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ABSTRACT
We estimate ex-ante treatment effects in earnings for attending university using survey data of the expectations of Stockholm high
school students under different educational counterfactuals. Although the levels of earnings expectations are reasonable, they
differ between stated and revealed educational preferences. The average ex-ante return is estimated to be 45%, with higher returns
for female, high SES, and high math score students. The return is positive even for those who choose high school, unless they
discount their future earnings streams by at least 4%–6%. We also find that students sort into education based on their perceived
comparative advantage.
JEL Classification: I26, J24

1 | Introduction

Understanding how prospective students’ expected earnings
influence their decision to pursue higher education can inform
us about the sources of earnings inequality and the welfare
implications of policies aimed at increasing university enroll-
ment. The expected return to university education for a prospec-
tive student represents the ex-ante treatment effect of obtain-
ing a degree. By eliciting subjective expectations about coun-
terfactual earnings through surveys, one can directly estimate
individual ex-ante treatment effects, shedding light on both
average and distributional ex-ante treatment effects and how
individuals sort into different educational paths.1 However,
obtaining meaningful insights from such estimates requires
high-quality survey data, where elicited expectations accu-
rately reflect individuals’ true beliefs about their potential
earnings.
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This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

© 2025 The Author(s). Journal of Applied Econometrics published by John Wiley & Sons Ltd.

In this paper, we use newly collected subjective expectations data
for a sample of high school students from over 40 public high
schools in Stockholm, Sweden. Following the approach outlined
in Arcidiacono et al. (2012) and Arcidiacono et al. (2020), we use
this data to expand the focus beyond college majors and occu-
pational groups. We assess whether prospective university stu-
dents’ choices are such that they typically end up pursuing the
educational level where they would expect to earn the most, or
whether high school choosers would expect to be financially bet-
ter off had they chosen university. Additionally, we infer to what
extent students sort themselves based on relative expected earn-
ings gains (i.e., perceived comparative advantage). To this end,
we estimate various ex-ante average and distributional treatment
effects of choosing university education (relative to stopping at
high school), including the average treatment effect (ATE), aver-
age treatment on the treated (TT), and average treatment on the
untreated (TUT).

Journal of Applied Econometrics, 2026; 41:88–107
https://doi.org/10.1002/jae.70015

88

https://doi.org/10.1002/jae.70015
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/jae.70015
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjae.70015&domain=pdf&date_stamp=2025-10-14


To capture ex-ante counterfactual outcomes, we designed and
implemented a survey given to high school students before
their deadline for applying to university. The survey was aimed
at eliciting beliefs and expectations about future earnings and
other outcomes associated with various educational choices (not
attending university versus graduating from university in various
fields). The facts that our sample population is relatively large
and comes from a varied cross section of high schools in a large
city are, we believe, two important aspects of this study since it
means that we provide results for a broad population of inter-
est. Although this type of survey is growing in popularity, get-
ting participants to provide valid responses to such hypothetical
questions can be challenging (see Dominitz and Manski 1996;
Manski 2004). To combat this, we took special care in design-
ing the questions and conducting the survey (see Section 2.2).
We have also linked administrative data on students’ family
background and school performance, which we use to distin-
guish between observed and unobserved heterogeneity, as well as
administrative follow-up data on application and enrollment to
university programs, which we use to estimate alternative treat-
ment effects and sorting parameters and to understand differ-
ences between prospective students’ stated and revealed educa-
tional preferences.

To validate the individuals’ earnings expectations, we compare
various moments in this distribution with realized earnings for
a comparable population who are now in their 30s and 40s.
Reassuringly, we find both the level and the dispersion of the
field-specific expected and population earnings to be highly cor-
related. This does not rule out individual-level classical measure-
ment error in the elicited earnings expectations, so we believe
that estimates of the ex-ante earnings distributions using elicited
expectations should be interpreted with care.

Using our detailed administrative follow-up data on application
to and enrollment at Swedish university programs, we find sig-
nificant differences in prospective students’ stated and revealed
preferences: about one-fifth of the individuals who say that they
intend to go to university have not entered a university program
within 4.5 years after having left high school. We examine sev-
eral mechanisms for this difference. We find evidence consistent
with there being unanticipated constraints in admission (stu-
dents being rejected from their planned choice) and the broad
category of learning or shocks that can occur after the survey but
before application.

We then provide a number of interesting findings regarding the
ex-ante returns to university education. First, we estimate the
ex-ante average treatment effect to be around 45%, which is the
average prospective student’s expected earnings gain from com-
pleting university studies. However, these ex-ante returns vary
substantially between prospective students and are positively cor-
related with being female, coming from a high-SES background,
and test scores in math, but only weakly related to other measures
of school performance.

Second, we provide some of the first estimates of the sorting of
prospective students with respect to their expected earnings and
returns from choosing high school and university. We find that
the average ex-ante earnings return to university is higher for
those choosing university than for those choosing high school (so

that TT > TUT), although there is extensive distributional over-
lap. This is consistent with students sorting into educational lev-
els based on their comparative advantage, on average. Addition-
ally, although we estimate positive selection into university (those
with higher-than-average expected university earnings are more
likely to choose university, on average) we do not find consistent
evidence that those who are more likely to choose university also
have higher-than-average expected high school earnings. If any-
thing, the reverse is the case. We also find a positive, but relatively
weak, correlation of 0.4 between the expected university earnings
and expected high school earnings in the sample. This does not
support viewing earnings ability as a one-dimensional attribute.

Third, we estimate the ex-ante average treatment effect on the
untreated to be positive. Since all universities in Sweden are free
and living expenses are covered by generous grants and subsi-
dized loans, financial constraints are unlikely to be important in
explaining why some individuals opt out of applying to univer-
sity, despite positive perceived returns. We find that calculating
lifetime earnings in a more elaborate way requires a discount rate
of 4%–6% for the TUT to become zero or negative. These discount
rates are higher than some of the numbers used in the literature.
This in turn raises the possibility that our elicited earnings expec-
tations are not fully in line with a pure Roy model where students
choose between university and high school solely by maximiz-
ing the discounted future value of earnings associated with each
choice. We provide results in a supplementary analysis showing
that nonpecuniary factors are likely to play an important role as
well.

Fourth, although, as mentioned above, the stated choice for going
to university and actual enrollment in the subsequent 4.5 years
differ meaningfully, we find similar ex-ante average treatment
and treatment on the treated effects, regardless of whether we
define the treatment status based on the survey choice, subse-
quent application to university, or enrollment. However, we do
find average treatment on the untreated effects to be higher if
we use revealed educational preferences to form the group of
untreated, although we note that the differences are not statis-
tically different. Hence, sorting in education based on perceived
comparative advantage appears to possibly be lower (but still pos-
itive) if we look at revealed educational preferences. Additionally,
those who follow through with their stated plan to go to univer-
sity have slightly higher expected returns than those who do not,
especially if they do so immediately after high school. Although
there appear to be multiple reasons for why stated and revealed
educational preferences differ, these findings appear to be driven
by compositional changes of the individuals in the groups of
treated and untreated, since ex-ante returns are heterogeneous
and those with weaker preferences for university education have
lower ex-ante returns.

Our paper and findings relate to several strands of literature.
Arcidiacono et al. (2012) and Wiswall and Zafar (2021) have esti-
mated ex-ante treatment effects in earnings (ATE, TT and TUT)
for the choice between college majors using subjective expec-
tations data for students enrolled in two US universities.2 Both
studies estimate ex-ante treatment effects between various fields
and find evidence of positive ex-ante ATE and positive sorting
effects (TT>TUT) for earnings. Arcidiacono et al. (2020) esti-
mated ex-ante treatment effects for occupational choice, using

Journal of Applied Econometrics, 2026 89

 10991255, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jae.70015 by U

ppsala U
niversity L

ibrary, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



the same data as in Arcidiacono et al. (2012). These studies find
substantial individual heterogeneity in ex-ante earnings returns.
They also find that nonpecuniary factors play an important role.3
A related finding from our study is based on a supplementary
analysis of high- and low-earnings fields of study, where we
confirm the existence of compensating nonpecuniary factors:
prospective students are prepared to give up earnings gains from
choosing high-earning university fields because of higher nonpe-
cuniary benefits from choosing low-earning university fields.

We also relate to a small body of literature using subjective expec-
tations data to study the extensive margin of university choice
in a high-income country context. An early set of papers by
Kodde (1986, 1988) found that, in the Netherlands, the choice of
postsecondary education is positively related to expected postsec-
ondary earnings and negatively (but not significantly) associated
with expected income in jobs only requiring a high school degree.
More recently, Boneva and Rauh (2020) estimated ex-ante univer-
sity premiums for the United Kingdom and found that students
from low SES backgrounds perceive the earnings returns to uni-
versity education as being significantly lower compared to stu-
dents with a high-SES background.4 This is also consistent with
our findings. Their estimated ex-ante average treatment effect of
college is about 40%.5 Additionally, using data from a sample of
poor urban youth in Mexico, Attanasio and Kaufmann (2014)
and Kaufmann (2014) elicited future earnings associated with
enrolling or not enrolling in college. They find that earnings
expectations matter for boys but not (statistically significantly) for
girls and that poor individuals require higher expected returns to
attain college and are particularly responsive to the direct costs of
college.6

Our paper also relates to the voluminous literature using obser-
vational data to estimate treatment effects and sorting parame-
ters. Our estimated ATE and TT are larger than the returns to
university estimated in Swedish studies using observational data
(Isacsson 2004; Öckert 2010; Nybom 2017).7 Our positive ex-ante
TUT estimates are in line with results found in Nybom (2017)
using Swedish data and Heckman et al. (2018) using US data, but
different from Heckman et al. (2006) and Carneiro et al. (2011)
using data for the United States, all using instrumental variables
and the Marginal Treatment Effect framework to estimate var-
ious treatment effects of returns to college using observational
data. Our finding of students sorting into educational levels with
respect to their perceived comparative earnings advantage is in
line with results in some studies using observational data (e.g.,
Heckman et al. 2006; Carneiro et al. 2011; and Nybom 2017).
A particularly interesting literature in this regard is the litera-
ture that uses observational data to estimate ex-ante parameters,
surveyed by Cunha and Heckman (2007) and Heckman and Vyt-
lacil (2007). There is no study on this using Swedish data, but our
pattern of results can be compared to Carneiro et al. (2003) and
Cunha et al. (2005) who used econometric models and observa-
tional data for the United States to infer ex-ante selection and
sorting patterns. In line with our results, Cunha et al. (2005)
found that high school graduates are, on average, somewhat more
financially successful than college graduates if the latter would
have stopped education at high school. However, as for us, the
overlap of the distributions is substantial. Our finding of a mod-
erate positive correlation between individuals’ expected earnings

with university and high school education is in line with Carneiro
et al. (2003), who found positive (but far from perfect) indepen-
dence, but at odds with Cunha et al. (2005), who found evidence
of a negative correlation.

Our paper is structured as follows. In Section 2, we present the
survey and key variables, as well as discuss the validation of
these variables. Section 3 presents the conceptual framework for
analyzing and interpreting ex-ante treatment effects and sort-
ing parameters, as well as the assumptions needed. Section 4
presents our main results of earnings returns to university over
high school. Section 5 summarizes robustness checks and exten-
sions to our analysis. Section 6 concludes.

2 | Institutions and the Survey

2.1 | Education in Sweden

In Sweden, compulsory school consists only of grades 1–9
(roughly ages 7–16). Although the 3 years of high school (gym-
nasium, ages 16–19) are not compulsory, enrollment rates are
very high, with 90% of our cohort of interest completing at least
their second year.8 High school programs are specialized, both
for broad academic subjects (e.g., social science, natural science)
and vocational tracks. Academic programs contain coursework
preparing the students for university, but if students are not qual-
ified for their university program of choice at the end of high
school (by completed courses), they can top up their education
with an additional year of high school.

There is a common application for all colleges and universities in
Sweden.9 For degree-granting programs and courses beginning
in the fall semester, students apply in the spring of the same year.
There are no tuition fees for Swedish citizens or permanent resi-
dents, and when studying full-time, students are given generous
grants and low-interest loans that cover living costs. University
programs in Sweden are always field-specific and can be divided
into the following eight broad categories:

These eight categories are adopted from the classification of edu-
cation that Sweden has used since the 1960s (SUN). We use
the broadest category (first digit of a possible 3–4). Within each
category, there are more specific university programs; some of
the most common are listed in the right column.10 We present
more details about the Swedish educational system in Supporting
Information: Appendix A.

2.2 | Survey Implementation

We have collected survey data on a sample of high school stu-
dents (so aged 18–19) in Stockholm. To be part of our popula-
tion, the students must have attended the final third year of a
municipal high school in 2014 and lived in the municipality of
Stockholm. Although the fraction of independent (nonmunici-
pal) high school students is high in Stockholm (44%), most of the
students in academic programs attend municipal schools (57%).
The municipality of Stockholm includes many suburbs, some
well-off and some less so.
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A concern with eliciting preferences from survey data is that the
result may differ from what would be found in the corresponding
real-world choice situation. As our study design is quite similar
to a stated preference experiment, advice from the stated prefer-
ence literature was used when designing the survey. We describe
the survey in Supporting Information: Appendix B, including a
translation in B.1–B.2, and our motivation in designing the sur-
vey in more detail in Appendix S3. The survey timing was chosen
carefully to be before the university applications closed, but late
enough so that the students had likely put considerable thought
into their educational path. Hence, we hope to limit the issue
of cognitive dissonance/ex-post rationalization, where students
provide biased responses because their field of study selection
has already been made.11 Our study differs from most other stud-
ies using subjective expectations data, in that it is drawn from a
region rather than a single school, and the students are in high
school and not in university.12 Also, since the sampling is done at
the high school level, the students can end up at any university
or college, including technical colleges and business schools, also
located outside Stockholm.

To maximize saliency and sample size, we hired a professional
interview company to contact the students and conduct in-person
interviewing. As is typical with voluntary surveys, differences in
ease of contact (primarily due to the absence of a listed phone
number) and willingness to participate mean that the final sam-
ple is not entirely representative of the population. However, we
do still have a sample composed of students from over 40 different
high schools. We compare the surveyed sample to the population
in terms of demographics in Table S1 and their expectations in
Section 2.4. Although Table S1 shows that our sample is overall
positively selected, we demonstrate that weighting the sample to
match the population does not change our results in Section 5.2.

After an introduction, the students were first shown the eight
fields of study (listed in Table 1) and asked to think about and
choose which program (of the most common programs in that
field) they would pursue if they had to. As these classifications are
standard in Sweden, they should be meaningful to the surveyed
students. Then, they were asked to provide their expectations
and beliefs about these eight hypothetical educational choices on
10 different dimensions.13 They were instructed to imagine their
most preferred specific program within each field when answer-
ing questions about the broad field category (e.g., computer sci-
ence within the natural science category). Two of these 10 dimen-
sions were their expected earnings at ages 30 and 40, assuming
they had graduated with a degree in the respective field. Then,
the students were asked if they expected to go on to pursue a col-
lege education, and if so, to which field. The field or no-college
option chosen in these two questions is our primary measure of
chosen education from the survey. They were then asked in a sep-
arate question to arrange the eight fields and no-college in order
of most to least preferred. Since the previous questions referred
only to college fields, they were finally asked about their expected
earnings at ages 30 and 40 should they not attend college. The
median time it took to complete the survey was 12 min, with the
10th percentile being 7 min and the 90th about 25 min.

2.3 | Data and Descriptive Statistics

Our sample includes all 498 individuals who completed the sur-
vey and were matched to administrative data from Statistics Swe-
den. We have matched the students to their parents’ incomes
and educations (to capture socio-economic status), as well as to
demographics such as immigrant background and gender. We
observe the high schools the students attended, as well as their
coursework and grades, which we use to construct proxies for
student ability. Details on the sources and construction of these
background variables are in Supporting Information: Appendix
C. Importantly, we have also linked the early 2014 survey to
follow-up data through early 2019. From these 5 years, we obtain
and use information on application and enrollment in university.
We also have administrative data on demographics, earnings, and
completed education for the whole Swedish population—which
we use to evaluate the representativeness of our sample as well as
several extensions and robustness checks.

A key variable we use throughout is the choice of education. We
define this separately for the stated choice as answered in the
survey and the revealed choice both through applying as well as
through enrolling in a program. When using the administrative
follow-up data to define the choice of education, we include only
degree-granting programs. For the field of application, we assign
the student to the field of the degree-granting program that they
ranked as their top choice. If they did not apply to university in
Sweden between 2014 and 2019, or they applied but never ranked
a program as their top choice (just a course), they were assigned
to the no-college choice option. Likewise, for enrollment, if the
student was never enrolled in a program in Sweden, we assign
them to the no-college choice option.

Table 2 summarizes the students’ responses to the two questions
on anticipated earnings after graduating with a degree in each of
the eight fields of study categories, and the two questions on earn-
ings without going to university. Although we focus on the choice
between any college field and no college, looking at field-specific
earnings is useful to evaluate how the students responded to the
survey. The table uses the mean of each student’s expectation
at ages 30 and 40, which we think of as a proxy for expected
midlife earnings. At the low end, students expect average earn-
ings of 26,600 SEK (€2660) per month in the world where they do
not attain further education. At the high end, they expect 43,700
SEK per month in the world where they attain a Social Sciences
(including law and business) degree.

2.4 | Validation of the Earnings Expectation
Measure

A common critique of subjective expectations data is that survey
respondents may not exert effort in their responses, yielding data
that is not a true reflection of their beliefs.14 If we assume that
students form expectations based on what they observe in the
labor market, then the match of the students’ subjective expec-
tations with what we see in ex-post data would be informative
about the accuracy of these beliefs. We therefore compare various
moments of the expected income distribution from our survey
with moments of the income distribution in the population cur-
rently 30–40 years of age from administrative registers.
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TABLE 1 | Categories of education and particular degree programs.

Category Common programs

Teaching Subject–teacher training; pedagogy and didactics
Humanities and arts Media production; history and archeology; Fine arts
Social science Psychology; business administration; law; journalism
Science and math Biology; computer science; mathematics; physics
Tech and engineering Civil engineering; technical engineering (mechanical, electrical)
Agriculture, animal and vet Veterinary care; agriculture and forestry; aquaculture
Healthcare Medical training; social work; physical therapy; nursing
Services Tourism and travel; police training; sports and wellness

TABLE 2 | Mean expected earnings by field.

Expected earnings (1000SEK/mo)

Age 30 Age 40 Mean Only choosers
Broad field of study (1) (2) (3) (4)

High school only 23.86 28.89 26.38 28.26
Teaching 26.29 30.63 28.46 29.82
Humanities and arts 24.47 29.45 26.96 29.9
Social science 37.14 44.07 40.61 43.85
Science and math 35.71 41.98 38.85 40.34
Tech and engineering 34.16 40.17 37.17 37.82
Agro, animal and vet 27.86 32.19 30.02 31.8
Healthcare 32.85 39.25 36.05 37.18
Services 28.49 33.54 31.01 37.0
Total 30.09 35.57 32.83 38.28

Note: We ask about expected earnings separately at ages 30 and 40 and use the average of these two as our primary measure of expected earnings. Column 4 restricts to only
those who stated that the particular field is the one they expect to pursue in the survey.

Figure 1a plots the expected earnings from the survey on the
horizontal axis and population averages (for workers who were
40 in 2018, the average of their 2008 (age 30) and 2018 earn-
ings) for each field on the vertical axis. The correlation is 0.815,
with the students clearly separating the low-earning categories
(no college, teaching, humanities, animal/agriculture, and ser-
vices) and the high-earning categories (health, social sciences,
engineering, and sciences). The levels of earnings the students
expect are generally higher than what we observe in the full popu-
lation in 2008 and 2018; however, when we restrict the population
earnings to only workers with jobs in Stockholm, the expected
earnings levels are nearly a perfect fit. Additionally, they expect a
fairly wide spread of earnings between fields, which tells us that
they perceive meaningful differences in earnings based on edu-
cation. When we only use chosen fields for expectations, we get
very similar results, but they are slightly further from the diag-
onal because the students expect even higher earnings in their
intended field.

In Figure 1b–d, we provide additional ways to validate the
individuals’ earnings expectations. If we look at the means
of expected earnings for individual programs instead of fields,
we find quite similar results, with only a slightly smaller
slope (Figure 1b). Additionally, we find the dispersion of the
field-specific expected and population earnings to be highly cor-
related, with a correlation coefficient of 0.73 for “All” (Figure 1c).
However, when we look at earnings growth from 30 to 40, we
find no correlation (Figure 1d), which we believe is due to stu-
dents in the survey not being able to predict differential earnings
growth between fields accurately, hence limiting what we can do
with earnings growth in this paper.15 These findings nevertheless
suggest that students appear to have reasonable levels of earnings
expectations since both the level and variance of the expected and
population earnings are very highly correlated, suggesting that
they have thought about this question and possess relevant infor-
mation to answer it accurately.16
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FIGURE 1 | Comparing expected earnings to population earnings. Note: Red dashed line is the 45˚ line. Y-axis is always based on administrative
population data (the cohort who is aged 40 in 2018 and aged 30 in 2008), x-axis from the survey. In some plots, we restrict to “Sthlm workers,” meaning
we only use earnings for the population who lives in Stockholm municipality in 2018. We also plot linear fits using the same color as the markers. (a)
Plots the surveyed mean expected earnings (average of at age 30 and 40) in each field against population mean earnings. Here, “Choice field” uses only
expected earnings for the students who say that’ is the field they will pursue (and is compared to the Stockholm population earnings). (b) Plots each
specific program in the survey with colors of markers grouped by the field that they belong to and compares to Stockholm worker earnings. (c) Plots
the standard deviations of earnings. (d) Plots the % growth in earnings between ages 30 and 40.

We also compare the relationship between GPA and expected
earnings, with the relationship between GPA and realized earn-
ings in the population. The overall correlation between GPA and
expected earnings is 0.002 when we include all counterfactual
options and 0.05 (but also not statistically different from zero)
when we use just expectations in the fields our students expect to
pursue. In the population data, this correlation is 0.13 (and sta-
tistically significant). Although overall GPA is not significantly
related to students’ expected earnings, we do see that average
math grade is predictive of expected earnings in at least stu-
dents’ chosen fields (correlation of 0.09, p-value of 0.07). Hence,
prospective students’ beliefs could be irrational to some degree
in that high-performing students underestimate their future
earnings, whereas low-performing students overestimate their
earnings. In addition, there may be individual-level classi-
cal measurement error in the elicited earnings expectations,
which implies that estimates of the ex-ante earnings dis-
tributions using elicited expectations should be interpreted
with care.

2.5 | Stated and Revealed Educational Choices

With the follow-up data on education described in the previous
section, we compare what the HS students planned to do accord-
ing to the survey, with what they actually did over the subse-
quent 4.5 years. This time horizon covers most of the students’
entry into university but is not far enough to capture their full
labor-market potential. Thus, we focus on comparing their stated
intention to go to college to whether they apply or enroll and in
which field.

Figure 2 summarizes the relationship between planning to go to
college at the time of the survey and ultimate application and
enrollment. The largest difference is that while only 23 individ-
uals in the survey said they did not plan to go to college, 104 did
not apply to a program (by our definition) by 2019. This behavior
is most common among those students who are enrolled in an
occupational training high school. Although they can attend col-
lege after they graduate, on average they are less prepared to do so
and many need to take more coursework before being eligible.17
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FIGURE 2 | Correspondence between stated and revealed educational choices. Note: Outcomes are tracked for 4.5 years after the survey. We only
include applying and enrolling in degree-granting programs in this figure.

There are an additional 58 people who apply to college but are
not enrolled by 2019. This makes the overall match (including
no-college) somewhat lower at 38%. Of those who ultimately
enroll in a college program, 173/336 (51%) enroll in the same
field they chose in the survey. The largest discrepancy is between
“Science and Math” and “Tech and Engineering.” When these
two fields are combined 62% of students enroll in the same field.
Students may enroll in a different field because they incorrectly
estimate their probability of admission to a preferred program at
the time of the survey. Of students who enrolled in a different
field, 34% were rejected from the field they ranked highest on
their application (compared to 13% for students who enrolled in
the field they said they would in the survey). However, this means
the remaining 66% of students who switched fields did so already
in the application.18

While these shares are much higher than random allocation
to fields, they also show that students vastly overestimate their
propensity to enroll in university. Although delayed enrollment
in university is common in Sweden, using previous cohorts, we
would expect a large share of those who will eventually enroll
in college to do so in this time frame. This could suggest over-
confidence or irrationality on the part of the students, but it also
emphasizes the importance of studying selection into education
in an ex-ante context. These (perhaps irrational) beliefs are held
by the students at the most crucial point in their educational
decision-making and will most likely influence what they choose.

Among those who stated that they would continue to univer-
sity, we find that 146 of the individuals who say that they intend
to go to university (29%) have not entered a university program
even 4.5 years after having left high school. What can we say
about whether this is due to individuals acquiring new informa-
tion about the costs and benefits of education (updating), chang-
ing their preferences (the shape of their utility function), shocks,
constraints to admission that they did not foresee at the time of
the survey, mismeasured beliefs, or nonrational expectations? To
learn more about why the stated and revealed preferences differ,
we investigate this along several dimensions.

Among the 146 students, 57 applied but did not enroll; 30 of
these students were rejected from all the programs they applied
to, while the remainder were accepted but did not enroll. This
indicates that constraints unknown to the prospective students
play a role.

To investigate the role of learning/information updating, we com-
pared changes over time within the 4.5-year window. Although
most of the students who did apply did so immediately (228 of
396), a large fraction applied in a later year. Given that still 16
individuals applied in the last year of our data, we expect that
a small number of individuals will enter university later in life.
Hence, many of the students have years to acquire new infor-
mation before they finally make the decision to apply/enroll or
not. Over this same period, the students can experience unantic-
ipated shocks. These can include broader shocks like changes to
the labor market that can differently affect different individuals
and educations, and personal shocks like changes in family sit-
uations that would change their educational preferences or the
constraints that they are subject to. This suggests that informa-
tion updating and unanticipated shocks could play a role in the
educational decision for a sizable fraction of our surveyed stu-
dents.

Any information updating is very unlikely to be about straightfor-
ward financial returns. We know this because at the end of our
survey, we randomly assigned half of the sample the option to
view average population earnings without high school and in the
eight fields of study categories. We used the follow-up application
data to analyze if this information experiment resulted in a causal
change to application behavior. It did not—those who received
accurate earnings information were not more likely to change
their field of application (or switch between university and no
university) than those who did not.19

An additional explanation is measurement error in university
enrollment, since in Sweden, prospective students can also apply
for and enroll in single courses or packages of courses. We find
that of those 81 students who said they would apply to univer-
sity but did not apply to a program, 35 did apply to a course
within the 4.5-year window. It is quite possible that these students
intended to continue to university and get a degree, but because
of new information (either associated with the course experi-
ence or something else), they decided not to continue. Includ-
ing this group in the fraction of HS students that applied among
those intending to go to university increases the proportion from
394/475 to 429/475.

In Supporting Information: Appendix D we detail a theoreti-
cal framework to relate our ex-ante data to ex-post estimates of
returns. In subsection D.3 we then use population data for the
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cohort old enough to have realized earnings at age 40 to predict
ex-post earnings for our survey sample using background vari-
ables and field of enrollment. This exercise shows that the ex-ante
expected returns are higher than our best estimate of ex-post
returns. This could be evidence of irrationality but may also incor-
porate an internalization of the upward trend in the returns to
education observed in Sweden during this time (See Graetz 2020).

While we cannot be explicit about the magnitudes of each of the
potential mechanisms examined in this section, we do find sug-
gestive evidence in support of unanticipated constraints in admis-
sion and the broad category of learning or shocks between survey
and application (although this is unlikely to be about the financial
return to fields).

3 | Conceptual Framework and Estimation
Issues

With our collected information on each individual’s expected
earnings in two educational states j ∈ {0, 1}, representing uni-
versity (𝑗 = 1) and high school (𝑗 = 0), we can characterize the
ex-ante earnings levels and returns by estimating the means
and distributions of the two potential outcomes, 𝑦0𝑖, 𝑦1𝑖. Thus,
the expected return from attending university for individual i is
simply β

𝑖
= 𝑦1𝑖 − 𝑦0𝑖. We do this both unconditionally and con-

ditional on treatment status 𝑆
𝑖
∈ {0, 1}, representing choosing

university (𝑆
𝑖
= 1) and choosing high school (𝑆

𝑖
= 0). Since the

ex-ante expected earnings levels and returns are from the survey,
they are based on beliefs conditional on the information set avail-
able at that time.20

In our modeling framework, we consider the potential outcome
variables 𝑦0𝑖 and 𝑦1𝑖 as expressed in log expected earnings for
an individual, where 𝑦1𝑖 is the log of expected earnings in the
chosen university field. The implication is that the estimates of
the expected return are in log points. However, our results are
also reported as the percentage gains from choosing university.
Although, for now, we abstract from issues related to opportu-
nity costs of attending university, we will later convert our esti-
mates into present value earnings streams considering the time
spent in education, subjective probabilities of dropping out and
real-world typical study durations, retirement ages, and unem-
ployment rates by narrower field of study, as well as assuming var-
ious discount rates. Although our goal is to estimate both means
and distributions, the discussion mostly focuses on means. We
are primarily interested in ex-ante parameters, but in Supporting
Information: Appendix D we extend the discussion to a compar-
ison with realized earnings. We will now discuss our parameters
of interest and then turn to estimation issues.

3.1 | Ex-Ante Treatment Effects, Selection,
and Sorting Characterization

Three ex-ante average treatment effects of interest are

ATE = 𝐸
[
𝑦1𝑖 − 𝑦0𝑖

]
(1)

TT = 𝐸
[
𝑦1𝑖 − 𝑦0𝑖|𝑆𝑖 = 1

]
(2)

TUT = 𝐸
[
𝑦1𝑖 − 𝑦0𝑖|𝑆𝑖 = 0

]
(3)

where ATE is the ex-ante average treatment effect in the popula-
tion, TT is the ex-ante average treatment effect for those choos-
ing university, and TUT is the ex-ante average treatment effect
for those not choosing university. Note that we can express ATE
as a weighted average of TT and TUT where the weights are
determined by the fraction treated 𝑝: ATE = pTT + (1 − 𝑝)TUT.
If TT ≠ TUT, the expected gain from attending university dif-
fers between individuals choosing and not choosing university.
Hence, in the case of systematic sorting of individuals based on
their expected gains, recovering these separate treatment effects
is necessary for education policy.21 As all potential outcomes are
observed in our data, the expected relative return is observed at
the individual level. This allows us to directly estimate these aver-
age treatment effects and to obtain an understanding of the sort-
ing pattern across educational states.22

The Roy model (Roy 1951), as discussed and formalized in Willis
and Rosen (1979), allows for various types of selection into edu-
cational states.23 Given modeling assumptions, one can show
that comparative advantage in potential earnings implies (and
is implied by) comparative advantage in the productivity level
associated with a hypothetical educational choice.24 In our con-
text, the discussion will be in terms of expected earnings asso-
ciated with the two choices of 𝑆

𝑖
, meaning that we need to

assume that students who expect higher earnings do so because
they think they will be more productive in order to interpret
our measure of comparative advantage in expected earnings as
a measure of comparative advantage in expected productivity or
perceived ability. Hence, sorting based on perceived compara-
tive advantage exists if 𝐸

[
𝑦1𝑖 − 𝑦0𝑖|𝑆𝑖 = 1

]
> 𝐸

[
𝑦1𝑖 − 𝑦0𝑖|𝑆𝑖 = 0

]
,

i.e., when prospective students with higher expected returns to
university are, on average, more likely to choose university. The
degree to which perceived comparative advantage holds at the
mean in the population can therefore be directly inferred from
CA = TT − TUT.

We will also infer to what degree prospective students self-select
into each educational choice option based on the level of earnings
they expect to have. One type of selection appears if those who
choose university have, on average, higher expected university
earnings and higher expected high school earnings, compared
to those who choose high school: 𝐸

[
𝑦0𝑖|𝑆𝑖 = 1

]
> 𝐸

[
𝑦0𝑖|𝑆𝑖 = 0

]

and 𝐸
[
𝑦1𝑖|𝑆𝑖 = 1

]
> 𝐸

[
𝑦1𝑖|𝑆𝑖 = 0

]
. This means that, on average,

those who choose university are positively selected and those
who choose high school are negatively selected. Alternatively,
suppose there is positive selection into high school (those who
choose high school have, on average, higher expected high school
earnings compared to those who do not choose high school)
and positive selection into university (those who choose univer-
sity have, on average, higher expected university earnings com-
pared to those who do not choose university): 𝐸

[
𝑦0𝑖|𝑆𝑖 = 1

]
<

𝐸

[
𝑦0𝑖|𝑆𝑖 = 0

]
and 𝐸

[
𝑦1𝑖|𝑆𝑖 = 1

]
> 𝐸

[
𝑦1𝑖|𝑆𝑖 = 0

]
. To infer selec-

tion effects from our ex-ante data, we will estimate two param-
eters capturing the selection benefit into high school (SB

𝑦0 =
𝐸

[
𝑦0𝑖|𝑆𝑖 = 1

]
− 𝐸

[
𝑦0𝑖|𝑆𝑖 = 0

]
) and the selection into university

(SB
𝑦1 = 𝐸

[
𝑦1𝑖|𝑆𝑖 = 1

]
− 𝐸

[
𝑦1𝑖|𝑆𝑖 = 0

]
). If SB

𝑦1 > 0 (as it will be
in our data),25 the sign of the estimated SB

𝑦0 determines which
of the above cases are most in line with our data. Note also
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that comparative advantage is implied by the second type of
self-selection.26

Understanding how sorting and selection should be character-
ized is important for understanding the sources of earnings
inequality and the welfare benefit of educational policies. If
prospective students are sorted into university and high school
based on where they expect to fare best financially, incentiviz-
ing students (who choose high school) to attend university would
mean that their expected earnings would decrease and inequality
in expected earnings would increase. To the degree that expected
earnings are associated with actual earnings, a policy that aims
to increase university enrollment would result in an increase in
earnings inequality.

We will also estimate to what degree the expected earnings
associated with the two potential choices are correlated. As
discussed in Willis and Rosen (1979), Sattinger (1993), and
Heckman et al. (2006)—a weak or negative correlation in poten-
tial earnings or abilities associated with educational choices is
at odds with the one-dimensional ability model often assumed
in traditional human capital models. Individuals have different
skills (instead of just one skill), each of which they expect to
be valued in the labor market. Using our data, we can estimate
the correlation between expected earnings in high school and
college education choices directly. Our estimates should be con-
trasted with the few earlier estimates of the correlation of the
ex-ante lifetime earnings distribution in high school and col-
lege inferred from the estimation of an econometric model using
observational data.27 A high earnings ability correlation where
those who choose university are positively selected, those who
choose high school are negatively selected, and no comparative
advantage is what would be expected in a standard Mincer-type
log earnings–education model with positive ability bias.28

3.2 | Assumptions and Estimation Challenges

The ex-ante treatment effects, selection, and sorting parame-
ters discussed above are summarized in Table 3. Although we
have access to data on expected earnings in the two education

states, obtaining unbiased estimates of these parameters also
requires assumptions about the relationship between the accu-
racy of students’ survey expectations and the educational state.
Issues related to measurement error in the elicited expectations
are discussed at length in Arcidiacono et al. (2020).29 Measure-
ment error can arise because the student’s actual beliefs are dif-
ficult to elicit, highlighting the importance of the quality of the
survey design. See Section 2.4 for a more elaborate discussion
about the measurement of expected earnings.

The ex-ante ATE is identified even in the presence of measure-
ment errors in expected earnings if the measurement errors are
uncorrelated across the two counterfactual states (𝑆 = {0, 1}).
Under the stronger assumption that measurement errors are
independent in the two states, a distribution of ex-ante treatment
effects can be identified. If this type of classical measurement
error exists, the distribution is not the ex-ante distribution of the
treatment effects as the variance will be larger. However, if the
measurement errors are the same in the two states, this allows us
to identify the ex-ante TT and TUT, as well as the sorting param-
eters, even if the tails of the distributions are unlikely to be mea-
sured accurately as was shown in Section 2.4.30

Previous research has worked to establish that the type of sub-
jective expectations data that we use is not subject to cognitive
bias. Specifically, Zafar (2011a, 2011b) collected expectations for
the same individuals twice after they chose a major and did not
find that students rationalized their choice by becoming more
positive in their expectations of their chosen field (relative to
their nonchosen fields) over time. This is contrary to a story
of cognitive dissonance (i.e., individuals overestimate the bene-
fits of their choice relative to the things they have not chosen).
Zafar (2011a) also provided evidence that students exert sufficient
mental effort in their responses, that their expectations are well
formed, and that measurement error in their responses is clas-
sical. These other findings are broadly consistent with what we
see in our data (see Section 2.4), although we cannot repeat his
test for cognitive dissonance with a single period’s observation of
expectations.

TABLE 3 | Ex-ante parameters.

Panel A: Ex-ante treatment effects of returns to university estimates

Individual 𝑖’s expected returns 𝛽
𝑖
= 𝑦1𝑖 − 𝑦0𝑖

Treatment on the treated TT = 𝐸

[
𝑦1𝑖 − 𝑦0𝑖|𝑆𝑖 = 1

]

Treatment on the untreated TUT = 𝐸

[
𝑦1𝑖 − 𝑦0𝑖|𝑆𝑖 = 0

]

Average treatment effect ATE = 𝐸

[
𝑦1𝑖 − 𝑦0𝑖

]
= pTT + (1 − 𝑝)TUT

Panel B: Ex-ante parameters deriving from Panel A

Selection benefit into high school 𝑆𝐵
𝑦0 = 𝐸

[
𝑦0𝑖|𝑆 = 1

]
− 𝐸

[
𝑦0𝑖|𝑆 = 0

]

Selection benefit into university 𝑆𝐵
𝑦1 = 𝐸

[
𝑦1𝑖|𝑆 = 1

]
− 𝐸

[
𝑦1𝑖|𝑆 = 0

]

Comparative advantage CA = 𝑆𝐵
𝑦1 + 𝑆𝐵𝑦0 = cov

(
𝛽
𝑖
, 𝑆

𝑖

)
∕var

(
𝑆
𝑖

)

= TT − TUT
Earnings ability correlation corr

(
𝑦0𝑖, 𝑦1𝑖

)

Note: 𝑦ji is individual 𝑖’s expected earnings in 𝑗 = 1 (university) or 𝑗 = 0 (no university). 𝑆
𝑖

is their expected choice to pursue university or not. 𝑝 is the share of the
population that intends to pursue university.
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Since in the main analysis we use the expected earnings in the
preferred fields of study as a measure of expected earnings from
university studies, a complication is that the students who chose
the no-college option do not have a preferred “university field.”
Hence, the counterfactual earnings (𝑦1𝑖) for these individuals
need to be inferred from the data. In the main analysis, we use
a weighted average of all eight college fields, where the weights
are the popularity of these fields among the rest of the sample
(for each period), as their expected university earnings. We test
robustness to this choice in Section 5.1.

Finally, our main estimates of ex-ante returns are calculated
based on the (log of the) average of individuals’ earnings expec-
tations at age 30 and at age 40, rather than lifetime earnings.
These could differ because of foregone earnings due to education
duration and because of different earnings growth rates. How-
ever, previous research using Swedish administrative data has
shown that life cycle bias is quite low for workers if their earnings
are measured in midlife (Böhlmark and Lindquist 2006; Nybom
and Stuhler 2016), at least for men. We also present estimates
of ex-ante returns with respect to discounted lifetime earnings
streams, which explicitly take foregone earnings into account.

4 | Estimated Ex-Ante Earnings Levels
and Returns Distributions

In this section, we describe our main results on ex-ante earnings
levels and returns, including their distributions, mean treatment
effects, and parameters related to educational sorting. We begin
in Section 4.1 by describing the overall levels and returns. This is
followed by Section 4.2, which covers the treatment effects and
sorting between and within the high school and university edu-
cational states.

4.1 | Ex-Ante Earnings Levels and Returns
Distributions: Overall

The overall expected earnings distributions for high school and
university fields of study are shown in Figure 3a for high school
(the solid red line) and the stated university field of choice31 (the
dashed blue line). In the figure, we also show the eight university
fields of study alternatives (as solid gray lines). Each distribution
includes all individuals in our sample (regardless of their intent
to go to college or not).

The individuals’ expectations of high school earnings, i.e., if they
were to choose not to continue to university, show that most
responses lie between 20,000 and 35,000 SEK in monthly pre-tax
earnings, with a mean of 26,400 SEK (roughly €2640) and a stan-
dard deviation of 6900. The individuals’ expectations of univer-
sity earnings, i.e., if they were to attend their preferred university
field, show a distribution that is located more to the right and is
more dispersed. The bulk of the responses are between 25,000 and
50,000 SEK in monthly pre-tax earnings, with a mean of 38,600
SEK and a standard deviation of 11,900. The mean is about 46%
higher, and the standard deviation (SD) is 72% higher for pre-
ferred university fields compared to the high school distribution.

FIGURE 3 | Distribution of expected earnings and unconditional
expected returns. Note: (a) Plots the distributions of expected earnings for
no university degree/HS (𝑦0𝑖) in red, and for each individual field (𝑦ji)
in gray. The blue dashed line is expected earnings for the stated (sur-
vey) chosen field for all individuals. In (b) the difference between the
lines is how we define the college expected earnings (𝑦1𝑖), “Simple Mean”
uses the average of all eight fields for all individuals, while “Using first
choice/wtd” uses our preferred method of using the chosen field’s earn-
ings for college choosers and a weighted average of the eight fields for
noncollege choosers (weighted by that field’s popularity).

By using the distribution of counterfactual expected earnings
for high school and (preferred) university fields of study, we
can construct the distribution of ex-ante university premiums.
Figure 3b shows distributions for preferred university fields rel-
ative to high school earnings (the dashed red line) and for the
average of all university fields relative to high school earnings (the
solid blue line).32 As the former distribution is located more to
the right, individuals’ expected earnings for their preferred uni-
versity field are mostly higher than in nonpreferred university
fields of study, on average. Hence, prospective students sort into
fields where they expect, on average, higher earnings. From now
on, we focus on comparing the preferred university fields with
choosing to stop at high school. We label this the ex-ante returns
to university.33 The mean return is 0.36 log points (46%), but it

Journal of Applied Econometrics, 2026 97

 10991255, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jae.70015 by U

ppsala U
niversity L

ibrary, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



varies considerably. We note that 9.25% of the prospective stu-
dents expect negative returns to university.34

Next, we investigate which characteristics correlate with an indi-
vidual’s ex-ante returns to university. We want to know if observ-
able characteristics are predictive of expected returns and to what
extent. To do this, we perform OLS regressions of the individual’s
expected return to university on gender, a socio-economic status
(SES) index based on parents’ education and income, if the indi-
vidual is a first- or second-generation immigrant (foreign), two
high school performance variables determined prior to the survey
(math score and English score), and the grade point average (GPA)
at the end of high school. The SES index and high school achieve-
ment variables are all standardized to have mean zero and stan-
dard deviation one in the estimations. Table 4 reports the result-
ing estimates from OLS regressions on each variable separately
(Columns 1–6), on all variables combined (Columns 7–9), with
the last two last columns including field of study indicators and
chosen programs within field of study indicators, respectively.

Individual ex-ante returns to university education are correlated
with some observable characteristics, including being higher for
females, those with higher SES backgrounds, those with higher
math scores, and those of foreign background (at least holding
the other covariates constant). However, the relationship to pre-
vious school performance measures is mixed, as the estimates for
English and GPA are both statistically insignificant. Including all
these characteristics simultaneously gives an 𝑅2 of 0.058; hence,
a lot of the heterogeneity in the individual return remains unex-
plained. Columns 8 and 9 present results when we control for
variation within fields and within specific programs, respectively.
These increase the 𝑅2, since there is significant heterogeneity in
expected earnings between fields and programs (as we saw in
Figure 1a–b). However, they do not change the coefficients on
the demographic variables.

In theory, it could also be possible that the differences in expected
returns are due to differences in information quality between
groups. One piece of evidence against this explanation is the
information experiment that we conducted on the same sam-
ple at the end of the survey. Students were randomly offered the
chance to see the true average population earnings within fields.
If poor information in some groups (e.g., low SES) were the cause
of differential expected returns, then we would expect the infor-
mation to induce more field switching for these individuals in the
follow-up data. We find no evidence of this: no group responded
to the information by significantly changing their application and
enrollment behavior over the subsequent years.35

4.2 | Estimated Ex-Ante Earnings Levels and
Returns Distributions: By Educational States

4.2.1 | Distributions

We start by looking at the potential expected earnings distribu-
tions. These distributions are shown separately for the two educa-
tional states in Figure 4a,c. The solid lines are the distributions of
earnings for those who stop at high school (blue line) or continue
with university (red line). The dashed lines are the counterfactual
earnings distributions. Hence, in each figure, we illustrate two

“actual” (i.e., for the level of education they chose) ex-ante earn-
ings distributions and two counterfactual earnings distributions,
for the treated and untreated groups, respectively. The means (of
monthly earnings) of these four distributions are shown in Panel
A of Table 5.

We can infer at least two interesting findings from these figures.
First, those who choose university have the highest university
earnings expectation, higher than what those who stop at high
school would have had if they had chosen university. However,
as we see in the figures, there is a lot of distributional overlap.
There are a sizable number of high school graduates who, had
they chosen university, expect to do better than many university
graduates. Second, those who prefer high school have a similar
earnings distribution to what those who choose university would
have had, had they chosen high school. This is especially evident
for Panels b and c where we use applications and enrollment data.

Figure 4d–f shows the distributions of the expected returns to
university separately for those choosing university (S= 1, TT) and
for those choosing high school (S= 0, TUT). We consistently find
that the distributions of the return for the university treated are to
the right of the return distributions of high school choosers, sug-
gesting sorting based on perceived comparative advantage. How-
ever, there is a great deal of distributional overlap: many of those
who choose high school have higher expected returns from uni-
versity than those who choose university. Generally, in Figure 4,
the distributional patterns appear very similar for the application
and enrollment choices, for both treated and untreated, as well
as with the stated choice for the group of treated. The results for
the group of untreated at the time of stated choice deviate some-
what (very condensed distribution in Figure 4a and a distribution
a bit more to the left in Figure 4d). We attribute this mostly to the
small sample size among high school choosers in the survey and
recommend caution when interpreting the distributions for this
subsample of students.

4.2.2 | ATE, Selection, and Sorting Patterns

We now turn to estimating the means of the various treat-
ment effects, selection, and sorting parameters shown in Table 3.
The results are shown in Table 5. All estimates are shown for
stated choice, application choice, and enrollment choice. Panel B
reports the estimates of the ATE overall, for those choosing uni-
versity (TT), and for those choosing high school (TUT). The esti-
mates of the selection parameters (SB

𝑦1 and SB
𝑦0), the degree of

sorting based on comparative advantage (CA), and the correlation
coefficient for expected earnings in the two states are presented
in Panel C, and the mean expected earnings are presented for ref-
erence in Panel A.

Although it was evident in the figures that there is substantial
distributional overlap, the estimates of ATEs provide us with
some clear findings. The ATEs are estimated at about 0.35–0.37
log points, corresponding to 44%–47% higher earnings at ages
30–40. We find that the ex-ante average treatment on the treated
effects are estimated to be only slightly higher, around 47%–50%,
whereas the ex-ante average treatment on the untreated effects
are estimated lower but still positive as 22%–38% with larger TUT
estimates if choices are revealed instead of stated. That TT > TUT
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TABLE 4 | How the ex-ante return to university varies with demographics.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
𝜷𝒊 𝜷𝒊 𝜷𝒊 𝜷𝒊 𝜷𝒊 𝜷𝒊 𝜷𝒊 𝜷𝒊 𝜷𝒊

Female 0.0563* 0.0693* 0.0676* 0.0678+
(0.0274) (0.0342) (0.0323) (0.0350)

SES Index 0.0294** 0.0338** 0.0260* 0.0231*
(0.00938) (0.0117) (0.0108) (0.0108)

Foreign 0.0197 0.130** 0.107* 0.0795+
(0.0344) (0.0459) (0.0441) (0.0476)

Math Score 0.0320* 0.0462+ 0.0349 0.0248
(0.0157) (0.0267) (0.0244) (0.0261)

English Score 0.00697 −0.0207 −0.0171 −0.00196
(0.0171) (0.0306) (0.0261) (0.0255)

HS GPA 0.00821 −0.00901 −0.0207 −0.0214
(0.0188) (0.0437) (0.0385) (0.0413)

Field FE Yes
Prog FE Yes
𝑅

2 0.008 0.024 0.001 0.012 0.001 0.001 0.058 0.237 0.309
N 498 498 498 397 438 461 359 359 359

Note: Standard errors in parentheses. +p< 0.10, *p< 0.05, **p< 0.01, ***p< 0.001. Each column is the result of an OLS regression of 𝛽
𝑖

on the covariates listed on the left.
𝛽
𝑖
= 𝑦1𝑖 − 𝑦0𝑖, an individual’s expected university premium, were calculated as described in Section 4.1. SES Index, test scores, and GPA are standardized to mean 0,

standard deviation 1. Choice FE are fixed effects for chosen field and Prog FE are fixed effects for the specific programs that the students selected within field (a total of 46).

indicates sorting with respect to perceived comparative advan-
tage, and in Panel C we see CA is not only positive but statistically
significant. The expected relative return from choosing university
is higher for those choosing university than for those choosing
high school, on average. Stated in percentage point terms: the
students who plan to go to college expect 24.6 percentage points
higher returns to college compared to those who do not plan to,
reducing to 9.8 percentage points when we use enrollment to
define student types.

In Panel C, we find (as expected) that SB
𝑦1 > 0, so those who

select into university have higher expected university earnings,
on average. By testing if those who choose high school are neg-
atively or positively selected, we characterize if prospective stu-
dents choose an educational level based on their expected earn-
ings level in each counterfactual state. We find that on average,
those who choose high school are negatively selected. However,
although SB

𝑦0 is negative in all columns, it is not statistically dif-
ferent from zero.36

Our pattern of results is quite similar to results for the United
States in Cunha et al. (2005) who use observational data to infer
ex-ante selection and sorting patterns. They find that high school
graduates are somewhat more successful than college graduates if
the latter would have stopped education at high school. However,
the overlap of the distributions is substantial. Additionally, they
find that college graduates are more financially successful than
high school graduates if the latter had gone to college.37

In the last row of Table 5, we estimate the degree to which
expected earnings in the two educational states are correlated.
Following earlier literature (see. e.g., Heckman et al. 2006),

we argue that the similarity of ex-ante earnings distributions
associated with hypothetical educational choices is indicative of
whether or not the one-dimensional earnings ability model holds.
We find a relatively weak positive correlation between individ-
uals’ expected earnings with university and high school educa-
tion: The correlation is about 0.4, suggesting that, although a pure
one-dimensional ability model is not confirmed on this data, abil-
ities are indeed positively correlated. This finding is in line with
Carneiro et al. (2003), but at odds with Cunha et al. (2005) who
find evidence of a negative correlation.

Overall, as we find evidence of sorting based on comparative
advantage in expected earnings, a positive but relatively weak
correlation of expected earnings in the two educational states,
and a selection into high school parameter that is nonpositive,
we conclude that our data does not support the standard Mincer
earnings–education model.

4.2.3 | Why Do We Find a Positively Estimated TUT
Parameter and What Does It Mean?

A positive TUT can potentially be interpreted as evidence that
individuals who choose high school act irrationally by giving
up higher earnings that they would have expected to receive if
they instead had chosen university. However, this conclusion is
premature for at least two reasons. First, prospective students
would be expected to maximize the present value of lifetime earn-
ings: discounting future earnings streams as well as incorporating
other factors determining lifetime incomes for high school and
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FIGURE 4 | Expected earnings and returns to university by treatment status. Note (a)-(c): The solid lines are the distributions of earnings for those
that stop at high school (blue line) and continue with university (red line). The dashed lines are the counterfactual earnings distributions. Hence, the
blue dashed line is the university earnings distribution for those that choose high school, and the red dashed line is the high school earnings distribution
for those that choose university. S= 1 are people who chose a university field (stated in the survey, or by applying/enrolling), S= 0 those did not. Earnings
in university uses actual chosen field expected earnings for S= 1, and an average of all fields weighted by their sample popularity (amount stated in
survey/application/enrollment) for S= 0. Note (d)–(f): Returns to university calculated as log expected university earnings (for either expected field if
treated, or a weighted average of all fields if untreated), minus log expected nonuniversity earnings.

Journal of Applied Econometrics, 2026100
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TABLE 5 | Ex-ante treatment effects, selection and sorting parameters of ex-ante returns to university.

Stated Applied Enrolled

(1) (2) (3) (4) (5) (6)

Panel A: Conditional expected earnings in SEK/month (levels)
S= 0 S= 1 S= 0 S= 1 S= 0 S= 1

No university 28,261 26,285 26,918 26,233 26,830 26,157
University 34,690 38,763 36,045 39,451 36,969 38,597
N 23 475 104 394 162 336

Panel B: Ex-ante treatment effects
ATE 0.366*** 46.3% 0.370*** 47.0% 0.353*** 44.4%

(0.0137) (0.0132) (0.0125)
TT 0.374*** 47.4% 0.396*** 50.4% 0.380*** 47.6%

(0.0138) (0.0146) (0.0150)
TUT 0.182* 22.8% 0.273*** 33.9% 0.298*** 37.8%

(0.0746) (0.0295) (0.0219)

Panel C: Sorting parameters
𝑆𝐵

𝑦0 −0.0741 −10.2 pp −0.0230 −3.8 pp −0.0236 −3.7 pp
(0.0484) (0.0279) (0.0240)

𝑆𝐵
𝑦1 0.118* 14.4 pp 0.100*** 12.7 pp 0.0593* 6.1 pp

(0.0493) (0.0291) (0.0252)
CA 0.192** 24.6 pp 0.123*** 16.5 pp 0.0828** 9.8 pp

(0.0736) (0.0328) (0.0265)
corr

(
𝑦0𝑖, 𝑦1𝑖

)
0.370*** 0.377*** 0.420***

Note: Standard errors in parentheses. +p< 0.10, *p< 0.05, **p< 0.01, ***p< 0.001. The University earnings for those who do not go to university calculated with a weighted
average descried in Section 3.2. Returns in percent are shown to the right of treatment effects in Panel B, and in percentage points in Panel C. 𝑆 = [0, 1] denotes choice
(𝑆 = 1 individuals chose to go to university), while University (𝑗 = 1)/No University (𝑗 = 0) denotes hypothetical educational state. 𝑆𝐵

𝑦0 and 𝑆𝐵
𝑦1 are the selection

benefits into high school and university, respectively, and CA is the measure of comparative advantage. Estimation of all except the correlation done by regression using the
relationships in Section 3.1 and summarized in Table 3.

university education. Second, they might incorporate nonpecu-
niary factors associated with the two educational choices: maxi-
mizing utility instead of lifetime earnings.

Table 6 reports the estimates of the ex-ante average treatment
effects of the return to university in terms of discounted lifetime
earnings. To calculate the present value of lifetime earnings for
individual i, choosing field j or no university (𝑗 = 0), we use the
following formula:

𝑅
𝑗
−19
∑

𝑡=𝐶
𝑗

𝛼ij
(
1 − 𝑢

𝑗

)
𝑦ij +

(
1 − 𝛼ij

)(
1 − 𝑢0

)
𝑦
𝑖0

(1 + 𝜌)𝑡
(4)

Once a student starts studying in field j, they have a fixed number
of zero earnings years based on the average duration of studies in
that field (𝐶

𝑗
). If they graduate (with probability 𝛼ij), they earn 𝑦ij

and if they do not graduate, they earn 𝑦
𝑖0. If they decide not to

study further, they start earning 𝑦
𝑖0 immediately (𝐶0 = 0). Age 19

is when they finish high school, and age 𝑅
𝑗

is when they retire.
The earning streams are discounted by four varying discount
rates (𝜌). In the even columns, we show results also incorporating
field-specific unemployment rates (𝑢

𝑗
and 𝑢0), where we assume

they earn nothing if unemployed.38 One potentially important
factor that we are not able to consider is how the perceived

probability of acceptance into this field of study matters. The
details of this exercise are reported in Supporting Information:
Appendix E.

When we compare the results in Columns 1 and 2 of Table 6 to the
results in Table 5, we see that when we consider lifetime earnings,
the estimated returns are somewhat lower (primarily due to the
opportunity cost of not working during studies), even with a dis-
count rate of 0. Incorporating all these factors (including higher
unemployment rates for those without university degrees), the
ATE, TT, and TUT all decrease, as expected, when we increase
the discount rate. However, the discount rate needs to be nearly
4% for the TUT using survey choice to stop being positive and
above 6% for application choice.39 This is higher than the annual
discount rates assumed by, for instance, Cunha et al. (2005) and
Nybom (2017), who assume it to be 3% and 2%, respectively, but
more similar to the parameter values used in structural research
(see, e.g., Keane et al. 2011).

A positive TUT seemingly also goes against the pure Roy model of
earnings maximization. One candidate for explaining this is the
direct cost of schooling. However, since all universities in Sweden
are free and living expenses are covered by generous grants and
subsidized loans, this is very unlikely to be the explanation.
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TABLE 6 | Ex-ante treatment effects of return to university in terms of discounted lifetime earnings.

(1) (2) (3) (4) (5) (6) (7) (8)

𝝆 = 0 𝝆 = 2 𝝆 = 4 𝝆 = 6

Without UE With UE Without UE With UE Without UE With UE Without UE With UE

ATE Survey 35.5% 38.6% 28.6% 31.5% 21.8% 24.5% 15.2% 17.8%
(n= 498)

Application 33.7% 37.0% 26.7% 29.8% 19.8% 22.7% 13.0% 15.8%
(n= 498)

Enrollment 30.9% 34.0% 24.0% 26.9% 17.2% 19.9% 10.5% 13.1%
(n= 498)

TT Survey 36.9% 40.0% 29.9% 32.9% 23.1% 25.9% 16.4% 19.1%
(n= 475)

Application 38.0% 41.5% 30.7% 34.0% 23.6% 26.7% 16.6% 19.6%
(n= 394)

Enrollment 35.5% 38.9% 28.3% 31.5% 21.3% 24.3% 14.4% 14.3%
(n= 336)

TUT Survey 8.3% 10.1% 2.8% 4.5% −2.7% −1.0% −7.9% −6.4%
(n= 23)

Application 18.1% 20.5% 11.9% 14.2% 5.8% 7.9% −0.1% 1.9%
(n= 104)

Enrollment 21.6% 24.2% 15.2% 17.6% 8.9% 11.1% 2.7% 4.9%
(n= 162)

Note: The odd columns marked “With UE” include unemployment rates by field of study (from population level data) and assume that respondents earn 0 with probability
equal to the unemployment rate in that field. In this table we use four discount rates (𝜌). In addition, in all columns we include average years of education by field, age at
retirement by field, and the students’ subjective probability of graduating in each field. The full details for this table are described in Supporting Information: Appendix E.

Another possibility is compensating nonpecuniary factors: Giv-
ing up earnings by choosing high school might be expected to
benefit individuals later in life in ways other than earnings. We
cannot test this directly because we do not know the students’
nonpecuniary expectations should they not attend college. How-
ever, we do have information on a broad set of outcomes asso-
ciated with various fields of study. To learn about the potential
role for nonpecuniary returns in explaining the positive TUT, we
do two things: (1) compare the nonpecuniary expectations for
college between the college and noncollege choosers, and (2) esti-
mate ex-ante treatment effects comparing high versus low-paying
fields of study. The results are summarized here and discussed in
more detail in Supporting Information: Appendix F.

The result of (1) shows that, in all comparisons, the noncollege
choosers expect lower nonpecuniary outcomes from college than
the college choosers do (see Panels A-B of Table S7). In particular,
things like the perceived enjoyment of studies and probability of
graduating, which could capture (dis)utility of the college expe-
rience, are negative (below mean) among noncollege choosers.
This suggests that the benefits of not going to college along these
dimensions would be larger and likely positive for those who do
not plan to go to college.

For (2), we first re-estimate Table 5 using the high–low-paying
field split (see Table S6), finding that the results are quite simi-
lar to our main comparison of college versus high school. This

suggests that the choice between high and low-earnings fields of
study is similar to the choice to go to university. We then (see
Panels C-D of Table S7) replace earnings with all of our other out-
come measures, including social status, enjoyment of study and
of work, and work–life balance, many of which are novel in the
literature on ex-ante treatment effects.40 For the nonpecuniary
outcomes, we find mostly positive and large TT estimates, which
are notably higher than the TUT estimates for these outcomes,
the latter of which, in many cases, are negative.41

Thus, for the high- and low-paying dimension, our results show
an important compensating role for many nonpecuniary fac-
tors, meaning that prospective students are prepared to sacrifice
higher expected earnings and instead select a low-paying field
which they expect would lead to a job where they would obtain
higher nonpecuniary benefits. For instance, individuals choosing
low-paying fields expect to enjoy their jobs and sustain a better
work–life balance in the occupations resulting from education
in such fields to a higher degree than they expect to achieve had
they instead chosen high-paying fields. As the ex-ante treatment
and sorting earnings effects for high- versus low-paying fields are
qualitatively very similar to university versus high school, includ-
ing a positive and sizable TUT, we believe these results are an
alternative explanation for positive TUT for university studies rel-
ative to high school.
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4.2.4 | How to Understand Changes in Treatment
Effects Across Stated and Revealed Choice

In the main results, we reported ex-ante treatment effects for
three periods: as stated in the survey, at application, and at
enrollment.42 We find similar ex-ante average treatment and
treatment on the treated effects, regardless of whether we define
the treatment status based on survey choice, application sta-
tus, or enrollment.43 The TUT does increase in magnitude (by
11 percentage points) between survey and application; however,
this change is not statistically significant. From the top panel of
Table 5, we can see that this increase in TUT comes both from an
increase in the mean university earnings and a decrease in mean
high school earnings for high school choosers (comparing Col-
umn 3 to Column 1). In turn, these differences are largely driven
by the expectations of the individuals who said they would go
to college but failed to apply and hence move from Column 2
to Column 3. These individuals who switch from S= 1 to S= 0
when applying expect lower earnings if they stop at high school
than those who knew they would not pursue college at the time
of the survey. They have higher expected earnings after finishing
a university education than those in Column 1, but lower than
the individuals who did apply to college. Another possible expla-
nation is that individuals update their earnings expectations after
the survey, something we cannot observe. The switchers are those
who adjust their expectations to align more closely with those in
Column 1. As a result, they change their decision about attending
university as the perceived benefit decreases. This would make
the estimate of TUT in Columns 3 and 5 overestimates—as they
do not reflect the expected return when the “new” choice was
made.

We also re-estimated TT using those who applied and enrolled in
university immediately after our survey (for programs beginning
Fall 2014). This limits the amount of time available for learn-
ing and information updating. In Table S2 we see that the TT
(the only parameter we can estimate using only college goers)
is slightly larger for those who had little time to update their
information. However, there are no significant differences in TT
between the whole sample and the significantly smaller samples
(228 and 139, respectively) who applied or enrolled soonest. This
also tells us that how fast the students proceed to university does
not seem to be related to their expected financial return.

In Panel C of Table 5, we also see that our selection into uni-
versity parameter and our comparative advantage parameter
decline in magnitude to roughly half (comparing survey to enroll-
ment). Again, these changes are not statistically different, but
the smaller difference in ex-ante university earnings expectations
can be traced back to an increase in 𝐸

[
𝑦1𝑖|𝑆𝑖 = 0

]
(see Panel A).

So, the reduction in positive selection into university, and sort-
ing based on comparative advantage are related to the fact that
the individuals who change their mind about going to university
had higher ex-ante (at the time of survey) earnings expectations
conditional on going to university.

To further examine how students switching education choices
affects our main estimates, we also re-estimated our treatment
effects on students that we think are close to the margin of chang-
ing their minds. Results are shown in Table S5. Specifically, we
split the sample in the following way: we divide those who stated

that they would choose university into those who later applied
and those who did not, and those who applied to university into
those who later enrolled and those who did not. In this way, we
can estimate average expected returns for those who are more
or less likely to graduate, the latter group constituting prospec-
tive students who eventually opted out of university but who
were likely closer to enrolling than those who neither stated nor
applied to university. We then find that the expected return to
university among those who stated that they would go to univer-
sity but did not apply is estimated to be much lower than among
those who did apply. A similar pattern is found among those who
applied, with a higher expected return for those who eventually
enrolled than for those who did not. A dichotomous division of
individuals into students and nonstudents, therefore, gives an
incomplete picture of the heterogeneity of returns, and future
work that uses subjective expectations data to estimate ex-ante
treatment effects should continue to explore the distribution of
returns with respect to the likelihood of enrolling or choosing
treatment.44

5 | Robustness Checks

5.1 | Counterfactual Earnings

In our main results, we have used perceived earnings in the pre-
ferred field of study as a measure of the expected university earn-
ings. However, a complication is that the 23 students who chose
the no-college option in the survey do not have a preferred “uni-
versity field.” Hence, the counterfactual earnings (𝑦1𝑖) for these
individuals need to be inferred from the data. We therefore used
the average of their expectations across all fields, weighted by
those fields’ popularity in the sample. Thus, the returns for the
treated and untreated individuals are estimated slightly differ-
ently. While we believe this choice to be the best one, it does
result in a comparison that is not exactly analogous. To reassure
ourselves and our readers that the pattern of results between uni-
versity and nonuniversity students is robust, we also estimate
our results using the college field that the nonuniversity students
ranked most highly in the survey. Although this approach directly
indicates the preferred fields of study, it is not our preferred mea-
sure for two main reasons. First, it cannot be used in the anal-
ysis based on application or enrollment. We think that there is
large value to our setting where it is possible to use several years
of administrative data to track the student’s real-world choices.
Second, the ranking was asked independently from the preferred
field, and where top-ranked field and most likely field differ, the
latter is more predictive of ultimate behavior. Thus, we are less
confident about the relevance of 2nd ranked field. In Table S3
we use the 1st ranked college program as the counterfactual for
those intending to stop studying at high school, we find that the
expected earnings for high school choosers decrease somewhat,
resulting in TUT being reduced from 0.18 to 0.13 log points.45 The
other figures are qualitatively similar to those in the main results.

5.2 | Reweighting

While our sample is drawn from a broader population than many
others in the subjective expectations literature, we showed in
Table S1 that respondents differ from the source population along
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observable characteristics. To see if this selection on observables
changes our results, we use propensity-score weighting to match
our sample to the population.46 The results are similar to our
main results, suggesting that our estimates are generalizable to
all Stockholm municipal high school students.47

5.3 | Returns in Subpopulations

The large number of students who say in the survey that they
intend to go to college, but do not apply in the next 4 years,
changes the composition of students in the treated and untreated
groups, something which could impact the TT and TUT as well
as the selection and sorting parameters. As we discussed in
Section 4.2.4, estimates did change, although not statistically
significantly so. However, the analysis so far always included
noncollege-prep high school programs. These students must take
more coursework before they are eligible for university studies.
Many of these students would not be able to apply to programs
beginning the subsequent fall and may have more poorly formed
expectations about getting a university education. Students in
vocational programs were much more likely to fail to apply to
college even after stating their intention to do so in our survey.
Thus, we do a robustness check after dropping those individu-
als in vocational high school programs. The result is reported in
Table S4, where we find very similar estimates to the results for
the full sample displayed in Table 5. This suggests that our return
and sorting estimates are not driven by the subset of students who
are inconsistent between the survey and their later actions.

6 | Conclusions

In this paper, we have estimated the means and distributions of
ex-ante treatment effects for university education relative to high
school, using elicited earnings expectations associated with edu-
cational choices. We have shown that average ex-ante returns to
university are substantial, and treatment effects for those who
enroll in university are larger than for those who did not enroll in
university. Our results suggest that individuals choose in accor-
dance with their perceived comparative advantage also at the
extensive margin of university choice, in line with earlier findings
for fields of university choice.

Additionally, although we find that those with
higher-than-average expected university earnings are more
likely to choose university, on average, we do not find consistent
evidence that those who are more likely to choose university
also have higher-than-average expected high school earnings. In
combination with an estimated positive, but rather weak, corre-
lation between the expected university and high school earnings
of prospective students, our results suggest that earnings ability
should not be viewed as unidimensional.

Our results also have implications for understanding the sources
of earnings inequality and the welfare benefit of educational poli-
cies that aim to increase university enrollment. As prospective
students who select high school do not expect higher earnings
from university, implementing policies that incentivize students
who choose high school to enter university would not neces-
sarily mean that their expected earnings would increase. To the

degree that expected earnings are associated with actual earnings,
this would also mean that the policy would not lower earnings
inequality.

The use of ex-ante data is not without challenges. It requires
high-quality survey data so that elicited expectations are infor-
mative about expected outcomes. Although we find evidence sup-
porting that students appear to have a reasonable level of earnings
expectations, we caution against the validity of the distribution of
earnings expectations inferred from subjective expectations sur-
veys. In addition, we find that individuals deviate significantly in
their stated and revealed educational preferences. We discuss a
number of reasons why this might be the case.

Taken together, this work helps illustrate the value of subjective
expectations data in helping us understand returns to education.
One limitation of our survey is that although asking expecta-
tions at the end of high school provides the decision-relevant
ex-ante return for those who go straight to college, it is potentially
mistimed for those who plan to delay application to future years
(and have a longer time horizon to update information or change
their mind). In future work with this type of population, ques-
tions about the intended timing of application should be explic-
itly asked. Additionally, more work is needed on how prospective
students update their earnings beliefs, which requires data on
expected earnings collected more than once (as in Zafar 2011a,
2011b; Gong et al. 2019; and Boneva and Rauh 2020). Gener-
ally, our study points to the importance of being able to acquire
follow-up data in surveys on expectations. One current unknown
is how expected earnings at the time of the survey compare with
actual earnings later in life, something that we will be able to esti-
mate in a few years.
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Endnotes
1 As in Arcidiacono et al. (2012), Arcidiacono et al. (2020) and Wiswall

and Zafar (2021).
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2 Arcidiacono et al. (2012) used data on 173 (male) Duke University
students, from whom they elicited data on earnings beliefs and sub-
jective probabilities of working in five occupation groups, which were
matched to actual occupation using data from the social network
LinkedIn. Wiswall and Zafar (2021) used data on 493 enrolled New
York University students and analyzed various outcomes, including
expected earnings, marital sorting, and labor supply, associated with
four groups of potential majors.

3 Arcidiacono et al. (2020) investigate this using an indirect test, whereas
Wiswall and Zafar (2021) look at expected spousal earnings and fertil-
ity.

4 Boneva and Rauh (2020) performed an online survey of 2540 secondary
school students’ (where 759 students are in their final year) expected
earnings and beliefs about some nonpecuniary outcomes. The focus of
their paper was to use their data to estimate the socio-economic gap in
ex-ante earnings premiums (ATE).

5 See also Delavande and Zafar (2019) who elicited outcomes for col-
lege enrolled males in relation to hypothetical choices of university
choice in Pakistan. They estimated a life-cycle model of school (and
dropout) choice and found that expected earnings played a small role
in the choice, whereas relaxing financial constraints would matter sig-
nificantly.

6 More generally, there is a rapidly growing literature eliciting beliefs and
stated preferences about counterfactual choices (see Altonji et al. 2016,
for a survey), especially those eliciting earnings expectations associated
with hypothetical schooling choices (see Dominitz and Manski 1996;
Zafar 2013, and Arcidiacono et al. 2012, for important early contribu-
tions, and Giustinelli 2023, for an extensive survey of the literature).

7 This can be due to a number of reasons such as the strong assump-
tions needed to compare ex-post and ex-ante treatment effects (see
Arcidiacono et al. 2020), changes in returns to education over time
(see Graetz 2020, for evidence on this for Sweden), and that various
identification strategies employed on observational data often estimate
different average treatment effects.

8 Source: Statistics Sweden population data for 2018, for the cohort born
in 1995 (so measured at roughly 23 years old).

9 There is a technical difference between a university (universitet) and
a college (högskola), in that the former has a general right to award
PhDs. Universities are typically more prestigious and selective (sim-
ilar to an R1 institution in the US), but many types of bachelor’s and
master’s-level educations can be completed at either type of institution.
We use the words college and university interchangeably in this paper.

10 More examples of degree programs can be found in Appendix S3.
11 Zafar (2011a) tests for this issue in his sample and shows that those

students do not appear to exhibit cognitive dissonance when reporting
their beliefs.

12 Boneva and Rauh (2020) is a notable exception that uses high school
students from 37 English schools.

13 These 10 dimensions are, in survey order: the probability of passing
the degree, probability of enjoying the coursework, expected hours per
week of studying, probability that family will approve of choice, prob-
ability of finding a job directly after graduation, probability of job satis-
faction at age 30, probability of being able to combine work and family
life at age 30, expected hours per week of work at age 30, expected earn-
ings at age 30, expected earnings at age 40, and, social status (separate
from salary), they associate with the education. See Pihl et al. (2021)
for more details, and Section 4.2.3 in this paper where we show results
using data for these other outcomes.

14 Cognitive dissonance is also a potential issue with the potential to bias
estimates. We discuss this separately in Section 3.2.

15 In the survey, we calculate earnings growth using their subjective
expectation of earnings at age 30 and 40 and then plot the mean by field.
In the population data, we calculate the individual growth in earnings

between 2008 and 2018 (plotting the mean by field using the field of
40-year-olds in 2018).

16 Having younger respondents than our 18 to 19-year-old popula-
tion might exacerbate some of these problems, see Giustinelli and
Pavoni (2017) for such evidence on a sample of Italian 8th graders
choosing high school tracks.

17 Conditional on applying, the share of vocational track students who
apply to the field they said they would (51.5%) is similar to the full
population.

18 Here we consider all programs that the students applied to and com-
bine their ranks across all application periods (the field that they
ranked most highly in the earliest application is their 1st rank).

19 The paper is available at https://sites.google.com/view/arielpihl/
research. We preregistered how we would analyze this experiment
before receiving the follow-up data in 2019 (see https://www.
socialscienceregistry.org/trials/4329). The students who received the
correct salary info do not change their behavior, neither in absolute
terms nor in relation to how different their expectations were from
reality.

20 Below, we think of 𝑆
𝑖

as representing the stated choice in the survey.
Later, we also discuss and estimate models where 𝑆

𝑖
represents the

revealed choice based on application and enrollment (from adminis-
trative data).

21 Heckman and Robb (1985) are the first to discuss how to separately
estimate ex-post versions of these parameters using observational data.

22 Ex-ante and ex-post treatment effects are separately estimated using
observational data in Cunha et al. (2005). This literature is further sur-
veyed and discussed in Cunha and Heckman (2007) and Heckman and
Vytlacil (2007). Arcidiacono et al. (2020) and Wiswall and Zafar (2021)
are the first that use subjective expectations data to estimate ex-ante
treatment effects.

23 See Heckman et al. 2006, for a detailed discussion.
24 The formal connection between earnings and productivity (or ability)

in the theory of comparative advantage is discussed in Sattinger (1993)
and Kirkeboen et al. (2016). Kirkeboen, Leuven, and Mogstad (2016,
1105–1106) shows that if, for each individual, potential earnings
equals the productivity associated with an educational choice, scaled
by the education specific price (per unit of worker output), a relative
productivity advantage for an individual in educational type 𝑗 versus 𝑗′
implies (and is implied by) a higher relative percentage potential earn-
ings gain in educational type 𝑗 versus 𝑗′.

25 See Table 5: Panel B.
26 In Supporting Information: Appendix D, we use the framework laid

out in Heckman et al. (2006) to show how these conditional means can
be used to estimate various bias terms from regressing long-earnings on
a university indicator.

27 Carneiro et al. (2003) estimated a positive (but not perfect) correlation,
while Cunha et al. (2005) estimated the correlation to be negative.

28 See Heckman et al. (2006) for a discussion about the relationship
between the standard Mincer model and a model that allows for selec-
tion and sorting with respect to earnings levels and gains.

29 Note that Arcidiacono et al. (2020) elicited information on subjec-
tive choice probabilities for alternative choices, whereas our education
choice variable as elicited in the survey is deterministic. One can view
our education choice variable as a special case of the subjective choice
probabilities in Arcidiacono et al. (2020), where one subjective choice
has probability one.

30 The assumption about the measurement errors between treatment
states would be violated if students are better informed about the edu-
cation they plan to pursue. However, in Section 5.3, we re-estimate our
main results on the subsample in academic high school tracks, who
arguably have more uniform information on educational returns, and
find the same results.
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31 Here, we use chosen field as stated in the survey. If we use chosen
field based on application or enrollment, the university distribution
(Figure 2) and returns to education distribution (Figure 3) look very
similar.

32 The detailed field of choice premium distributions (relative to high
school) is shown in Figure S1.

33 This is equivalent to how one would calculate the ex-post observable
university return, as one would then compare the completed field of
study for those with a university education with the individuals with a
high school education.

34 Of these 46 students, 40 intend to go to college but only 19 of them
enroll in our period. Those who intend to go to college are more likely
to prefer low-paid fields like humanities and services.

35 See https://sites.google.com/view/arielpihl/research.

36 The pattern of positive selection into university and positive selection
into high school was proposed by Willis and Rosen (1979).

37 See figs. 6.1–6.4 in Cunha et al. (2005). The literature using observa-
tional data to analyze counterfactual earnings distributions is surveyed
by Cunha and Heckman (2007). This literature distinguishes between
ex-post counterfactual distributions and ex-ante counterfactual distri-
butions, where the latter are estimated from their ex-post data.

38 We do not include field-specific earnings growth rates because, as
shown in Section 2.4, our sample does not expect different earnings
growth between fields.

39 Note that although the average treatment effects decrease, the selec-
tion and sorting parameters are not much changed. This is expected
since the returns will be similarly affected for treated and untreated
individuals.

40 These nonpecuniary outcome measures are very similar to those used
in Zafar (2013) who investigated determinants of the college major
choice across genders. In Pihl et al. (2021), we use these measures to
answer similar questions.

41 Our results are consistent with Belfield et al. (2020) who found the per-
ceived consumption value of continued education is able to explain a
large part of the variation in students’ intentions to go to university.

42 As the pattern of results changes very similarly across stated, applied,
and enrolled in Tables 5 and 6, our discussion in this section focuses
on the changes in Table 5.

43 The ATE changes slightly because we re-define the weights that create
𝑦1𝑖 for the noncollege goers in each column.

44 As, for instance, through more explicit estimation of ex-ante versions
of treatment effects for those at the margin of participation (Björklund
and Moffitt 1987; Heckman and Vytlacil 2007; Carneiro et al. 2011). See
Kaufmann (2014) for a paper that used subjective expectations data on
earnings to estimate Marginal Treatment Effects of college attendance.

45 We report these results in Table S2, which should be compared to the
main results provided in Table 5.

46 Specifically, we create inverse-propensity-score weights, where the
propensity score uses all the characteristics in Table S1 along with indi-
cators for the information being missing. Due to data limitations, the
weights cannot be created for a subset of 66 individuals.

47 See Table S8.
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Additional supporting information can be found online in the Support-
ing Information section. Figure S1: Unconditional ex-ante returns to
field of study relative to no university. Figure S2: Ex-ante earnings
and returns in high-paying vs. low-paying fields by treatment status.
Table S1: Demographics and academic background of survey subjects
and population. Table S2: Limiting Information updating by focusing on
early apply/enrollment. Table S3: Alternate counterfactual earnings for
non-college goers. Table S4: Ex-ante treatment effects on the subpopu-
lation of academic program high school students. Table S5: Treatment
on the margin. Table S6: Ex-ante treatment effects and sorting param-
eters for high- versus low-paying fields. Table S7: Ex-ante returns in
non-pecuniary study and work outcomes. Table S8: Ex-ante treatment
effects weighted to match the source population. Table S9: Means for all
questions by field of study. Table S10: Difference-in-means parameters.
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