which students
sit national exams in the twelfth grade and the results remain unchanged.
(Figure 17, Table 7)

6

Retaking the national exams

We have already motivated the discussion regarding the reasons a student
would choose to resit the national exams for university admission. In this
section we use binary response models to examine the decision to retake the
exam. In line with our conditional and unconditional analysis the higher
the misplacement of a student is, the higher the predicted probability of
repeating the national exam one year after graduation from senior high
school. In Table 6 we observe that a significant percentage of students
repeat the exam one year after graduation from high school. Having a
particular placement in university admission affects the employment and
earnings prospects of an individual. The decision to retake the national exam
one year after graduation depends on the opportunity cost of the student.
Moreover, districts’ characteristics affect the perception an individual has
about his opportunity cost. Thus, we also control for the unemployment
level in each year for the district of student’s residence.
We run the following specification for the decision to retake:
0
Retakei,t+1,s,d = a + Xitsd
γ + δM isplacementitsd F eedback + βF eedback

+ωM isplacementtitsd + ξZtd + itsd
where Misplacement=Rank in national exam-Rank in within school exam.
17

Students sit national exams on four Elective subjects. So the overall rank in calculated
based on nine subjects.
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Using OLS, Probit and Logit models we find that when feedback is provided, the higher the misplacement the higher the probability to repeat the
national exams one year after graduation (Table7). We also separate the
misplacement variable between positive and negative. Students who experience a positive misplacement due to feedback are more likely to repeat
the national exams one year after graduation and the opposite is true for
students who experienced a negative misplacement.(Table8)

7

Conclusion

In this paper we examined the effects of relative feedback provision on students subsequent performance and the repetition rate of the national exams.
Theoretically the effect of feedback is ambiguous because changes in the returns to effort generate income and substitution effects moving to opposite
directions. Our estimated effect is strong and positive for students in the
highest percentiles who perform even better in the next time period, implying that a highly ranked student improves his confidence when his relative
ability is revealed. The effect is opposite for low achieving students who do
worse in the subsequent test when feedback on their relative performance is
provided. The effect for low achievers is possibly coming only from women’s
response to negative feedback as in the second part of our analysis we find
no evidence of low achieving males performing worse when feedback is provided. Both males and females perform better when positive feedback is
given.
Our estimates are at the lower end of those compared to the literature
on improving school inputs. Nonetheless, all the interventions studied so far
(improving teachers quality, reducing class size,enhancing the peer quality
group) are significantly more costly than the provision of feedback. Releasing
feedback information is a low cost instrument by which to raise students
achievement in University admission exams.
The structure of an exam system for university admission prescribes the
framework in which the individuals make economic decisions that affect first
and foremost themselves and consequently the whole economy. Providing
feedback on one’s performance alters the individual’s perception of himself
and determines his ambitions and the goals he will set in his life. Even when
it comes to something like a math problem or a history question having prac25

tised in biology or chemistry questions may actually prove useful perhaps
because the examinee has disciplined himself in preparing for exams or has
enhanced his exam taking dexterities.
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APPENDIX

7.1

A model of good allocation

Next, we present a model of two agents competing over two goods. The
novelty of this approach is that the agents report ordinal preferences instead
of valuations. Suppose each agent chooses how to rank two goods 1 and 2 .
Since there are only two goods the ordinal list of preferences of an agent is
fully described by the place (first or second) of -let’s say- good 1 in the list
of preferences. Normalizing effort level to one, each agent receives a signal
gi = ai +εi , which in the context of our paper is the placement result and it
depends on a student’s ability ai plus some shock εi . The signal gi takes
values in the score scale [1,..,100]. The agent i’s ability ai is known only
to him while a−i is drawn from some distribution on a set O. In addition
there are four time periods t=1,2,3,4 At t=1 each agent receives his own
signal. At time t=2 each agent compiles his list of preferences and at time
t=3 the allocation of goods is announced. At time t=4 agent A chooses
between keeping the good he’s offered or repeat this process with a different
opponent.
If at time t=2 the ordinal preferences are as follows
Agent A

Agent B

1st
2nd

2nd
1st

good 1
good 2
the allocation rule at time t=3 is


1 if ri > r−i




2 if r < r
i
−i
xi =

2 if ri > r−i




2 if r < r
i
−i

and gi ≥ g−i
and gi ≥ g−i

∀i = {A, B}

and gi < g−i
and gi ≥ g−i

where ri is the good on the top of the preference list for agent i. When the
two agents have different preferences, each one gets the good he/she values
most. Nevertheless, when both agents prefer one good to the other, this
good is allocated to the agent with the highest signal. Agent A would want
to repeat this process only in the case where his preferences are identical to
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those of his opponent and the opponent’s signal is higher than his own. In
the example above, that is when he gets good 2. Suppose that repeating is
costly. Intuitively, the cost of repeating represents the opportunity cost of
the time that passes by until the second round takes place. We can argue
that the cost of repeating is not constant but depends on the ability of the
player. Suppose the valuations of the two goods for agent A are θ1 and θ2
for goods 1 and 2 respectively.
Proposition: Revealing the true preferences is optimal for the agents.
Proof: Without loss of generality we prove this for Agent A for whom
θ1 > θ2 .
The expected payoff from putting 1 first in the list of preferences is:
θ1 P r(gi ≥ g−i )P r(r−i = 1) + θ2 P r(gi < g−i )P r(r−i = 1) + θ1 P r(r−i = 2)
The expect payoff from putting 1 second in the list of preferences is
θ2 P r(r−i = 1) + θ2 P r(gi ≥ g−i )P r(ri = 2) + θ1 P r(gi < g−i )P r(r−i = 2)
Truthtelling is optimal if and only if
θ1 P r(gi ≥ g−i )P r(r−i = 1) + θ2 P r(gi < g−i )P r(r−i = 1) + θ1 P r(r−i = 2) ≥
θ2 P r(r−i = 1) + θ2 P r(gi ≥ g−i )P r(ri = 2) + θ1 P r(gi < g−i )P r(r−i = 2)
which holds as long as θ1 > θ2 . 
Our player is better off choosing to go to the second round if
θ1 [1 − P r(r−i = 1)] + θ1 P r(r−i = 1)P r(gi ≥ g−i ) + θ2 P r(r−i =
1)[1 − P r(gi ≥ g−i )] − c(ai ) ≥ θ2
Proposition: If c(ai ) = 0 and if we allow for positive probabilities on all the
preference options of the opponent, choosing to go to the second round is a
strictly dominant strategy at the beginning of the continuation game.
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Proof: Agent A continues the game if and only if
θ1 −θ1 P r(r−i = 1)+θ1 P r(r−i = 1)P r(gi ≥ g−i )+θ2 P r(r−i = 1)[1−P r(gi ≥ g−i )] ≥ θ2

=⇒ P r(r−i = 1)[1−P r(gi ≥ g−i )](θ2 −θ1 ) ≥ (θ2 −θ1 ) =⇒ P r(r−i )[1−P r(gi ≥ g−i )] ≥ 1
which cannot be true as long as P r(r−i = 1) < 1 . 
One observation here is that the player’s decision to continue the game
doesn’t depend on his valuations of the good.
Proposition: If we allow for c(ai ) > 0 then the decision to repeat depends
on the cost of repetition and the difference between the valuations of the
two goods.
Proof: Assume θ1 > θ2 . Agent A continues the game if and only if
θ1 −θ1 P r(r−i = 1)+θ1 P r(r−i = 1)P r(gi ≥ g−i )+θ2 P r(r−i = 1)[1−P r(gi ≥ g−i )]−c(ai ) ≥ θ2
=⇒ P r(r−i = 1)[1−P r(gi ≥ g−i )](θ2 −θ1 )−c(ai ) ≥ (θ2 −θ1 ) =⇒ P r(r−i )[1−P r(gi ≥ g−i )]−1 ≥

=⇒ P r(r−i )[1 − P r(gi ≥ g−i )] − 1 ≥

c(ai )
θ2 − θ1

(1)


Agent A is supposed to have some beliefs about
P r(gi ≥ g−i ) = P r(ai ≥ a−i + ε−i − εi ) . Given some distribution for the
shock identical for both players this belief reduces to b(ai ≥ a−i ) which
represents the agent’s belief about the opponent’s ability relative to his
own. We will examine two contexs under which these beliefs can be
constructed. The first is very simple and assumes that the agent learns the
values a−i for a small sample B ( O that may not be representative of O.
For the second context suppose that before t=0 agent A was allowed to
participate in a game similar to this with the difference that at the end he
automatically progresses to the game that starts at t=0. In this
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c(ai )
θ2 − θ 1

preliminary game a−i is drawn from set A. Through this preliminary game
agent A learns the true prior P r(ai ≥ a−i ). It is easy to see from (1) that
given the distribution of c(ai ), the higher the belief b(ai ≥ a−i ) the more
likely it is for agent A to continue the game when his beliefs are
constructed according to the first scenario. The first scenario describes the
situation after the educational reform examined in this paper. The second
scenario describes the logistics of information before the educational
reform.
Moreover, from the above result we see that the likelihood that a student continues the game depends on θ2 − θ1 , which represents the difference
in valuations of the two goods for some individual. Empirically the valuations θ1 and θ2 correspond to the utility the individual gets from the school
he/she is admitted to. As we mentioned in section 2 these valuations can
be approximated by the ranking of each university department. Therefore,
the difference θ2 − θ1 can be approximated by the difference between the
ranking in the national exam they expected to get and the ranking they
actually got. We define this as a misplacement effect. The expected ranking depends greatly on the student’s belief about the rank of his/her own
ability in his/her cohort. These beliefs can be constructed according to two
possible scenarios as described above.
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Figure 1: Timing
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Figure 2: Map of schools in the sample
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Figure 3: Fitted values
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Figure 4: Common Trends Assumption: Feedback provision for cohorts
2003-2005.The 2006 is the first cohort for which feedback is abolished. The
trends correspond to different performance groups based on the 10th grade
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Figure 5: Common Trend asssumption for each decile of prior ability rank
by subject based on tenth grade GPA
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Figure 6: Feedback effects for each decile of prior ability rank based on tenth
grade GPA
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Figure 7: Feedback effects for each decile of prior ability rank by subject
based on tenth grade GPA
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Figure 8: Feedback effects on the non-incentivized subjects for each decile
of prior ability rank
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Figure 9: Feedback effects on all subjects(incentivized and non-incentivized
subjects) for each decile of prior ability rank.
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Figure 10: Conditional evidence of standardised national performance estimates for each percentile of within school rank based on tenth grade GPA
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Figure 11: Feedback effects estimates for each decile of within school rank
based on school tenth grade GPA by gender. Men on the left and Female
on the right
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Figure 12: Drop out rates from school for each quintile based on students
tenth grade GPA. Cohorts that are in tenth grade from 2001 to 2003 sit
national exams in eleventh grade. Cohorts that are in the tenth grade after
2004 did not receive feedback information.
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Figure 13: Robustness checks: As if feedback was abolished in 2004 (first
figure), 2005 (figure on the right of the first one), 2006 (the actual changethe figure in the second row and first47column), 2007 (figure on the right to
the actual change), 2008 (below the actual change) and 2009 respectively.

Figure 14: Treatment effect for students with positive or negative surprise.
Student performance (in deciles) in tenth grade on the vertical axis and
student performance in eleventh grade (in deciles) on the horizontal axis.
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Figure 15: Treatment effects for different quality of schools
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Figure 16: Common Trend Assumption with the alternative way of calculating the twelfth grade rank. Here the rank is calculated as the average of
all scores and then it is normalised

Figure 17: Common Trend Assumption when we add the scores on the
Elective subjects in the calculation of the twelfth garde rank
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Table 1: Descriptive Statistics
Variable
Student Characteristics
Age
Early enrollment
Female
School cohort size
School GPA
National exam grade
Cohort size
Income(in 2009 Euro)
Retake the national exam
Specialty Characteristics
Specialty:Classics
Specialty:Exact Sciences
Specialty:Information Technology
School Characteristics
Private School
Experimental School
Public School
Urban
Rural
University Admission
Admitted
College district different from school
district
Number of university departments
in preference list
Rank of admitted college in preference list
Places in tertiary education(avg
across students)
Note: 45.842 obs. 7 cohorts
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Mean

Std Deviation

Min

Max

17,873
0,167
0,566
71,212
85,930
62,843
63.390,13
23.268,21
0,114

0,463
0,373
0,496
29,709
10,186
19,362
8.701,5
8.431,7
0,315

17
0
0
10
49,44
7,550
50.061
11.784,5
0

27
1
1
153
100
98,857
71.796
66.521,4
1

0,363
0,161
0,475

0,481
0,368
0,499

0
0
0

1
1
1

0,034
0,064
0.902
0,961
0,039

0,181
0,244
0.297
0,194
0,207

0
0
0
0
0

1
1
1
1
1

0,824
0,681

0,380
0,466

0
0

1
1

24,997

21,911

1

256

8,431

10,870

1

242

61.211,3

6.257,93

52.450

68.136

Table 2: Sample and Population

Sample
(133schools)
Mean

Population
(1153schools)
Mean

Difference

17,874

17,893

Early enrolled at school

0,170

0,167

Female

0,567

0,565

School cohort size

78,937

76,027

logIncome(in 2009Euro,annual)

9,999

9,938

Retake

0,114

0,113

Specialty:Classics

0,361

0,366

Specialty:Exact Sciences

0,167

0,159

Specialty:Information Technology

0,472

0,475

-0,019***
(0,003)
-0,003
(0,002)
0,002
(0,473)
2,91***
(0,179)
0,060***
(0,001)
0,001
(0,002)
-0,005
(0,002)
0,008***
(0,002)
-0,003
(0,003)

School and University Characteristics
Private school

0,034

0,080

Public schools

0,906

0,900

Experimental school

0,059

0,020

Urban

0,962

0,892

Admitted

0,824

0,804

College district different from school district
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Rank of admitted college in preference list

0,697

0,799

8,406

8,574

No of university departments in preference list

25,048

26,853

Variable
Student and Speciality Characteristics
Age

Note: 45.842 obs. in sample and 431.469 obs. in population. Evening
schools are excluded from the sample and the population

(b/s.e.)

-0,046***
(0,001)
0,005***
(0,001)
0,040***
(0,000)
0,070***
(0,001)
0,020***
(0,001)
-0,102***
(0,002)
-0,168**
(0,062)
-1,806
(0,114)

Table 3: Treatment and Control Group

Feedback
(2003-2005)
Mean

No Feedback
(2006-2009)
Mean

Difference

17.835

17.909

Early enrolled at school

0.209

0.128

Female

0.553

0.579

School cohort size

88.349

69.585

logIncome(in 2009Euro,annual)

9.988

10.005

Retake

0.105

0.122

Specialty:Classics

0.348

0.378

Specialty:Exact Sciences

0.175

0.152

Specialty:Information Technology

0.477

0.470

0.074***
(0.004)
-0.081***
(0.004)
0.026***
(0.005)
18.764***
(0.288)
0.017***
(0.003)
0,016***
(0,003)
0.030***
(0.004)
-0,023***
(0.003)
-0.007
(0.004)

School and University Characteristics
Private school

0.026

0.038

Public schools

0.913

0.902

Experimental school

0.060

0.060

Urban

0.963

0,963

Admitted

0.829

0.817

College district different from school district
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0.697

0.799

Rank of admitted college in preference list

9.823

7.121

No of university departments in preference list

27.343

22.967

Variable
Student and Speciality Characteristics
Age

Note:21.999 obs. in treatment group and 23.843 obs. in control group

(b/s.e.)

0.012***
(0.001)
-0.011***
(0.003)
0.000
(0.002)
0,000
(0.001)
0.012***
(0.004)
-0.102***
(0,002)
-2.702***
(0,109)
-4.376***
(0,200)

Table 4: Estimation results : Rank in incentivized and non-incentivized
subject
Dependent Variable: Rank in incentivized and non-incentivized subjects
Incentivized subjects
Non-Incentivized subjects
Variable
(1)
(2)
(3)
(4)
(5)
(6)
Feedback*quintile5
0.045*** 0.044*** 0.045***
0.005
0.005
0.005
(0.004)
(0.004)
(0.004)
(0.006)
(0.005)
(0.006)
Feedback*quintile4
0.040*** 0.040*** 0.040***
-0.005
-0.005
-0.005
(0.004)
(0.004)
(0.004)
(0.006)
(0.005)
(0.006)
Feedback*quintile2
-0.038*** -0.038*** -0.038***
-0.004
-0.004
-0.003
(0.004)
(0.004)
(0.005)
(0.006)
(0.005)
(0.006)
Feedback*quintile1
-0.079*** -0.079*** -0.079***
0.005
0.005
0.005
(0.004)
(0.004)
(0.004)
(0.005)
(0.006)
(0.006)
Feedback
0.001
0.002
-0.001
0.003
0.003
0.001
(0.003)
(0.003)
(0.003)
(0.004)
(0.004)
(0.004)
quintile5
0.251*** 0.251*** 0.251*** 0.256*** 0.256*** 0.256***
(0.004)
(0.004)
(0.004)
(0.005)
(0.004)
(0.004)
quintile4
0.102*** 0.102*** 0.102*** 0.103*** 0.104*** 0.105***
(0.003)
(0.003)
(0.003)
(0.003)
(0.004)
(0.004)
quintile2
-0.093*** -0.093*** -0.093*** -0.094*** -0.094*** -0.095***
(0.003)
(0.003)
(0.003)
(0.004)
(0.004)
(0.005)
quintile1
-0.193*** -0.192*** -0.192*** -0.200*** -0.202*** -0.200***
(0.003)
(0.003)
(0.003)
(0.004)
(0.004)
(0.006)
Female
-0.009*** -0.010*** -0.011*** 0.054*** 0.054*** 0.054***
(0.001)
(0.001)
(0.002)
(0.003)
(0.017)
(0.002)
Specialty: Science
0.047*** 0.047*** 0.048*** 0.033*** 0.034*** 0.034***
(0.001)
(0.002)
(0.002)
(0.002)
(0.003)
(0.003)
Specialty: Classics
-0.019*** -0.021*** -0.021*** 0.097*** 0.096*** 0.097***
(0.001)
(0.002)
(0.002)
(0.002)
(0.002)
(0.003)
Log Income
0.051***
0.007
(0.0004)
(0.004)
Experimental school
-0.041***
-0.003
(0.002)
(0.004)
Private school
-0.003
0.030
(0.003)
(0.016)
Urban
-0.017***
-0.003
(0.003)
(0.003)
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Year FE.
no
no
yes
no
no
yes
School FE.
no
yes
yes
no
yes
yes
Observations
45.842
45.842
45.842
45.842
45.842
45.842
R squared
0.674
0.674
0.675
0.542
0.543
0.543
No of schools
134
134
134
134
134
134
Note: Clusters at school level. *,**,*** denotes significance at the 10%,5%
and 1% level respectively.

Table 5: Estimation results : Rank in all subjects
Dependent Variable: Rank in all subjects
Specifications
Variable
(1)
(2)
(3)
Feedback*quintile5
0.026*** 0.026*** 0.026***
(0.004)
(0.004)
(0.004)
Feedback*quintile4
0.020*** 0.020*** 0.020***
(0.004)
(0.004)
(0.004)
Feedback*quintile2
-0.028*** -0.028*** -0.028***
(0.004)
(0.004)
(0.004)
Feedback*quintile1
-0.050*** -0.050*** -0.050***
(0.004)
(0.004)
(0.004)
Feedback
0.005
0.004
0.003
(0.003)
(0.003)
(0.003)
quintile5
0.255*** 0.255*** 0.256***
(0.003)
(0.004)
(0.003)
quintile4
0.104*** 0.103*** 0.104***
(0.003)
(0.003)
(0.003)
quintile2
-0.092*** -0.092*** -0.093***
(0.003)
(0.003)
(0.003)
quintile1
-0.194*** -0.195*** -0.195***
(0.003)
(0.002)
(0.003)
Female
0.014*** 0.014*** 0.014***
(0.001)
(0.001)
(0.002)
Log Income
0.003
(0.003)
Specialty: Science
0.047*** 0.043*** 0.048***
(0.001)
(0.002)
(0.002)
Specialty: Classics
0.023*** 0.023*** 0.097***
(0.001)
(0.002)
(0.002)
Experimental school
-0.041
(0.037)
Private school
-0.027**
(0.050)
Urban
-0.008**
(0.003)
Year FE.
no
no
yes
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School FE.
no
yes
yes
Observations
45.842
45.842
45.842
R squared
0.696
0.697
0.697
No of schools
128
128
128
Note: Clusters at school level. *,**,*** denotes significance at the 10%,5%
and 1% level respectively.

Table 6: Estimation results : regress Drop out from school
Dependent Variable: Dummy for drop out
Specifications
Variable
(1)
(2)
(3)
Feedback*quintile5
0.009
0.010
0.010
(0.007)
(0.007)
(0.008)
Feedback*quintile4
0.007
0.007
0.007
(0.007)
(0.007)
(0.007)
Feedback*quintile2
0.009
0.010
0.010
(0.008)
(0.008)
(0.008)
Feedback*quintile1
0.013
0.014
0.014
(0.015)
(0.016)
(0.016)
Feedback
0.017
0.010
0.041
(0.019)
(0.028)
(0.033)
quintile5
0.000
-0.002
-0.001
(0.004)
(0.004)
(0.005)
quintile4
-0.006
-0.006
-0.006
(0.005)
(0.005)
(0.005)
quintile2
0.025*** 0.025*** 0.025***
(0.006)
(0.006)
(0.007)
quintile1
0.153*** 0.153*** 0.152***
(0.003)
(0.002)
(0.014)
Female
-0.011*** -0.010*** -0.011***
(0.003)
(0.001)
(0.004)
Absences10
0.001*** 0.002*** 0.002***
(0.000)
(0.000)
(0.000)
Log Income
-0.044
(0.039)
Experimental school
-0.041
(0.037)
Private school
-0.073
(0.050)
Urban
0.038***
(0.016)
Year FE.
no
no
yes
School FE.
no
yes
yes
Observations
56.041
56.041
56.041
56
R squared
0.130
0.203
0.207
No of schools
128
128
128
Note: Clusters at school level. *,**,*** denotes significance at the 10%,5%
and 1% level respectively.

Table 7: Estimation results :Different outcome variables
Dependent Variable: Rank in twelfth grade
Specifications
Variable
(1)
(2)
(3)
Feedback*quintile5
0.019*** 0.033*** 0.040***
(0.004)
(0.004)
(0.006)
Feedback*quintile4
0.012*** 0.030*** 0.023***
(0.005)
(0.004)
(0.007)
Feedback*quintile2
-0.014*** -0.028*** -0.022***
(0.005)
(0.004)
(0.007)
Feedback*quintile1
-0.029*** -0.053*** -0.041***
(0.004)
(0.004)
(0.006)
Feedback
-0.006
-0.004
0.0003
(0.004)
(0.003)
(0.004)
quintile5
0.327*** 0.266*** 0.242***
(0.004)
(0.003)
(0.005)
quintile4
0.147*** 0.113*** 0.108***
(0.004)
(0.003)
(0.005)
quintile2
-0.139*** -0.106*** -0.108***
(0.004)
(0.003)
(0.005)
quintile1
-0.282*** -0.221*** -0.233***
(0.004)
(0.003)
(0.005)
Female
-0.014*** -0.020*** 0.030***
(0.001)
(0.001)
(0.002)
Specialty: Science
0.056*** 0.006*** 0.019***
(0.003)
(0.002)
(0.004)
Specialty: Classics
-0.063*** 0.010*** 0.098***
(0.003)
(0.002)
(0.003)
Observations
45.842
45.842
45.842
R squared
0.661
0.674
0.415
No of schools
134
134
134
Table 8: The outcome in the first column is the rank calculated on the
average of all scores and then normalised. The outcome in the second column
is the rank calculated based on core subjects and Electives. The outcome
in the third column is the rank in Modern Greek. Standard errors clustered
at the school level. Year and school fixed effects included. Note: Clusters
at school level. *,**,*** denotes significance at the 10%,5% and 1% level
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respectively.

Table 9: Loss of human capital in terms of labour force participants
Year Students Retaking Potential Impact on Labour Market
2003
7925
0.167%
2004
7223
0.150%
2005
6387
0.131%
2006
10421
0.213%
2007
6642
0.135%
2008
5730
0.116%
2009
4576
0.092%
2010
7680
0.153%
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Table 10: Decision to Retake and Feedback
Dependent Variable:Retake status of national exam
Variable
LPM
Probit
(1)
(2)
misplacement*Feedback
0,078***
0,474***
(0,006)
(0,033)
Feedback
-0,011*** -0,072***
(0,002)
(0,007)
misplacement
-0,201*** -1,001***
(0,003)
(0,019)
age
-0,070
-0,242***
(0,008)
(0,057)
age squared
0,001***
-0,004
(0,0002)
(0,001)
Female
-0,017*** -0,094***
(0,009)
(0,005)
if admitted in different district than school 0,033***
0,214***
(0,001)
(0,008)
Specialty: Classics
0,001
-0,023***
(0,001)
(0,006)
Specialty: Science
0,019***
0,114*
(0,001)
(0,007)
District Unemployment
-0.001***
0,002***
(0.0002)
(0,001)
if admitted
-0,190*** -0,857***
(0,002)
(0,009)
Log places available in tertiary education -0,018*** -0,072***
(0,007)
(0,030)
Observations
R squared or pseudo-R squared
Log likelihood

45.842
0,056

45.842
0,066
-161,966.14

Note: cluster at the district level. School and year fixed effects are
included. * denotes significance at the 10 % level.**denotes significance at the 5 % level.***denotes significance at the 1 % level
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Logit
(3)
0.866***
(0,065)
-1,23***
(0,014)
-1,85***
(0,075)
-0,229***
(0,075)
-0,014***
(0,011)
-0,164***
(0,010)
0,327***
(0,018)
-0,033***
(0,011)
0,227**
(0,014)
0,006***
)(0,002)
-1,601***
0,018)
-0,259***
(0,061)
45.842
0,072
-162,036,33

