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Abstract

This paper provides novel evidence on the causal effect of high school Grade

Point Average (GPA) on the human capital development and labor market trajectory

of individuals. Causal identification is achieved by exploiting a unique feature of

the Norwegian education system that produces exogenous variation in GPA among

high school students. We find little effect on the number of completed years

of higher education, but significant effects on the number and quality of higher

education programs available to students after high school. Most importantly, we

find persistent effects on students’ long-run labor market outcomes, most notably

market wage.
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1 Introduction

High school GPA is one of the most frequently used metrics for identifying academic achieve-

ment, and it likely plays a pivotal role in determining an individual’s future education and labor

market outcomes. It is used in the admissions process to college, by grant offices when awarding

scholarships, by career offices when allocating internships, and by employers when recruiting

graduates. However, a lack of exogenous variations in GPA has prevented researchers from

identifying the true value of a high school GPA.

This paper provides some of the first evidence on the impact of high school GPA on an

individual’s education and labor market outcomes, exploiting a unique feature of the Norwegian

education system that produces exogenous variation in GPA among high school students with

identical abilities. In Norway, high school GPA is based not only on the grades obtained in high

school courses, but also on a set of randomized exams taken throughout high school. These

exams are conducted in subjects chosen randomly by the municipality among the courses that

the student takes, and are announced just days prior to the exams. Each exam counts as much

as a course grade when calculating a student’s GPA. This feature induces exogenous variation

to a student’s GPA depending on whether the subjects drawn for the exams correspond to the

student’s academic strengths or weaknesses.

We use the random exam feature of the Norwegian high school system to construct an

instrument, GPA luck, which measures whether the students are allocated to exams in subjects

corresponding to their academic strengths or weaknesses. This enables us to identify the causal

effects of high school GPA. The instrument we construct is consistent with the general principles

developed by Borusyak and Hull (2020), and our paper can be viewed as an empirical application

of their method for the case where exposure of individuals to random shocks varies according

to some of their pre-determined characteristics. We use the instrument to identify the impact of

GPA on the student’s long-term education and labor market outcomes.

Exploiting rich administrative data covering the universe of Norwegian senior high school

students, we first confirm that our GPA luck measure is a strong predictor of high school

GPA. We also demonstrate that our measure of GPA luck is unrelated to a rich set of baseline

characteristics that may affect students’ outcomes. We then show that GPA luck has little effect
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on the number of years of higher education completed after high school, but significant effects

on the number and selectivity of higher education programs that are available to students after

high school. Finally, we show that GPA luck has persistent effects on students’ long-run labor

market outcomes. In particular, improvements in GPA luck produce significant increases in

market wages eight years after the exams. Using GPA luck as an instrumental variable, we

find that a one standard deviation increase in high school GPA generates a 23% increase in

individuals’ earnings eight years after the end of high school. The effect is most pronounced

for students who pursue a short university education after high school (3 years or less). For

this group of students, GPA luck increases the probability of accessing the most lucrative fields

of study (such as Business and Science) and reduces the probability of ending up in the least

lucrative ones (such as Humanities and Teaching). The fact that the wage effect of GPA luck is

particularly strong for this group of students is consistent with the literature on the wage effects

that field of study can have after high school (Kirkeboen, Leuven and Mogstad, 2016).

The main contribution of our paper is to provide some of the first evidence in the literature

on the causal effect of high school GPA on the human capital development and labor market

trajectory of individuals. It has long been asserted that high school GPA is a strong predictor

of later-in-life outcomes,1 and our paper is among the first to identify the extent to which this is

indeed a cause-and-effect relationship.

We also contribute to the rich literature exploiting high school test score thresholds in

regression discontinuity designs to examine the effect of high school diplomas, college admis-

sions or scholarships (e.g., Clark and Martorell, 2014; Cohodes and Goodman, 2014; Goodman,

2008; Hastings, Neilson and Zimmerman, 2013; Heinesen, 2018; Hoekstra, 2009; Ockert, 2010;

Ost, Pan and Webber, 2016; Zimmerman, 2014). We complement these papers by providing

evidence on the overall effect of high school GPA on long-run educational and labor market

outcomes. We also advance this literature by developing an instrument that affects high school

student performance at all levels of the achievement distribution and, consequently, by providing

estimates derived from the entire achievement distribution.
1E.g., Allensworth and Clark (2020); Black, Cortes and Lincove (2016); Galla et al. (2019);

Geiser and Santelices (2007).
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Our paper also helps us better understand why high school GPA plays such an important role

long after high school. This is not because it leads to additional years of university studies, but

because it increases the possibility of enrolling in university programs that best corresponds to

students’ specific aspirations/talents. Whatever the field of study, a higher GPA also increases

the probability of accessing more selective university programs, which can have a significant

effect on wages; especially when the selectivity of the program attended by students is used by

employers as a signal of their ability (e.g., Lang and Siniver, 2011; MacLeod et al., 2017).

Finally, there is a well-established literature on the role of luck in determining an individual’s

education and labor market success (e.g., Audas, Barmby and Treble, 2004; Bertrand and

Mullainathan, 2001; Frank, 2016; Jenter and Kanaan, 2015). The most studied form of luck

in this literature is the birth lottery, which allocates genes and early social environments to

individuals (e.g., Black and Devereux, 2011; Mogstad and Torsvik, 2021). More related to our

study, however, are the papers that have looked at exam luck in terms of the external conditions

prevailing on test days, whether in terms of outdoor temperature, time of the day, or the presence

of pollutants or pollen in the atmosphere (e.g., Amanzadeh, Vesal and Ardestani, 2020; Bensnes,

2016; Ebenstein, Lavy and Roth, 2016; Gaggero and Tommasi, 2020; Garg, Jagnani and Taraz,

2020; Park, 2022). We contribute to this literature by demonstrating the importance of another

form of luck, linked to the content of the exams themselves, which always have an element of

randomness impossible to anticipate by students.

2 Background

2.1 The Norwegian Education System

The Norwegian education system consists of 10 years of compulsory school from age 6, followed

by 3 to 4 years of voluntary high school. Approximately 95% of students enroll in high school

and 80% of each cohort ends up with a high school diploma. Education is free at all levels.

High school splits into an academic and a vocational track. Approximately 50% choose

each track. We focus on students in the academic track. The reason is that the random exams for

vocational track students depend on the chosen vocational field of study, and there is therefore
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little random variation in the exams that these students face.

Several universities and colleges offer higher education in Norway. Admission is conditional

on graduating from high school. The Norwegian Universities and Colleges Admission Service

coordinates the admission process. Students apply to specific fields of study and universities,

and if a school or a program is oversubscribed, students are assigned almost exclusively based

on high school GPA. The more demand for a specific program (that is, a field of study within a

given university), the higher the GPA required to gain admission to that program.

2.2 High School GPA and Randomized Exams

In Norway, high school GPA depends on a combination of course grades from teachers and

exam grades. The exams take place at the end of each school year, the exam subjects are chosen

randomly for each individual student, and the subjects are announced less than a week prior to

the exam.2 In terms of exam structure, students take between five and six exams throughout

high school. In the first year, 20% of students are randomly selected for either a written or oral

exam in a randomly chosen subject. In the second year, all students take either a written or

an oral exam in a randomly chosen subject. In the third and final year, all students take three

written exams and one oral exam.

Exam performance in the first and second year of high school may impact which courses

students choose in the third year, what study specializations they select, and could even have an

effect on dropout rates (see e.g., Andresen and Løkken, 2020; Hvidman and Sievertsen, 2021).

To avoid sample selection problems, we focus exclusively on the exams in the third and final

year.

Before 2008, the exams in the final year of high school consisted of two written exams in

Norwegian, one written exam in a randomly chosen subject and one oral exam in a randomly

chosen subject. Since 2008, the final year exams consist of one written exam in Norwegian, two

written exams in randomly chosen subjects and one oral exam in a randomly chosen subject.3

2Even if the delay is short, students can use these few days to prepare for exams (Bensnes,

2020). This can mitigate the impact of being lucky (or unlucky).
3Senior students take an average of nine courses, of which an average of five are included

in the written exam draw. In addition to Norwegian, the most common written exam subjects
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The randomization of students to subjects and types of tests is delegated to the municipality.

While the written exams are designed and graded at the national level, the oral exams are

designed and graded at the local level. In our analysis, we focus on the variation in GPA

generated exclusively by the written exams, which removes any endogeneity issue driven by

local exam designs.

An exam grade counts as much towards GPA as a course grade. High school GPA consists

of the average grade of all of a given student’s course grades and randomized exam grades in

high school. Exams and courses are graded on a scale from 1 (worst) to 6 (best), where 1

constitutes a failing grade.

It should be noted that successful graduation from academic high school, and eligibility for

higher education, requires that the student passes all high school courses. However, there is

an exception to this rule if a student has failed the course, but been randomly drawn into and

passed an exam in the subject. In such an event, the “pass” status from the randomized exam

trumps the “fail” status from the course grade, and the student receives a high school diploma.

The vast majority (92%) of senior students do not fail a course. For these students, a good

exam draw unambiguously corresponds to a draw that matches their academic strengths. For

the small fraction (8%) of senior students who failed a course during the year, the effects of the

draw are more complex.4 We focus on the 92% of senior students who did not fail a course

during the year and for whom the definition of a good exam draw is unambiguous.

3 Data, Variables and Samples

3.1 Data Registers

Our data come from administrative registers covering all Norwegian residents who were enrolled

in the final year of high school between 2005 and 2009. We follow these individuals over time

are English, mathematics, chemistry, biology, social sciences, physics, law, modern history,

political science, and management.
4If they draw exams in their strong subjects, this potentially increases their GPA, but not

their chance of graduating and of going to college. To have a chance at graduating and going to

university, they must draw the subject they failed during the year and pass the exam.
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and across registers, such that we can construct a longitudinal panel covering the universe of

students and their demographic, education, labor, and family background information.

In terms of education data, we have information on students’ high school GPA, diploma

status, and qualification for higher education. The data also includes details on all high school

courses students take, the grades they receive, the courses they are randomized into taking

exams in, and the exam grades. Additionally, information on higher education enrollment,

college major choice, and degree completion is available.

From these data, we can construct a variable (denoted 𝑆ℎ𝑎𝑟𝑒𝑖,𝑡) identifying the proportion of

university programs for which each student is eligible. Specifically, for each program 𝑠 available

in year 𝑡, we identify the minimum GPA (denoted 𝑀𝑖𝑛_𝐺𝑝𝑎𝑠,𝑡) of the students enrolling in that

program. For each student 𝑖, the variable 𝑆ℎ𝑎𝑟𝑒𝑖,𝑡 is equal to the proportion of programs whose

𝑀𝑖𝑛_𝐺𝑝𝑎𝑠,𝑡 is below the GPA of student 𝑖. We also construct a variable measuring the selectivity

(denoted 𝑆𝑒𝑙𝑒𝑐𝑡𝑖,𝑡) of the programs in which students enroll. To define 𝑆𝑒𝑙𝑒𝑐𝑡𝑖,𝑡 , we ranked all

higher education programs in year 𝑡 based on their minimum student GPA (𝑀𝑖𝑛_𝐺𝑝𝑎𝑠,𝑡). If

𝑀𝑖𝑛_𝐺𝑝𝑎𝑠(𝑖),𝑡 denotes the minimum GPA of the first program in which student 𝑖 enrolls after

high school, the selectivity level of student 𝑖’s first enrollment is defined as the percentile rank

of 𝑀𝑖𝑛_𝐺𝑝𝑎𝑠(𝑖),𝑡 , that is: 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦_𝑙𝑒𝑣𝑒𝑙𝑖,𝑡 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡_𝑟𝑎𝑛𝑘 (𝑀𝑖𝑛_𝐺𝑝𝑎𝑠(𝑖),𝑡).

With respect to labor market information, we have detailed information on income and

employment for the entire sample for each year up until 2018. Income is measured as pre-tax

income (labor income and income from self-employment) including certain taxable government

transfers (parental leave, sickness leave and unemployment benefits). Employment status is

defined based on the individual’s status in the employment register. In our analysis, we focus

on employment and income eight years after high school graduation. Data limitations prevent

us from exploring even longer-run outcomes.

Concerning background characteristics, we have information on compulsory school GPA,

age, sex, and municipality of residence. We can also link students to their parents and collect

information on parents’ age, educational attainments, and earnings.
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3.2 The GPA Luck Instrument

In Norway, students’ GPA at the end of high school depends not only on the course grades given

by teachers, but also on the results obtained at the randomly drawn end-of-year exams. The

draw produces an exogenous shock that is more or less favorable for students’ GPA depending

on whether the subjects drawn correspond to the students’ academic strengths or weaknesses.

We construct an instrument that uses the random nature of the end-of-year examinations to

identify the causal effect of students’ GPA on their outcomes.

We begin by constructing a measure of the score that student 𝑖 can expect on an end-of-year

exam in subject 𝑠 if that subject is drawn (denoted 𝐸𝑥𝑎𝑚𝑒
𝑖,𝑠

). Specifically, we define 𝐸𝑥𝑎𝑚𝑒
𝑖,𝑠

as

the average score obtained on the end-of-year exam in subject 𝑠 by students (other than 𝑖) who

attended the same high school as 𝑖 in the same year, earned the same teacher assessment in the

course on subject 𝑠 as 𝑖 and were randomly assigned to an exam in subject 𝑠.5

Based on a complete set of predictions for exams taken at the end of senior year, we construct

a measure of the expected contribution of these exams to the final GPA of student 𝑖 if the student

is randomly assigned to a specific combination 𝑐 of exams at the end of senior year:

𝑍𝑖,𝑐 =
1
𝑁

∑︁
𝑠∈𝑐

𝐸𝑥𝑎𝑚𝑒𝑖,𝑠, (1)

where 𝑁 represents the total number of senior year grades used to calculate 𝑖’s GPA, that

is 𝑁 = 𝑆 + 𝐾 where 𝐾 is the number of courses and 𝑆 the number of exams that student 𝑖

takes. The sum on the right-hand-side represents the expected number of grade points from the

randomly-assigned exams.

Denoting 𝑐(𝑖) the combination of subjects actually assigned to student 𝑖, the value taken

by 𝑍𝑖,𝑐 when 𝑐 = 𝑐(𝑖) is a predictor of the contribution of exams to student 𝑖’s final GPA. We

denote this predictor 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘𝑖. This predictor varies randomly from one student to another,

depending on subjects assignment, but this alone does not necessarily make it a good instrument

for identifying the impact of the GPA on subsequent outcomes (see e.g., Borusyak and Hull,

5If 𝐸𝑖,𝑠 represents the set of all these students, 𝐸𝑥𝑎𝑚𝑒
𝑖,𝑠

is the ratio between
∑
𝑗∈𝐸𝑖,𝑠

𝐸𝑥𝑎𝑚 𝑗 ,𝑠

and the cardinal of 𝐸𝑖,𝑠, where 𝐸𝑥𝑎𝑚 𝑗 ,𝑠 denotes the result of student 𝑗 at end-of-year exam in

subject 𝑠.
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2020). The problem comes from the fact that students’ exposure to more or less favorable

shocks (i.e., to stronger or weaker average 𝐸𝑥𝑎𝑚𝑒
𝑖,𝑠

) is not randomly distributed, but depends on

their initial academic level, as measured for example by the grades obtained during the school

year. In short, randomizing exams is not exactly the same as randomizing the scores students

receive on these exams.

As shown by Borusyak and Hull (2020), there is a simple way to neutralize the potential

endogeneity bias that affects the use of an instrument constructed as 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘𝑖. Specifically,

it is sufficient to recenter𝐺𝑃𝐴_𝑙𝑢𝑐𝑘𝑖, that is to consider its deviation with respect to the average

value of 𝑍𝑖,𝑐 (denoted 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖) across the set of all possible counterfactuals 𝑐,

�𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖 = 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘𝑖 − 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖 . (2)

For each student 𝑖,𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖 is calculated by assigning to each possible exam combination

𝑐 a probability equal to the probability of occurrence of 𝑐 actually observed in the student

population.6 We will show below that the recentered instrument �𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖 is both a strong

predictor of students’ GPA and is uncorrelated with students’ predetermined characteristics. By

recentering𝐺𝑃𝐴_𝑙𝑢𝑐𝑘𝑖, we have eliminated its potentially endogenous component and isolated

its purely random component.

As a robustness check, we examine an alternative version of the instrument constructed by

redefining 𝐸𝑥𝑎𝑚𝑒
𝑖,𝑠

to represent the teacher assessment obtained by 𝑖 in subject 𝑠. As discussed

below, the first stage effect on high-school GPA becomes weaker, but remains highly statistically

significant, when we use this version of the instrument.

3.3 Sample Selection and Descriptive Statistics

Our data include all full-time high school students enrolled in the final year of the academic

high school for the first time between the academic year 2005-2006 and 2009-2010. We exclude

the small share (less than 8%) of students who received a grade of 1 during the school year

since the relationship between high school GPA and high school graduation is not monotonic

6Note that, in this formula, mandatory exams in Norwegian are subtracted out from�𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖, since such exams have a probability of occurrence of 1.
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for these students. This provides us with a sample of about 90,000 students. Table A1 provides

descriptive statistics on all individuals in our sample. Figure A1 shows the distribution of

our recentered GPA luck instrument �𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖. As expected, it follows a Gaussian-type

distribution, evenly distributed around zero.

Table A2 demonstrates that there is very little correlation between the recentered GPA luck

instrument and observed student characteristics measured in pre-assignment years. Further-

more, consistent with Borusyak and Hull (2020), the recentered instrument is uncorrelated

with the expected instrument 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖. When we regress our GPA luck variable on all the

pre-assignment characteristics considered in Table A2, a conventional F-test cannot reject that

the estimated coefficients are jointly equal to zero (P-value = 0.72).

4 Results

4.1 GPA luck and Students’ Outcomes

Table 1 shows the results of regressing students’ education and labor market outcomes on our

measure of GPA luck. To be fully consistent with Borusyak and Hull (2020), the table shows the

results of regressing student outcomes on the non-recentered instrument using the recentered

instrument ( �𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖) as an instrumental variable. This approach provides estimates that are

similar to the OLS estimates obtained by directly regressing student outcomes on the recentered

instrument.

Our regression model includes a full set of high school and year fixed effects as well as a rich

set of demographic controls (including students’ sex, age, average high school course grade,

average middle school GPA, parents’ age, years of schooling and log earnings). Standard errors

are clustered at the high school-by-year level. In Appendix Table A3, we show that our results

are robust to the use of a double lasso procedure for selecting control variables, and that the

precision of our main estimates remains unchanged when we compute standard errors using a

wild bootstrap procedure. We also provide results of permutation tests for the main first-stage

and reduced-form regression models.

In Panel A of Table 1, we study the effect of GPA luck on students’ high school outcomes.
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To facilitate the interpretation of the results, we divided our measure of GPA luck by its

standard deviation over the sample, so that a one unit increase in GPA luck corresponds to

a 1 SD improvement. The results confirm that GPA luck has a statistically significant effect

on students’ exam grades (first column), on their high school GPA (second column), on their

probability of on-time graduation (third column), and on ever receiving a high school diploma

(fourth column). Specifically, a one SD improvement in GPA luck leads to 14% of a standard

deviation increase in exam grades, to 2.5% of a SD increase in GPA, to a 1.4 percentage points

increase in the probability of on-time graduation, and to a 0.4 percentage point increase in the

probability of ever receiving a high school diploma. The smaller effect on the probability of

ever receiving a diploma suggests that many students who graduate on time due to exam luck

would still have graduated a year later (after retaking classes) if they had not been lucky.

In Panel B of Table 1, we study the effect of GPA luck on students’ higher education

outcomes. The first column shows that GPA luck has no effect on the probability of ever going

to university. This finding is consistent with the very small effect on the probability of ever

graduating from high school documented in the fourth column of Panel A.

Based on this initial result, the remainder of the analysis in Panel B focuses on the subsample

of students who went to university. First, we explore the effect of GPA luck on the share of

higher education programs that the students qualify for (second column) and on the selectivity

of the first higher education program in which they enroll (third column). The results show

that a one SD increase in GPA luck is followed by a 0.1 percentage points increase in the

share of higher education programs available to the students and by a 0.24 percentile rank

increase in the selectivity of the higher education program in which they enroll. These results

confirm that GPA luck broadens the range of possible choices for higher education enrollment

and that students take advantage of this broader choice set to “upgrade” their college quality

through enrollment into more selective programs and universities. We have also explored

the impact of GPA luck on the likelihood of enrolling in each of the main fields of study

(medicine, law, business, engineering, etc.). The estimated impacts are small and generally

not statistically significant (see Appendix Table A4). However, as we will show below, these

results mask significant heterogeneity among students depending on whether they pursue short
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higher education programs (three years or less) or long higher education programs (more than

three years). The result in the fourth column of Panel B demonstrates that there is no impact of

GPA luck on the number of years completed in higher education. In the Online Appendix, we

further show that the probability of completing more than three years of higher education (the

Bachelor level) is not affected by GPA luck (see Table A5). GPA luck thus allows students to

study in more selective programs, but this does not translate in changes in quantity of education.

In particular, the quality upgrading that GPA luck contributes to is not offset by a potential

reduction in educational attainment due to admission into more difficult programs.

In Panel C of Table 1, we study the effect of GPA luck on students’ labor market outcomes.

The first column shows that GPA luck has no significant effect on student’s probability of ever

having been employed. In light of this lack of employment effect, in the second column of Panel

C we constrain our sample to the group of students who held at least one job in their lifetime,

exploring the impact of GPA luck on the annual labor income at the first job the students secure.

The result suggests that GPA luck has a sizable impact on the annual labor income at the first

job the students secure.

Our data enables us to follow students up to eight years after they have taken their third-year

high school exams. Using this information, the third column of Panel C shows that GPA luck

has no significant effect on the probability of being employed eight years after the exams. The

fourth column of Panel C therefore zooms in on the students who were employed 8 years after

the exams, and it shows a significant effect on annual labor income. The magnitude of the effect

on earnings is about the same eight years after the exams as it was at labor market entry.7

7In Table A3 in the online Appendix, we check that the effect of 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 on annual labor

income is very similar when we use the version of the recentered instrument constructed using

teacher assessments (rather than the exam results of observably similar peers) to predict exam

scores. Also, consistent with Borusyak and Hull (2020), the estimated effect of 𝐺𝑃𝐴_𝑙𝑢𝑐𝑘

is unchanged when we no longer use an instrument, but simply add the expected instrument

𝐺𝑃𝐴_𝑙𝑢𝑐𝑘 𝑖 as a control.
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4.2 Heterogeneity

Since GPA luck has no effect on the number of years completed in higher education, we examine

whether the effect of GPA luck is different for the small group of students who never goes to

university, for the group who completes three years or less of higher education, and for the

group who completes more than three years of higher education (see Table 2). Interestingly,

the first-stage effects are similar for all three groups, but the wage effects are mainly driven by

students with three years or less of higher education. For these students, GPA luck leads to a

significant drop in enrollments in Humanities or Teaching, and an increase in enrollments in

more lucrative fields of study such as Science or Business (Appendix Table A4). This pattern of

reallocation across programs is not observed for students who complete more than three years

of higher education. While speculative, we believe that the lack of a program substitution effect

contributes to explaining why the wage effect of GPA luck is weaker for them.

According to Kirkeboen, Leuven and Mogstad (2016), enrolling in Science (or Business)

when the next best choice is Humanities (or Teaching) results in a two- to threefold increase in

early wages. Assuming that the reallocation across fields of study induced by GPA luck also

generate such wage multiplications, this reallocation can explain a large part of the wage effect

observed for students with three or fewer years of higher education.8

In the Online Appendix, we also explore heterogeneity by student gender, parental income

and parental education (Table A6). The first-stage effects of GPA luck on GPA are almost exactly

the same in the different subgroups. The wage effects observed eight years after the exams also

does not vary much by gender. However, wage effects tend to be higher for students whose

parents are better educated or wealthier, perhaps because these families are better informed and

8It should be noted, however, that the estimates obtained by Kirkeboen, Leuven and Mogstad

(2016) are derived from a sample consisting only of high school students who apply for at least

two broad fields of study (out of ten), where the most preferred field needs to have an admission

cutoff, and the next best alternative must have a lower cutoff (or no binding cutoff), a sample

that in total represents less than 25% of university applicants. Our analyses use a much larger

estimation sample (with no constraint on the choice of fields of study), so that the results obtained

by Kirkeboen, Leuven and Mogstad (2016) do not necessarily apply to all our observations.
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better able to take advantage of a higher GPA to gain access to more lucrative fields of study.

We also examine effect heterogeneity by initial academic level, as measured by teacher

assessments. When we stratify the sample based only on two groups (above and below the

median of teacher assessments, Table A6), the first-stage effects as well as the wage effects of

GPA luck are similar for both groups. However, when we stratify across five groups (Table A7),

the wage effect tends to be stronger for the central groups around the median and much smaller

for the groups at the tails of the distribution. As admission cut-offs tend to be concentrated

around the median, this result is consistent with the idea that GPA luck impacts wage mainly

through an increase in the number of accessible programs.

4.3 The Causal Effects of High-School GPA: IV Estimations

We have shown that GPA luck has a significant impact on the GPA of high school students

but no impact on their probability of holding a job. Based on these results, we focus on the

sample of former high school students who are employed after university or eight years after

the exams (i.e., the same samples as Panel C of Table 1). Using this sample, we analyze the

impact of high school GPA on wages using the recentered GPA luck variable as an instrument

in a standard 2SLS approach. The identifying assumptions are that the recentered instrument

has a direct effect on students’ high school GPA (relevance criterion) and that it influences

students’ subsequent labor market outcomes only through its impact on their high school GPA

(exclusion restriction). Insofar as we do not rule out the possibility that the effect of high school

GPA may vary from one student to another, we must also assume that there are no students

for whom an increase in exam luck might translate into lower exam results and lower GPA

(monotonicity assumption). This monotonicity assumption is necessary if the estimated effect

is to be interpreted as an average of heterogeneous causal effects.

The validity of the relevance criterion has already been established above. In terms of the

exclusion restriction, this assumption would be violated if GPA luck in itself had a direct effect

on subsequent labor market outcomes. It could be, for example, that students who experience

a poor exam draw become more prone to depression and discouragement, which could harm

student outcomes by reducing their ability to persevere. However, if this were the case, a poor
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exam draw would also likely reduce students’ propensity to repeat their final year of high school

(as well as their probability of ever graduating from high school and entering university) if they

fail the first attempt, which is not what we observe.

Finally, as pointed out by Angrist and Pischke (2009) as well as Frandsen, Lefgren and

Leslie (2023), the fact that the first-stage effect of GPA luck has the same sign for all observable

subgroups (as defined by gender, prior academic performance or social background) is consistent

with the monotonicity assumption. The fact that the magnitude of the first-stage effect is almost

exactly the same across all subgroups further suggests that the distribution of compliers across

the different subgroups does not differ from that of the entire population.9

The results from our IV analysis are shown in Table 3. The table shows that high school GPA

has a large impact on labor market earnings. Specifically, a one standard deviation increase in

high school GPA generates a 23.2% increase in students’ earnings at entry into the labor market

and a 22.6% increase in earnings eight years after finishing high school.

To further facilitate the interpretation of the 2SLS results, Table 3 also reports the result from

an OLS estimation of the same parameters. The OLS impact of a one SD increase in GPA on

earnings is approximately 10% for entry wages and about 5% for wages earned eight years after

high school. The difference between the IV and OLS estimates are not statistically significant,

but they nonetheless suggest a negative correlation between unobserved determinants of high

school graduates’ performance on the labor market and the unobserved determinants of their

high school GPA. Such an endogeneity bias could arise if, for example, it is easier to obtain a

good GPA at a bad school (where teachers more easily give out good grades).

Another possible explanation for the differences between IV and OLS estimates is that the

two estimates represent different weighted averages of marginal treatment effect. It is possible

to explore this hypothesis by following Ishimaru (2022), and decomposing the gap between IV

9We also implement a test of the monotonicity assumption based on the results in Angrist

and Imbens (1995) by checking that the CDF of the treatment given that the instrument is

positive does not cross the CDF of the treatment given that the treatment is non-positive (see

Appendix Figure A2). Comfortingly, the distribution of the gap between the two CDFs is very

similar to the overall distribution of the GPA itself, consistent with the idea that the distribution

of compliers across initial academic levels is similar to that of the overall student population.

15

D
ow

nloaded from
 http://direct.m

it.edu/rest/article-pdf/doi/10.1162/rest_a_01422/2330367/rest_a_01422.pdf by G
EN

ES G
R

O
U

PEM
EN

T D
ES EC

O
LES user on 09 Septem

ber 2024



01422
2024

Review of Economics and Statistics Just Accepted MS.
rest

by the President and Fellows of Harvard College and the
  Massachusetts Institute of Technology

and OLS into the difference due to endogeneity bias and the difference due to the fact that IV

and OLS do not place the same weights on students with different observable characteristics or

with different levels of GPA. This approach leads to the conclusion that the gap between IV and

OLS can be explained almost entirely by endogeneity bias (see Appendix Table A8).10

Estimated effects of student high school GPA on wages are economically large, consistent

with existing evidence on how exogenous shifts in high school student performance can improve

earnings (e.g., Ebenstein, Lavy and Roth, 2016, Kirkeboen, Leuven and Mogstad, 2016). For

example, using pollution shocks as a source of identification, Ebenstein, Lavy and Roth (2016)

show that a one SD increase in matriculation exam scores at the end of high school in Israel

leads to an increase of over 20% in early career wages, close to our own estimates.

There are many mechanisms to explain the large effect of high school GPA on wages, and

it is beyond the scope of this paper to explore them all in detail. The most direct channel is the

increase in the number of fields of study through which students can pursue higher education.

For the group of students that are applying to several different fields of study and are able to enter

selective institutions for each of them, Kirkeboen, Leuven and Mogstad (2016) demonstrate that

entering one’s preferred field of study rather than the next best one can lead to a doubling or

tripling of early career wages, and that these effects are highly underestimated by standard OLS

estimators. Whether students apply to several fields of study or just one, our findings also show

that a higher GPA increases the possibility of gaining access to more selective institutions,

which can not only expose them to better professors and peers, but can also have wage effects

when the selectivity of the program attended by students is used by employers as a signal of

their ability.11

10It should also be noted that, in our context, IV estimates give more weight to students

for whom the distribution of the instrument has the highest variance across all possible exam

draws. Following Borusyak and Hull (2020), it is possible to obtain more conventional average

treatment effects by rescaling the instrument by this variance. This approach leads to a rescaled

IV estimate whose magnitude (31%) is not significantly different from that of the non-rescaled

estimate (see Appendix Table A9).
11See for example Lang and Siniver (2011) or MacLeod et al. (2017). For further evidence

on the signaling effect of college outcomes see, e.g., Hansen, Hvidman and Sievertsen (2021);
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5 Conclusion

This paper provides some of the first evidence on the causal effect of high school GPA on

human capital and labor market outcomes. Findings indicate that an improved GPA has little

impact on receiving a high school diploma and years of higher education but significantly boosts

enrollment in programs aligned with individual aspirations, leading to substantial increases in

labor income. Notably, this effect is most pronounced for those opting for a short university

education. For this group, an improve GPA generates an increase in enrollment in lucrative

fields and reduced enrollment in less lucrative ones.

Our paper also contributes to the literature on the role of luck in the education process.

While most countries do not have random assignment of students to examinations, the exact

questions student experience are random. This paper therefore speaks more generally to the

consequences of having a bad draw on the content of exams.

Kessler, Low and Sullivan (2019); Quadlin (2018).
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Table 1: Effects of GPA Luck on Later-in-life Outcomes

Panel A: High school Outcomes Exam grades High school GPA On time Ever
in 3rd year HS diploma HS diploma

GPA_luck 0.1359*** 0.0247*** 0.0141*** 0.0039***
(0.0026) (0.0015) (0.0011) (0.0006)

Mean dep. var. -0.000 -0.000 0.867 0.962
N 89638 89638 89638 89638

Panel B: Higher Education Outcomes Ever Share of available Selectivity Number of completed
higher education HE programs of HE enrollment years in HE

GPA_luck 0.0003 0.0009*** 0.2419** 0.0070
(0.0007) (0.0002) (0.0999) (0.0056)

Mean dep. var. 0.945 0.914 36.321 2.877
N 89638 84713 84713 89638

Panel C: Labor Market Outcomes Ever First job annual Employed 8 years Annual labor income
employed labor income after the exams 8 years after the exams

(log) (log)

GPA_luck 0.0005 0.0052* 0.0017 0.0050**
(0.0012) (0.0031) (0.0014) (0.0024)

Mean dep. var. 0.823 12.322 0.740 12.677
N 89638 73774 89638 66343

Notes: The table refers to the sample of regular full-time high school students who enrolled for the first time in the final year of academic high

school between 2005 and 2009, and who received no failing grade (course grade = 1) in the courses they took during the school year. Higher

education outcomes on the share of available programs and on the selectivity of the first enrollment are restricted to the students who enrolled in

college. Earnings are restricted to the students who obtained a first job (Panel C, second column) and who are employed 8 years after the exams

(Panel C, fourth column). Each column reports the estimated impacts of GPA_luck—instrumented by its recentered counterpart �GPA_luck.

Measures of exam grades and high school GPA in third year are standardized to mean zero and unit variance. Each regression includes baseline

controls (demographic characteristics, middle school GPA, and high school course grades), and high school and year fixed effects. Standard

errors clustered at the high school-by-year level are in parentheses. * significant at 10%. ** significant at 5%. *** significant at 1%.
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Table 2: Effects of GPA Luck on Labor Market Outcomes, by Length of University Education

High school GPA Employed 8 years Annual labor income
after the exams 8 years after the exams

(log)

Subsample with no higher education
GPA_luck 0.0165** -0.0074 0.0015

(0.0075) (0.0057) (0.0089)
Mean dep. var. -1.110 0.781 12.623
N 4925 4925 3847

Subsample with a maximum of 3 years of completed higher education
GPA_luck 0.0248*** 0.0028 0.0077**

(0.0017) (0.0019) (0.0034)
Mean dep. var. -0.192 0.727 12.559
N 54984 54984 39995

Subsample with more than 3 years of completed higher education
GPA_luck 0.0258*** 0.0007 -0.0009

(0.0024) (0.0025) (0.0027)
Mean dep. var. 0.539 0.757 12.896
N 29729 29729 22501

Notes: The table reports the main results of Table 1, separately on the subsample of students who never enrolled in college (top panel), on

the subsample of students who completed 3 years of higher education or less (middle panel), and on the subsample of students who completed

more than 3 years of higher education (bottom panel). Each regression includes a set of baseline controls (demographic characteristics, middle

school GPA, and high school course grades), as well as high school and year fixed effects. Standard errors clustered at the high school-by-year

level are in parentheses. * significant at 10%. ** significant at 5%. *** significant at 1%.
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Table 3: Effects of High School GPA on Annual Earnings: An Instrumental Variable Approach

Outcomes

First job log annual First job log annual Log annual labor income Log annual labor income
labor income labor income 8 years after the exams 8 years after the exams

(2SLS) (OLS) (2SLS) (OLS)

High school GPA 0.232* 0.100*** 0.226* 0.046***
(0.140) (0.006) (0.120) (0.005)

N 73774 73774 66343 66343

Notes: The table refers to the same sample as Table 1 Panel C. The first and third columns report the 2SLS estimates of the impact of students’

GPA on the log of students’ annual labor earnings at their first job or eight years after the exams, using �GPA_luck as instrument. The value of

the F-statistics for the first stage regressions are 59 and 48, respectively. The second and fourth columns report the OLS estimates of the same

parameters. Each regression includes baseline controls (demographic characteristics and middle school GPA), as well as high school and year

fixed effects. Standard errors clustered at the high school-by-year level are in parentheses. * significant at 10%. ** significant at 5%. ***

significant at 1%.
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