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1. Introduction

Education is now more important for one’s life expectancy, health,
and income than ever before (Elo, 2009; Jasilionis & Shkolnikov, 2016;
Michaels et al., 2014) but in spite of enormous public investments
in education, about one in five students in OECD countries does not
reach the baseline level of skills in mathematics, reading, and science
needed to participate in society and the labor market (OECD, 2019).
An important question is therefore what role students’ own investments
play for their educational outcomes and what motivates them to learn.
Young children are particularly focused on the short term (Sutter et al.,
2019) and are hardly motivated to exert effort on activities that have
large long-term benefits but may not be intrinsically very enjoyable.
While a number of studies have investigated the effectiveness of non-
monetary and monetary incentives for younger students and have found
mixed results (e.g., Bettinger, 2012; Fryer, 2011; Gneezy et al., 2019;
Jalava et al., 2015; Kremer et al., 2009; Levitt et al., 2016),! a question
that has rarely been asked is whether children respond to performance

feedback that allows them to learn about their abilities but that is
not itself tied to any rewards (one exemption is Beuchert et al., 2020,
studying feedback in third grade). We help to fill a gap in the literature
by investigating the effects of feedback to young students on their
educational performance in the presence of high-stakes incentives. In
particular, we ask the following questions: Is feedback about the level or
feedback about the change in performance more effective? Is feedback
more effective when given a few days before or when given immediately
before an exam?

Studies on the ‘“growth mindset” (Paunesku et al., 2015) and
grit (Alan et al., 2019) suggest that feedback making performance
changes over time salient may motivate students to invest effort into
education. Additionally, educational policy advice from the OECD
recommends against the use of marks that are based on relative
performance levels as those depend strongly on factors that are outside
a student’s control, such as innate ability or the quality of a student’s
peers, and may discourage learning (OECD, 2012, p. 54-55). Still,
students around the world mostly seem to receive the latter.? Further-
more, the timing of feedback possibly plays a role in its effectiveness.
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Evidence shows that providing students with performance incentives
immediately before an otherwise unincentivized test may significantly
improve test performance (Gneezy et al., 2019), which the authors
interpret as the effect of effort on the test itself. However, effort spent
on deliberate practice may also strongly contribute to performance in
education, and similarly at work and in sports competitions (Macna-
mara et al., 2014). It remains an open question whether giving feedback
immediately before a high-stakes exam has a similar effect to the
one found for incentives by Gneezy et al. (2019), and whether this
feedback is more effective than feedback given a few days before, to
which students may still adjust their preparation effort. Investigating
the relative effectiveness of a widely used type of feedback (about
performance levels) and of a rarely used but promising type of feedback
(about performance changes) provided either just before an exam to
influence effort during the exam or early enough to influence exam
preparation allows us to shed light on two dimensions that are likely
important for the success of feedback in education.

We use a field experiment with fifth and sixth graders to measure
the effect of performance feedback given by teachers to their students
on the latter’s performance in a high-stakes exam.® Feedback was unan-
ticipated, private, written, and given only once. The type of feedback
students received was randomized within classes. It either contained
information about (i) the absolute rank in the last math exam (level
feedback), (ii) the change in ranks between the two previous math exams
(change feedback), or (iii) no information (control). Across classes and
within schools, we randomly varied when students received feedback:
(a) a few days before, or (b) immediately before the final math exam of
the semester. A survey administered immediately after the reception of
feedback allows us to detect adjustments of students’ ability beliefs in
response to feedback.

Our results show that the timing of feedback is very important.
Feedback given a few days prior to the exam significantly enhanced
performance while feedback on the examination day significantly wors-
ened performance. These effects are driven by level feedback and
negative change feedback. Level feedback significantly improved per-
formance by about 0.2 standard deviations (sd) when given early but
significantly worsened performance by about 0.1 sd when given late.
Change feedback — when negative — exhibits the same pattern and
we find significant positive effects of 0.5 sd when given early and
significant negative effects of 0.3 sd when given late. Heterogeneity
analyses show that the effects are mostly driven by boys. We do not
find that feedback significantly affected girls’ performance. Exploring
mechanisms, we find that boys tended to update beliefs negatively
while girls tended to update beliefs positively in response to feedback.

Overall, our results suggest that level feedback and negative change
feedback motivate young students to invest more effort into exam
preparation and that this extra effort invested within a few days is
highly effective in improving exam performance. Our results also cau-
tion that the same information provided immediately before an exam,
when preparation is no longer possible, affects test-taking behavior neg-
atively. Evidence from belief elicitation suggests that the reason why
boys responded to feedback was because it was negatively surprising
to them. This may help to explain the timing dimension: Negatively
perceived information possibly motivates students to improve their
exam preparation but may worsen test-taking behavior when given
immediately before an exam. To the best of our knowledge, no previous
studies compared the effectiveness of level and change feedback or

3 We study the final math exam of the semester. Students’ grade in math
is a combination of the three exams during the semester and a grade for oral
performance. Students in our setting need an average grade of 4 (on a scale
from 1, highest, to 6, lowest) in all subjects to be promoted to the next grade
and to avoid demotion to a lower academic track in Germany’s rigorous early
academic tracking system. Additionally, math is a core subject and if they
receive a grade worse than 4 in it, they have to compensate for it by achieving
at least a grade 3 in German or English.
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investigated the effects of feedback timing on high-stakes outcomes.
We are also not aware of any studies that investigated the effectiveness
of any feedback on high-stakes outcomes for children as young as age
11-12.

Our findings are particularly relevant for educators because feed-
back that compares students in terms of their performance levels dom-
inates educational practice but has been criticized for being ineffective
or harmful for motivation. Results from a randomized field experiment
allow us to formulate a differentiated appraisal of this claim: Level
feedback may, indeed, be harmful for performance when timed badly,
however, it may improve performance when timed well. Likewise, feed-
back about performance changes, when negative, may have positive or
negative effects on performance depending on when it is given. We find
some evidence that change feedback raises students’ effort-effectiveness
belief, which would be in line with ideas about the motivating effects
of a “growth mindset” and grit. In our setting, however, responses
seem to be driven by negative updating of beliefs about one’s level
of competence.” More broadly, the insight that the effects of feedback
may hinge on its timing is also very relevant in other settings — such as
work and professional sports — in which well-timed effort is crucial for
performance.

The paper is organized as follows. The next section gives an
overview of the related literature. Section 3 describes our experimental
procedure. Section 4 describes the data, randomization and balance
checks, and Section 5 presents the results. Section 6 concludes.

2. Related literature

While economists have studied the effects of feedback on work-
ers and participants in laboratory experiments for some time, in re-
cent years there has also been increasing interest in the effects of
feedback on academic performance in both schools and universities
(see Damgaard & Nielsen, 2018, and Villeval, 2020, for reviews of
the literature). Schools are a setting in which feedback is given fre-
quently and enhancing educational investments early in life through
feedback has potentially large beneficial effects (Cunha & Heckman,
2007). However, there is only a small number of studies on feedback
in schools. Azmat and Iriberri (2010) study the effect of relative per-
formance feedback among high school students in Spain in a natural
experiment. For one school year, a high school in the Basque Country
adopted a new system of producing report cards, providing students
with information on whether they were performing above or below
the class average as well as the distance from this average. Before and
after this change, report cards only informed students of their own
grade point average. The relative performance feedback had positive
effects and increased students’ grades by 5%. However, the effect
disappeared as soon as the information was removed. Andrabi et al.
(2017) investigate the effects of report card dissemination with school-
and child-level test scores in a field experiment in Pakistani villages
and find that test scores in treatment villages increased by 0.11 sd,
private school fees declined by 17% and overall enrollment increased
by 4.5%. Beuchert et al. (2020) exploit the institutional design of a
nationwide testing system in Danish public schools using a regression
discontinuity approach. There, schools have to report to parents their
child’s results from the first standardized test in grade three math when
children are nine to ten years old. Parents receive a letter informing
them that their child’s test result is “Considerably below average”,
“Below average”, “Average”, “Above average”, or “Considerably above
average”. The authors compare the outcomes of students scoring just
below a threshold, and thus receiving a more negative test feedback to

4 See also Fischer and Sliwka (2018), who investigate causal effects of
changes in the belief about one’s level of competence and the belief about the
effectiveness of one’s learning effort on learning behavior and test outcomes
in a lab experiment.
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the outcomes of students who score just above the threshold and find
that students who fell just below the threshold experience a significant
0.06 sd increase in math achievement in subsequent years relative to
students who scored just above the threshold. Hermes et al. (2021)
study performance transparency in a mathematics e-learning applica-
tion in a primary school setting in Germany. The authors compare
a public performance ranking to private individual feedback. While
transparency has overall no effects on performance in math, low per-
formers tend to do better and to display higher motivation in the public
feedback condition. In a large-scale natural experiment in which some
cohorts of Greek high school students received information about their
relative performance in some subjects (and not others) within their
schools and across the nation, Goulas and Megalokonomou (2021) find
that relative performance feedback increased high-achieving students’
final-year performance by 0.15 sd whereas it led to a decrease of
low-achieving students’ performance by 0.3 sd.

A somewhat larger number of studies has investigated the effec-
tiveness of feedback in higher education settings and has found mixed
effects. In an experiment involving Vietnamese university students
participating in an English test, Tran and Zeckhauser (2012) provide
either private feedback or private plus public feedback on their ranking
in in-course mock exams. Overall, the authors find a positive effect
of feedback on the final English test and that private plus public
feedback tends to outperform private feedback only. This difference,
however, was only marginally significant.> However, the effect van-
ishes one semester later. Azmat et al. (2019) provide students at
a large Spanish university with feedback on their position in the
grade distribution every six months over a period of three years.
They find that students who received feedback suffered a decrease in
their performance relative to a control group. This effect is driven by
students who underestimated their relative performance in the absence
of feedback. Similarly, Dobrescu et al. (2021) investigate real-time con-
tinuous relative performance feedback which was given to students in
a semester-long online assignment in a Principles of Economics course
at a selective Australian university. The authors find positive feedback
effects on assignments and course grades if feedback appeared when a
student’s rank changed. They do not find any effects for the same infor-
mation being displayed continuously, only if a student’s rank improved
or only if a student’s rank worsened. Using a sample of Japanese uni-
versity students taking an introductory economics course, Kajitani et al.
(2020) study the effects of providing students with information about
their rank in the midterm exam on their final exam performance. They
find that revealing rank information in addition to score information
everyone receives improves the average scores in the final exam. They
find the effect to be driven by low-performing students. Brade et al.
(2022) give first-year university students in Germany (normatively
framed) relative performance feedback on their accumulated course
credits and find an increase in performance when the feedback is
positive. However, the effect vanishes one semester later. Czibor et al.
(2020) investigate the relative effectiveness of grading on the curve and
an absolute grading scheme in a high-stakes testing environment among
students at a Dutch university. The authors hypothesize that grading on
the curve induces male students to increase their performance when
compared to an absolute grading system. They find weak support for
their hypothesis showing an increase in performance for the more (in-
trinsically) motivated male students—female students were unaffected
by the grading system.

While Czibor et al. (2020) compare relative to absolute feedback,
there is a literature focusing on the effectiveness of absolute perfor-
mance feedback only. De Paola and Scoppa (2011) show that the

5 In contrast to Tran and Zeckhauser (2012), the results by Ashraf et al.
(2014), a study outside the educational context, reveal that private plus public
feedback reduces the performance of health workers in a nationwide training
program in Zambia.
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frequency of absolute performance information provision matters. Stu-
dents at an Italian university who received results from a mid-term
exam that covered half of the course material achieve higher grades
and are more likely to pass the course than students writing one
exam at the end of the semester covering the full material of the
course. Similarly, Pennebaker et al. (2013) study university students in
Texas and find that providing them with immediate and personalized
feedback by quizzes at the beginning of each lecture within a semester
increases their performance compared to students taking four class-long
exams over the semester. In a study investigating the effects of private,
absolute feedback, Bandiera et al. (2015) exploit data of a natural
experiment at a leading UK university. Feedback on exam performance
improved future performance mostly for more able students and for
students who initially had less information about the academic envi-
ronment. Bobba and Frisancho (2022) provided disadvantaged students
in Mexico with feedback on their performance on a mock version of
an admission test before they had to apply for secondary schools. The
authors find no effects on grades but that absolute feedback infor-
mation substantially reduced the gap between perceived and actual
performance.

To summarize, the literature has focused on feedback that provides
students with explicit information about the level of their performance
relative to others, and has found mixed or inconclusive effects overall
and for different groups of students that remain largely unexplained.
We are not aware of any studies investigating the relative effective-
ness of level and change feedback or the role of timing for feedback
effectiveness in education or other high-stakes contexts.®

3. Experimental procedure
3.1. Pretest of feedback notes

Before implementing the study, we tested 11-12 year old children’s
ability to understand the informational content of the feedback and
their interpretation of it. To this end, we conducted a pretest in six
classes in four schools with a total of 151 students of the same grades
as our experimental sample before implementing the experiment. These
children did not participate in the experiment. Details on the pretest
can be found in Appendix E.

The pretest showed that most students correctly understood the
feedback notes. 86% of the students could correctly calculate the
implied change in the rank, and 95% could correctly determine the rank
position, and 86% of students knew the exact size of their class. Stu-
dents believe that motivation would be higher when receiving change
feedback than when receiving level feedback while they do not indicate
that the two feedback types would affect emotions differently. Overall,
the results of the pretest indicate that most students of our target age
group were able to understand and interpret the information given by
the two types of feedback.

% In an economic laboratory experiment, Eriksson et al. (2009) test the
effectiveness of giving feedback halfway through the time period (discrete
feedback) and continuous feedback in a real-effort task in a laboratory
experiment and find that feedback overall does not improve performance.
In psychological laboratory experiments, the timing of feedback has been
investigated with two types of setups. Most studies compared feedback in
the form of correct answers immediately after subjects completed a task with
feedback delayed by a few seconds or minutes to test psychological conditioning
theory or memory theory (for literature reviews see Smith & Kimball, 2010,
and Lechermeier & Fassnacht, 2018). A few studies compare a condition in
which feedback is given immediately after a prior task with a condition in which
feedback is given immediately before the subsequent task (Bechtel et al., 2015;
Henley & DiGennaro Reed, 2015; Krumhus & Malott, 1980). We could not find
any studies that vary the interval length to the task.
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3.2. Setting and preparation

The experiment was conducted in 19 fifth and sixth grade classes in
seven secondary schools in the cities of Bonn, Cologne, and Diisseldorf
in the most populous German federal state North Rhine-Westphalia
in May and June 2016. The intervention took place just before the
final math exam of the semester, which involved high stakes for the
students. Students’ final grade in math is a combination of the three
exams during the semester and a grade for oral performance. Students
in our setting need an average grade of 4 (on a scale from 1, highest,
to 6, lowest) in all subjects to be promoted to the next grade. There
are three core subjects—math, German, and English. If students get a
grade 5 in one core subject, they can only compensate for this grade
by achieving at least a grade 3 in another core subject. The experiment
was approved by the ethics committee of the University of Diisseldorf
and only students who received parental consent could participate in
the study. Researchers were never present in the classroom to maintain
a natural class setting and the feedback was given to students by
their math teacher to maximize its credibility.” To train teachers how
to conduct the experiment, we visited the schools in the run-up to
the experiment. During this meeting, the intervention was explained
and teachers’ questions were answered. We then sent teachers two
envelopes with the material needed to run the experiment. The first
envelope contained written instructions for teachers, outlining the time
schedule and steps of the intervention, consent forms to be signed by
parents, and templates for the results of the first and the second math
exam of the semester (grade and point distributions in each exam as
well as the maximum number of points possible). Teachers provided
us with students’ names, enabling us to print personalized feedback
notes by calculating students’ ranks in the last math exam as well as
their change in ranks from the second-to-last to the last math exam. A
second envelope was sent to teachers a few days before the third exam.
It contained the personalized feedback notes, which were sheets of
paper that were folded and had students’ names clearly written on their
outside. The envelope also contained a result template for the third
exam, student questionnaires, and teacher instructions that detailed
how teachers should distribute feedback notes and questionnaires. They
also instructed teachers to collect the questionnaires after students
filled them in and required that teachers instruct their students to
crumble the feedback notes and throw them in the wastepaper basket
after filling in the questionnaires.® Upon sending the results of the final
exam and the filled-out questionnaires, teachers were asked to fill out
a short survey.

3.3. Treatments

Based on a 2 x 3 design, we vary both the timing of feedback and
the reference frame of feedback independently to investigate how these
factors influence the effectiveness of relative performance feedback on
performance in a high-stakes math exam.

The timing of feedback was randomized at the class level. Students
either received feedback (i) 1-3 days (usually in the last math lesson)
before the exam (EarLy Timing) or (ii) immediately before the exam
sheets were handed out (Late Tmving). This treatment design allows
us to investigate whether the timing of feedback matters for exam
performance. The reference frame of feedback was randomized at the
student level. Within the same class, students received personalized
written feedback on their (I) rank level in the last math exam (LeveL
Feepeack), on their (II) change in rank between the second-last and
the last math exam (CHancGe FeEDBACK), or (III) a personalized note that

7 The credibility of the source has a substantial effect on how feedback is
interpreted. Ilgen et al. (1979) identified two components of source credibility:
expertise and trustworthiness.

8 See Online Appendix H for English translations of the teacher instructions.
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only wished them good luck for the exam (ConTroL). In all treatments,
teachers gave a folded feedback note to each student that had the
student’s name written on the outside. To personalize the feedback, the
note addressed the student by their first name and was signed by the
teacher.’ As students had received their grades for the second last and
last exam after the teacher had graded them (i.e., approximately four
and two months earlier, respectively), the feedback notes contained
salient and more detailed information about the level or change in their
relative performance.

3.4. Questionnaire

Students in Eariy Tiving answered an extended questionnaire af-
ter reading the feedback note that allows us to shed light on the
channels through which feedback may affect students’ behavioral re-
sponses. It elicited confidence in their mathematics ability, their effort-
effectiveness belief, and their state self-esteem. Confidence in math-
ematics ability was elicited using the German version of the math
efficacy scale included in the OECD’s Programme for International
Student Assessment (PISA) studies (OECD, 2014; based on Bandura,
1986). To elicit students’ effort-effectiveness belief, we developed a
scale that asked students how much they believed (1) their correct
answers and (2) their grade could be affected by their effort, then
summed up scores over both questions. Their state self-esteem was
measured using the Rosenberg self-esteem scale (Rosenberg, 1965). See
Online Appendix J for an English translation of the scales.!’

4. Data, randomization, and balance

We begin this section by describing the sample. Thereafter, we
proceed with presenting the randomization strategy, balance checks,
and descriptive statistics.

4.1. Sample

Our data consist of pre- and post-intervention math grades and exam
scores, demographic information, and psychological scales from student
questionnaires.

Teachers of 19 classes signed up to participate in the study. In total,
352 students in those classes received parental consent. Of those, 346
participated in the final exam. One teacher whose class was in the
EarLy TiminGg treatment reported to have allowed her students to take
the feedback notes and questionnaires home, thus allowing students to
show them to parents, which violated our procedural instructions. We
exclude this class (16 participating students) from the main analyses
but include it in robustness checks. Our sample thus contains 330
students in 18 classes. Of those 330 students, 12 did not fill in a
questionnaire. Of those without a questionnaire 5 were in the early
treatment and 7 were in the late treatment. 9 of the 18 classes were in
the early treatment and 9 in the late treatment. 15 of those 18 classes
were in schools of which at least one other class participated in the
experiment. In regressions that contain class fixed effects we use the
whole sample of 330 students in 18 classes, however in regressions that
contain school fixed effects (as robustness checks when investigating
the role of timing) we can only use data of 13 classes'' and our sample
is reduced to 259 observations.

9 See the Online Appendix I for English translations of the exact wording
and layout of the notes.

10 For exploratory heterogeneity analysis the following character traits were
also elicited: locus of control (adapted from PISA [OECD, 2014]; based
on Rotter, 1966), competitiveness (adapted from PISA [OECD 2014]; based
on Owens & Barnes, 1992), and perseverance (adapted from PISA [OECD
2014]). In Late Tmving, due to time constraints, students could only fill in
a short questionnaire after completing the exam. It contained some of the
subscales of some of the scales for exploratory analysis.

11" One school only had one participating class. Two classes of another school
are in the late treatment but none is in the early treatment after we had
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4.2. Randomization and balance checks

For schools that had several participating classes, classes were
randomized into either the Eariy TivmiNG treatment or the Late Tiv-
ING treatment blocked on school level. Within classes, students were
then randomized into the ControL group, CHANGE FEEDBACK treatment
or Lever FeepBack treatment at the individual level. Balance tests show
that between student-level treatments all baseline-measures were per-
fectly balanced, see Tables A.1 and A.2 in Appendix A. For class-level
treatments we also achieve good balance for baseline performance,
gender, and being old relative to class level,'> however the proportion
of students with migration background (marginally not significant)
and with siblings (significant at the 5%-level) tends to be higher in
early-feedback classes. We will show regressions with and without
demographic control variables to assess the effects of these small im-
balances on our results. There are no significant differences in variables
that vary at the class level, such as the proportion of female teachers,
class size, the share of participating students, and the share of sixth
graders between the class-level treatments. Tables A.3 and A.4 in
Appendix A report balance tests between Earry Timing and Late TiMING.

4.3. Descriptive statistics

47% of the students in our sample are female, 38% of students
have a non-German first and family name, which we use as a proxy for
migration background,'® 13% of students are older than expected for
their grade, and 86% of students have one or more siblings. The average
grade in math prior to the intervention is 2.6 on a scale from 1 to 6,
where 1 is the highest and 6 is the lowest grade.'* Class-level variables
show that the overwhelming majority of teachers is female, each class
has about 27 students, 68% of which participate in the experiment, and
two thirds of students in our sample attend fifth grade while one third
attends sixth grade. Table 1 presents the number of observations for
each treatment cell and summarizes the feedback students received by
treatment. It reveals that the range and standard deviation of feedback
received in the Cuange FeepBack and LeveL FeepBack treatments are of
similar magnitude. Figures F.1 and F.2 in the Online Appendix show
the distribution of feedback pooled over class-level treatments.

5. Results

This section begins with a presentation of the effects of feedback
on performance, including a heterogeneity analysis, and proceeds with
an exploration of potential mechanisms. We conclude the section by
considering possible spillover effects.

to exclude the class in which the experimental instructions were violated.
Furthermore, two classes of another school are both in the early treatment but
none is in the late treatment because one teacher dropped out after class-level
randomization but did not respond to the material we sent them and did not
provide us with any information on their class.

12 This affects students who had to repeat a class or whose transition from
kindergarten to primary school was deferred because of developmental delays
or at parents’ request.

13 41.5% of secondary school students in North Rhine-Westphalia, the
German federal state in which the experiment was conducted, have a
migration background. See: https://www.schulministerium.nrw.de/docs/bp/
Ministerium/Service/Schulstatistik/Amtliche-Schuldaten/StatTelegramm?2016.
pdf.

14 Translation of German grades to American grades: 1.0 = A+ or A; 1.3 =
A-;1.7=B+,20=B;23=B-527=C+;3.0=C;3.3=C; 3.7=D+; 40 =
D; > 4.0 = F (cf. http://german.princeton.edu/wp-content/uploads/2014,/11/
GPA-Conversion-Chart.pdf).
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Table 1
Descriptive statistics of provided feedback.
Obs. Mean Std. Dev Min. Max.
Early Timing 53 .89 7.93 =21 21
Change Feedback |- 'riming 56 79 8.30 19 19
Early Timing 58 14.64 8.30 1 30
Level Feedback Late Timing 58 1350 822 1 30

Early Timing 50 - - - -

Control
ontro Late Timing 55 - - - -

Note: This table presents descriptive statistics of the feedback given to students by
class-level and student-level treatments.

5.1. Effects of feedback on performance

In this section we investigate the effects of the timing and the
type of feedback on students’ performance in the final exam. First,
we study the effect of feedback timing on performance pooling over
feedback types. Thereafter, we show results for each feedback type
when feedback is given a few days prior to the final exam or on the day
of the final exam. Next, we investigate whether heterogeneous reactions
to feedback exist by gender, feedback valence, and feedback magnitude.
Finally, we explore potential mechanisms by which feedback could
affect outcomes, and discuss possible spillover effects.

Effects of feedback timing (pooled over type)

To investigate the effect of feedback on performance and to shed
light on the role of timing, we estimate linear regression models sep-
arately for each feedback timing, pooling over feedback types and
controlling for class fixed effects. Furthermore, as we expect the grade
in the final exam and the response to feedback to both strongly depend
on one’s prior grade in math, we control for it using fixed effects that
correspond to the major categories in the German grading scale (prior
grade = {1,2,3,4,5,6}). Furthermore, to control for slight imbalances
in some of the demographic variables between early and late classes,
we include dummy variables for gender, migration background, being
old relative to one’s class level, and having siblings in the model. The
reported standard errors are clustered at the class level and corrected
using bias-reduced linearization (Angrist & Pischke, 2008; Bell & Mec-
Caffrey, 2002; Cameron et al., 2008; Cameron & Miller, 2015) to allow
for cluster-robust inference with a small number of clusters. For each
feedback timing we estimate the following model:

Grade Final Exam; = f + | Feedback; + B, Prior Grade;
+ P3Demographics; + p4Class; + €;; 1)

In Table 2, we can see that providing students with (any) feedback
about their past performance a few days prior to the exam has a positive
effect on their performance, while providing the same kind of feedback
immediately before the exam decreases their performance. Looking at
columns 3 and 6, which contain the full models for EarLy Timing and
Late Tiving classes, respectively, we can see that giving feedback a
few days before the exam has large positive and significant effect on
students’ grades of 0.224 standard deviations (sd) (p = 0.031), while
giving feedback immediately before the exam decreases performance
by 0.126 sd (p = 0.075). As an alternative specification we estimate
models with school fixed effects that control for heterogeneity at the
school level (reducing our sample size by five classes to 259 obser-
vations) and introduce an interaction term of feedback with timing.
Table B.1 in Appendix B shows that this gives us very similar estimates.
This table also shows that students in the control group whose peers get
feedback a few days prior to the exam do not perform differently in the
final exam than students in the control group whose peers get feedback
on the examination day, as the coefficient of Late is not significant. We
further discuss this result in Section 5.3 where we consider possible
spillover effects on the control group.


https://www.schulministerium.nrw.de/docs/bp/Ministerium/Service/Schulstatistik/Amtliche-Schuldaten/StatTelegramm2016.pdf
https://www.schulministerium.nrw.de/docs/bp/Ministerium/Service/Schulstatistik/Amtliche-Schuldaten/StatTelegramm2016.pdf
https://www.schulministerium.nrw.de/docs/bp/Ministerium/Service/Schulstatistik/Amtliche-Schuldaten/StatTelegramm2016.pdf
http://german.princeton.edu/wp-content/uploads/2014/11/GPA-Conversion-Chart.pdf
http://german.princeton.edu/wp-content/uploads/2014/11/GPA-Conversion-Chart.pdf
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Table 2 Table 3
Effects of feedback timing on performance (Pooled over Type). Effects of feedback timing and type on performance.
Early Late Early Late
@™ ) 3) @ 5) (6) m ) 3) (€3] 5) 6)
Feedback 0.120 0.224**  0.224**  -0.224** -0.114 -0.126* Change Feedback 0.106 0.207 0.202 -0.190 —0.082 -0.081
(0.091) (0.096) (0.102) (0.107) (0.069) (0.070) (0.110) (0.141) (0.132) (0.133) (0.078) (0.096)
Class FE Yes Yes Yes Yes Yes Yes Level Feedback 0.132 0.240%**  0.244** —-0.258** -0.145 -0.167**
Prior Performance No Yes Yes No Yes Yes (0.101) (0.074) (0.096) (0.116) (0.099) (0.074)
Dem. Controls No No Yes No No Yes Class FE Yes Yes Yes Yes Yes Yes
Adj. R? 0.094 0.405 0.427 0.093 0.339 0.342 Prior Performance No Yes Yes No Yes Yes
N 161 161 152 169 169 157 Dem. Controls No No Yes No No Yes
Note: This table shows the effects of feedback on performance using a linear regression Adj. R? 0.088 0.401 0.423 0.088 0.335 0.339
N 161 161 152 169 169 157

model. The dependent variable is the grade in the final exam (inverted, such that larger
grades are better), standardized to mean zero and standard deviation one. Feedback
identifies students who received any feedback (either CHANGE FeEDBACK Or LEVEL FEEDBACK).
Columns 1-3 show results for classes in which the treatment groups received feedback
a few days prior to the exam (Early), and columns 4-6 show results for classes in
which the treatment groups received feedback immediately before the exam (Late).
All models contain class fixed effects and a constant. Models in columns 2 and 4
additionally control for prior performance using fixed effects that correspond to the
major categories in the German grading scale (six categories, five dummies). Models in
columns 3 and 6 additionally control for demographics: gender, migration background,
being old relative to one’s class level, having siblings. Standard errors are reported
in parentheses, clustered at class level, and corrected using bias-reduced linearization.
The number of clusters is 9 in all models. * p<0.10, ** p<0.05, *** p<0.01.

Effects of feedback type (by timing)

We now investigate the role of the reference frame of feedback by
introducing separate dummies for the CHaNGE FEEDBACK treatment and
the LeveL FeepBAck treatment. Otherwise, we estimate the same model
as above. For each feedback timing we estimate the following model:

Grade Final Exam; = f, + fyChange Feedback; + f, Level Feedback;
+ P Prior Grade; + p, Demographics; + psClass; + g
@

Table 3 presents treatment effect estimates of the two feedback
types by the timing of feedback. Column 3 shows that level feedback
has a positive effect of 0.244 sd (p = 0.012) when given early and
column 6 shows that it has a negative effect of 0.167 sd (p = 0.026)
when given late. While the effects of change feedback show the same
sign reversal with respect to timing (Early: g = 0.202, p = 0.127; Late:
p = —0.081, p = 0.403) neither of the effects for change feedback are
significant.

We find the results for both feedback types and timings to be robust
to the inclusion of the non-compliant class in the early treatment and
to controlling for prior performance using linear control variables for
prior grades (see Table G.1 and Table G.2 in Online Appendix G).

Heterogeneity analysis

Feedback valence and magnitude. In this section we briefly summarize
and discuss exploratory heterogeneity analyses by feedback valence and
magnitude. We investigate whether students who received level feed-
back about a rank in the upper half respond differently than students
whose feedback contained a rank in the lower half with respect to their
class. We also test whether students respond to incremental changes of
level feedback. Similarly, we investigate whether students who received
feedback about negative changes in performance respond differently
to change feedback than students whose change feedback reported
an improvement. Furthermore, we test whether students respond to
incremental changes of feedback about negative and positive change.
Note that all these analyses are supposed to provide suggestive evidence
only as cell size is reduced to about 25 observations when we introduce
interaction terms.

Table 4 suggests that the positive effects of level feedback given
early are driven by students who receive feedback about a rank in the
lower half. These students’ performance increases by 0.358 sd (p =
0.054), while the coefficient for students who receive feedback about a

Note: This table shows the effects of feedback on performance using a linear regression
model. The dependent variable is the grade in the final exam (inverted, such that
larger grades are better), standardized to mean zero and standard deviation one.
Change Feedback identifies students who received CHance Feepeack and Level Feedback
identifies students who received Lever Feepeack. Columns 1-3 show results for classes
in which the treatment groups received feedback a few days prior to the exam (Early),
and Columns 4-6 show results for classes in which the treatment groups received
feedback immediately before the exam (Late). All models contain class fixed effects
and a constant. Models in columns 2 and 4 additionally control for prior performance
using fixed effects that correspond to the major categories in the German grading
scale (six categories, five dummies). Models in columns 3 and 6 additionally control
for demographics: gender, migration background, being old relative to one’s class level,
having siblings. Standard errors are reported in parentheses, clustered at class level, and
corrected using bias-reduced linearization. The number of clusters is 9 in all models.
* p<0.10, ** p<0.05, *** p<0.01.

rank in the upper half is close to zero and insignificant (column 1). Fur-
thermore, we find that students respond to incremental changes in level
feedback given early. As the rank a student receives feedback about
increases (i.e. gets worse) by one, performance increases by 0.019 sd
(p = 0.060, column 2). We do not detect significant heterogeneous
effects for level feedback when given late (columns 3 and 4).

Furthermore, Table C.1 in Appendix C suggests that negative change
feedback when given early has a significant positive effect of 0.461
sd on performance (p = 0.003, column 3) and that negative change
feedback when given late has a marginally significant negative effect of
0.263 sd on performance (p = 0.080, column 7). We also find that in the
late treatment students react more strongly to negative change feedback
the more negative it is. As the negative change a student learns about
increases by one, performance decreases by 0.181 sd (p = 0.000, column
8). We do not find any significant effects for positive change feedback
given early or late (columns 1-2 and 5-6).

Overall, these findings suggest that students mostly react to negative
feedback, i.e. feedback about a negative change or a low rank, and that
negative feedback tends to increase performance when given early but
to lower performance when given late. We also find some evidence that
students react more strongly to more extreme feedback.

Gender. Next, we briefly report the results of a heterogeneity analysis
by gender, which due to small cell sizes should be interpreted as sug-
gestive evidence only. It has widely been shown that male subjects are
more confident of their abilities than female subjects (Barber & Odean,
2001; Niederle & Vesterlund, 2007). Thus, when receiving feedback
about their past performance boys might have to adjust their beliefs
about their abilities more negatively than girls, potentially leading to
heterogeneity in responses to feedback.

The results in Table 5 confirm that boys respond differently to
feedback than girls. Boys who receive any type of feedback a few
days prior to the exam experience a significant increase in their per-
formance. Change feedback given early to boys significantly improves
their performance by 0.376 sd (p = 0.018), similarly, level feedback
given early to them significantly improves their performance by 0.299
sd (p = 0.000, column 1). When boys receive change feedback late,
their performance tends to decrease (change feedback: g = —0.244, p
= 0.293; level feedback: # = —0.173,p = 0.318) but we do not find
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Table 4
Effects of feedback type and timing on performance (Interaction with half and rank).
Early Late
@ (2 3 “
Change Feedback 0.473* —-0.334 —-0.188 0.082
(0.241) (0.299) (0.142) (0.289)
Level Feedback 0.358* —0.005 -0.157 -0.231
(0.185) (0.166) (0.231) (0.166)
Change x Better Half —0.623** 0.131
(0.302) (0.276)
Level x Better Half —-0.296 —-0.087
(0.206) (0.310)
Better Half 0.557%%* 0.398
(0.154) 0.271)
Change x Prior Rank 0.037* -0.016
(0.022) (0.019)
Level x Prior Rank 0.019* 0.003
(0.010) (0.015)
Prior Rank —0.042%* —0.041%*
(0.008) (0.019)
Class FE Yes Yes Yes Yes
Prior Performance Yes Yes Yes Yes
Dem. Controls Yes Yes Yes Yes
Adj. R? 0.435 0.444 0.352 0.377
N 152 152 157 157

Note: This table shows the effects of feedback type on performance by the timing of
feedback using a linear regression model. Columns 1 and 2 present results for students
receiving feedback a few days prior to the exam and columns 3 and 4 present results
for students receiving feedback immediately before the exam. The dependent variable is
the grade in the final exam (inverted, such that larger grades are better), standardized
to mean zero and standard deviation one. All models contain class fixed effects, a
constant, and the full set of control variables: mean prior grade rounded to the nearest
integer over two previous math exams (5 dummies), gender, migration background,
being old relative to one’s class level, having siblings. Models in columns 1 and 3
additionally contain a dummy Better Half, identifying students who performed in the
upper half (i.e. in terms of the absolute grade, where smaller grades are better) relative
to their classmates in the last math exam prior to the intervention, and interactions
of this indicator with the treatment dummies (Change x Better Half and Level x Better
Half). Models in columns 2 and ) additionally contain a variable Prior Rank, capturing
a student’s rank in the last math exam prior to the intervention, and interactions of this
indicator with the treatment dummies (Change x Prior Rank and Level X Prior Rank).
Standard errors are reported in parentheses, clustered at class level, and corrected
using bias-reduced linearization. The number of clusters is 9 in all models. * p<0.10,
** p<0.05, *** p<0.01.

the effects to be significant (column 2). In contrast to this, for girls the
estimated coefficients for both feedback types and both timings are very
close to zero and insignificant.'®

5.2. Exploration of potential mechanisms

In this section, we summarize and discuss our findings with respect
to feedback effects on students’ beliefs. Table D.1 suggests that neither
feedback type affected students’ math confidence overall (column 1)
and we do not find significant effects by feedback valence (columns 2
and 3). A heterogeneity analysis by gender reveals that level feedback
significantly decreased boys’ confidence in their math ability by 0.191
sd (p = 0.008) and increased girls’ confidence in their math ability
by 0.384 sd (p = 0.047, column 4). Table D.2 suggests that neither
feedback type affected students’ self-esteem overall (column 1) and
we do not find significant effects by feedback valence (columns 2 and
3). A heterogeneity analysis by gender reveals that both change and

15 When we interact gender with feedback valence, we observe, consistently,
that boys tend to respond more positively to negative change feedback in
Eary Tiving and more negatively to negative change feedback in Late TiviNG,
respectively, than girls. However, cell sizes become very small and we do not
detect any significant effects.
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Table 5
Effects of feedback type and timing on performance (By gender).
Early Late
@™ 2
Change Feedback 0.376** —-0.244
(0.157) (0.231)
Level Feedback 0.463%** -0.173
(0.083) (0.173)
Change Feedback x Female —-0.401* 0.322
(0.240) (0.445)
Level Feedback x Female —0.461** 0.019
(0.213) (0.413)
Class FE Yes Yes
Prior Performance Yes Yes
Dem. Controls Yes Yes
Adj. R? 0.425 0.334
N 152 157

Note: This table shows the effects of feedback type on performance
by the timing of feedback using a linear regression model. Column
1 presents results for students receiving feedback a few days prior to
the exam and column 2 presents results for students receiving feedback
immediately before the exam. The dependent variable is the grade in the
final exam (inverted, such that larger grades are better), standardized
to mean zero and standard deviation one. All models contain class fixed
effects, a constant, and the full set of control variables: mean prior
grade rounded to the nearest integer over two previous math exams
(5 dummies), gender, migration background, being old relative to one’s
class level, having siblings. Additionally, all models contain interactions
of Female with the treatment dummies (Change Feedback x Female and
Level Feedback x Female). Standard errors are reported in parentheses,
clustered at class level and corrected using bias-reduced linearization.
The number of clusters is 9 in all models. * p<0.10, ** p<0.05, ***
p<0.01.

Table 6
Summary of significant effects for confidence, self-esteem, and
effort-effectiveness belief.

Sign. effect on: Boys Girls
Change Feedback .
Level Feedback Confidence -
Change Feedback Self-Esteem

Level Feedback -

Change Feedback

Level Feedback Effort-Effect. Belief

Note: This table summarizes the results of our exploration of mecha-
nisms. “~” indicates that a significant negative effect was found, while
“+” indicates that a significant positive effect was found. Empty cells
indicate that no significant effect was found.

level feedback tended to decrease boys’ self-esteem, by 0.495 (p =
0.116) sd and 0.398 (p = 0.001) sd, respectively. Change feedback
increased girls’ self-esteem by 0.497 sd (p = 0.060, column 4). Table D.3
suggests that change feedback had an overall positive effect of 0.304
(p = 0.84) on students’ effort-effectiveness belief (column 1) and we
do not find significant effects by feedback valence (columns 2 and
3) or by gender (column 4). However, level feedback decreases boys’
effort-effectiveness belief by 0.400 sd (p = 0.046, model 4). As the
heterogeneity analysis by gender is based on small cell sizes and we
are looking at multiple, non-incentivized belief outcomes, these results,
too, should be interpreted as suggestive evidence only.

Taking into account that these results should be treated with cau-
tion, we tentatively interpret the above results as suggesting that boys
overall tended to update beliefs negatively in response to feedback
while girls tended to update beliefs positively, suggesting that the for-
mer were negatively surprised while the latter were positively surprised
by the information they were provided with. These findings are sum-
marized in Table 6 below and are in line with the heterogeneous effects
of feedback on performance summarized in the end of Section 5.1. The
findings suggest that early feedback motivated exam preparation and
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late feedback demotivated effort during the exam of boys because they
were negatively surprised by it. Some theoretical considerations about
how the effect of feedback may depend on prior ability beliefs and
feedback timing can be found in Appendix D.2.

5.3. Possible spillover effects

Our main analyses identify the effects of feedback on performance
by comparing students within EarLy Tiving and LaTe TivinG classes
with students who did not receive any feedback. In rATE TIMING classes
students could not find out anything about the feedback other students
had received as students were already seated separately to write the
exam and received sheets formatted in the same way. Thus, as students
could not talk about the content of their sheets and control group
students did not know that other students received feedback, spillover
effects were not possible in Late Tiving. However, in EARLY TIMING classes
negative and positive spillover effects of our intervention on students
who did not receive any feedback are possible as students in the
treatment group could have talked to students in the control group
between the intervention and writing the exam (even if the notes could
not be shown to other students because they had to be destroyed after
filling in the questionnaire). Possibly, students in the control group
who found out that their classmates received feedback could have been
discouraged, leading them to perform worse in the exam compared to a
situation where their classmates were not treated. This would cause the
positive effects of CHaNnGe and LeveL Feepack in EarLy TiMiNG classes to be
overestimated. Alternatively, students in the control group in the EarLy
Tmving class could, by interacting with those who did receive feedback,
become more motivated and perform better in the exam. This would
cause us to underestimate the benefits of feedback in EarLy TivinG. To
address the question of whether there were spillover effects in EarLy
TIMING classes, we compare the results of students in the control groups
of eArLY TiMING and LATE TIMING classes. This is a valid procedure because
all treatments are balanced in terms of prior performance.

As can be seen in Table B.1, the coefficient of ‘“Late”, which mea-
sures by how much the performance of control group students of LATE
Tmving differs from the performance of control group students in EarLy
Tmving, is slightly negative and insignificant. We therefore infer that
the spillover effects of our intervention on the control group were,
if anything, positive and that the positive coefficients of level and
change feedback in classes who received feedback early are therefore
not inflated by negative spillovers on the control group.
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6. Conclusion

We investigate the effects of feedback on young students’ perfor-
mance in a high-stakes mathematics exam. We vary two dimensions
that likely matter for its effects: timing and reference frame. As both
preparation and test-taking behavior may contribute to performance,
students receive feedback at one of two points in time when it may
be expected to have the largest effects on the respective behaviors: a
few days before or immediately before the exam. Teachers either gave
students feedback that captures their performance level relative to their
classmates or feedback that informs students about the change in their
performance relative to their classmates.

Our results show that feedback overall improves performance when
given early but decreases performance when given late. We find this
pattern to hold for level feedback in general and for change feedback
that is negative. Early feedback particularly benefits the performance
of boys, who on average seem to be disappointed by the feedback,
suggesting that they were overconfident in the absence of feedback.
Overall, our results suggest that performance feedback, in particular
when it is negative or disappointing, motivates better exam prepara-
tion and that this extra effort invested within a few days is highly
effective in improving math performance. However, our results also
caution that the same information provided immediately before an
exam, when preparation is no longer possible, influences test-taking
behavior negatively.

Our study contributes to the literature in the economics of education
that investigates interventions to raise student motivation and the lit-
erature in organizational economics that studies the effects of feedback
on performance. To the best of our knowledge, no previous studies
investigated the effects of feedback timing on high-stakes outcomes,
educational or other, and no previous studies compared the relative
effectiveness of level and change feedback. Our results are particularly
relevant for educators because performance feedback is routinely given
in the classroom but the widely used practice of comparing students’
performance levels has been criticized for being ineffective or even
harmful (see OECD, 2012). We find this claim to hold only for feedback
given immediately before an exam but not for feedback given earlier
and we detect no clear benefits for change feedback over level feedback
in this respect. In fact, as shown by our study, the timing of feedback
may be of paramount importance, an insight that is also relevant in
other contexts, such as sports and job performance, in which the ability
to motivate people to invest effort into preparation and skill acquisition
is crucial.

Table A.1
Balance check student-level treatments — EarLy TiMING.
@™ ) 3) “@ 5) 6) @
Control Change Level Overall (1) vs. (2), (1) vs. (3), (2) vs. (3),
p-value p-value p-value
Prior Performance 2.626 2.689 2.754 2.693 0.781 0.552 0.762
(0.158) (0.160) (0.146) (0.089)
Female 0.420 0.415 0.517 0.453 0.960 0.317 0.286
(0.071) (0.068) (0.066) (0.039)
Migrant 0.480 0.434 0.362 0.422 0.643 0.219 0.444
(0.071) (0.069) (0.064) (0.039)
Older 0.120 0.120 0.170 0.137 1.000 0.479 0.479
(0.046) (0.046) (0.052) (0.028)
Siblings 0.900 0.918 0.909 0.909 0.754 0.876 0.868
(0.043) (0.040) (0.039) (0.023)
N 50 53 58 161
Proportion 0.311 0.329 0.360 1

Note: This table reports group means of key characteristics of students for the student-level treatments (ControL, CHANGE, Lever) of EarLy TiMiNG classes in columns
1-3. Prior Performance is the average grade over the two previous, Female indicates that a student is female, Migrant indicates whether students have a migration
background, Older indicates that a student is old relative to their class level, and Siblings indicates that a student has siblings. Standard errors are displayed in
parentheses. Columns 4-6 report the p-values of the two-sided t-test of equality of means between the treatments.
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Table A.2
Balance check student-level treatments — LATE TIMING.
(€D 2) 3 [©)] 5) (6) @
Control Change Level Overall 1) vs. (2), 1) vs. (3), (2) vs. (3),
p-value p-value p-value
Prior Performance 2.455 2.633 2.671 2.588 0.360 0.241 0.839
(0.135) (0.138) (0.124) (0.076)
Female 0.418 0.536 0.483 0.479 0.219 0.495 0.576
(0.067) (0.067) (0.066) (0.039)
Migrant 0.382 0.286 0.345 0.337 0.287 0.686 0.502
(0.066) (0.061) (0.063) (0.036)
Older 0.125 0.151 0.107 0.127 0.710 0.779 0.499
(0.048) (0.050) (0.042) (0.027)
Siblings 0.800 0.811 0.839 0.818 0.886 0.603 0.704
(0.057) (0.054) (0.050) (0.031)
N 55 56 58 169
Proportion 0.325 0.331 0.343 1

Note: This table reports group means of key characteristics of students for the student-level treatments (ControL, CHANGE, LEveL) of LaTe TiviNG classes in columns
1-3. Prior Performance is the average grade over the two previous,Female indicates that a student is female, Migrant indicates whether students have a migration
background, Older indicates that a student is old relative to their class level, and Siblings indicates that a student has siblings. Standard errors are displayed in
parentheses. Columns 4-6 report the p-values of the two-sided t-test of equality of means between the treatments.

Table A.3 Table A.4
Balance check class-level treatments (student characteristics). Balance check class-level treatments (class characteristics).
m (2) 3 (€3] @™ 2) 3 4
Late timing Early timing Overall (1) vs. (2), Late timing Early timing Overall (1) vs. (2),
p-value p-value
Prior Performance 2.588 2.693 2.639 0.370 Teacher Female 0.778 0.778 0.778 1.000
(0.076) (0.089) (0.058) (0.147) (0.147) (0.101)
Female 0.479 0.453 0.467 0.639 Class Size 26.889 27.111 27.000 0.903
(0.039) (0.039) (0.028) (1.338) (1.195) (0.871)
Migrant 0.337 0.422 0.379 0.112 Share Participated 0.704 0.661 0.683 0.648
(0.036) (0.039) (0.027) (0.072) (0.057) (0.045)
Older 0.127 0.137 0.132 0.798 Sixth Grade 0.333 0.333 0.333 1.000
(0.027) (0.028) (0.019) (0.167) (0.167) (0.114)
Siblings 0.818 0.909 0.863 0.019 N 9 9 18
(0.031) (0.023) (0.019) Proportion 0.500 0.500 1
N 169 161 330 Note: This table reports group means of key characteristics of the class for the Late
Proportion 0.512 0.488 1 Tiving (column 1) and Earcy TiviNg (column 2) treatments. Column 3 presents means

Note: This table reports group means of key characteristics of students for the Late
TminG (column 1) and Eariy Tiving (column 2) treatments. Column 3 presents means
for the pooled sample. Prior Performance is the average grade over the two previous,
Female indicates that a student is female, Migrant indicates whether students have
a migration background, Older indicates that a student is old relative to their class
level, and Siblings indicates that a student has siblings. Standard errors are displayed
in parentheses. Column 4 reports the p-values of the two-sided t-test of equality of
means between column 1 and column 2.
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Appendix A. Balance checks

See Tables A.1-A.4.

Appendix B. Early versus late feedback: Alternative specification

See Table B.1.

for the pooled sample. Teacher Female indicates that the class’s math teacher is female,
Class Size is the total number of students in a class, Share Participated is the share
of students in a class that participated in the experiment, and Sixth Grade indicates
indicates that a class is in sixth grade. Standard errors are displayed in parentheses.
Column 4 reports the p-values of the two-sided t-test of equality of means between
column 1 and column 2.

Appendix C. Heterogeneity analysis

See Table C.1.

Appendix D. Potential mechanisms

D.1. Effects of feedback on beliefs

See Tables D.1-D.3.

D.2. Theoretical considerations

In the following, we outline a simple framework -speculative but
inspired by existing evidence —that may explain why we found positive
effects for EarLy but negative effects for Late feedback on exam perfor-
mance. Villeval (2020) argues that feedback may have positive effects,
through e.g., more accurate beliefs about the marginal returns to effort,
or negative effects, through e.g., stress, on performance. There is ample
evidence that more accurate beliefs allow people to make more optimal
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Table B.1
Effects of feedback timing on performance (Pooled over Type) — Alternative specification.
@D ) ®3)
Feedback 0.145 0.220%* 0.226%*
(0.105) (0.104) (0.103)
Feedback * Late —0.342%* —-0.316** —0.386***
(0.163) (0.138) (0.148)
Late -0.126 -0.167 -0.147
(0.173) (0.110) (0.134)
School FE Yes Yes Yes
Prior Performance No Yes Yes
Dem. Controls No No Yes
Adj. R? 0.069 0.369 0.373
N 259 259 242

Note: This table shows the effects of feedback timing on performance using a linear
regression model. The dependent variable is the grade in the final exam (inverted,
such that larger grades are better), standardized to mean zero and standard deviation
one. Feedback indicates whether students received any feedback (either CHANGE FEEDBACK
or Lever Feepeack) and Late identifies classes in which the treatment groups received
feedback immediately before the exam. All models contain school fixed effects and
a constant. The model in columns 2 additionally controls for prior performance
using fixed effects that correspond to the major categories in the German grading
scale (six categories, five dummies). The model in column 3 additionally controls for
demographics: gender, migration background, being old relative to one’s class level,
having siblings. Standard errors are reported in parentheses, clustered at class level,
and corrected using bias-reduced linearization. The number of clusters is 13 in all
models. * p<0.10, ** p<0.05, *** p<0.01.

effort decisions (Santos-Pinto & de la Rosa, 2020). Additionally, stress
has been shown to influence decision making under uncertainty (Duque
et al., 2022), to affect competition behavior (Buser et al., 2017), to
increase subjective discounting, and to decrease effort (Delaney et al.,
2014).

Behavior driven by “emotional” stress responses is more likely to be
observed in the short run, while behavior driven by “rational” belief
updating is more likely to be observed in the longer run, possibly
because reference points shift and the information is processed differ-
ently (Gneezy & List, 2006; Loewenstein, 2005; Loewenstein & Schkade,
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1999). The following exposition combines the above ideas and shows
how the assumption that short-run responses to feedback are dominated
by emotions while long-run responses are dominated by rational belief
updating may explain the opposite effects of early and late feedback.

The economic literature on education assumes that students’ exam
performance is influenced by school, parental, and student inputs (e.g.,
Behrman et al., 2015; Hanushek, 2003). As our intervention targets
student inputs, the following exposition focuses on them.

We assume that a student’s utility positively depends on his exam
grade (G), which is a function of his ability (a), his effort during
learning and during the test (e), and his concentration during the test
®:

u=Gaern, with 22 >0, 2 5 0, and % > 0.

Students have beliefs about their ability, which we call “confidence
in ability” (4). Both learning effort and concentration during the exam
depend on confidence in ability: e(a) and #(4). Confidence shocks are
processed rationally if a behavioral response is only required in the
longer term such that they only affect incentives to exert effort. Con-
fidence shocks are processed emotionally if a behavioral response in
required immediately and may affect the effectiveness at a given task
by affecting short-term concentration. In EarLy TiMiNG students can take
their time to process and respond to the feedback. Furthermore, we
assume that learning effort decreases as confidence in ability increases:
3—2 < 0. The better a student believes his math ability already is, the
smaller is the necessity to invest effort into learning for the exam
in order to get his desired grade. (Similarly, effort during the exam
may decrease but the time delay between feedback in EarLy TiMING
and taking the exam make it likely that there are no or negligent
effects of early feedback on effort during the exam and that learning
effort is the main channel.) In Late Timing students have to respond
immediately. Furthermore, we assume concentration during the exam
depends positively on confidence in ability: 2 > 0. The better a student
believes his math ability is, the less anxious he feels during the exam
and the better he is able to concentrate.

If a student is overconfident he overestimates his true performance
and Lever Feepack about his past performance is negatively surprising.
Negative CHanGe Feepeack is likely negatively surprising independent

Table C.1
Effects of feedback type and timing on performance by change direction (Interaction with magnitude of change).
Early Late
Pos. change Neg. change Pos. change Neg. change
@ (2) 3) 4 [©)] © @) ®
Change Feedback —0.041 —-0.278 0.461*** 0.218 0.003 0.234 -0.263* 0.883**
(0.415) (0.437) (0.148) (0.347) (0.210) (0.426) (0.148) (0.349)
Level Feedback 0.176 0.020 0.341* 0.158 —-0.094 —-0.290 -0.273 -0.103
(0.285) (0.407) (0.194) (0.426) (0.174) (0.317) (0.182) (0.288)
Change x Change in Rank (abs.) 0.045 0.038 -0.019 —0.187%***
(0.041) (0.049) (0.048) (0.051)
Level x Change in Rank (abs.) 0.028 0.026 0.037 —0.005
(0.037) (0.043) (0.039) (0.042)
Change in Rank (abs.) —-0.040 0.006 —-0.033 0.098**
(0.031) (0.033) (0.044) (0.038)
Class FE Yes Yes Yes Yes Yes Yes Yes Yes
Prior Performance Yes Yes Yes Yes Yes Yes Yes Yes
Dem. Controls Yes Yes Yes Yes Yes Yes Yes Yes
Adj. R? 0.324 0.296 0.548 0.548 0.282 0.276 0.368 0.463
N 82 82 70 70 75 75 82 82

Note: This table shows the effects of feedback type on performance by the timing of feedback using a linear regression model. Columns 1-4 present results for
students receiving feedback a few days prior to the exam and columns 5-8 present results for students receiving feedback immediately before the exam. Columns
1, 2, 5, and 6 presents results for students whose performance improved between the second-last and the last math exam and columns 3, 4, 7, 8 present results
for students whose performance worsened between the second-last and the last math exam. The dependent variable is the grade in the final exam (inverted,
such that larger grades are better), standardized to mean zero and standard deviation one. All models contain class fixed effects, a constant, and the full set of
control variables: mean prior grade rounded to the nearest integer over two previous math exams (5 dummies), gender, migration background, being old relative
to one’s class level, having siblings. Models in columns 2, 4, 6, and 8 additionally contain a variable Change in Rank (abs.), capturing a student’s change in their
rank from the second last to the last math exam, and interactions of this variable with the treatment dummies (Change Feedback x Change in Rank (abs.) and
Level Feedback x Change in Rank (abs.)). Standard errors are reported in parentheses, clustered at class level and corrected using bias-reduced linearization. The

number of clusters is 9 in all models. * p<0.10, ** p<0.05, *** p<0.01.
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Table D.1 Table D.2
Effects of feedback type on math confidence. Effects of feedback type on state self-esteem.
(€8] ) 3 “@ @™ (2) ®3) @
Change Feedback —-0.009 0.330 —-0.209 —-0.058 Change Feedback -0.124 0.118 —-0.206 -0.612%
(0.201) (0.211) (0.239) (0.228) (0.117) (0.190) (0.347) (0.321)
Level Feedback 0.099 0.083 —0.008  —0.191*** Level Feedback —-0.266* -0.111 —-0.155 —0.402%**
(0.084) (0.194) (0.150) (0.069) (0.149) (0.243) (0.145) (0.103)
Change Feedback x Pos. Change —0.618%** Change Feedback x Pos. Change —-0.475
(0.127) (0.301)
Level Feedback x Pos. Change 0.016 Level Feedback x Pos. Change —-0.304
(0.327) (0.378)
Pos. Change 0.259 Pos. Change 0.430
(0.285) (0.290)
Change Feedback x Better Half 0.416 Change Feedback x Better Half 0.182
(0.380) (0.539)
Level Feedback x Better Half 0.245 Level Feedback x Better Half —-0.230
(0.304) (0.369)
Better Half -0.272 Better Half -0.122
(0.332) (0.269)
Change Feedback x Female 0.120 Change Feedback x Female 1.143**
(0.431) (0.513)
Level Feedback x Female 0.593%** Level Feedback x Female 0.347
(0.212) (0.322)
Class FE Yes Yes Yes Yes Class FE Yes Yes Yes Yes
Prior Performance Yes Yes Yes Yes Prior Performance Yes Yes Yes Yes
Dem. Controls Yes Yes Yes Yes Dem. Controls Yes Yes Yes Yes
Adj. R? 0.211 0.216 0.200 0.217 Adj. R* 0.126 0.122 0.113 0.171
N 148 148 148 148 N 144 144 144 144

Note: This table shows the effects of feedback type on students’ math confidence using
a linear regression model. The dependent variable is a scale measuring confidence in
mathematics ability, standardized to mean zero and standard deviation one. All models
contain class fixed effects, a constant, and the full set of control variables: mean prior
grade rounded to the nearest integer over two previous math exams (5 dummies),
gender, migration background, being old relative to one’s class level, having siblings.
The model in column 2 additionally contains a dummy Pos. Change identifying students
whose rank improved between the second last and the last math exam, and interactions
of this indicator with the treatment dummies (Change Feedback x Pos. Change and Level
Feedback x Pos. Change). The model in column 3 additionally contains a dummy Better
Half, identifying students who performed in the upper half relative to their classmates
in the last math exam prior to the intervention, and interactions of this indicator with
the treatment dummies (Change Feedback x Better Half and Level Feedback x Better
Half). The model in column 4 additionally contains interactions of Female with the
treatment dummies (Change Feedback x Female and Level Feedback x Female). Standard
errors are reported in parentheses, clustered at class level and corrected using bias-
reduced linearization. The number of clusters is 9 in all models. * p<0.10, ** p<0.05,
*** p<0.01.

of prior confidence due to its clear direction (“worsened”). Negatively
surprising feedback in turn decreases confidence in ability.

If a student is underconfident he underestimates his true performance
and Lever Feepeack about his past performance is positively surprising.
Positive CHance Feepsack is likely positively surprising independent of
prior confidence due to its clear direction (“improved”). Positively
surprising feedback in turn increases confidence in ability.

Giving negatively (positively) surprising feedback on the examina-
tion day (Late Timing) decreases (increases) short-term concentration
and hence decreases (increases) a student’s performance. On the con-
trary, giving negatively (positively) surprising feedback a few days
before the exam (Early Timing), increases (decreases) learning effort
because it increases (decreases) the incentive to do so and hence
increases (decreases) a student’s performance.

The expected effects of feedback timing based on the above reason-
ing can be found in Table D.4.

Thus, whether Earty Tiving and Late Tiving feedback may be ex-
pected to have positive or negative effects on performance depends
on whether students were negatively or positively surprised by the
feedback.
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Note: This table shows the effects of feedback type on students’ state self-esteem using a
linear regression model. The dependent variable is a scale measuring state self-esteem,
standardized to mean zero and standard deviation one. All models contain class fixed
effects, a constant, and the full set of control variables: mean prior grade rounded
to the nearest integer over two previous math exams (5 dummies), gender, migration
background, being old relative to one’s class level, having siblings. The model in column
2 additionally contains a dummy Pos. Change identifying students whose rank improved
between the second last and the last math exam, and interactions of this indicator
with the treatment dummies (Change Feedback x Pos. Change and Level Feedback X Pos.
Change). The model in column 3 additionally contains a dummy Better Half, identifying
students who performed in the upper half relative to their classmates in the last math
exam prior to the intervention, and interactions of this indicator with the treatment
dummies (Change Feedback x Better Half and Level Feedback x Better Half). The model
in column 4 additionally contains interactions of Female with the treatment dummies
(Change Feedback x Female and Level Feedback x Female). Standard errors are reported
in parentheses, clustered at class level and corrected using bias-reduced linearization.
The number of clusters is 9 in all models. * p<0.10, ** p<0.05, *** p<0.01.

Table D.3
Effects of feedback type on effort effectiveness belief.
@ (2) 3 “
Change Feedback 0.330%* 0.459* 0.205 0.158
(0.163) (0.263) (0.308) (0.176)
Level Feedback —-0.046 —-0.150 —-0.266 —0.400%*
(0.187) (0.239) (0.346) (0.198)
Change Feedback x Pos. Change —0.244
(0.516)
Level Feedback x Pos. Change 0.180
(0.374)
Pos. Change -0.010
(0.277)
Change Feedback x Better Half 0.223
(0.500)
Level Feedback x Better Half 0.450
(0.654)
Better Half -0.103
(0.441)

(continued on next page)
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Table D.3 (continued).

@ (2) 3) @

Change Feedback x Female 0.386
(0.513)

Level Feedback x Female 0.724%**
(0.259)

Class FE Yes Yes Yes Yes

Prior Performance Yes Yes Yes Yes

Dem. Controls Yes Yes Yes Yes

Adj. R? 0.093 0.089 0.092 0.110

N 150 151 151 151

Note: This table shows the effects of feedback type on students’ effort effectiveness belief
using a linear regression model. The dependent variable is a scale measuring a student’s
effort effectiveness belief, standardized to mean zero and standard deviation one. All
models contain class fixed effects, a constant, and the full set of control variables: mean
prior grade rounded to the nearest integer over two previous math exams (5 dummies),
gender, migration background, being old relative to one’s class level, having siblings.
The model in column 2 additionally contains a dummy Pos. Change identifying students
whose rank improved between the second last and the last math exam, and interactions
of this indicator with the treatment dummies (Change Feedback x Pos. Change and Level
Feedback x Pos. Change). The model in column 3 additionally contains a dummy Better
Half, identifying students who performed in the upper half relative to their classmates
in the last math exam prior to the intervention, and interactions of this indicator with
the treatment dummies (Change Feedback x Better Half and Level Feedback x Better
Half). The model in column 4 additionally contains interactions of Female with the
treatment dummies (Change Feedback x Female and Level Feedback x Female). Standard
errors are reported in parentheses, clustered at class level and corrected using bias-
reduced linearization. The number of clusters is 9 in all models. * p<0.10, ** p<0.05,
*% p<0.01.

Table D.4

Summary: Effects of feedback timing assuming different short- and long-run responses.

Late TMING Earvy TivING

Confidence in ability |
Concentration |
Performance |

Confidence in ability |
Learning Effort 1
Performance 1

If negatively surprising

Confidence in ability 1
Concentration 1
Performance 1

Confidence in ability 1
Learning Effort |
Performance |

If positively surprising

Appendix E. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.econedurev.2023.102379.
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