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            Abstract
Women (compared to men) and individuals from minority ethnic groups (compared to the majority group) face unfavourable labour market outcomes in many economies1,2, but the extent to which discrimination is responsible for these effects, and the channels through which they occur, remain unclear3,4. Although correspondence tests5â€”in which researchers send fictitious CVs that are identical except for the randomized minority trait to be tested (for example, names that are deemed to sound â€˜Blackâ€™ versus those deemed to sound â€˜whiteâ€™)â€”are an increasingly popular method to quantify discrimination in hiring practices6,7, they can usually consider only a few applicant characteristics in select occupations at a particular point in time. To overcome these limitations, here we develop an approach to investigate hiring discrimination that combines tracking of the search behaviour of recruiters on employment websites and supervised machine learning to control for all relevant jobseeker characteristics that are visible to recruiters. We apply this methodology to the online recruitment platform of the Swiss public employment service and find that rates of contact by recruiters are 4â€“19% lower for individuals from immigrant and minority ethnic groups, depending on their country of origin, than for citizens from the majority group. Women experience a penalty of 7% in professions that are dominated by men, and the opposite pattern emerges for men in professions that are dominated by women. We find no evidence that recruiters spend less time evaluating the profiles of individuals from minority ethnic groups. Our methodology provides a widely applicable, non-intrusive and cost-efficient tool that researchers and policy-makers can use to continuously monitor hiring discrimination, to identify some of the drivers of discrimination and to inform approaches to counter it.
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                    Fig. 1: Effects of the ethnicity of jobseekers on contact rate and time spent by recruiters on jobseekersâ€™ profile.[image: ]


Fig. 2: Variation inÂ theÂ time that recruiters spend on profiles and ethnic penalties during the workday.[image: ]


Fig. 3: Gender-based hiring disparities across occupations.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 The search process on Job-Room.
The search process on the government-affiliated online recruitment platform of the Swiss public employment service. Left, stylized illustration of the search process; right, screenshots of every step. aâ€“c, First the recruiter completes the search mask (a), typically by entering the occupation for which a vacancy exists and place of work, from which a ranked list of candidates who meet these criteria is generated (b). From this list, the recruiter selects the profiles that provide detailed productivity-related information akin to a standard CV about the jobseekersâ€™ education, work experience and skills, as well as gender and markers of ethnicity (c). The bottom of the profile contains a button that reveals the contact information, typically a jobseekerâ€™s phone number and email address, and the contact details of the employment office.


Extended Data Fig. 2 Validation of research design.
a, Percentage point effects and associated cluster-robust 95% confidence intervals of ethnicity on the likelihood that the contact button has been clicked conditional on profile visit (nÂ =Â 254,975). The sample is restricted to non-registered recruiters who do not observe the nationality and name of jobseekers. Controlling for detailed language skills of jobseekers, these recruiters should not be able to infer candidatesâ€™ ethnicity. Standard errors are clustered at recruiter level. The null hypothesis that all ethnicity coefficients are jointly zero is not rejected (PÂ =Â 0.93 (two-sided F-test)). b, Comparison of our baseline results that are based on the click on the contact button (in blue) with analogous regressions with outcome variables that are more direct signals of contact attempts by recruiters (nÂ =Â 3,251,303). Dots with horizontal lines indicate point estimates with cluster-robust 95% confidence intervals from OLS regression. The dependent variable in the model â€˜mail or print buttonâ€™ is a binary indicator if a recruiter clicked on the hyperlink of the email address of the candidate or on the button â€˜print candidate profileâ€™ available on the profile page (nÂ =Â 3,251,263 profile views). These click events happen in only 3.3% and 4.8% of profile visits, respectively. The dependent variable in the model â€˜contact button (60 sec)â€™ is a binary indicator equal to one if a recruiter clicked on the contact button and subsequently stayed on the profile of the respective jobseeker for at least 60Â sâ€”a sign that the recruiter contacted the jobseeker immediately, possibly via phone or email. This happens in 27.3% of all contact attempts. The coefficients are normalized with the mean of the outcome variables to represent percent effects.
Source data


Extended Data Fig. 3 Discrimination by type of recruiter.
a, Effects of ethnicity on contact rate estimated separately for recruiters with 1 search (nÂ =Â 62,081 profile views), 2â€“10 searches (nÂ =Â 404,203 profile views), 11â€“50 searches (nÂ =Â 546,441 profile views) and more than 50 searches (nÂ =Â 2,238,538 profile views) in the study period. The coefficients are normalized with the mean contact rate of the respective category. Dots with horizontal lines indicate point estimates with cluster-robust 95% confidence intervals from OLS regression. b, Effects of ethnicity on the contact rate estimated separately for registered (nÂ =Â 2,996,288 profile views) and non-registered (nÂ =Â 254,975 profile views) recruiters of the platform. Dots with horizontal lines indicate point estimates with cluster-robust 95% confidence intervals from OLS regression. The light red bars indicate minority ethnic groups that are not (or to a lesser extent) identifiable based on their language skills on Job-Room.Â Supplementary Table 11 provides an overview of the language skills of the different ethnic groups.
Source data


Extended Data Fig. 4 Effects by search duration within a session and for slow and fast deciders.
a, Effect of ethnicity on contact rate depending on the length of a session for immigrant jobseekers from Europe (in blue) and from outside of Europe (in red). Dots with horizontal lines indicate point estimates with cluster-robust 95% confidence intervals from OLS regression (nÂ =Â 1,378,011 profile views). The estimates are derived from interactions between the indicators of ethnicity and indicators of the time elapsed since the start of the session. A session is defined as the time at which the recruiter logs into Job-Room until he or she logs off or closes the browser window. Longer sessions typically encompass several searches. As recruiters vary in their average session length, and these compositional differences can influence our results, the sample is restricted to sessions that take at least 30 min. The regressions control for session instead of search-fixed effects. Swiss jobseekers are used as the reference category. b, Effects of ethnicity on contact rate depending on the average decision time of a recruiter. Dots with horizontal lines indicate point estimates with cluster-robust 95% confidence intervals from OLS regression. The sample is restricted to recruiters who conduct at least 6 searches and view at least 12 profiles. We use a random subset of one third of searches per recruiter to assign recruiters into one of four groups: fast deciders (lowest quartile), rather fast deciders (second quartile), rather slow deciders (third quartile) and slow deciders (highest quartile). The figure shows the ethnic penalties estimated separately for each group of recruiters using the test sample (the remaining two thirds of searches per recruiter). The average time that recruiters are looking at jobseekersâ€™ profiles in the test sample are 5.7Â s for fast deciders (nÂ =Â 303,934 profile views), 9.9Â s for rather fast deciders (nÂ =Â 545,538 profile views), 15.4Â s for rather slow deciders (nÂ =Â 690,989 profile views) and 31.7Â s for slow deciders (nÂ =Â 364,018 profile views).
Source data


Extended Data Fig. 5 Additional gender analyses.
a, Effect of female gender on the probability of contact (in %) (nÂ =Â 17,369,372 profiles). The circles show the (dis)advantage that women face compared to men in a given occupation, plotted against the share of women in that occupation. In contrast to Fig. 3 in the main text, the share of women per occupation is calculated from the Swiss earnings structure survey instead of the share of women in the result list. The circumference of the dots denotes the share of searches in each occupation. The solid black line indicates the weighted least squares regression of the estimated gender disparity against the share of female workers in each occupation. The dashed black lines show the associated 95% confidence intervals. The colour of the circles indicates the ISCO-1 level occupation classification. b, Relationship between occupational wages and hiring penalties (advantages) for female versus male jobseekers, grouped by two-digit ISCO occupation (nÂ =Â 17,369,372 profiles). We estimate occupation-specific wages from the October 2016 wave of the Swiss Earnings Structure Survey. The circles show the (dis)advantage that women face compared to men in a given occupation, plotted against the log average wage in the occupation. The circumference of the dots denotes the share of searches in each occupation. The solid black line indicates the weighted least squares regression of the estimated gender disparity against the average log wage in each occupation. The dashed black lines show the associated 95% confidence intervals. The colour of the circles indicates the ISCO-1 level occupation classification.
Source data


Extended Data Fig. 6 Tests for statistical discrimination.
a, Effects of ethnicity on the contact rate estimated separately for jobseekers with low (nÂ =Â 332,425 profile views), medium (nÂ =Â 585,979 profile views) or high (nÂ =Â 501,506 profile views) unobserved employability. Dots with horizontal lines indicate point estimates with cluster-robust 95% confidence intervals from OLS regression. The construction of the index of unobserved employability exploit that we can observe the age, marital status and pre-unemployment wage of jobseekers. These characteristics are unobserved by recruiters on Job-Room. The construction involves several steps. First, we collapse the data at the jobseeker level and split the sample randomly in a training (50% of the searches) and a test sample (the remaining 50%). Second, we interact the three characteristics with nine occupation dummies (according to the Swiss SBN occupational classification). Third, we regress a dummy variable that a jobseeker leaves unemployment within the first four months after registering at the Swiss public employment service on these interactions, controlling for occupation-period and canton fixed effects. On the basis of these occupation-specific estimates, we predict the likelihood that jobseekers in the test sample leave unemployment within four months. We then assign each of these jobseekers to one of three equally sized groups (high, medium and low unobserved employability). The likelihood that a jobseeker with high unobserved employability leaves unemployment within 4 months is 37%, whereas it is 10% for jobseekers with low unobserved employability. The regressions are based on the test sample. b, Effects of ethnicity on the contact rate by length of the unstructured text field containing information onÂ additional skills of jobseekers (seeÂ Supplementary Table 1 for examples). Dots with horizontal lines indicate point estimates of the interaction between length of skill field and ethnicity with cluster-robust 95% confidence intervals from OLS regression (nÂ =Â 3,251,263 profile views). The reference categories (the hollow dots on the zero line) are Swiss jobseekers who report no additional skills, a skill field with 1 to 10 words and a skill field with more than 10 words, respectively.
Source data


Extended Data Fig. 7 Effect of a click on the contact button on the likelihood of leaving unemployment.
Effect and associated cluster-robust 95% confidence intervals of a click on the contact button on Job-Room on the likelihood that a jobseeker leaves unemployment, exploiting that we can link candidates to the unemployment register. The dependent variables are dummy variables equal to one if a jobseeker leaves unemployment within 30, 60, 90, 120 and 150 days, respectively, after a search. Each coefficient is derived from a separate regression (nÂ =Â 12,823,811 profiles). The variable of interest is the contact attempt on Job-Room. The sample consists of all individuals that appeared within a result list of a search between March and September 2017. We drop the remaining periods because we observe unemployment exits only up to March 2018. We also exclude all registered unemployed individuals who reach their maximum benefit duration to make sure that exit out of unemployment represents a voluntary decision by the jobseeker. The regressions control for search-specificÂ fixed effects and all variables visible to recruiters on Job-Room including unemployment duration at the time of the search and all relevant first-order interactions. The model contains 2,569 covariates that are predictive for leaving unemployment and the contact button click, selected by the Lasso-based post-double selection method. The regressions thus control for all factors that plausibly influence recruitersâ€™ contact attempts on the platform. The coefficients are identified because certain individuals are contacted on the platform whereas observationally equivalent individuals who appear in the same search are not; for example, because of idiosyncrasies in recruitersâ€™ decisions or because their candidate profile is not visited (for example, as they are ranked low in the result list). The average likelihood of leaving unemployment after 30 (60, 90, 120, 150) days is 17% (30%, 40%, 48%, 54%). The click on the contact button thus increases the likelihood to leave unemployment within 90 days after the search by 2.1% (0.821/40). Standard errors are clustered at recruiter level.
Source data


Extended Data Table 1 Comparison of ethnic penalties with estimates from a contemporaneous correspondence studyFull size table


Extended Data Table 2 Characteristics of candidates with at least one profile visit by nationalityFull size table


Extended Data Table 3 Descriptive sample statistics with and without sample restrictionsFull size table
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