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A B S T R A C T

Audit and correspondence studies are established as the dominant empirical strategy for examining the pre-
valence of hiring discrimination in labor markets. Historically, these studies are most often conducted as pair-
wise within-subject tests where one of the testers or applicants are exposed to the treatment of interest, while the
other serves as a reference. In more recent studies, however, some scholars are moving towards the practice of
sending only a single application per vacancy. This design choice is rarely discussed explicitly. Taking experi-
ments on ethnic hiring discrimination as a case, I summarize the strengths, weaknesses and particular con-
siderations associated with both approaches, by aid of a computational model comparing the two. The main
argument I present is that the matched and unmatched designs differ in a more substantive way than what has
been properly acknowledged in previous studies: Choice of design can potentially influence estimates, as the
matched design induces competition affecting the callback probability of the treated candidates when applicant
pools are small. I conclude that this is a potential weakness of the matched design, but that each design has
multiple distinct advantages. While this study discusses experiments on hiring discrimination specifically, the
main argument applies to similar contexts where one has to choose between matched and unmatched designs.

1. Introduction

Due to their ability to convincingly establish causal relationships in
ways observational studies cannot, randomized field experiments have
taken a central position in research aiming to detect discrimination in
various social arenas. Since the early audit studies of the 1960s, where
pairs of trained testers were applied to job interviews, the volume and
sophistication of these studies have grown substantially (Cherry &
Bendick, 2018; Gaddis, 2018). Diverse grounds for discrimination have
been subjected to experimental investigation: Race or ethnicity, gender
and motherhood, age, sexual orientation, religious beliefs among
others. Following the early audit studies using live testers, most re-
search moved on to correspondence studies, where written text is used
in place of live actors: The classical example is submitting fictitious job
applications for vacancies, exploiting the advantage of having full
control over all information presented to the employer (see Jowell &
Prescott-Clarke, 1970 for an early example). Correspondence and audit
studies on discrimination can further be divided into two main ap-
proaches: The matched or paired, within-subject approach, and the
unmatched, between-subject approach. The former design has by far

been the modus operandi of researchers on hiring discrimination, but a
small number of experiments are designed following the latter ap-
proach. Most often, researchers leave the decision on whether or not to
send multiple applications per job vacancy unsubstantiated: A choice is
simply made, most commonly to send matched pairs. In the few articles
where the choice of design is explicitly discussed, some arguments have
been formulated – commonly regarding practical and logistical issues or
statistical efficiency (see Lahey & Beasley, 2018 for a discussion).

In this paper, I aim to contribute to this somewhat implicit discus-
sion in two ways. First, I aim to systematize and summarize the argu-
ments that have been raised so far in relation to the choice between
matched and unmatched experimental designs for detecting dis-
crimination. My point of departure, and example throughout, will be
studies of ethnic hiring discrimination, but the arguments in principle
extend to other arenas that operate in a similar manner, e.g. housing
rental markets. Second, I will more thoroughly address a rarely dis-
cussed1 concern regarding the matched design, that I term the problem
of induced competition: Forcing a comparison of the treated candidates
with a reference candidate potentially influences estimations of dis-
crimination, and this influence is sensitive to the total number of
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candidates that apply for a position. In other words, when the experi-
mental applications are just two of a large number of other applicants,
the added competition from the reference candidate should be negli-
gible. However, in tighter labor markets where demand is high and
fewer candidates apply for each vacancy, the added competition could
potentially be more substantial. The unmatched design should in
principle be insensitive to these variations. While I will discuss con-
ceptual differences between the approaches as well, this particular
concern is unrelated to discussions about which measurement best re-
presents the situations researchers intend to measure: My worry is that
paired designs have a built-in sensitivity to the size of the applicant pool
size – a number commonly unknown to the researcher, and thus diffi-
cult to adjust for. In order to investigate this concern, I develop a
computational model that simulates a series of field experiments,
varying the type of design, the average number of applicants per va-
cancy, and other assumptions on employer behavior. My overall con-
clusion from these theoretical simulations is that the matched design
appears to be sensitive to the average applicant pool size in a way that
the unmatched design is not, which can be concerning when compar-
isons between labor markets, points in time or different occupations are
made.

My main research questions can thus be summarized as follows:

• What differences, both substantially and practically, should re-
searchers take into account when deciding between matched and
unmatched correspondence study designs?

• Do matched and unmatched designs differ in their sensitivity to the
average size of the applicant pool in correspondence studies, and
what implications does this sensitivity have for the design and in-
terpretation of correspondence studies?

2. Reasons and reservations in choice of design

As noted in the introduction, audit- and correspondence testing has
received growing attention among social scientists interested in
studying discrimination and labor market inequality along various di-
mensions. The overwhelming majority of studies on discrimination
follow the matched, within-subject design, where pairs of equally
qualified testers or applicants differing only in the treatment itself are
submitted to the same job vacancy (for historical and methodological
overviews, see e.g. Bovenkerk, 1992; Cherry & Bendick, 2018;
Neumark, 2018; Shadish, Cook, & Campbell, 2002). Taking studies of
ethnic hiring discrimination as a case, Table 1 shows an overview of
most correspondence and audit studies on ethnic hiring discrimination
conducted in the past decade.

Out of these 35 publications, only six are based on studies that
follow an unmatched design - however, these examples are fairly recent
and could be indicative of a growing trend. A possible explanation for
the historical popularity of the matched design is the ties to activist
research traditions and research for enforcement purposes, where pro-
ducing convincing evidence of discriminatory practice among specific
employers is seen as crucial (see Cherry & Bendick, 2018 for a discus-
sion). As will be discussed in the following, the matched design has
several other attractive features that can explain its historical appeal,
but the option of not matching has perhaps received an unwarranted
lack of attention. Before proceeding with what is the main contribution
of this article, the issue of induced competition in matched designs, I
will review a range of factors relevant to the comparison of the two
design approaches that have been discussed in previous studies on the
topic.

2.1. Statistical efficiency

The statistical properties of matched and unmatched designs have
most thoroughly been approached by Vuolo, Uggen, and Lageson, 2016;
Vuolo, Uggen, & Lageson, 2018). Statistical efficiency – that is, needing

smaller samples to reach satisfactory levels of statistical power – is
crucial for field experiments on hiring discrimination, as they are often
costly endeavors. Commonly, it is believed that matched designs are
more statistically efficient than unmatched designs in general. Taking
this belief as their starting point, the authors convincingly argue that
whether or not this belief holds true depends on the level of con-
cordance, i.e. the proportion of cases where both applications in a pair
receive the same response. When concordance is above 0.5, the mat-
ched design remains more statistically efficient in most cases. Con-
versely, when concordance is lower, the unmatched design has an ef-
ficiency advantage: “for matching to matter, the experimental unit (e.g.
employers) must respond at least somewhat similarly to the matched
pairs” (Vuolo et al., 2018, p. 131). However, it should be noted that
even if this is the case, the degree of concordance is typically high in
studies of hiring discrimination, as overall callback rates tend to be low.
In practice, this means that in most cases, the matched approach might
still be the most efficient choice when testing for hiring discrimination.
While the level of concordance is generally unknown for a given cor-
respondence test, it can be estimated by drawing on previous experi-
ments in the same context, or better yet, through pilot studies.

Related to the question of statistical efficiency is that of access to
experimental units, e.g. suitable vacancies for a hiring discrimination

Table 1
Audit- and correspondence studies on ethnic hiring discrimination, 2010-2019.

Author (Year) Matching (number per
vacancy)

Jackson (2009) Unmatched paired (2)*
Duguet, Leandri, L’Horty, and Petit (2010) Yes (2)
McGinnity and Lunn (2011) Yes (2)
Oreopoulos (2011) Yes (4)
Andriessen, Nievers, Dagevos, and Faulk (2012) Yes (2)
Agerström et al. (2012) No
Berson (2012) Yes (2)
Booth, Leigh, and Varganova (2012) Yes (4)
Capéau, Eeman, Groenez, and Lamberts (2012) Yes (2)
Carlsson and Rooth (2012) Yes (2)
Derous, Ryan, and Nguyen (2012) Yes (4)
Drydakis (2012) Yes (2)
Jacquemet and Yannelis (2012) Yes (3)
Kaas and Manger (2012) Yes (2)
Maurer-Fazio (2012) Yes (2)
Edo, Jacquemet, and Yannelis (2013) Yes (6)
Pierné (2013) Yes (6)
Arceo-Gomez and Campos-Vazquez (2014) Yes (8)
Blommaert, Coenders, and van Tubergen (2014) No
Bursell (2014) Yes (2)
Galarza and Yamada (2014) Yes (4)
Baert et al. (2015) Yes (2)
Decker, Ortiz, Cassia, and Hedberg (2015) Yes (2)
Nunley, Pugh, Romero, and Seals (2015) Yes (4)
Gaddis (2015) Yes (2)
Agan and Starr (2016) Yes (4)
Baert and Vujić (2016) Yes (2)
Darolia, Koedel, Martorell, Wilson, and Perez-

Arce (2016)
Yes (2)

Kang, DeCelles, Tilcsik, and Jun (2016) No
Lee and Khalid (2016) Yes (4)
Midtbøen (2016) Yes (2)
Weichselbaumer (2016) Yes (2) and No
Baert, Albanese, du Gardein, Ovaere, and

Stappers (2017)
Yes (2)

Birkelund, Heggebø, and Rogstad (2017) Yes (2)
Vuolo, Uggen, and Lageson (2017) No
Koopmans, Veit, and Yemane (2018) No
(Lancee et al., 2019a) No

Note: Only one publication cited for each individual correspondence study for
clarity. Overview obtained from Baert (2018); Zschirnt and Ruedin (2016) and
Vuolo et al. (2018) with more recent and other studies added.
* Jackson’s study uses pairs but forgoes matching, and is discussed further in

the concluding section.
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experiment. In this case, the matched approach offers a clear ad-
vantage. In order to reach the same number of observations, a paired
designs requires half the number of suitable job vacancies. This is
especially critical when conducting field experiments in smaller labor
markets, where there are fewer available vacancies at any given time2 .
In cases where the degree of concordance is high – i.e. in many studies
of hiring discrimination – this advantage of the matched approach be-
comes even clearer.

2.2. Multiple treatments

While statistical efficiency is often implicitly perceived as a strength
of the matched approach, as scholarly interest has moved towards ex-
ploring mediating and interacting factors in hiring discrimination, the
ability to randomize across multiple experimental treatments is raised
as an important strength of the unmatched approach. By employing the
same logic of a full factorial survey experiment, an unmatched field
experiment allows researchers to randomize – in principle, barring
concerns of statistical power - as many treatments as she likes. Of
course, careful consideration must be taken when conducting power
analysis for these experiments, in particular if interactions between
different treatments are of interest. An illustrative example would be if
a study sets out to not only measure ethnic discrimination of a parti-
cular minority group, but of several: In this case, the full factorial un-
matched design allows for easily implementing multiple treatment
conditions without having to send an excessive number of fictitious
applicants to the same employer. However, as mentioned above, this in
turn requires larger number of experimental units, i.e. vacancies. It is
also possible to exploit both within- and between-pair variation in
matched designs, allowing for the inclusion of multiple treatments
without increasing the number of applicants sent to a single employer,
by simultaneously varying two treatments (i.e. race and educational
credentials) within each pair (see e.g. Gaddis, 2015 for an example and
discussion. However, this approach removes the desired strict com-
parison of candidates equal on all but one dimension of interest: whe-
ther or not this is problematic depends on ones view of what precisely
constitutes measuring discrimination. This will be discussed further in
Section 2.4

2.3. Risk of detection and ethical considerations

Following the previous point, there are potential advantages to not
relying on sending multiple fictitious applications to the same job va-
cancy. The first reason revolves around the risk of detection, which of
course is something researchers strive to avoid. Even submitting two
applications that are meant to only differ in one aspect, e.g. the name of
the applicant poses a design challenge regarding the risk of detection:
This is conventionally solved by creating two (or more) templates
which differ only cosmetically. Further, these templates are randomly
assigned orthogonally to the treatment, which allows researchers to
control for any effects of the templates in analysis. However, if one
wants to vary multiple treatments simultaneously, the design (and
analysis) becomes exponentially more convoluted and challenging to
implement – and the risk of detection grows. Detection is also only
observable by the researchers in certain overt cases, so any potential
bias stemming from high detection rates could go unnoticed. An illus-
trative example of this problem can be found in Weichselbaumer (2015,
2016), where the experimental design was in fact changed from

matched to unmatched due to severe issues with detection.
The second aspect of being unconstrained by the need to create

identical-yet-different applications is related to ethical concerns. Field
experiments are intrusive, and rely on subverting the principle of in-
formed consent in order to preserve external validity (for thorough
discussions, see Riach & Rich, 2004b and Zschirnt, 2019). Usually, re-
searchers preparing a correspondence study face ethics boards – either
institutional or governmental – and rely on a series of arguments to
justify this subversion. These will typically appeal to the social im-
portance of the topic weighted against the intrusion involved in making
employers waste time on evaluating fictitious applicants. The magni-
tude of this intrusion is directly related to the number of applicants one
sends to the same employer, so it follows that single-application fac-
torial designs are more readily justifiable from the perspective of re-
search ethics (see Lahey & Beasley, 2018, p. 91 for a similar argument).

2.4. Substantial considerations in measuring discrimination

From a conceptual and theoretical point of view, one could pose the
following question: Do matched and unmatched approaches measure dif-
ferent things? In other words, how do we interpret the results from
correspondence studies, and does interpretation depend on the design?
The answer to this question relies on how one conceptualizes dis-
crimination. Blank, Dabady, and Citro (2004) suggest a two-component
social science definition of discrimination: “(1) differential treatment on
the basis of race that disadvantages a racial group and (2) treatment on
the basis of inadequately justified factors other than race that dis-
advantages a racial group (differential effect).” (p. 39). Correspondence
studies are designed to measure the former by isolating the causal effect
of race.

Commonly, analysis of matched and unmatched designs are con-
ducted in a similar manner: by comparing aggregate callbacks of
treated and reference applicants, often expressed as callback ratios.
With an unmatched design, this number expresses how much less (or
more) likely a treated candidate is to receive a callback, relative to a
reference candidate. For the matched design, however, such an inter-
pretation needs to be qualified by adding that we measure a slightly
different probability for the treated candidates: That is, the probability
of receiving a callback in face of – among others - an equally qualified
competing candidate without the treatment. Which number to be pre-
ferred is a substantial and conceptual rather than a practical or meth-
odological question, and in the following, I will briefly review the
discussion so far, before arguing against a clear substantial distinction
between the measurements.

Central to the question of how the designs differ substantially is how
one defines discrimination. One position found in the literature is the
view that matching is a strict requirement for measuring discrimina-
tion. According to this view, unmatched designs measure something
conceptually different, as expressed by e.g. Riach and Rich (2004a), p.
471), who use the term ‘preferential treatment’. The authors cite
Heckman and Siegelman (1993)3, and conclude that that discrimination
can only occur when an individual employer is confronted with a need
to choose. They further argue that “…no illegal activity is detected by
this [unmatched] procedure.” (p. 471). In my view, there are two ob-
jections to this strict stance on what constitutes discrimination. First, a
core element in definitions of (direct) discrimination as a phenomenon

2When collecting data for our own project (Lancee et al., 2019a, 2019b), this
weakness of an unmatched design became clear: Achieving the same number of
occupations in Norway and the Netherlands as in Germany or Spain turned out
to be more challenging than anticipated, and led us to implement additional
occupations in the former countries. This, in turn, needs to be taken into ac-
count if one wishes to compare national contexts.

3 The Heckman and Siegelman (1993) quote in question is the following:
“Discrimination exists whenever two testers in a matched pair are treated dif-
ferently in the aggregate or on average” (p. 198), which is taken as support for
the view that unmatched designs do not measure discrimination. I do not agree
that Heckman & Siegelman express a view that discrimination only exist when
the above is the case. The statement is made in regards to how one interprets
asymmetric treatment in matched audit studies. Thus, I do not find this a con-
vincing argument in itself for why unmatched designs are substantially unable
to measure discrimination.
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studied by social scientists is precisely differential treatment based on
some irrelevant trait or category; this is also in line with the definition
proposed by Blank et al. (2004) discussed above. They simultaneously
argue for a distinction between legal and social science understandings
of discrimination, where the latter should be broad enough to “include
a range of behaviors and processes that are either not explicitly un-
lawful or not effectively prohibited because of difficulties in measure-
ment or proof” (p.41). Thus, one can argue that a clear distinction
between discrimination and differential treatment has limited relevance
when enforcement is not an explicit focus. Second, one can argue that
even when conceding that only specific acts where a minority applicant
is treated worse compared to an equally (or less) qualified majority
applicant constitute discrimination, unmatched designs still measure
these actions: If there are aggregate systematic differences in callback
rates between treated and untreated candidates, even discrimination in
the strict sense must have occurred in some hiring processes in order to
produce these differences. The problem of being unable to identify
these occurrences, however, remains.

Cherry and Bendick (2018), in a similar vein, correctly notes that
unmatched designs prevent researchers from identifying individual
decision-makers or firms, and further concludes that “…unpaired audits
describe a villainy without villains” (p.55), but that unpaired auditing
studies “…would be acceptable for scholarly publication.” (Cherry and
Bendick, 2018). They do not, however express a strong stance on
whether or not unmatched studies measure discrimination (if not with
identifiable villains), and their main concern is how the findings from
such studies can be mobilized for activist and enforcement purposes,
i.e. whether or not they produce convincing evidence of discrimination.
This issue is, in my view, separate from the substantial debate on what
the designs measure. It is likely true that, regardless of how one con-
ceptualizes discrimination, the inability to identify specific dis-
criminatory actors makes unpaired correspondence studies de facto
unsuitable for enforcement purposes. Whether or not this is problematic
thus depends on the motivation of the study. In correspondence tests
made for research purposes (as opposed to legal enforcement), the
primary interest commonly lies in detecting discrimination as a market-
level phenomenon, not in identifying firms that acted discriminatory
per se. Thus, unpaired designs should produce satisfying measurements.
Finally, it is possible to contest the claim that matched designs are able
to identify individual discriminatory actors. Midtbøen (2013) notes that
“…the single act of choosing one candidate in favor of another cannot
be defined as direct discrimination because it could be the result of a
coincidental preference for one out of two equally qualified job appli-
cants” (p.29). This issue of separating randomness from direct dis-
crimination has also been noted by Pager and Western (2012), p. 233)
and Heckman and Siegelman (1993), p. 198).

As noted, correspondence studies are primarily concerned with
describing discrimination as a macro phenomenon, and in these cases,
the inability to (in theory, but keep in mind the argument above)
identify specific firms is not a concern. However, there are notable
exceptions to this: Pagerös (2016) imaginative study on the potential
long-term consequences of discrimination for firms themselves would
not be possible based on data from an unmatched design, as her ana-
lysis relies on identifying which particular firms expressed tendencies
towards discrimination. Bonoli and Fossati (2018) exploit information
about the cases where the treated candidate is preferred, discovering
interesting patterns of minority preference among high skilled profes-
sional occupations. A similar point in favor of a matched design is the
ability to exploit additional information about other aspects of the
hiring process such as the order in which applicants received callbacks,
more subtle differences in how applicants are treated (e.g. differences in
politeness or brevity and the length of job interviews for audit studies,
see for instance Bendick, 1996; Bendick, Jackson, Reinoso, & Hodges,
1991; Bendick, Rodriguez, & Jayaraman, 2010; Ghumman & Ryan,
2013 and Pager, Bonikowski, & Western, 2009). Such information is
unavailable in unmatched designs, but is possible to proxy by

comparing group averages when statistical power permits it4 .
Further, one can discuss validity of the actual situation produced in

the two design approaches. The logic of the matched design is to control
all elements of the (early stages of the) hiring situation by presenting
the employer with two (or more) identical candidates differing solely
on one dimension. However, as Agerström, Björklund, Carlsson, and
Rooth (2012)) correctly points out, such a situation might be rare and
unrealistic – even if it does reveal discriminatory behavior (see also
Heckman, 1998). They defend their choice of an unmatched design by
stressing that:

…although most experiments aim to reduce random noise, the
present study instead aimed to induce a background of highly rea-
listic noise. To the extent that we then find statistically reliable ef-
fects of the variables we are interested in (warmth, competence and
ethnicity), we can be confident that they are robust over a wide
range of variables that are likely to vary in a real-life context, thus
greatly increasing the generalizability of our findings (Agerström
et al., 2012, p. 361–362).

Even without varying multiple characteristics to create a “back-
ground of highly realistic noise”, the single-application simply pits the
treated candidates against real-world competitors that would be faced
in a real job seeking process – not against the added competition of
another fictitious identical candidate (see also Carlsson, Fumarco, &
Rooth, 2015 for a similar argument). Finally, there is also some evi-
dence of spillover effects in correspondence studies, an issue raised by
Phillips (2016): That is, the notion that a fictitious application’s call-
back probability is influenced by employer perceptions of the applicant
pool as a whole.

3. The induced competition of matched designs

The above points lead me to what is the central concern of this
paper, namely that in matched designs, the probability for the treated
candidate to receive a callback can be directly influenced by the added
competition of the reference candidate. Whether or not this is the case
depends on a few assumptions regarding how the invitation process
actually unfolds, and requires us to think carefully about how we
imagine it to function. This should only be the case if employers have
some kind of limit to how many applicants they are willing to invite to
an interview: by adding a more desirable reference competitor (as-
suming that employers discriminate), one decreases the probability for
the treated candidate to receive one of the available interview invita-
tions. One might argue that this in and of itself is not a problem – after
all, even a case where the minority applicant otherwise would have
been invited to an interview if it were not for the reference competitor
trumping them is still clear evidence of discrimination. So far, this
mechanism is similar to the issue of matched designs making ethnicity a
mere tie-breaker (see Heckman, 1998 and Pager, 2007, p. 116). My
main concern, however, is that this effect of induced competition is
sensitive to the total number of applicants for a given vacancy. In cases
where an employer receives few applications, the paired design would
potentially produce higher (but not necessarily biased or incorrect)
estimates of discrimination if the reference competitor nudges the
treated candidate out of the shortlist for an interview. However, if an
average vacancy receives a large number of applicants, the effect of the
added reference competitor would be negligible. Thus, while the
question of whether or not matched or unmatched designs produce
essentially truer estimates of discrimination remains a topic for dis-
cussion, I argue that the matched design is potentially sensitive to the

4 As with differences in callbacks, one cannot identify which specific firms
produce the differences, but any systematic difference between groups (in ei-
ther e.g. contact time, politeness or interview lengths), assuming proper ran-
domization, must be produced by the treatment itself.
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average number of applicants a vacancy receives – in a way that the
unmatched design is not. As the total number of applicants an employer
receives is usually unknown to the researcher, this sensitivity threatens
any comparison one wishes to make; be it across occupations, labor
market contexts or points in time.

How would one test for this sensitivity empirically, and determine
its potential magnitude? The true empirical test requires three criteria
to be satisfied: First, there must be an underlying treatment effect – i.e.
discrimination – for the study to measure. Second, there needs to be
variation in experimental design, i.e. between matched and unmatched
applications. This would be difficult to motivate as its own study, but
perhaps a possible addition to an already planned correspondence test.
Finally, the number of applications a given vacancy received must be
known to the researcher, or at least proxied in a satisfying manner.
Whether this is possible depends on whether such information is offered
by the job search platform used, or it could possibly be surveyed di-
rectly in retrospect – which itself would be a costly venture. If all of
these criteria are met, one could predict measured discrimination by
design (matched or unmatched) interacted with the applicant pool size.
If this interaction term is significant, showing that matched designs
estimate higher discrimination when applicant pools are small but that
this is not the case for unmatched designs, one would have evidence of
the sensitivity I describe. Thus, an empirical meta-analysis attempting
to identify this sensitivity would require both variation in experimental
design (of which there is little, as the overwhelming majority of cor-
respondence studies on hiring discrimination are matched – see
Table 1) and knowledge of applicant pool sizes (which is rarely possible
to obtain). One fundamental issue remains that obstructs any clear
empirical test for the induced competition sensitivity: that labor market
tightness, i.e. applicant pool sizes, is itself thought to influence em-
ployers’ discriminatory behavior. Even though the empirical evidence is
inconclusive (see Baert, Cockx, Gheyle, & Vandamme, 2015; Carlsson,
Fumarco, & Rooth, 2018), there are theoretical reasons to expect em-
ployers to be less discriminatory when need of labour is high. This
means that a meta-analysis identifying trends of higher measured dis-
crimination in matched studies when applicant pools are small, will
have trouble disentangling whether such a pattern is due to the me-
chanism of induced competition that is the topic of this paper, or due to
the substantial effect of labour market tightness on employer beha-
viour.

The above discussed reasons prevent an empirical investigation of
the potential effect of induced competitions in matched correspondence
tests, barring conducting a large-scale correspondence study rando-
mizing both design (matching or not) and obtaining knowledge on
applicant pool sizes. A different approach to estimate its potential se-
verity is to approach it through simulation. The remainder of this paper
is dedicated to computationally mapping out the potential effect by
creating a simulated meta-analysis of correspondence tests, varying
applicant pool sizes, design choice, and exploring their interplay in
affecting discrimination estimates.

3.1. The effect of competition: a simulation exercise

The aim of this exercise is to quantify the potential sensitivity in-
curred by the matched design through producing a large number of
simulated studies where all parameters of interest can be manipulated.
In the following, I will outline the simulation procedure.

Initially, a dataset of 2000 of observations is generated, and a
treatment is randomly allocated to half of the sample. These observa-
tions represent fictitious experimental applicants in a field experiment.
If the simulated study is matched, pairs of applicants are submitted to
the same vacancy, and treatment randomization occurs within pairs. In
the unmatched, single-application variant, each applicant is submitted
to an individual vacancy. The size of the applicant pools for vacancies
in the given simulated experiment is then specified: This number is
varied from a minimum of 5 to a maximum of 50: When applicant pool

sizes average below 5, basic assumptions (which will be discussed later)
will drastically affect outcomes5 (even if such cases most definitely exist
in real life). The upper limit of 50 is set based on converging results,
which will be shown further in the analysis.

For each vacancy, a recruitment process is simulated. This is an
idealized setting where a pool of applicants is constructed (with a size
defined as described above), consisting of our applicant(s) of interest
from the generated correspondence study, and a list of other applicants
representing real-world applicants outside of the experiment. Each of
the applicants, including the experimental ones, are assigned a random
value from a uniform distribution ranging from 0 to 1 representing their
evaluation score from the employer (thus making no assumptions re-
garding where in the distribution of other applicants our fictitious ones
lie). Treated applicants (one of the two in the matched approach, and
either one or none in the unmatched approach) are subtracted a pre-
defined treatment effect6 . This implementation allows for hetero-
geneity in employers’ preferences; sometimes, the treated candidate
will be evaluated higher than the control candidate will due to random
variation in their initial ratings.

Finally, all applicants applying to a specific vacancy are ranked
according to this random rating. The highest-scoring proportion of the
applicant pool size defined by the variable ‘baseline proportion called
back’ are invited to an interview7 . This number, in practice, represents
the overall probability for a control-group candidate to receive a call-
back, i.e. the baseline callback rate. The following example illustrates
the complete procedure that is simulated for each vacancy. Let us as-
sume that the experiment is matched, so that both a reference and a
treated candidate are submitted to the vacancy in question. The ap-
plicant pool size is set to 8, which means that 8 other applicants will be
applying. The reference candidate receives a random rating of 0.7,
while the treated candidate receives a random rating of 0.8, which is
then subtracted −0.1 resulting in a rating of 0.7. Among the 10 can-
didates, this should, due to the random uniform rating of the other
candidate, make it likely that both candidates are among the top half of
the applicant pool (as the mean of the other, external candidates will be
0.5), potentially resulting in both candidates receiving a callback (even
though the reference competitor was rated slightly higher)8 . This
procedure is repeated for every vacancy in the simulated study. Table 2
shows an overview of all variables manipulated in the simulation ex-
ercise, and occasionally refers to three scenarios (A, B and C) which will
be discussed in the next section.

The end result is a dataset of a simulated field experiment where the
underlying treatment effect and the average applicant pool size is
known. Randomized datasets are then simulated over a large number of
repetitions, varying the design (matched vs unmatched) and the ap-
plicant pool size. As researchers are commonly interested in relative
differences, e.g. expressed as odds ratios, the callback ratio between
treatment and control groups is stored as the output from each repeti-
tion9 . The R code for the simulations are available in the

5 E.g. whether one assumes that employers always invite at least one candi-
date or not, in extreme cases where only the fictitious applicants apply.

6 Note that this penalty to the abstract random rating is simply a way to
operationalize an underlying treatment effect, and does not necessarily corre-
spond to any specific measurement. How much of an impact this subtraction
has depends on the other parameters, but is not of central interest here.

7 For scenario A, every applicant that falls above a threshold of 0.5 is invited
to an interview instead of a highest proportion. This means that many candi-
dates are invited when applicant pools are large, which is likely unrealistic, but
keeping the number relative to the pool size keeps the underlying discrimina-
tion coefficient constant across applicant pool sizes, which in turn makes
comparison between designs clearer.

8 Similarly, in scenario A, both candidates would in this case be invited, as
both score above the 0.5 rating threshold.

9 I have also repeated the analysis with a coefficient estimate from a linear
probability model as the output per simulated study, and the patterns remain
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supplementary material (S1). In the following, I visualize the results of
a meta-regression of simulated field experiments10 under three different
scenarios with different operationalizations of employer behavior.

4. Analysis of simulated experimental data

My overarching assumption is thus the following: When the average
job vacancy receives a small number of applications, the paired appli-
cation procedure produces different discrimination estimates because
the researcher induces additional competition. More specifically, I ex-
pect the paired approach to produce higher estimates of the treatment
effect when the application pool size is small. I expect this effect to
diminish as the mean application pool size grows, and in addition, that
the presence of the effect relies on how we assume the recruitment
process to function. To shed light on the latter point, I have constructed
three experimental scenarios, each representing sets of assumptions
regarding the recruitment process. In the first scenario (A), employers
simply invite candidates that exceed a certain rating threshold – re-
gardless of the relative composition of the given applicant pool. In this
case, I expect the designs to produce similar results, and the estimates
should be unaffected by the applicant pool sizes. In the second scenario
(B), employers rank the submitted applicants and respond positively to
a specified top proportion. In this setting, I expect the experimental
design to matter, as the induced competition by adding the reference
candidate directly influences the probability for the treated candidate
to receive a callback – unless the applicant pool is sufficiently large.
Finally, the third scenario (C) represents a combination of the two
preceding scenarios: Employers initially shortlist the top specified
proportion of applicants, but also have a limit to how low an invited
applicant can be rated. In scenarios A and C, I thus allow for the pos-
sibility that the employer does not invite any candidates. In every
scenario, the number of observations for each study is 2000 and the
actual treatment effect, modeled as the decrease in rating received by
the treated candidates, is -0.1. Thus, each simulated study is sufficiently
powered to detect the effect, and statistical significance is disregarded
in the analysis.

Empirical analysis of actual hiring processes is required to de-
termine which of these scenarios are more realistic, and we can expect
them to vary widely between national contexts, industries, sectors and

firms. However, I argue that the three idealized scenarios above should
capture a range of plausible processes sufficient to address the concern
that is the topic of this paper. I encourage the reader to determine
which scenario is more relevant to their specific setting of interest.

4.1. Scenario A: No relative competition, absolute ratings threshold

In the first scenario, we specify a lower rating threshold under
which employers are not willing to hire applicants. Substantially, we
assume that employers are simply looking for candidates that qualify:
The ranking order of the candidates in the pool does not matter, and
only candidates randomly rated above the threshold are invited irre-
spectively of the applicant pool for the given vacancy. This implies that
the treated candidates are less likely to be invited compared to the
control candidates, and this should be the case regardless of experi-
mental design. In practice, this scenario in part serves as a robustness
check for whether or not the simulation yields expected results, as well
as a baseline for later comparison.

Fig. 1 shows the result of 10 000 simulated experiments under the
assumptions discussed above. The vertical axis shows the callback ratio,
i.e. the callback rate of the control group divided by that of the treated
group, produced by each simulated correspondence study (each point
represents a single simulated correspondence study). The x-axis shows
applicant pool size in each given experiment, and colors indicate study
design. A loess regression slope with 95 % confidence intervals is added
for clarity. As expected, when employers operate on absolute rating
thresholds, both designs produce identical estimates of the underlying
treatment effect (which equals a callback ratio of approximately 1.25),
and these estimates are unaffected by the average applicant pool size.

4.2. Scenario B: relative competition, no ratings threshold

In the following scenario, I specify the proportion of applicants for a
given vacancy who receive a response: Substantially, this means that we
assume that employers only care about the relative composition of the
applicant pool for the given position, not their rating in absolute terms.
The following example provides a simple illustration. Assume we spe-
cify a paired design, a baseline response proportion of 0.2, and a va-
cancy with a given applicant pool of size eight, which means that eight
additional applicants will apply. The ten total applicants (including our
treated and untreated candidate) are then randomly rated between 0
and 1, the treated candidates receives a penalty corresponding to the
assumed treatment effect, and finally the top five candidates receive an
invitation: These final five might or might not contain our experimental
applicants, but are more likely to contain the untreated applicant. In
this case, the experimental design should matter when applicant pools
are small, as the paired design adds a reference group competitor,

Table 2
Overview of variables in simulation procedure.

Variable Value range in simulation Explanation

Number of observations Held constant at 2000 (50 % with treatment). The total number of applicants submitted. In unmatched design, this is equal to the
number of hiring processes. In the matched design, it is equal to twice the number
of hiring processes/vacancies. The value of 2000 was chosen to ensure sufficient
statistical power for each simulated study.

Applicant pool size 5 – 50. The number of other, non-experimental applicants in the simulated
correspondence study. These are randomly rated by employers between 0 and 1.

Treatment effect Held constant at -0.1. This means that reference candidates
on average are rated 0.5, while treated candidates on
average are rated 0.4.

A specified value that is subtracted from treated applicants’ rating score (which in
turn is a random number between 0 and 1).

Baseline proportion called
back

Scenario A: Not used.
Scenario B: 50 %Scenario C: 50
%

The proportion of all applicants for a given vacancy that receive a callback.

Lower-limit rating threshold Scenario A: 0.5.
Scenario B: Not used.
Scenario C: 0.5

A value representing the lower limit rating for an applicant to receive a callback,
regardless of where they fall in the ranking order of the applicant pool. This allows
for employers to invite no candidates, if they all fall below the threshold.

(footnote continued)
unchanged (however, less intuitively interpretable).

10 While the standard procedures for paired and unpaired design would differ
somewhat (i.e. cluster-corrected standard errors by vacancy in paired designs),
this is irrelevant for the present study: All estimates are significant at the 1%
level due to the high N of each individual simulated experiment, and the esti-
mates themselves are the main interest – not their associated statistical power.
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lowering – on average – the probability that the treated candidate re-
ceives an invitation. I specify the baseline proportion invited to be 50
%, e.g. that the highest-rated half of all applicants are invited for a
given vacancy11 .

Fig. 2 shows the hypothesized effect of induced competition in the
paired experiments: The paired design produces larger callback ratio
estimates when applicant pools are small, but the results converge
when pool sizes approach 30. Again, whether the estimates align with
the predetermined “true” treatment effect (shown to be approximately
1.25 in scenario A) is not of primary interest – but whether the designs
are sensitive to changes in the applicant pool size. Under these as-
sumptions, the paired design exhibits the expected sensitivity, while the
single application design produces consistent estimates across applicant
pool sizes. Note that the paired design produces slightly higher esti-
mates across all applicant pool sizes as well, but that this difference is
negligibly small (and not a concern in those cases it is consistent across
pool sizes).

4.3. Scenario C: relative competition, absolute ratings threshold

The final scenario is a combination of the above-discussed two, as
this is arguably more realistic. While scenario B forces employers to
invite the top half of applicants regardless of absolute rating scores, I
modify this assumption in the following. Employers still aim to invite a
certain top proportion of the candidates who applied, but they ad-
ditionally have a lower-bound threshold under which they are not
willing to invite candidates (specified to 0.5, thus eliminating the
bottom-half of all applicants). This allows us to part with the unrealistic
assumption of scenario 1, by letting employers abstain from inviting
any candidate if there are few and none are qualified (Fig. 3).

The pattern is similar to that of the second scenario, but interest-
ingly, both designs exhibit some sensitivity to the applicant pool size:
Before the applicant pool size increases beyond 20, the two designs
produce higher callback ratio estimates – however, the effect is more
severe for the paired design. The sensitivity of the paired design can be
explained by the induced competition of the reference candidate, but
the case of the unpaired design is more puzzling. A possible explanation
is that this implementation of the invitation procedure simply produces
larger callback gaps at small applicant pool sizes regardless of the de-
sign, and that the issue of induced competition additionally affects the
paired designs.

Thus, while both designs would be expected to produce slightly
varying estimates depending on the applicant pool, the paired design is
more sensitive. How substantial this sensitivity is depends on how ac-
tual hiring processes function in detail, as illustrated by scenarios A, B
and C. In the case of scenario B, the distortion changes estimates from
approximately ratios of 1.25–1.285 under the paired design, which
might not in itself be a large difference. However, if we imagine a study
comparing two different industries where labor market tightness dif-
fers, the paired design runs a larger risk of either exaggerating or
downplaying any actual differences in discrimination - purely as an
artefact of the design.

Finally, it is worth noting that in all three scenarios, I have chosen to
model employer behavior and preferences as unaffected by the appli-
cant pool size itself. In scenario A, all qualified (i.e. those falling above
the threshold) are invited regardless of numbers. In scenario B, the top
50 % are invited, again, regardless of numbers, while scenario C is a
combination of both. This constancy of employer preferences regardless
of applicant pool sizes is a strong assumption, as there is reason to
believe that employers adapt their behavior with regards to the number
of applicants as discussed in Section 3. I have chosen to retain this
simplification, as it allows me to isolate the potential effect of induced
competition and preserve clarity and interpretability of the results, at
the cost of realism. It would be possible to model a wide range of dif-
ferent employer behaviors for different applicant pool sizes, but in
principle, wherever there is some form of ranking involved and com-
petition for a finite number of callbacks in employer decisions, the

Fig. 1. Scenario A. Callback ratio estimates from 10,000 simulated correspondence studies by mean applicant pool size. Colored lines indicate fitted loess regression
slope with 95 % confidence intervals.

11 Note that this assumes that employers adapt the number of invitations to
the total size of the applicant pool. It is indeed possible that employers have an
upper limit for how many invitations they are willing to provide, but modelling
the number of invitations as a proportion has the advantage of keeping the
underlying estimate similar across pool sizes. This, in turn, makes the results
easier to compare and interpret.
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effect of induced competition might constitute an issue – regardless of
whether employers discriminate more or less at different applicant pool
sizes.

5. Discussion and summary

I have shown the potential distortion caused by matched pair de-
signs in correspondence studies through the additional induced

competition they involve. What are the practical implications of this
finding? The impact of this distortion for a given study or a given
comparison between studies depends on multiple parameters: The
callback rate of the reference category, the magnitude of the difference
in callbacks, and the practices of employers in ranking and inviting
candidates for interviews. Thus, how problematic this would be de-
pends on the particularities of a given study, but can in principle have
serious implications for studies aiming to provide comparative

Fig. 2. Scenario B. Callback ratio estimates from 10,000 simulated correspondence studies by mean applicant pool size. Colored lines indicate fitted loess regression
slope with 95 % confidence intervals.

Fig. 3. Scenario C. Callback ratio estimates from 10,000 simulated correspondence studies by mean applicant pool size. Colored lines indicate fitted loess regression
slope with 95 % confidence intervals.
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evidence. If labor scarcity varies while underlying discrimination rates
are equal, a significant difference could be detected in a harmonized
paired design – but in reality purely be an artifact of the study design.
Comparing two unpaired experiments, however, does not bear with it
this risk to the same extent, as the underlying treatment effect is more
similarly estimated across all applicant pool sizes. In summary, the
paired design is potentially sensitive to the mean number of applicants
per vacancy in a way that the unpaired design is not. There are two
main issues with providing an empirical test for this sensitivity. First of
all, labor market tightness can potentially impact discrimination rates
by itself, making it difficult to separate this substantial effect from the
design effect of induced competition. Second, researchers usually have
no direct knowledge of the actual applicant pool sizes for correspon-
dence studies, so it is difficult to correct for the sensitivity post-hoc. My
suggestion for researchers planning to implement a correspondence test
is to try to obtain this information before going into the field. Since the
effect of induced competition I describe only appears at relatively small
applicant pool sizes, one should be safe to choose either a matched or
unmatched approach if there is reason to believe that vacancies typi-
cally receive large numbers of applicants. If, however, one suspects that
there might be contexts in the study where applicant pools on average
are very small (i.e. occupations with extremely high demand for labor),
one should consider opting for an unmatched approach to safeguard
against the effect of induced competition. Information about applicant
pool sizes can also be approximated using supply/demand ratios or
administrative data if available.

There is an additional facet to the induced competition I argue af-
fects measurements of discrimination in matched designs, which I have
not taken into account in this stylized simulation exercise, and that is
the qualitative dimension of applicant profiles. In these simulation
models, I imagine applicant evaluation as a highly abstract, uni-
dimensional process represented by a single value which employers
base their decisions on. However, one can easily imagine a more
complex process, where applicants – according to their particular cre-
dentials and labor market experience – are ranked along different di-
mensions. In this case, the induced competition from the paired design
not only functions through adding another competing applicant to the
pool: Indeed, the added competitor (depending on design of the ap-
plicant templates) also shares the exact working experience and qua-
lifications of the treated applicant. It is easily imaginable that some
applications achieve success in evoking responses through their un-
iqueness or their potential for filling a niche. In a pairwise design with a
small applicant pool, this niche potential is reduced – potentially fur-
ther influencing estimates of ethnic discrimination. Again, the magni-
tude of this effect would depend on the average number of applicants
per vacancy. Future correspondence studies where the design itself is
varied, i.e. where some applicants are submitted in pairs and others are
not, would go a long way in providing empirical evidence of how design
choice potentially impacts discrimination estimates when applicant
pool sizes vary.

The potential sensitivity to applicant pool sizes is indeed an argu-
ment in favor of choosing unmatched designs in cases where one sus-
pects applicant pool sizes to vary greatly between contexts and occu-
pations, but there are multiple factors to take into account when
deciding on a correspondence study design. The matched design has
several distinct advantages. First, the required experimental units to
reach satisfying levels of power is halved (or further reduced when
more than two applicants are submitted) for matched designs. This is an
important advantage, especially when studying smaller labor markets
or specific occupations, and especially when the degree of concordance
is high – as is the case in many experiments on hiring discrimination.
Second, the matched design arguably produces more convincing evi-
dence of direct discrimination, which can be a particular strength when
planning correspondence studies in collaboration with community
groups and other organizations. Whether or not the designs sub-
stantially measure different things is a discussion that is likely to

continue in the future, but outside of scholarly interest, matched de-
signs can produce measures that are both easier to communicate and
mobilize for enforcement purposes. Finally, matched designs provide
direct measures on more subtle aspects of the hiring process, such as the
order in which callbacks are given and the qualitative differences in
responses.

The unmatched designs, apart from being robust towards the sen-
sitivity to applicant pool sizes I describe, also has a several distinct
advantages. First, although possible in matched designs, unmatched
designs easily permits the inclusion of multiple orthogonal treatments
without harming statistical power12 . Second, the risk of detection is
lower in unmatched studies, especially compared to matched studies
with larger applicant sets. Related to this is the question of ethics,
where unmatched designs might have an easier time gaining approval
by review boards for the comparatively lesser degree of intrusion in-
volved. Finally, unmatched designs arguably produce more realistic
measurements of overall disadvantage by pitting fictitious applicants
against real-world competitors with a background of “realistic noise”.
All of these factors needs to be taken into account when choosing a
correspondence study design, and I urge researchers to reflect on and
discuss the choice in future correspondence studies.

A potential solution that retains key strengths from both ap-
proaches, but that has not been utilized much in the literature so far, is
to use unmatched paired designs. This is suggested by Neumark (2018)
when discussing solutions to the spillover effect problem raised by
Phillips (2016): “…the problem can be avoided by forgoing matched-
pair designs – for example, randomizing race for each applicant in-
dependently within pairs – so that the “treatment” of being assigned a
black name is not correlated with the applicant pool composition (as
affected by the researcher)” (Neumark, 2018, p. 824–825). Jackson
(2009) employed such a design in a study of discrimination in in the
UK, where the treatment was randomly allocated to each applicant
independently within pairs. This kind of designs retains desirable
properties of the matched approach related to sample sizes and effi-
ciency, while alleviating the concern related to the induced competition
in matched designs where treated candidates are always paired with a
reference competitor. However, they still face the issues related to de-
tection and ethics discussed in this article. Nonetheless, I see this ap-
proach as a fruitful direction for correspondence studies and one that
warrants more attention, especially in small labor markets with limited
access to experimental units.

Finally, even though my argument has been formulated with re-
gards to correspondence studies on ethnic hiring discrimination, my
line of reasoning extends to audit studies, and studies of discrimination
in other contexts and along other dimensions than race or ethnicity. As
attention is moving beyond simply asserting the existence of dis-
crimination in various arenas, towards attempting to explain differ-
ences and variation in its prevalence, the need for well-founded
methodological decisions becomes even more crucial.
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