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Abstract
This study estimates the impact of relative age (i.e., the difference in classmates’ 
ages) on both the speed and quality of individuals’ transition from education to 
the labour market, and investigates whether and how this impact passes through 
characteristics of students’ educational careers—topics that have been largely over-
looked in prior work. We use rich data pertaining to schooling and to labour market 
outcomes one year after graduation to conduct instrumental variables analyses. We 
find that a one-year increase in relative age increases the likelihood of (i) being 
employed then by 3.5 percentage points (baseline 91.2%), (ii) having a permanent 
contract by 5.1 percentage points (baseline 42.6%), and (iii) having full-time em-
ployment by 6.5 percentage points (baseline 79.5%). These relative age effects are 
partly mediated by intermediate outcomes such as having had a schooling delay 
at the age of sixteen or taking on student jobs. The final mediator is particularly 
notable as no earlier studies examined relative age effects on student employment.
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1  Introduction

Differences in maturity amongst classmates (henceforth ‘relative age’) correlate with 
gaps in the performances, cognitive abilities and noncognitive abilities of classmates 
(Bedard & Dhuey, 2006; Crawford et al., 2014; Fumarco & Baert, 2019; Fumarco 
et al., 2020; Oosterbeek et al., 2021; Peña, 2017, 2020; Ponzo & Scoppa, 2014). 
As shown in several articles, these gaps may continue throughout compulsory edu-
cation (Bedard & Dhuey, 2006; Oosterbeek et al., 2021), and may even persist in 
tertiary education. More concretely, Crawford et al. (2013), Fredriksson and Öckert 
(2014), Peña (2017) and Zweimüller (2013), find that the oldest students in their 
school cohorts have better tertiary education outcomes, while Dobkin and Ferreira 
(2010) as well as Pellizzari and Billari (2012) find the opposite. Other researchers do 
not find any evidence of this relative age effect (RAE) on tertiary education outcomes 
(Oosterbeek et al., 2021; Pehkonen et al., 2015).

While the body of literature on RAEs in (compulsory) education has been growing 
rapidly, there is still relatively little research on the effects of RAEs on labour market 
outcomes. The limited evidence indicates that relatively older individuals (i.e., those 
born immediately after the cut-off date used to separate students into different school 
cohorts) mostly enjoy better outcomes, some of which tend to disappear in time. 
Specifically, Crawford et al. (2013) find that an increase in relative age decreases 
the likelihood of being unemployed as an adult in the UK, Fredriksson and Öckert 
(2014) find the same result in Sweden and Zweimüller (2013) finds an increase in 
the likelihood of having a white-collar job in Austria. Larsen and Solli (2017) also 
report positive RAEs with respect to earnings in Norway, but these effects appear to 
decrease over time and result in no economically significant difference in lifetime 
earnings. Differently, Dobkin and Ferreira (2010) do not find significant RAEs on 
labour market outcomes in the USA (California and Texas). Finally, Oosterbeek et al. 
(2021) report negative RAEs on earnings in the Netherlands, but these tend to disap-
pear over time.

In this study, we estimate RAEs on the transition from school to successful 
employment; that is, on one’s first labour market outcomes. This focus on the transi-
tion to the labour market is significant because being unemployed at the beginning 
of one’s career increases the likelihood of being unemployed or of earning lower 
wages later (2024b; Arulampalam et al., 2001; D’hert et al., 2024a; Van Belle et al., 
2018). Moreover, Clark et al. (2003) showed that this scarring effect decreases life 
satisfaction. Therefore, unsurprisingly, fostering the transition from school to work 
success is an essential component of the recommended OECD policy priorities (ILO, 
2025; Schoon & Mann, 2020). However, in peer-reviewed international research, 
only Zweimüller (2013) has focused on first-job outcomes, finding that the youngest 
pupils in an academic cohort in Austria face a wage penalty of about 1.1% to 2.0% in 
their starting wages compared with their oldest counterparts. We innovate compared 
to their study by not only investigating quantitative aspects of first labour market 
outcomes but also investigating RAEs in qualitative aspects.1

1 Zweimüller (2013) studies educational attainment, wage, and type of job (i.e., white- and blue-collar, 
civil servant, self-employed, farmer). One may argue that the latter is a qualitative aspect of labour market 
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In addition, we perform a mediation analysis to reveal to which extent RAEs on 
labour market outcomes pass through characteristics of students’ educational careers. 
In fact, it is possible that these RAEs are simply the result of earlier RAEs on educa-
tional outcomes that persist over time, which would make them indirect RAEs (e.g., 
one may have lower educational attainments due to relative age, which in turn creates 
a more difficult transition to the labour market).

More concretely, we investigate RAEs on four different indicators of transition 
from school to work success. We investigate one quantitative aspect of the transition, 
i.e. the likelihood of employment one year after graduation, and we investigate three 
qualitative aspects of the transition, namely the likelihood that an individual will 
have an adequate job (that is, not be overeducated), obtain a permanent contract, and 
obtain a full-time contract one year after graduation. These transition measures are 
suggested in Fleming and Kler (2011) and in Kauhanen and Nätti (2015). To sum-
marise, we investigate the following research questions:

R1. What is the impact of relative age at school start on the likelihood of employ-
ment one year after graduation?
R2. How do educational outcomes mediate the effect of relative age at school 
start on the likelihood of employment one year after graduation?
R3. What is the impact of relative age at school start on the quality of employ-
ment one year after graduation?
R4. How do educational outcomes mediate the effect of relative age at school 
start on the quality of employment one year after graduation?

Anticipating our results, we find that a one-year increase in relative age increases the 
likelihood of being employed one year after graduation by 3.5 percentage points (a 
3.8% increase compared to the baseline of 91.2%) (R1). Furthermore, this older age 
within the cohort also improves the quality of the initial labour market position (R3): 
the likelihood of having a permanent contract rises by 5.1 percentage points (a 12.0% 
increase compared to the baseline of 42.6%), and the likelihood of working full-
time by 6.5 percentage points (an 8.2% increase compared to the baseline of 79.5%). 
These effects are both partly mediated by educational outcomes such as schooling 
delay and student employment (R2 and R4).

The remainder of this article is structured as follows. Section 2 describes the data 
and variables. Section 3 outlines the empirical strategy and explains how we estimate 
the effects of relative age using ordinary least squares (OLS) and, more importantly, 
two-stage least squares (2SLS) to address potential endogeneity due to parental birth-
date targeting or non-compliance with the cut-off date rule. Section 4 presents the 
results, and Sect. 5 concludes.

transition. However, Zweimüller explains that ‘[white-collar] jobs require more qualifications and pay 
higher wages’ and show how wages vary broadly across these jobs. So, we interpret type of job as a proxy 
for wages, which is a quantitative aspect of the transition to the labour market.
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2  Data

2.1  Sample

We use data from the Flemish survey SONAR (‘Studie van de overgang van ONder-
wijs naar de ARbeidsmarkt’), which examines the transition from education to the 
labour market. Therefore, the institutional context of our study is Flanders, the north-
ern part of Belgium. Figure 1 illustrates the local education system. Elementary edu-
cation consists of (non-obligatory) kindergarten and six years of primary education. 
Parents can voluntarily enrol their children in kindergarten once they turn two and a 
half years of age. Compulsory (and free) education starts in the year in which chil-
dren turn six, with a cut-off date of 1 January, and ends when they turn eighteen, 
regardless of whether a high-school degree is obtained (Baert & Cockx, 2013; Cockx 
et al., 2019; Nusche et al., 2015). When the academic year starts on 1 September, 
the oldest children are six years and eight months old (born on 1 January), while the 
youngest are five years and eight months old (born on 31 December), except for when 
children are withheld or advanced (see below). Ability tracking starts in secondary 
education. The different tracks in secondary education are general secondary educa-
tion, technical secondary education, art secondary education and vocational second-
ary education—the lowest tier. The placement on a particular ability track depends 
on the students’ and parents’ choices, which are based on primary school teachers’ 
advice, which in turn might be based on the recommendations of Student Guidance 
Centres (Cockx et al., 2019; Nusche et al., 2015; Tobback et al., 2024). In Belgium, 
every individual with a secondary education is allowed to enrol in tertiary education. 
The proportion of the population in Flanders with a tertiary degree (either college or 

Fig. 1  Flemish education system
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university) is higher than it is in many OECD countries, and is on the increase (Baert 
& Cockx, 2013; Cockx et al., 2019; Shewbridge et al., 2011).

SONAR is a longitudinal study in which birth cohorts of around 3,000 individuals 
were interviewed at the ages of 23, 26 or 29. Information about the sampling strat-
egy, statistics and representativeness can be found in SONAR (2002). The survey 
includes a rich set of variables concerning the respondents’ education, labour market 
outcomes and demographic characteristics. Therefore, these data allow us to measure 
both relative age and the speed (R1 and R2) and quality (R3 and R4) of labour mar-
ket transition.

Our analysis is conducted on a sample of two birth cohorts, 1978 and 1980. We 
eliminate individuals who have not left school by the final interview or who have 
missing values for explanatory variables. There is a third, older cohort from 1976, 
but we do not use it as several variables are measured differently. Furthermore, as in 
Baert and Cockx (2013), we exclude individuals who are more than one year behind 
or ahead of their peers at the onset of compulsory education, because we suspect that 
these observations are affected by measurement error. The final sample size is 4882.

2.2  Variables

Table 1 presents the variables used in the analyses and provides basic descriptive 
statistics. Dependent variables are shown in Panel A, independent variables in Panel 
B, the instrumental variable in Panel C, control variables in Panel D and mediation 
variables in Panel E. Tables including the pairwise correlations can be found in the 
Appendix (Tables 9 and 10).

2.2.1  Dependent Variables

The dependent variable of interest for our first two research questions (R1 and R2) 
concerning the speed of the transition is Employment. This is a binary variable indi-
cating whether an individual is employed one year after graduation. Table 1 shows 
that 91% of the respondents are employed one year after graduation. This one-year 
threshold has been chosen because, according to OECD (2021), unemployed persons 
are considered to be long-term unemployed after one year of unemployment.

The third and fourth research questions (R3 and R4) focus on the quality of the 
transition, measured by three binary variables. First, Adequate employment indicates 
whether individuals are employed at or above their education level after one year, 
meaning that the individual is not overeducated. Second, Permanent contract equals 
1 if the individual has obtained a permanent contract one year after graduation. Third, 
Full-time employment indicates whether an individual is employed full-time after one 
year. Table 1 shows that around 43% of the respondents are adequately employed and 
have a permanent contract one year after graduation,2 while 80% of the respondents 
are working full-time one year after graduation.

2 We construct this outcome variable, Adequate Employment, following Baert et al. (2013), who also use 
SONAR data.
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2.2.2  Independent Variable

Observed relative age (ORA) is the explanatory variable of interest. As in the stud-
ies by Dobkin and Ferreira (2010), Peña and Duckworth (2018), Fumarco and Baert 
(2019), and Fumarco et al. (2020), it measures the difference between the age of stu-

Table 1  Summary statistics
Variable Definition Mean SD Observations
A. Dependent variables
Employmenta Equal to 1 if the respondent is employed one year 

after graduation, 0 otherwise
0.912 – 4,882

Adequate 
employmenta

Equal to 1 if the respondent is adequately em-
ployed one year after graduation, 0 otherwise

0.426 – 4,882

Permanent 
contract

Equal to 1 if the respondent is employed under 
permanent contract one year after graduation, 0 
otherwise

0.426 – 4,882

Full-time 
employment

Equal to 1 if the respondent is employed full-time 
one year after graduation, 0 otherwise

0.795 – 4,882

B. Independent variable
Observed relative 
age

Age (in years, relative to the oldest regular 
student—regular meaning not withheld or 
advanced—based on day of birth and age when 
starting school)

 − 0.490 0.328 4,882

C. Instrumental variable
Expected relative 
age

Age (in years, relative to the oldest regular stu-
dent, based on day of birth)

 − 0.495 0.285 4,882

D. Control variables
Female Equal to 1 if the respondent is female, 0 

otherwise
0.500 – 4,882

Migration 
backgrounda

Equal to 1 if the respondent’s maternal grand-
mother has a non-Belgian nationality, 0 otherwise

0.062 – 4,882

Father’s tertiary 
educationa

Equal to 1 if the respondent’s father has obtained 
a tertiary degree, 0 otherwise

0.289 – 4,882

Mother’s tertiary 
educationa

Equal to 1 if the respondent’s mother has ob-
tained a tertiary degree, 0 otherwise

0.271 – 4,882

Cohort 1980 Equal to 1 if respondent was born in 1980, 0 
otherwise

0.510 – 4,882

Youth unemploy-
ment rate

Youth unemployment rate (in %) at onset of job 
search

18.333 2.653 4,882

E. Mediation variables
Schooling delay 
at 16a

Equal to 1 if respondent had a schooling delay at 
the age of sixteen, 0 otherwise

0.308 – 4,882

Vocational educa-
tion at 16a

Equal to 1 if respondent was enrolled in vocation-
al education at the age of sixteen, 0 otherwise

0.269 – 4,882

Tertiary degreea Equal to 1 if respondent has obtained a tertiary 
education degree, 0 otherwise

0.427 – 4,882

Distinction 
degreea

Equal to 1 if the respondent has completed ter-
tiary education with at least a distinction degree 
class, 0 otherwise

0.222 – 4,882

Student joba Equal to 1 if the respondent held a student job 
during education, 0 otherwise

0.813 – 4,882

aVariables based on Baert et al. (2013). No standard deviations are reported for binary variables
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dent i and the oldest regular student in cohort c. For regular students, ORA approaches 
− 1 for individuals born on 31 December and 0 for individuals born on 1 January. This 
variable ranges between − 2 and − 1 for students who enter primary education one 
year earlier than expected. For students who enter primary education one year later, 
this variable can reach a maximum of 1. Thus, we compute ORA as in Eq. (1):

	
ORAic = agei − max

I=1,...,n
(ageIc | I ∈ Rc).� (1)

ORA is potentially endogenous, which is a well-documented problem in the RAE 
literature. A possible cause of endogeneity is parental birthdate targeting (Bedard & 
Dhuey, 2006), which refers to parents planning their children’s birth dates to ensure 
that they are amongst the oldest in their classes. Another cause could be non-compli-
ance with the cut-off date rule. Non-compliance with school entry rules can occur in 
two ways. That is, parents can either delay or advance their children’s school entry 
by one year.3

Table 9 shows the correlations between ORA and the dependent variables. Perma-
nent contract and Full-time employment are significantly and positively correlated 
with ORA. ORA is not significantly correlated with the other two outcome variables.

2.2.3  Instrumental Variable

We instrument ORA with Expected relative age (ERA) to account for possible endo-
geneity. This instrumental variable is similar to Black et al. (2011), Fumarco and 
Baert (2019), and Fumarco et al. (2020), except that we use the calendar date of birth 
in lieu of the month of birth. We use ERA as an instrument because it is exogenously 
determined (Black et al., 2011); below, we explain the tests used to assess its actual 
exogeneity.

Day of birth ranges from 1 for people born on 1 January to 365 or 366 (1980 was 
a leap year) for people born on 31 December. Equation (2) ensures that ERA ranges 
between − 1 and 0 (for individuals born on the cut-off date), and thus increases as the 
individuals are relatively older.

	
ERAi = − Day of birthi − 1

Number of days in year of birthi − 1
.� (2)

Table 1 shows that ORA is somewhat larger than ERA. This indicates that there 
are more retained students than there are students who were advanced. This delay 
increases their relative age, and therefore indicates the possible endogeneity of ORA.

To verify whether the instrumental variable is consistent and balanced, we con-
ducted tests to verify whether (i) ORA is highly correlated with ERA, and (ii) whether 

3 Delaying entry by one year is also called redshirting. Parents withhold their children voluntarily, thereby 
increasing their relative age and maturity in comparison to their classmates (Peña, 2020). While redshirting 
is common amongst families with high socio-economic status in the US, such families in most European 
countries tend to send their children to school one year earlier. Students who are older than their expected 
age in a given school class are more frequently students who have been retained. (Oosterbeek et al., 2021).
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ERA is uncorrelated with respondents’ observable demographic characteristics. The 
results are reassuring. Condition (i) is satisfied, as the correlation between ERA and 
ORA is 0.9 and is significant at the 1% significance level (see Table 9). Condition (i) 
is further tested and is satisfied in the first stage of the two-stage least square regres-
sion model (2SLS; see Sect. 4). Condition (ii) is also satisfied. More concretely, we 
conduct a nonparametric balance test; that is, an ordinary least square (OLS) regres-
sion of each control variable on ERA and a cohort dummy. We find no significant 
association of any control variable and ERA (see Table 11).

2.2.4  Control Variables

We use six control variables. Female indicates whether the respondent is female. 
Migration background shows whether the respondent’s maternal grandmother has a 
non-Belgian nationality. Father’s tertiary education and Mother’s tertiary education 
specify whether an individual’s parents have completed tertiary education. Cohort 
1980 indicates whether the respondent was born in 1980. The reference groups for 
these five variables are as follows: male respondent, no migration background, no 
tertiary education of the father, no tertiary education of the mother and being born in 
1978. The sixth control variable is Youth unemployment rate, which reflects the youth 
unemployment rate at the start of an individual’s job search.

Note that we are not controlling for absolute age because we do not have variation 
in this variable. Therefore, the measure of relative age we study includes the effect 
of absolute age. This is similar to recent studies (e.g., Oosterbeek et al., 2021) and 
does not represent a limitation; instead, it is something to consider when interpreting 
the results.

2.2.5  Mediator Variables

We focus on five educational mediators. The first mediator is Schooling delay at 16, 
which indicates whether a respondent had a schooling delay at the age of sixteen. 
Vocational education at 16 indicates whether a respondent was enrolled in vocational 
education at sixteen.4 Tertiary degree indicates whether an individual obtained a ter-
tiary education degree. Distinction degree indicates whether an individual obtained a 
tertiary degree with distinction. Student job indicates whether the respondent had one 
or more student jobs during their education. These five mediator variables are binary.

Table 1 presents the summary statistics of the mediator variables. More than 40% 
of our sample obtained a tertiary degree, which is representative of the population 
born in 1978 and 1980 in Flanders (Statbel, 2021). Table 10 shows that Schooling 
delay at 16 is significantly correlated with ORA (− 0.029), which indicates that rela-
tively older students are less likely to have a schooling delay.

The mediator variables Schooling delay at 16, Vocational education at 16, Tertiary 
degree, and Distinction degree are measures of educational attainment. The literature 
provides evidence of a relationship between these variables and our outcome vari-
ables. For instance, Saar et al. (2008) show that higher education increases the likeli-

4 Vocational education is one of the available tracks in secondary education (see SubSect. 2.1).
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hood of employment for almost all entrants into the labour market in the EU. Also, 
educational attainment and the likelihood of overeducation are linked (Baert et al., 
2013). In addition, Baert and Cockx (2013) and Garrouste and Loi (2011) find that 
the level of educational attainment has a positive impact on the likelihood of obtain-
ing permanent employment. Finally, individuals with less educational attainment are 
more likely to be employed part time (Ross & Wu, 1995).

Student job is not a measure of educational attainment in strict sense, but is 
included because several studies suggest a positive effect of working while studying 
on labour market outcomes such as the likelihood of employment, wages and job 
quality (Baert et al., 2016; Geel & Backes-Gellner, 2012; Häkkinen, 2006; Passaretta 
& Triventi, 2015; Tobback et al., 2024; Van Belle et al., 2020).

Thus, the literature shows the existence of an association between the mediators 
and our outcome variables of interest. In addition, relative age is generally proven 
to impact educational outcomes (Crawford et al., 2013; Dobkin & Ferreira, 2010; 
Fredriksson & Öckert, 2014; Peña, 2017; Zweimüller, 2013), although no study has 
investigated the effect of relative age on the probability of having a student’s job yet. 
Therefore, we can assume a possible association between relative age and labour 
market outcomes via educational mediators.

3  Analytical Framework

To obtain an initial indication of RAEs on the outcome variables, we perform an 
OLS regression model with heteroscedasticity-robust standard errors. We regress our 
outcome variable of interest (speed and quality of transition) on relative age, a set of 
demographic characteristics and a control for birth cohort.

However, the main set of estimates addresses endogeneity of relative age and is 
conducted using a 2SLS regression model with ERA as the instrument.5 The second-
stage model specification of the 2SLS focuses on total RAEs; that is, there is no 
mediator variable. We control for a cohort dummy and all of the other control vari-
ables mentioned in Sect. 2.2.4. This basic specification is shown in Eq. (2):

	 Yi = γ0 + γ1ÔRAi + γ2Ci + γ3Dcoh
i + εi.� (3)

In this equation, Yi is one of the independent variables from Sect. 2.2.1, ÔRAi is 
the predicted value of ORA from the first stage, Ci is the vector of control variables 
and Dcoh

i  is a cohort dummy. Estimating the coefficient of ÔRAi, i.e. γ1, will allow 
to answer R1 and R3. The model specification of the naïve OLS estimates mirrors 
Eq. (3), except that it uses ORAi.

In the first stage, ORA is regressed on ERA, the cohort dummy and the demo-
graphic controls, as shown in Eq. (4):

5 To test the robustness of the main findings, we repeated the analyses with a probit 2SLS; the results are 
equivalent.
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	 ORAi = β0 + β1ERAi + β2Ci + β3Dcoh
i + εi.� (4)

We exclude the youth unemployment rate from the set of control variables in the first 
stage because this variable is not expected to, and does not, significantly affect an 
individual’s day of birth.

The final component of our main analysis comprises reduced form estimations in 
which we regress the mentioned outcome variables on ERA (our instrument) instead 
of ORA. This enables us to examine biological relative age instead of relative age in 
class. If no pupils are withheld or advanced, the results from this analysis equal our 
2SLS estimates.

In addition, we conduct four mediation analyses to estimate indirect RAEs through 
educational outcomes. In these analyses, we insert one mediator variable (Sect. 2.2.5) 
at a time into Eq. (3). First, we insert Schooling delay at 16 in the third specifica-
tion model, and we then replace this mediator with Vocational education at 16, Ter-
tiary degree, Distinction degree, and Student job. Focusing on one mediator at a time 
allows us to determine which mediator has the greatest explanatory power.

Figure 2 illustrates the ideas underpinning the mediation analysis and is based on 
Hayes (2013). The total effect (c’ + a × b) is γ1 from Eq. (3); that is, the second stage 
at which the mediator variable is not included. The direct association (c’) is obtained 
from the second stage at which the mediator Mi is included; that is, γ′1 in Eq. (5):

	 Yi = γ0 + γ′
1ÔRAi + γ2Mi + γ3Ci + γ4Dcoh

i + εi.� (5)

We obtain the indirect association (association a × b) in two steps. First, we regress 
the mediator variable on the basic model specification, as shown in Eq. (6):

	 Mi = δ0 + δ1ÔRAi + δ2Ci + δ3Dcoh
i + εi.� (6)

Fig. 2  Mediation model according to Hayes (2013)
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ÔRAi is derived from the same first stage, i.e. Eq. (4). Second, Eq. (7) shows that 
we combine δ1 from Eq. (6) with γ2 from Eq. (5) to examine indirect associations:

	 a × b = γ2δ1.� (7)

Within the context of this mediation analysis, we are mainly interested in direct RAEs 
(association c’) and indirect RAEs through educational outcomes (association a × b), 
in view of answering R2 and R4. The latter estimates cannot be given a causal inter-
pretation because of the endogeneity of the educational outcomes, which arises from 
unobserved factors—such as ability, motivation, or parental background—that may 
influence both educational outcomes and later labour-market outcomes. However, we 
can give a causal interpretation to the effect of relative age on the mediators in Eq. (6) 
based on the assumption that our instrumental variable is exogenous.

4  Results

In SubSect. 4.1, we answer research questions R1 and R3 regarding RAEs on the 
speed and quality of the transition to the labour market. In Sect. 4.2, we answer R2 
and R4 regarding mediation by relative effects in educational outcomes. Finally, in 
Sect. 4.3, we provide heterogeneity analyses in which we divide the sample based on 
the respondents’ genders.

4.1  Main Analysis

4.1.1  Speed of Transition

Table 2 presents our analyses for R1. Column (1) shows the reduced form estimates, 
which suggest a positive relationship between relative age and employment one year 
after graduation; this association is statistically significant at a 5% significance level. 
Column (2) shows that a one-year increase in relative age (i.e., the maximum age dif-
ference between two individuals in the same school cohort) increases an individual’s 
likelihood of being employed one year after graduation by 3.5 percentage points. 

Reduced 
form

Second-stage 
2SLS

OLS

(1) (2) (3)
Expected relative age 0.034**

(0.014)
Observed relative age 0.035**

(0.015)
0.034**
(0.014)

Control variables X X X
Observations 4882 4882 4882
Control variables include a cohort dummy, female gender, migration 
background, father’s tertiary education, mother’s tertiary education, 
and the youth unemployment rate at the start of an individual’s job 
search. These estimates correspond to total RAEs. Robust standard 
errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1

Table 2  Main analysis of RAE 
on the likelihood of employ-
ment one year after graduation
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This estimate represents the total effect of relative age on our outcome variable. Note 
that these estimated RAEs are virtually the same as those from the reduced form, 
which is expected given the high proportion of regular students. In addition, the OLS 
estimate in Column (3) (3.4 percentage points) is almost identical to the 2SLS results.

Table 1 indicates that this effect is also economically significant. Of the respon-
dents, 91.2% are employed, meaning that an increase in the likelihood of being 
employed by 3.5 percentage points translates as a decrease in one’s non-employment 
(unemployment or inactivity; Baert, 2021) one year after graduation by 39.8% (from 
8.8 to 5.3%).

Table 3 presents the first stage results. The coefficient of expected relative age 
on observed relative age is greater than 0.9 and is significant at the 1% significance 
level. Moreover, the results of the under- and weak-identification tests reject the null 
hypothesis that the instrument is not (or is weakly) correlated with the endogenous 
variable. These results further confirm the relevance of the instrument. Since the first 
stage is the same for all of the main analyses, we do not comment further on these 
results in the following subsections.

To conclude this subsection, we briefly discuss the results from analyses based on 
male-only and female-only subsamples. These analyses, similar to those of Black et 
al. (2011), Fredriksson and Öckert (2014), and Peña (2017), were conducted because 
there is evidence that relative age may affect females and males differently and shape 
their labour market outcomes in distinct ways (Johansen, 2021). The results, pre-
sented in Tables 12 and 13, show that the overall findings are driven by the male 
subsample, i.e. relative age has a positive and statistically significant total effect on 
the likelihood of being employed one year after graduation, whereas no such effects 
are observed for females.

Observed 
relative 
age

Expected relative age 0.961***
(0.011)

Control variables X
Observations 4,882
2SLS tests
Under-identification test, Lagrange-Multiplier 
(p-value)

3,409.858
(0.000)

Weak-identification test, F-statistic 11,000
The first stage includes demographic control variables (female 
gender, migration background, father’s tertiary education, mother’s 
tertiary education) and a cohort dummy. We exclude the youth 
unemployment rate from the set of control variables in the first 
stage; we have verified whether its inclusion changes the results; 
it does not, as expected and discussed in Sect. 3. Standard errors in 
parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1

Table 3  First stage of the two-
stage least square
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4.1.2  Quality of Transition

Table 4 presents the results of our analyses for research question R3. Column (2) 
shows that a one-year increase in relative age does not affect the likelihood of obtain-
ing adequate employment one year after graduation. Columns (5) and (8) show that 
a one-year increase in relative age statistically and significantly affects the likelihood 
of obtaining permanent or full-time employment one year after graduation; the likeli-
hood increases by 5.1 and 6.5 percentage points, respectively. In this case, also note 
that the estimated RAEs are approximately the same as those from the reduced form. 
The same is true for the OLS estimates in Columns (3), (6) and (9).

These effects are economically significant in terms of full-time employment. Table 
1 shows that 20.5% of the respondents are not working full-time one year after gradu-
ation; this means that an increase in the likelihood of being employed full-time by 
6.5 percentage points translates as a 31.7% decrease in part-time employment (from 
20.5 to 14.0%). The effect on obtaining permanent employment is somewhat smaller, 
as it translates as a decrease in non-permanent work of 9.1% (from 56.4 to 51.3%).

When analysing gender differences in the quality of the labour market transition 
(as shown in Tables 12 and 13), we find that among males, relative age positively and 
significantly affects the likelihood of full-time employment. Among females, by con-
trast, the only significant total RAE is observed for obtaining a permanent contract.

4.2  Mediation Analysis

4.2.1  Speed of Transition

Table 5 presents the complete results from the mediation analyses of employment 
one year after graduation to answer research question R2. If we compare the direct 
association (c’) from Columns (1) to (5) in this table to the total association from 
Table 2 (c’ + a × b), we can see that the estimates are similar; thus, not much of RAEs 

Table 4  Main analysis of RAE on the quality of transition one year after graduation
Adequate employment Permanent contract Full-time employment
Re-
duced 
form

Sec-
ond-
stage 
2SLS

OLS Re-
duced 
form

Second-
stage 
2SLS

OLS Reduced 
form

Second-
stage 
2SLS

OLS

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Expected 
relative age

0.038 
(0.025)

0.049** 
(0.025)

0.062*** 
(0.020)

Observed 
relative age

0.040 
(0.026)

0.038 
(0.025)

0.051** 
(0.026)

0.049** 
(0.025)

0.065*** 
(0.021)

0.062*** 
(0.020)

Control 
variables

X X X X X X X X X

Observations 4882 4882 4882 4882 4882 4882 4882 4882 4882
Control variables include a cohort dummy, female gender, migration background, father’s tertiary 
education, mother’s tertiary education, and the youth unemployment rate at the start of an individual’s 
job search. These estimates correspond to total RAEs. Robust standard errors in parentheses. *** 
p < 0.01, ** p < 0.05, * p < 0.1
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on the probability of obtaining employment one year after graduation passes through 
educational attainments. More concretely, Columns (1) to (5) show that 83 to 100% 
of the total effect of relative age on the likelihood of being employed one year after 
graduation can be attributed to direct association.6 The results for this association are 
all significant at the 5% significance level.

Furthermore, Columns (1) and (2) show the negative association (association b) 
of Schooling delay at 16 and Vocational education at 16 and the likelihood of being 
employed one year after graduation, while Columns (3) to (5) indicate the positive 
association of Tertiary degree, Distinction degree and Student job and the outcome. 
These results are all highly statistically significant. However, as mentioned above, 
the latter associations cannot be interpreted causally.

We now interpret the RAEs on mediator variables (association a). These estimates 
are interesting per se, and are fundamental for the computation of the indirect asso-
ciations (association a × b). Columns (1) and (2) show that a one-year increase in 
relative age significantly decreases the likelihood of having a schooling delay and 
being enrolled in vocational education at the age of sixteen by 13.7 and 6.3 per-
centage points, respectively. Similar results for RAEs on schooling delay (Bedard 
& Dhuey, 2006) and enrolment in vocational education (Ponzo & Scoppa, 2014) are 
documented in the literature. Columns (3) and (4) do not show significant RAEs on 

6 These percentages are obtained by dividing the direct association (c’) by the total association (c’ + a × b).

Table 5  Mediation analyses of RAE on the likelihood of employment one year after graduation
(1) (2) (3) (4) (5)

c’ + a × b (total effect of relative age on 
employment)

0.035** 
(0.015)

0.035**
(0.015)

0.035** 
(0.015)

0.035** 
(0.015)

0.035** 
(0.015)

c’ (direct association between relative 
age and employment)

0.030**
(0.015)

0.029**
(0.015)

0.033** 
(0.014)

0.035** 
(0.015)

0.030** 
(0.015)

b (association between mediator below 
and employment)

Schooling delay at 16  − 0.038*** 
(0.010)

Vocational education at 16  − 0.089*** 
(0.011)

Tertiary degree 0.116*** 
(0.009)

Distinction degree 0.081*** 
(0.008)

Student job 0.103*** 
(0.013)

a (association between relative age and 
mediator above)

 − 0.137*** 
(0.023)

 − 0.063*** 
(0.022)

0.016 
(0.024)

0.001 
(0.021)

0.048** 
(0.020)

a × b (indirect association) 0.006*** 
(0.002)

0.005*** 
(0.002)

0.002 
(0.003)

0.001 
(0.001)

0.005** 
(0.002)

Control variables X X X X X
Observations 4,882 4,882 4,882 4,882 4,882
All of the analyses include both a cohort dummy and control variables female gender, migration 
background, father’s tertiary education, mother’s tertiary education, and the youth unemployment rate 
at the start of an individual’s job search. Mediation analyses performed using Stata’s sem command. 
Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1
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tertiary education outcomes. These results are similar to those in Oosterbeek et al. 
(2021). Lastly, Column (5) shows that a one-year increase in relative age increases 
the likelihood of having had one or more student jobs by 4.8 percentage points. This 
effect has not been investigated in the literature previously.

The results for the indirect association of relative age (association a × b) with 
being employed one year after graduation confirm the earlier insights. Column (1) 
shows that the mediating effect of having had a schooling delay at the age of sixteen 
accounts for about 17% of the total effect of relative age on the likelihood of employ-
ment one year after graduation. Column (2) shows that the mediating effect of being 
enrolled in vocational education accounts for about 14% of the total effect, while Col-
umns (3) and (4) indicate no significant indirect associations through Tertiary degree 
or Distinction degree. Finally, the indirect association through taking up a student job 
accounts for around 14% of the total RAE.7 Therefore, the indirect effects of relative 
age due to some educational attainments and student jobs are comparable.

Results of the RAEs on the speed of an individual’s transition to the labour market 
have three implications. First, similar to Zweimüller (2013), we find that relative age 
has an impact on duration of unemployment before one’s first job. Nevertheless, we 
can only partially confirm Zweimüller’s hypothesis regarding the mechanism behind 
the RAE, which is that this effect is due to older individuals having a better edu-
cation. We find no significant indirect association via the mediators that indicate a 
better education (Tertiary degree and Distinction degree), while we find evidence 
that the indirect association partially passes through compulsory schooling outcomes 
(Schooling delay at 16 and Vocational education at 16) and Student job. However, 
this difference may of course be partly due to differences in educational institutions, 
e.g. to the extent to which pupils are remedied by repeating a year. A second implica-
tion is that, since relatively younger individuals are less likely to be employed one 
year after graduation, they miss important early work experiences. This may lead to 
further labour market scarring (2024b; Baert & Verhaest, 2019; D’hert et al., 2024a; 
Ghirelli, 2015; Van Belle et al., 2018). Moreover, these analyses suggest that the 
aspects of RAEs on labour market transition that pass through student jobs are as 
important as are the aspects that pass through educational attainments.

4.2.2  Quality of Transition

Tables 6, 7 and 8 present all the results on the mediation analyses of the likelihood of 
obtaining an adequate job, a permanent contract and full-time employment one year 
after graduation to answer research question R4. Note that, by design, association a is 
always the same as in Table 5; thus, we are not commenting on the effect of relative 
age on mediators in the tables.

If we compare the direct association (c’) in Columns (1) to (5) in Table 6 to the 
total association in Table 5 (c’ + a × b), we can see that the estimates are identical. 
Therefore, we can confirm that relative age does not affect the likelihood that one 
will obtain an adequate job within one year of graduation. Column (4) shows a posi-

7 These percentages are obtained by dividing the indirect association (a × b) by the total association 
(c’ + a × b).
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tive association between Distinction degree and the likelihood that one will obtain an 
adequate job within one year of graduation (association b), while there is no evidence 
that the other mediators affect the outcome. Since the total and indirect associations 
are the same, the indirect association (association a × b) is nil. Also, with regard to the 
likelihood of obtaining permanent employment, Table 7 shows that the RAEs do not 
pass through educational attainments.

Finally, Table 8 shows that 86 to 100% of the total effect of relative age on the 
likelihood of being employed full-time one year after graduation can be attributed 
to direct association. The results regarding this association are all significant at the 
1% significance level. The results regarding the indirect association of relative age 
(association a × b) with the likelihood of obtaining a full-time contract one year after 
graduation confirm the earlier insights regarding employment one year after grad-
uation. In particular, Column (1) shows that the mediating effect of having had a 
schooling delay at the age of sixteen accounts for 14% of the total effect. Column (2) 
shows that the mediating effect of being enrolled in vocational education accounts for 
approximately 10% of the total effect, and Columns (3) and (4) indicate no signifi-
cant indirect associations through Tertiary degree or Distinction degree. Column (5) 
shows that the mediating effect of having had a student job during education accounts 
for approximately 8% of the total effect.

In summary, the results of the mediation analyses concerning RAEs on the quality 
of the labour market transition mainly reveal that these RAEs are not substantially 
mediated by RAEs on educational outcomes. Mediation effects only exist with the 
likelihood of working full-time and experiencing a schooling delay at the age of six-
teen, being enrolled in vocational education at sixteen, and having had student jobs 
during education.

5  Conclusion

In recent years, the interest in relative age effects (RAEs) has increased, resulting in a 
vast body of literature discussing the impact of one’s day of birth in the calendar year 
on educational and labour market outcomes (Bedard & Dhuey, 2006; Crawford et al., 
2013; Peña, 2017). Our study contributes to this literature by investigating RAEs on 
the transition from school to work. Our innovation is that we are the first to (i) focus 
on transition speed as well as on transition quality and (ii) divide these RAEs into 
direct and indirect associations through various educational attainments and students’ 
job. A two-stage least square estimator was used to account for the endogeneity of 
relative age.

We found evidence that relatively older individuals are more likely to be employed 
one year after graduation. A one-year increase in relative age (i.e., the maximum age 
difference between two individuals born in the same calendar year) increases the like-
lihood of being employed by 3.5 percentage points. This relative age effect is partly 
mediated by intermediate outcomes such as having had a schooling delay at the age 
of sixteen or taking on student jobs. The final mediator is particularly notable as no 
earlier studies examined relative age effects on student employment.
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With regard to transition quality, we found no evidence of RAEs on the likelihood 
of being employed according to one’s educational level. However, we identified such 
effects on the likelihood of having permanent or full-time employment. A one-year 
increase in relative age increases the likelihood of obtaining permanent employment 
by 5.1 percentage points, and of working full-time by 6.5 percentage points. Only 
a small (or even negligible) fraction of total RAEs passes through educational out-
comes or having a student job.

We end this study by discussing its main limitations and by providing recommen-
dations for further research. First, since students who are born around the cut-off date 
are more likely to be withheld or advanced (Bedard & Dhuey, 2006), our instrumented 
variable for relative age might violate the monotonicity assumption (Barua & Lang, 
2016). However, this should not be problematic, as we observe strong adherence to 
the cut-off rule (96.7%). Second, our mediation analyses only examined associations 
between relative age and labour market outcomes through certain educational media-
tors; other educational and non-educational mediators may also be important. Related 
to that, while the literature focuses on educational outcomes because of their impact 
on the labour market, the educational mediators we study mediate only a small frac-
tion of relative age effects. Based on these results, we particularly recommend the 
further investigation of relative age effects on non-educational outcomes and of their 
roles as mediators. Previous studies showed that relative age affects soft skills, such 
as determination and leadership (Dhuey & Lipscomb, 2008; Peña & Duckworth, 
2018), as well as cognitive abilities, ambition and life satisfaction (Black et al., 2011; 
Crawford et al., 2013; Fumarco et al., 2020; Peña, 2020).These might be essential 
factors in determining labour market transition outcomes, and it would be interesting 
to examine to which extent the RAEs pass through these other mediators. More in 
general, we are of the opinion that future studies should conduct further mediation 
analyses in order to understand the mechanisms behind RAEs.

Appendix

See Tables 9, 10, 11, 12, and 13
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Table 10  Pairwise Spearman correlations including the mediator variables, instrumental variable, and in-
dependent variable of interest

(1) (2) (3) (4) (5) (6) (7)
(1) Schooling delay 
at 16

1.000

(2) Vocational educa-
tion at 16

0.253*** 1.000

(3) Tertiary degree  − 0.362***  − 0.506*** 1.000
(4) Distinction degree  − 0.253***  − 0.301*** 0.595*** 1.000
(5) Student job  − 0.114***  − 0.275*** 0.216*** 0.151*** 1.000
(6) Expected relative 
age

 − 0.083***  − 0.037** 0.008  − 0.001 0.033** 1.000

(7) Observed relative 
age

 − 0.029**  − 0.019  − 0.008  − 0.009 0.012 0.911*** 1.000

***p < 0.01, **p < 0.05, *p < 0.1

Female 
gender

Migration 
background

Father’s 
tertiary 
education

Mother’s 
tertiary 
education

Expected rela-
tive age

0.035
(0.025)

 − 0.005
(0.012)

 − 0.016
(0.023)

 − 0.025
(0.022)

Control 
variables

X X X X

Observations 4882 4882 4882 4882

Table 11  Nonparametric bal-
ance test of control variables: 
ordinary least square estima-
tions of control variables on 
expected relative age and a 
cohort dummy

Standard errors in parenthesis. 
***p < 0.01, **p < 0.05, *p < 0.1
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Table 13  Main and mediation analyses for the female subsample
Main 
analyses, no 
mediator

Analyses with the following mediator:
School-
ing delay 
at 16

Vocational 
education 
at 16

Tertiary 
degree

Distinc-
tion 
degree

Student
jobs

(1) (2) (3) (4) (5) (6)
Outcome: Employment
c’ + a × b (total effect of relative 
age on permanent contract)

0.033
(0.022)

c’ (direct association between 
relative age and permanent 
contract)

0.026
(0.022)

0.023
(0.021)

0.031
(0.021)

0.033
(0.021)

0.019
(0.021)

a × b (indirect association) 0.006***
(0.002)

0.009*
(0.003)

0.001
(0.005)

 − 0.001
(0.003)

0.013***
(0.004)

Outcome: Adequate employment
c’ + a × b (total effect of relative 
age on permanent contract)

0.019
(0.036)

c’ (direct association between 
relative age and permanent 
contract)

0.019
(0.036)

0.018
(0.036)

0.019
(0.036)

0.020
(0.036)

0.018
(0.036)

a × b (indirect association) 0.000
(0.003)

0.001
(0.002)

0.001
(0.003)

 − 0.001
(0.003)

0.001
(0.003)

Outcome: Permanent contract
c’ + a × b (total effect of relative 
age on permanent contract)

0.059*
(0.035)

c’ (direct association between 
relative age and permanent 
contract)

0.056
(0.035)

0.059*
(0.035)

0.059*
(0.035)

0.059*
(0.035)

0.055
(0.035)

a × b (indirect association) 0.003
(0.003)

0.000
(0.002)

0.000
(0.000)

 − 0.001
(0.002)

0.004
(0.003)

Outcome: Full-time employment
c’ + a × b (total effect of relative 
age on permanent contract)

0.042
(0.032)

c’ (direct association between 
relative age and permanent 
contract)

0.028
(0.032)

0.027
(0.032)

0.040
(0.031)

0.043
(0.032)

0.026
(0.032)

a × b (indirect association) 0.014***
(0.004)

0.014***
(0.005)

0.002
(0.008)

 − 0.001
(0.005)

0.016***
(0.005)

Control variables X X X X X X
Observations 2441 2441 2441 2441 2441 2441
All of the analyses include both a cohort dummy and control variables migration background, father’s 
tertiary education, mother’s tertiary education, and the youth unemployment rate. Mediation analyses 
performed using Stata’s sem command. Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, 
*p < 0
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