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Abstract

Correspondence studies can identify the extent of discrimination in hiring as typically
defined by the law, which includes discrimination against ethnic minorities and
females. However, as Heckman and Siegelman (1993) show, if employers act upon a
group difference in the variance of unobserved variables, this measure of
discrimination may not be very informative. This issue has essentially been ignored in
the empirical literature until the recent methodological development by Neumark
(2012). We apply Neumark’s method to a number of already published
correspondence studies. We find the Heckman and Siegelman critique relevant for
empirical work and give suggestions on how future correspondence studies may
address this critique.
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1. Introduction
Correspondence studies are an increasingly popular method for measuring discrimin-

atory treatment against, e.g., ethnic minority and female workers in the labor market

(see Riach and Rich, 2002, for a survey). In the standard correspondence study,

matched pairs of qualitatively identical job applications are sent to employers that have

advertised a job opening. The only difference between the fictitious applications is the

name of the applicant, which signals ethnicity or gender. The degree of discrimination

in hiring is quantified by calculating the difference in the callback rate (i.e., the fraction

of invitations) to a job interview between the groups.

The advocates of correspondence studies argue that the method provides the most

clear and convincing evidence of discrimination. Their main argument is that a carefully

designed correspondence study can identify discriminatory treatment by employers

since the signal of group belonging is randomized. This circumvents the problem with

unobserved individual heterogeneity – a common problem in studies using adminis-

trative data.

The method’s ability to identify discriminatory treatment by employers is certainly at-

tractive, but it should be noted that correspondence studies cannot distinguish between

preference-based (Becker, 1957) and statistical discrimination (Aigner and Cain, 1977;

Arrow, 1973; Phelps, 1972). Somewhat simplified, preference-based discrimination is

based on employer prejudice, while statistical discrimination arise when employers act
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upon perceived group differences in the mean or variance of unobserved variables

(i.e., variables not included in the job applications). However, the inability to separate

between these two types of discrimination may not be a huge drawback unless the aim

is solely to identify preference-based discrimination. In many countries, both

preference-based and statistical discrimination against, e.g., ethnic minorities and

women are illegal1. Hence, the level of discrimination being measured by the standard

correspondence study is an unbiased measure of the degree of discrimination as defined

by the law for these countries.

More problematic is that, despite being an unbiased measure of what the law de-

fines as discrimination, which includes the case when employers act upon perceived

group differences in the variance of unobserved variables, it may not be very inform-

ative. The problem is that when employers perceive a group difference in the variance

of unobserved variables, the degree of discrimination in a correspondence study de-

pends on the level at which the experimenter standardizes the observed characteris-

tics in the job applications2. As a result, the standard correspondence study only tells

the true level of discrimination against ethnic minority or female applicants who have

similar qualifications as in the fictitious job applications. In the extreme case, a badly

designed correspondence study may measure the degree of discrimination against a

very atypical, or even non-existing, ethnic minority or female job applicant. In order

to obtain an informative measure of discrimination in the market, the level of

standardization must reflect the qualifications of a representative ethnic minority or

female job applicant.

Although the idea of perceived group differences in the variance of unobservables

has a long tradition in economics (e.g., Aigner and Cain, 1977), the issue has been es-

sentially ignored in the empirical literature on correspondence studies until the appear-

ance of the method proposed by Neumark (2012)3. In short, Neumark’s method implies

estimating the perceived relative variance in unobserved variables across groups, which

then makes it possible to decompose the measured degree of discrimination into two

parts. The first part captures discrimination in hiring due to employer preferences and/

or a perceived group difference in the mean of unobserved variables, while the second

part captures discrimination in hiring due to a perceived group difference in the vari-

ance of unobserved variables. In our study, the second part is of main interest, since it

reveals to what extent the result of a particular correspondence study is affected by its

design, i.e., the level of standardization of the qualifications included in the job applica-

tions. Neumark applies his method to the data in the seminal correspondence study

conducted by Bertrand and Mullainathan (2004) and finds indicative evidence of that

the degree of discrimination depends on perceived group differences in the variance of

unobserved variables. Baert et al. (2013) also applies Neumark’s method, but to their

own data, and find a similar result.

In the current study, we use Neumark’s method to analyze to what extent a perceived

group difference in the variance of unobserved variables is an issue in a number of

already published correspondence studies. To this end, we use data from three experi-

ments conducted in the Swedish labor market between 2005 and 2007. In two of the

experiments, our results indicate that the degree of discrimination depends on per-

ceived group differences in the variance of unobservables, while in one experiment

there is no evidence of a dependency4.
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The next section explains the issue with perceived group differences in the variance

of unobserved variables and the level of standardization (henceforth the HS critique,

since it was first discussed in the seminal paper by Heckman and Siegelman, 1993).

Section 3 explains Neumark’s method in more detail, Section 4 describes the corres-

pondence studies used to implement Neumark’s method, Section 5 presents the main

results, and Section 6 concludes.

2. The HS critique
This section aims at graphically explaining the intuition behind the HS critique. We

first explain how an employer estimates the productivity of an applicant, and how an

applicant’s probability of being invited to a job interview is determined. Then we turn

to the factors that determine the measured degree of discrimination in a correspond-

ence study, where we focus on the level of standardization of the job applications.

Much of the content of this section is inspired by Heckman and Siegelman (1993,

henceforth HS)5. For readers that are interested in a more formal and detailed explan-

ation we refer to HS’s paper.

2.1 The productivity of a job applicant

To determine if a job applicant should be invited to a job interview, the employer esti-

mates the productivity of the applicant. The productivity depends on deterministic ob-

served variables XOBS (variables that are included in the job application), unobserved

random variables XUNOBS (variables that are not included in the job application), and a

discount factor γ that reflects employer preferences, which takes a negative value for

applicants in the discriminated group and zero otherwise. Total productivity P for an

applicant is then given by

P ¼ βOBSXOBS þ XUNOBS þ γ ð1Þ

where βOBS is the return to observed characteristics and the return to unobserved char-

acteristics has been normalized to one.

2.2 The probability of a job interview

Job applicants that have productivity above a certain threshold are invited to a job

interview. Since the productivity of a particular job applicant is unknown, the em-

ployer estimates the likelihood that the productivity of a job applicant passes the

threshold; the only random factor in the estimation is XUNOBS. If XUNOBS follows a

normal distribution, total productivity P is also normally distributed6. The mean of P

is E[P] = βOBSXOBS + E[XUNOBS] + γ, which depends on the employer’s perception

about the mean of XUNOBS, and the variance of P is determined by the employer’s

perception about the variance of XUNOBS. Both the mean and variance of P may vary

between groups. In Figure 1, the probability of being invited to a job interview is

graphically illustrated. The shaded area is the probability of being invited to a job

interview, which corresponds to the probability of passing the threshold c7.

2.3 Discrimination

The measure of discrimination in a correspondence study reflects the situation where

there are two groups of job applicants with identical observed characteristics XOBS, but
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Notes: The vertical axis measures density and the horizontal axis measures productivity. The shaded area is 
the probability of being invited to a job interview (i.e., the probability of passing the threshold c ). 

Figure 1 The probability of an invitation to a job interview.
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the likelihood of being invited to a job interview is higher for one group of applicants.

This measure of discrimination can be decomposed into two parts. The first part,

which we label the effect through the level of discrimination, reflects the combined ef-

fect on discrimination through preference-based discrimination and/or a perceived dif-

ference in the mean of unobserved variables. The second part, which we label the effect

through the variance of unobserved variables, reflects the effect on discrimination

through a perceived group difference in the variance of unobserved variables. The sec-

ond part depends on the level of standardization, which we return to below.

The effect through the level of discrimination

Figure 2 illustrates the effect through the level of discrimination, i.e., a situation when

there is no perceived group difference in the variance of unobserved variables. In this

case, the expected productivity E[P] is lower for applicants in the discriminated group

for whom the density curve is shifted to the left. As a result, there is a lower probability

of passing the threshold for these applicants. Note that E[P] may be lower as a result

of either preference-based discrimination (γ < 0) or statistical discrimination based

on a perceived difference in the mean of unobserved variables (E[XUNOBS]). Hence,

correspondence studies cannot distinguish between preference-based discrimination

and statistical discrimination based on a perceived difference in the mean of unob-

served variables.

The effect through the variance

A more problematic case, which is the focus of this paper, is statistical discrimination

due to perceived group differences in the variance of unobserved variables. This type of

discrimination is problematic, since its magnitude depends on the level of standardization

http://www.izajom.com/content/3/1/11


Notes: The density curve for the discriminated group is shifted to the left, either as a result of preference-
based discrimination or statistical discrimination due to a perceived group difference in the mean of 
unobserved variables. The discriminated group is less likely to pass the threshold (compare the areas to the 
right of the threshold under the density curves). 

Figure 2 Preferences and group differences in the means of unobserved variables.
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of the job applications. To provide the intuition to this issue, let us focus on the simplest

case where there are no perceived group differences in the mean of unobserved variables

and no preference-based discrimination (i.e., γ = 0).

Figure 3 illustrates a situation where the experimenter has set a low standard of the

job applications. In this case, the expected productivity E[P] is below the threshold for

both groups of applicants. However, if one group of applicants has a higher variance of

unobserved variables, then job applicants from this group are more likely to pass the

threshold due to the longer tails of the distribution of unobserved variables.

Figure 4 illustrates the opposite case where the experimenter has set a high standard

of the job applications. In this case, the expected productivity E[P] is above the thresh-

old for both groups of applicants. However, in this scenario the group with the higher

variance of unobserved variables will now be less likely to pass the threshold due to the

longer tails of the distribution of unobserved variables.

The cases illustrated in Figures 3 and 4 give the theoretical argument to why the re-

sults from a standard correspondence study may not be very informative about the de-

gree of discrimination in the market. The cases show that the measured degree of

discrimination depends on the level of standardization of the job applications if there is

a perceived group difference in the variance of unobserved variables. Hence, if the level

of the qualifications is not set to mirror a representative ethnic minority or female job

applicant, the measured degree of discrimination may say little about the average de-

gree of discrimination in the market8.
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Notes: This figure illustrates statistical discrimination due to a perceived difference in the variance of 
unobserved variables and a low standard (where [ ]PE  is below the threshold) of the job applications. In 
this case, the group with a higher perceived variance is more likely to pass the threshold due to the longer 
tails of the distribution of unobserved variables.

Figure 3 A low level of standardization and group differences in the variance.
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3. Neumark’s method9

Neumark’s insight is that the HS critique can be addressed in a two step procedure. In

the first step, the degree of discrimination is estimated together with the group specific

variance of unobserved variables. In the second step, the estimated degree of discrimin-

ation is decomposed into two parts: the effect of group belonging through the level of

discrimination (see Figure 2) and the effect of group belonging through the variance of

unobserved variables (see Figures 3 and 4). In the analysis, we have followed Neumark’s

two step procedure, which we have implemented using Stata 1210.

In the first step, Neumark uses the heteroskedastic probit model for estimation. Iden-

tification of the group specific variance in the heteroskedastic probit model requires

data from a correspondence study that have random variation not only in the signal of

group belonging, but also in some other observed productivity related variable(s) in the

job applications. Importantly, there is an identifying assumption in the heteroskedastic

probit model, which translates into an assumption of equal returns across groups to

these additional productivity related variables. Below we return to whether this assumption

is likely to hold.

In the second step, Neumark decomposes the marginal effect of group belonging in

the heteroskedastic probit model into the two parts: the effect of group belonging

through the level of discrimination and the effect of group belonging through the
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Notes: This figure illustrates statistical discrimination due to perceived differences in the variance of 
unobserved variables and a high standard (where [ ]PE  is above the threshold) of the job applications. In 
this case, the group with a higher perceived variance is less likely to pass the threshold due to the longer 
tails of the distribution of unobserved variables.

Figure 4 A high level of standardization and group differences in the variance.
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variance of unobserved variables. The standard errors of the two parts are calculated

using the delta method.

Returning to the identifying assumption of equal returns, this assumption is likely to

hold for well designed correspondence studies, where there should be no group differ-

ences in the quality of the observed characteristics. E.g., in a written application the ex-

perimenter can easily choose not only the amount of schooling and work experience,

but also similar schools and type of work experience so that the returns to those char-

acteristics are the same across groups.

Moreover, the identifying assumption about equal coefficients can be tested. To im-

plement the test, the first step is to estimate the probability of an invitation to a job

interview separately for the two groups. In the second step, the residual standard devia-

tions are normalized such that for one group the standard deviation is equal to unity

while for the other group it is equal to the ratio of the group residual standard devia-

tions. In the simplest case, with only one observed productivity related variable being

varied in the job applications, a group difference in the coefficient of this variable can

either arise because the identifying assumption does not hold or because the relative

standard deviation is different from unity. However, with (at least) two observed prod-

uctivity related variables that vary in the job applications, it becomes possible to test

the null hypothesis of equal coefficients across groups of the observed applicant

http://www.izajom.com/content/3/1/11
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characteristics. In the third step of the test, the ratios of the two coefficients are calcu-

lated separately for each group of applicants. It is the fact that the relative standard de-

viation cancels out for the second group, since this is a factor in both the dominator

and numerator, which enables the test. In the final step, the null hypothesis of equal co-

efficients is tested by testing if the two ratios are equal across the groups11. We apply

this test in our empirical analysis.
4. Data
To implement Neumark’s method we use data from three different correspondence

studies conducted in the Swedish labor market, which investigate both ethnic and gen-

der discrimination, and have random variation in applicant characteristics. These three

data sets are labeled Experiment A, B, and C. Recall that Neumark’s method requires

observed applicant characteristics that have a significant effect on the probability of an

invitation and that the effect is the same across groups. Since the set of variables that

fulfills this requirement vary across the experiments, we use a different set of observed

characteristics for each experiment.
4.1 Experiment A

In Experiment A, focus is on ethnic discrimination against applicants with Middle Eastern

sounding names and the data was collected in a field experiment conducted between

March and November 200712. This field experiment was designed for analyzing a number

of research questions related to individual worker productivity and therefore has a large

variation in productivity characteristics of the fictitious job applications. In principle,

twelve different variables were randomly assigned to each application. However, not all of

them were found to have an effect on the probability of a job interview or to have the

same return across groups. In the end, we include five variables that fulfill these require-

ments in the analysis of the variance of unobservables, while the other variables are ex-

cluded from the regressions.

The first two variables regard the personality of the candidate, basically following the

Big Five taxonomy using the two of its five categories - agreeableness and extroversion

(see Borghans et al. 2008). Being an agreeable person has both a moral and social di-

mension. An agreeable applicant states that it is important to care about others and

likes to work in a group. In contrast, an applicant that is not agreeable does not

emphasize these qualities13. Considering the category extrovert, it was decided in the

design of the experiment to focus on the lower level category competence. A competent

applicant states that he or she is a hardworking person that puts a lot of effort on the

job. In contrast, an applicant that is not competent does not emphasize these qualities14.

Both these variables are coded as dummy variables in the empirical analysis.

The third variable captures the type of neighborhood the applicant lives, with a

dummy variable that indicates if the applicant lives in a high income area (i.e., mean in-

come in the area is above the average). The fourth variable gives the applicant’s previ-

ous work experience), which varies between one and five years. In the empirical

analysis, this variable is coded with dummies for each year of experience and with one

year serving as the benchmark. Finally, the fifth variable measures whether the appli-

cant is engaged in sport activities or not. Sport activities could be exercised at two
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different effort levels: a recreational and a competitive level, and this variable is in-

cluded as a dummy for each level of sport activity.

During Experiment A all employment advertisements in thirteen selected occupations

found on the webpage of the Swedish employment agency were collected15. For these

advertised jobs, 5,657 applications – 2,837 with a typical native Swedish sounding name

and 2,820 with a typical Middle Eastern sounding name – were sent to 3,325 em-

ployers. Different job applications were used in each occupation in order to match the

specific skills that are important in an occupation (this holds for Experiment B and C

as well). All applications were sent by email; a clear majority of employers posting va-

cant jobs at this site accept applications by email. Jobs were applied to all over Sweden,

but most advertisements were found in the two major cities of Sweden: Stockholm

and Gothenburg. Callbacks for interview were received via telephone (voice mailbox)

or e-mail.

4.2 Experiment B

Experiment B considers discrimination against female names. Within the same project

as Experiment A, it is also possible to analyze gender discrimination, since additionally

2,830 applications with the same design but now with a native female name were sent

to employers in the same occupations. Compared to Experiment A, we find much

fewer individual variables that affect the probability of a job interview and which also

have the same return for both men and women. However, there are variables that have

a joint effect that fulfill these requirements. To this end, we construct two new com-

bined variables based on the individual variables. We label these new variables good

labor market characteristics and good personal characteristics, and both are simply two

indicators. An applicant is defined as having good labor market characteristics if he or

she has at least one of the following characteristics: the person has been abroad for one

year during high school; the person has at least four years of experience; the person has

experience from more than one previous employer; the person has employment at the

moment. An applicant with good personal characteristics is defined as an individual

that has at least one of the following characteristics: the person is extrovert or the per-

son is agreeable. All other explanatory variables are excluded from the regressions.

4.3 Experiment C

Also Experiment C considers ethnic discrimination against applicants with Middle

Eastern sounding names. Actually, Experiment C consists of observations from two dif-

ferent correspondence studies16. What justifies viewing them as a single experiment is

that both studies have the same design and are conducted roughly during the same

time period between 2005 and 2007. In both experiments, the job applicants are born

in Sweden, have either a typical native Swedish or Middle Eastern sounding name, are

on average 25–30 years old, have two to four years of work experience in the relevant

occupation, and have obtained their education in the same type of school. Also, in both

studies, the applications consist of a quite general biography on the first page and a de-

tailed CV of education and work experience on the second page. Finally, in both studies

a similar routine for receiving responses from the employers were used: email addresses

and a telephone numbers (including an automatic answering service) were registered at

a large Internet provider and a phone company.

http://www.izajom.com/content/3/1/11


Carlsson et al. IZA Journal of Migration Page 10 of 172014, 3:11
http://www.izajom.com/content/3/1/11
Despite the similarities between these two studies there is one important distinguish-

ing factor. For reasons unrelated to this paper, the applications in the second experi-

ment were calibrated for six of the occupations relative to the characteristics in the

first experiment; the quality of the applications in terms of labor market experience and

skills were raised in three occupations and lowered in the other three occupations17. These

six occupations contain 3,536 observations. This calibration generates the variation

in the standards of the applications that we utilize in the current paper. However,

since only one variable varies in Experiment C, we are not able to test the identifying

assumption of equal returns to characteristics in this case.
5. Empirical analysis
In this section, we first use the standard probit model to provide a set of basic results for

Experiment A-C. Then we turn to the main analysis, where we apply Neumark’s method.
5.1 Basic results

Table 1 presents basic results for Experiment A-C. The purpose of this table is to report

the estimate of the degree of discrimination that comes out of a standard correspondence

study and to show that the observed variables in the job applications that we use to imple-

ment Neumark’s method have significant effects – with expected signs – on the probabil-

ity of receiving an invitation to a job interview18.

Experiment A

The first two columns of Table 1 report the basic results for Experiment A. In the top

row of the first column, we find that the ethnic difference in the probability of a job

interview is 9.4 percentage points. From the following seven rows of this column it is

evident that applicants that are extrovert, agreeable, live in a high income area, or have

more than one year of experience (the benchmark) have significantly higher probability

of receiving an invitation to a job interview. Also, the next two rows in this column

show that applicants that are engaged in sport activities have a (weakly significant)

higher probability of an invitation to a job interview. This means that essentially all the

observed application variables have a significant effect – with the expected sign – on

the probability of a job interview. While the regression underlying the estimates in the

first column does not include any other control variables, the second column includes

all application attributes and occupational fixed effects. These additional controls include

dummy indicators for whether the vacancy was located in Stockholm, Gothenburg, or in

other parts of Sweden, the order the applications were sent, and the typeface and layout

of the application.

Experiment B

The basic results for Experiment B are found in the third and fourth columns of

Table 1. Again, in the top row we find the group difference in the probability of a job

interview, now between male and female applicants, which is 2.6 percentage points in

favor of female applicants. From the estimates further down in the table it is evident

that applicants that have good labor market and personal characteristics have a signifi-

cantly higher probability of an invitation to a job interview.

http://www.izajom.com/content/3/1/11


Table 1 Basic probit results

Ethnicity Gender Ethnicity

Experiment A Experiment B Experiment C

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

Middle Eastern sounding/female
Name

-.094*** [.009] -.096*** [.009] .026*** [.009] .026** [.009] -.128*** [.010]

Application characteristics

Extroversion/competence .03*** [.01]*** .04*** [.01] - - -

Agreeableness .03** [.01] .02** [.01] - - -

Experience = 2 .02 [.02] .03 [.02] - - -

Experience = 3 .06*** [.02] .06*** [.02] - - -

Experience = 4 .08*** [.02] .08*** [.021] - - -

Experience = 5 .03 [.02] .04** [0.02] - - -

High income area .02* [.01] .02 [.01] - - -

Recreational sports .02 [.01] .01 [0.01] - - -

Competitive sports .03* [.02] .03 [0.02] - - -

Good labor market characteristics - - .03*** [.01] .03*** [.01] -

Good personal characteristics - - .04*** [.01] .04*** [.01] -

Increased quality application - - - - .04*** [.02]

Other application controls No Yes No Yes -

Occupational fixed effects No Yes No Yes Yes

Number of observations 5,636 5,636 5,662 5,662 3,536

Notes: The dependent variable is an indicator variable that takes the value one if the applicant was invited to a job
interview and zero otherwise. The reported standard errors (in brackets) are clustered at the job advertisement level.
***, **, and * denote the 1, 5 and 10 percent significance levels, respectively.
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Experiment C

The basic results for Experiment C are found in the last column of Table 1. This time

the ethnic difference in the probability of a job interview is 12.8 percentage points, in

favor of applicants with native Swedish sounding names. The row at the bottom of the

table reveals that improved quality applications have a significantly higher probability

of a job interview. Note that there is only one column of estimates for Experiment C.

This is partly because in this experiment we do not have any useable information to

construct other application controls other than the high quality variable. Moreover, in

the case of Experiment C, it does not make sense to present the estimates without oc-

cupational fixed effects. The reason is that the quality of the applications are manipu-

lated at the occupational level, which means that without occupational fixed effects the

estimate of improved quality may also reflect occupation specific demand.

5.2 Main results

In this section, we use Neumark’s method where we first estimate a heteroskedastic

probit model, and then decompose the estimated degree of discrimination into two

parts: the effect of group belonging through the level of discrimination and through the

variance of unobserved variables. An issue is that Neumark’s method often increases

the standard errors of the decomposed marginal effects by a factor of 2.5, or more,

compared to the standard error of the undecomposed marginal effect, which renders

statistically insignificant estimates. Since we find the magnitude of the estimates to be

http://www.izajom.com/content/3/1/11
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economically important we choose to view the decomposed marginal effects as still

providing evidence.

To facilitate the interpretation of the results of the decomposition, we discuss the re-

sults for the first experiment (Experiment A) in detail, while the results of the remaining

experiments are discussed more briefly.

Experiment A

The results of the decomposition for Experiment A (ethnic discrimination) are pre-

sented in the first column of Table 2. The estimate in panel A is for comparison and re-

peats the standard probit estimates of having a typical Middle Eastern sounding name

in Table 1, while the estimate in panel B presents the estimated marginal effect ob-

tained from the heteroskedastic probit model. If there is a group difference in the vari-

ance of unobservables, this would violate the standard probit model assumption of

equal variances. Therefore, a first indication of a difference in the variance of unobserv-

ables would be if the estimate of the degree of discrimination differs between the stand-

ard probit and the heteroskedastic probit. However, in the case of Experiment A, the

two estimates are very similar, which indicates that there is no perceived group differ-

ence in the variance of unobservables.

Next, the first two rows in panel C give the marginal effects of group belonging

decomposed into the effect through the level of discrimination and the effect through the

variance of unobserved variables, respectively. The key estimate of interest is the effect

through the variance, since this estimate tells if the degree of discrimination depends

on perceived group differences in the variance of unobserved variables. In Experiment A,

the point estimate of the effect through the variance is small and insignificant. This implies

that the estimate of discrimination in this experiment does not depend on the design of

the experiment, i.e., the level of standardization being set by the experimenter.
Table 2 Decomposition

Ethnicity Gender Ethnicity

Experiment A Experiment B Experiment C

(1) (2) (3)

A. Basic probit

Middle Eastern sounding/female name -.096*** [.009] .026** [.009] -.128*** [.010]

B. Heteroskedastic probit

Middle Eastern sounding/female name -.098*** [.009] .029*** [.010] -.135*** [.011]

C. Decomposition

Marginal effect of name through level -.088*** [.023] .001 [.024] -.090** [.029]

Marginal effect of name through variance -.010 [.025] .028 [.025] -.044 [.033]

Relative standard deviation of unobserved variables .96 1.13 .83

Wald test statistic, standard deviation == 1 (p-value) .68 .29 .14

Wald statistic, ratios of coefficients are equal (p-value) .67 .89 -

Other application controls Yes Yes -

Occupational fixed effects Yes Yes Yes

Number of observations 5,636 5,662 3,536

Notes: The dependent variable is an indicator variable that takes the value one if the applicant was invited to a job
interview and zero otherwise. The reported standard errors (in brackets) are clustered at the job advertisement level.
***, **, and * denote the 1, 5 and 10 percent significance levels, respectively.
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The next two rows (in panel C), respectively, present the point estimate of the rela-

tive standard deviation of the unobservables for applicants with typical native Swedish

and Middle Eastern sounding names and the resulting p-value from testing the hypoth-

esis that the relative standard deviation equals one. There is no evidence of a perceived

difference in the variance of unobserved variables, since the relative standard deviation

is close to one (.96) and the p-value is large (.68).

The last row in panel C contains the result from testing the identifying assumption of

equal coefficients across groups for the observed applicant characteristics. The high

p-value for the Wald statistic suggests that the data is consistent with the identifying

assumption of equal coefficients.

Experiment B

The results of the decomposition for Experiment B (gender discrimination) are pre-

sented in the second column of Table 2. Here, the difference between the two estimates

from the standard probit and the heteroskedastic probit is larger – at least in relative

terms (compare the estimates in panel A and B). This indicates the existence of a per-

ceived difference in the variance of unobserved variables across groups. Interestingly,

when the estimated degree of discrimination is decomposed, we find that the effect

through the variance is of the same magnitude, although insignificant, as the overall es-

timate of discrimination (second estimate in panel C), while the effect through the level

is zero (see first estimate in panel C). This suggests that the measured degree of dis-

crimination in this experiment depends on the level of the standardization of the job

applications being set by the experimenter.

Although statistically insignificant, if we take the estimate of the relative standard de-

viation of unobservables at face value, the interpretation is that the standard deviation

of the unobserved variables is 13 percent higher for females compared to males. This is

consistent with a low standard (where E[P] is below the threshold, see Figure 3) of the

applications being set in the experiment and where the higher variance of unobserved

characteristics benefits females.

The high p-value for the Wald statistic in the last row in panel C suggests that the

data is consistent with the identifying assumption of equal coefficients for the observed

applicant characteristics.

Experiment C

The results of the decomposition for Experiment C (ethnic discrimination) are pre-

sented in the third column of Table 2. Here, the difference between the two estimates

from the standard probit and the heteroskedastic probit is larger than in both Experi-

ment A and B, which suggests that employers have acted on perceived group differ-

ences in the variance of unobservables when hiring. As expected, when the estimated

degree of discrimination is decomposed, the effect through the variance is quite large,

but statistically insignificant. Taking the point estimate at face value suggests that the

level of standardization plays a role for the estimated degree of discrimination in this

experiment.

Although the relative standard deviation of unobservables in experiment C is not

different from one in a statistical sense (the p-value is .14), the interpretation of the

point estimate is that the standard deviation of the unobserved variables for
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applicants with typical Middle Eastern sounding names is only .83 of the standard

deviation for applicants with native Swedish sounding names. Similarly as in Experi-

ment B, this is consistent with setting a low standard (where E[P] is below the

threshold, see Figure 3) of the applications in the experiment where applicants with

typical Middle Eastern sounding names are suffering from their lower variance of the

unobserved variables.

In this experiment, it is not possible to test the identifying assumption of equal

returns to observed applicant characteristics, since, in addition to the Middle Eastern

sounding name dummy, there is only variation in one explanatory variable.
6. Concluding remark
It can be argued that correspondence studies provide the most clear and convincing

evidence of discrimination since the signal of group belonging in these studies is ran-

domized, which circumvents the problem with unobserved individual heterogeneity.

However, the results in HS show that the measured degree of discrimination in a cor-

respondence study may still not be very informative if the level of qualifications of

the fictitious job applications do not match up with the representative job applicant

in the discriminated group. The reason is that when employers act upon perceived

group differences in the variance of unobserved variables the degree of discrimin-

ation depends on how the experimenter sets the level of qualifications in the job ap-

plications. This so called HS critique has essentially been ignored in the empirical

literature on correspondence studies until the appearance of the methodology pro-

posed by Neumark (2012).

We use Neumark’s method to reexamine a number of already published standard

correspondence studies, which do not take into account the level of standardization.

We find suggestive evidence that the results of discrimination depend on the level of

standardization and hence, perceived group differences in the variance of unobserved

variables may be important, not just as a theoretical argument, but also for the empir-

ical design when conducting correspondence studies.

What are the implications of our findings? We believe our results are sufficiently

strong to suggest that correspondence studies cannot continue to ignore the issue

raised by HS. In our opinion, future correspondence studies should try to invest more

effort in the design of the job applications, aiming for a level of standardization that re-

flects the representative ethnic minority or female job applicant in the population (and

ideally for each type of job). This requires information on what qualifications real job

applicants have and a challenge may be that, at least historically, such information has

been difficult to obtain. However, today there exist large databases with such informa-

tion as a result of online job search: Job applicants put their CVs online to make them

available for employers searching for workers. We believe that a natural way forward

would be to use information from such databases when designing the job applications

to obtain a truly informative measure of the degree of discrimination in the labor mar-

ket. Also, we believe that future correspondence studies should be designed to satisfy

the requirements necessary to implement Neumark’s method, which makes it possible

to, at least in retrospect, analyze to what extent the measured degree of discrimination

depends on the level of standardization.
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Endnotes
1Under European law, which applies to the member countries of the European Union,

of which Sweden is a member, discrimination in employment situations based on, e.g.,

nationality, race, ethnic origin, and gender is considered a crime. Discrimination under

European law includes both preference-based and statistical discrimination in employ-

ment situations by covering general situations where “one person is treated less favor-

ably in a comparable situation” (European Union Agency for Fundamental Rights,

2011). Similar legislation is found in many other countries, including the U.S. (Riach

and Rich, 2002).
2This idea was originally formulated by Heckman and Siegelman (1993) stating that,

if perceived group differences in unobserved variables exists, preference based discrim-

ination is unidentified in a correspondence study. Heckman (1998) also discusses this

issue.
3This issue is also discussed in Neumark (2013), but his method is applied in

Neumark (2012).
4These experiments are found in Carlsson and Rooth (2007), Carlsson (2010), Rooth

(2010), and Eriksson and Rooth (2014).
5See also Heckman (1998).
6As HS argue, the results shown here hold for all distributions in the family of bell

shaped distributions.
7A subtle issue, which Neumark (2012) points out, is that it should actually be deter-

ministic who is invited to a job interview and who is not, if all employers make the

same probability calculation and invite applicants based on the probability of passing

the threshold. Obviously, this is not the pattern we see in reality. However, it is

straightforward to incorporate a random component into the framework that describes

the employers’ decision making. One way is to assume firm specific thresholds that

are, e.g., normally distributed.
8Note that nothing essential changes in our conclusions if we also allow for

preference-based discrimination and/or perceived differences in the mean of unob-

served variables. This would only affect the probability to be hired for the discriminated

group, or both groups, either counteracting or reinforcing the effect from the level of

standardization through perceived differences in the variance.
9Much of the content of this section is taken from Neumark (2012). For a more

detailed explanation of the issues involved in this section the reader should turn to

Neumark (2012).
10The Stata code is available upon request.
11As Neumark points out, failing to reject the null hypothesis of equal coefficients

does not decisively rule out the alternative hypothesis of unequal coefficients. On

the other hand, with a large number of varying variables, failing to reject a false

null hypothesis becomes less likely.
12Details of this experiment are found in Eriksson and Rooth (2014), Carlsson and

Rooth (2012), and Rooth (2011).
13The text (translated from Swedish) for agreeable is “My friends and former col-

leagues would probably state that I am a warm and social person who gets along great

with others. Also, I think it is important to ensure people’s needs, and not just focusing

on the economic side. I have a strong empathy with people who are less fortunate than
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myself and I am active in the Red Cross relief work”, while the text for the opposite is

“I usually do not sit and keep my opinions to myself but rather instead say what I think.

Some of my former colleagues would probably call me a bit stubborn, but I believe it is

important to be correctly understood and to get the job done. I do not mind working

alone, since it is then sometimes easier to concentrate on the job task”.
14The text for competence is “I am used to put great effort into work and I always try

to do my best. I strive to be as precise as possible so the work tasks need not to be re-

peated. My old work mates would probably say that I am a person who always manage

to get the job done. In addition, I would describe myself as a hardworking and ten-

acious (sw: uthållig) person who withstand stress”, while for the opposite it is “I really

like to work but at the same time I think it is important to keep a balance between

work and leisure. The best days are the ones when I feel I have done my job and yet

have energy to be active in my spare time. It is not important for me to be the best at

work and my colleagues would probably describe me as a pretty relaxed”.
15The included occupations were accountants, business sales assistants, cleaners,

computer professionals, construction workers, language teachers in upper compulsory

school, math/science teachers in upper compulsory school, mechanics, motor-vehicle

drivers, nurses, restaurant workers, shop sales assistants, and teachers in secondary

school.
16The first one is Carlsson and Rooth (2007) and the second one is Carlsson (2010).
17The quality was raised in the following occupations: accountants, restaurant

workers, and shop sales assistants. The quality was lowered in the following occupa-

tions: business sales assistants, construction workers, and motor-vehicle drivers.
18The estimates in Table 1 are obtained using the dprobit command in Stata 12.
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