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a b s t r a c t

We consider the identification and estimation of the averagewage return to attaining educational qualifi-
cations when attainment is potentially measured with error. By exploiting two independent measures of
qualifications, we identify the extent of misclassification in administrative and self-reported data on ed-
ucational attainment. The availability of multiple self-reported educational measures additionally allows
us to identify the temporal patterns of individual misreporting errors across survey waves. We provide
the first reliable estimate of a highly policy relevant parameter for the UK, namely the return from at-
taining any academic qualification compared to leaving school at the minimum age without any formal
qualification. We identify returns to qualifications under two alternative settings: a strong ignorability
assumption and an exclusion restriction. All these results are obtained by casting the identification prob-
lem in terms of a mixture model, and using a semi-parametric estimation approach based on balancing
scores, which allows for arbitrarily heterogeneous individual returns.
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1. Introduction

The estimation of the return to education has probably become
the most explored and prolific area in labour economics.1 If a
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1 Policymakers too have shown increasing interest, with estimated returns

feeding into debates on national economic performance, educational policies, or

continuous years-of-schooling measure of education is affected by
recording errors, standard results based on classical measurement
error show that OLS estimates of the return to an additional
year of education are downward biased, while appropriate IV
methods applied to the linear regressionmodel provide consistent
estimates. If however a categorical qualification-based measure
of education is affected by errors, any such error will necessarily
vary with the true level of education, so that the assumption of
classical measurement error cannot hold (see, for example Aigner,
1973). In this case, OLS estimates of the returns to qualifications are
no longer necessarily downward biased, and the IV methodology
cannot provide consistent estimates (see, for example Bound et al.,
2001).

To date, empirical evidence on the importance of misreporting
and returns to discrete educational levels is restricted to higher
education in the US, where it was in fact shown that measurement
error might play a non-negligible role (see Kane et al., 1999; Black

the public funding of education. For an extensive discussion of the policy interest of
the individual wage return from education, see Blundell et al. (2005a).
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et al., 2003; Lewbel, 2007). For the UK there are no estimates of
the returns to educational qualifications that adequately correct for
measurement error. This is of great concern, given the importance
of focusing on discrete levels of educational qualifications2 and
given the widespread misconception amongst UK researchers and
policymakers that the bias from measurement error (believed to
be downward) and the so-called ‘‘ability bias’’ largely cancel each
other out (Dearden, 1999; Dearden et al., 2002; McIntosh, 2006;
Department for Business, Innovation and Skills, 2011).

This paper focuses on the returns to educational qualifications
when attainment is potentially misrecorded3 and offers a two-fold
contribution. First, it provides the first reliable estimates of a highly
policy relevant parameter for the UK, namely the return from at-
taining any academic qualification compared to leaving school at
the minimum age without any formal qualification. Secondly, it
estimates misclassification probabilities and patterns of misclas-
sification, including the temporal correlations in misreporting by
individuals across survey waves.

In order to overcome the bias introduced by misreported
educational qualifications and to achieve point identification of
the returns, (at least) two categorical reports of qualifications
need to be available for the same individuals, both potentially
affected by reporting error but coming from independent sources
(for the proof of non-parametric identification, seeMahajan, 2006;
Lewbel, 2007; Hu, 2008). Repeated measurements on educational
qualifications are typically obtained by combining complementary
datasets, for example exploiting administrative records and
information self-reported by individuals. An additional appealing
feature of this approach is that it provides estimates of the extent
of misclassification in each educational measures, which is often
of independent interest. As we will see, our case study employs
additional measures on top of the minimum number required to
achieve identification, thus allowing us to shed light on features of
the measurement error process not unveiled in past studies.4

We focus on the return from attaining any academic qualifica-
tion compared to leaving school at the minimum age of 16 with-
out any formal qualification (the latter being akin to dropping out
of high-school in the US). This return captures all the channels
in which the initial decision to attain academic qualifications at
the school-leaving age impacts on wages later on in life, in par-
ticular the contribution that attaining such qualifications gives to
subsequent educational attainment. The policy relevance of this
parameter for the UK is additionally highlighted by the finding that
the main effect of changes in compulsory schooling was not to in-
crease the length of schooling, but rather to induce individuals to

2 In the UK educational system, individuals with the same number of years of
schooling can have different educational outcomes; this not only obfuscates the
interpretation of the return to one additional year, but imposing equality of yearly
returns across educational stages was found to be overly restrictive (see Blundell
et al., 2005b).
3 Misrecorded education can arise from data transcript errors, as well as

from misreporting, whereby survey respondents may either over-report their
attainment, not know if the schooling they have had counts as a qualification or
simply not remember.
4 An alternative to dealing with misclassification bias which does not require

repeated educational measures is to derive bounds on the causal effect of interest
by making a priori assumptions on the misclassification probabilities (see, for
example Kreider and Pepper, 2007;Molinari, 2008; Kreider et al., 2012). In previous
work (Battistin and Sianesi, 2011) we based the analysis on one self-reported
measure and could only provide partial identification of returns under strong
ignorability. The bounds we suggested can be derived allowing for arbitrarily
heterogeneous individual returns, while the corresponding sensitivity analysis is
easy to implement and can provide an often quite informative robustness check.
By contrast, in the current paper we achieve point identification not only of
the returns, but also of the distribution of measurement error. Additionally, we
discuss identification of policy effects under two scenarios that in our context seem
appropriate (under strong ignorability and in the presence of a valid exclusion
restriction).

leave school with an academic certification (Del Bono and Galindo-
Rueda, 2004).

We rely on detailed longitudinal data for the male sample of
the British National Child Development Survey (NCDS), which al-
lows us to identify returns under two alternative settings. This data
appears particularly suited to support the strong ignorability as-
sumption that the observables are enough to control for the en-
dogeneity of educational choices. This is because, in addition to
detailed family background and school type variables, the NCDS
contains extensive measures of both cognitive and non-cognitive
traits at early ages. Under the strong ignorability assumption we
also explore how the biases from measurement error and from
omitted variables interact in the estimation of returns to educa-
tional qualifications, providing simple calibration rules that policy
makers can apply to nationally representative datasets relying on
self-reported qualifications and with no information on individual
ability and family background (e.g. the Labour Force Survey). Alter-
natively, we identify returns for a specific group (the ‘‘compliers’’)
exploiting an exclusion restriction.

Using the unique nature of our data we identify the extent
of misclassification in three different data sources on educational
qualifications: administrative school files, self-reported informa-
tion very close to the dates of completion of the qualification, and
self-reported recall information ten years later. To this end, we
combine multiple measurements self-reported by individuals in
the NCDS with administrative data on qualifications coming from
school records. Compared to the existing articles in the literature,
the availability ofmultiple self-reportedmeasurements introduces
a certain degree of over-identification, which allows us to isolate
the extent of misreporting in school files from that of individu-
als, while allowing for persistence in the propensity to misreport
across self-reported measurements. Thus, our setup gives us the
unique chance of assessing the temporal patterns of misreporting
errors across survey instruments and of decomposing misreport-
ing errors into a systematic component linked to individuals’ per-
sistent behaviour and into a transitory part reflecting survey errors
that occur independently of individuals in each cross-section sur-
vey wave.

On the methodological front we propose a semi-parametric es-
timation approach based on balancing scores and mixture models.
We cast the estimationproblem in termsof amixturemodel,which
combined with the propensity score defines a semi-parametric
procedure that allows for arbitrarily heterogeneous individual re-
turns. Given that the misclassification problem can be stated in
terms of finite mixtures with a known number of components, we
find this approach particularly suited for the case at hand (Hui and
Walter, 1980, also propose an approach tomisclassification of a di-
chotomous variable based on maximum likelihood). The general
identification problem in the case of two reports has been consid-
ered, amongst others, by Kane et al. (1999), Black et al. (2000), Ma-
hajan (2006), Lewbel (2007) and Hu (2008). We build upon these
papers, and in particular upon Hu (2008), to show that the com-
ponents of the mixture model are non-parametrically identified
given the setup we consider. Specifically, we first show that all
the quantities of interest are non-parametrically identified from
the data through the availability of our repeated measurements
on educational qualifications. The conditions required for this re-
sult are very general in nature, or at least are as restrictive as those
commonly invoked in the relevant literature on misclassification.
We then proceed with estimation, drawing from the statistical lit-
erature on finite mixtures to propose a flexible strategy based on
Bayesian modelling.

We report a number of findings of substantive importance. All
our results pertain to males only of the NCDS birth cohort. Indi-
viduals are found to be appreciably less accurate than transcript
fileswhen they do not have any academic qualification, but slightly
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