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Abstract
Purpose To investigate how completing vocational re-training influenced income and employment days of working-age peo-
ple with disabilities in the first 8 years after program admission. The investigation also included the influence of vocational 
re-training on the likelihood of receiving an earnings incapacity pension and on social security benefit receipt. Methods 
This retrospective cohort study with 8 years follow up was based on data from 2399 individuals who had completed either 
a 1-year vocational re-training program (n = 278), or a 2-year vocational re-training program (n = 1754) or who were admit-
ted into re-training but never completed the program (n = 367). A propensity score-based method was used to account for 
observed differences and establish comparability between program graduates and program dropouts. Changes in outcomes 
were examined using the inverse probability-weighted regression adjustment method. Results After controlling for other 
factors, over the 8 years after program admission, graduates of 1-year re-training, on average, were employed for an addi-
tional 405 days, 95% CI [249 days, 561 days], and had earned €24,260 more than without completed re-training, 95% CI 
[€12,805, €35,715]. Two-year program completers, on average, were employed for 441 additional days, 95% CI [349 days, 
534 days], and had earned €35,972 more than without completed re-training, 95% CI [€27,743, €44,202]. The programs 
also significantly reduced the number of days on social-security and unemployment benefits and lowered the likelihood of 
an earnings incapacity pension. Conclusion Policies to promote the labor market re-integration of persons with disabilities 
should consider that vocational re-training may be an effective tool for sustainably improving work participation outcomes.

Keywords Return to work · Rehabilitation · Vocational re-training · Program effectiveness · Propensity score

Introduction

Although it has been shown that there are many benefits to 
hiring people with disabilities [1], people with a disability 
still face considerable economic disadvantages compared 
to working-age people without disabilities. Disadvantages 
include lower employment rates and a significantly higher 
risk of living in poverty [2, 3]. Other consequences of pro-
longed unemployment include a lower quality of life and 
reduced social inclusion. The situation also constitutes a 

major public concern since low employment rates among 
people with disabilities are in many ways a challenge to 
economic productivity and the financial stability of social 
security systems [4].

These factors have led to numerous occupational rehabili-
tation studies, some of them examining the effectiveness of 
interventions promoting re-employment. However, whereas 
systematic evidence shows how interventions implemented 
at the workplace impact employment outcomes [5–12], there 
is less conclusive evidence on the effects of (out-of-job) re-
training measures. Some empirical studies indicate a posi-
tive effect on income and employment [13–17] while other 
authors find little or no effects resulting from program par-
ticipation [18, 19]. Interpreting these findings is complicated 
by differences in study populations, methods used and in the 
vocational education measures analysed, which may have 
different mandates, strategies and curricula.

A common problem throughout the analysis of vocational 
re-training measures is that researchers generally struggle 
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to recruit study participants, which may limit the types and 
appropriateness of methods being used [20]. Due to their 
individual health situation, people with a disability are a het-
erogeneous group, making it difficult to find suitable com-
parison groups for program evaluation [21]. Individuals who 
are deemed eligible to participate in rehabilitation measures 
usually cannot be denied access to the services. The chal-
lenge in evaluating the impact of an intervention is thus to 
obtain a credible estimate on the counterfactual: What would 
have happened to the graduates of the re-training programs 
had they not completed the measures?

In the absence of a natural comparison group, an alterna-
tive is to draw a comparison with program applicants who 
were admitted into a re-training program but never received 
the full benefit from training (due to no-show or dropout). 
Drawing comparison with an applicant-based comparison 
group has several advantages compared to impact analysis 
based on an external comparison group design. While pro-
gram graduates and dropouts share the same motivation to 
apply for vocational education, satisfy the eligibility criteria, 
and potentially have similar health problems, selection bias 
is minimized [22]. Moreover, if data is process generated, 
distortions due to response denials or omissions in the ret-
rospective collection of data can be dismissed.

Using data from Germany as a case study, we utilized 
rich administrative data of a cohort of re-training applicants 
to provide new and unique evidence on the effects of voca-
tional re-training on long-term employment outcomes. By 
drawing a comparison with a group of similar program non-
completers, we add to a continuing methodological debate 
on how to estimate program effects from observational data. 
A successful outcome to this debate could improve public 
policy making. While adjusting the results for measured con-
founders, we show to what extent completion of a re-training 
program influenced subsequent income and employment 
development. Additionally, we evaluated the influence of 
the re-training programs on the number of days with unem-
ployment and social-security benefits and with regards to 
the uptake of a pension due to a limited earnings capacity.

The remainder of this article is structured as follows: In 
the next section, the methods are presented, with a descrip-
tion of the study design, the study population, the re-train-
ing programs and the data used. Moreover, the method of 
statistical analysis is summarized. In the results section, 
descriptive statistics of the participants are presented and the 
balance in covariates between comparison groups is evalu-
ated, before treatment effects of the re-training measures are 
presented. In the final section of this article, we discuss the 
implications and shortcomings of the findings before offer-
ing our conclusions.

Methods

Study Design

To investigate the employment effects associated with voca-
tional re-training in Germany, a retrospective, quasi-exper-
imental, cohort study was performed. In the absence of a 
natural control group, an internal comparison group design 
was used to compare outcomes with and without completed 
vocational re-training. The impact of the re-training meas-
ures was assessed by estimating average treatment effects 
of graduating from a re-training program in comparison to 
the scenario of unsuccessful program completion (program 
dropout). The data used for this analysis was collected from 
the administrative data records of the German Statutory Pen-
sion Insurance Fund (Deutsche Rentenversicherung Bund). 
They featured accurate, process-generated information on 
the earnings development and insurance relationship for a 
cohort of rehabilitants in the 8 years after admission into 
re-training and 2 years prior.

Study Population and Eligibility Criteria

The study population consisted of people with disabilities 
who, due to their health problem, were no longer able to (or 
were it was predicted that they will in the foreseeable future 
no longer be able to) carry out prior job tasks. Additionally, 
they must have successfully applied for vocational rehabilita-
tion with the German Statutory Pension Insurance Fund. To 
become eligible for vocational re-training with the German 
Pension Insurance, candidates must satisfy any of the fol-
lowing eligibility criteria: Either the applicants (1) already 
receive a pension due to limited earnings capacity, or (2) an 
assessment has been made that, without the measure, the 
pension provider would have to pay out a pension due to lim-
ited earnings capacity of the person with a disability, or (3) 
a medical rehabilitation alone was determined to be insuf-
ficient for proper reintegration of a person with a disability 
into the labor market, or (4) the 15-year waiting period has 
been completed. Additionally, the training scheme needs to 
be considered necessary for the rehabilitant and there should 
be a positive chance of a successful measure and consequent 
re-employment. This success is, for instance, likely if the 
chances of employment in the rehabilitant’s target occupa-
tion are good but require additional skills or job specific 
knowledge. Once the application for rehabilitation has been 
approved, suitable re-training programs are chosen from a 
large pool of certified private or public institutions special-
ized in different professions and skill training.
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Interventions

Vocational re-training in Germany can generally be catego-
rized into partial and full vocational re-training programs. 
Apart from the fact that both types of re-training programs 
require full-time participation, they differ considerably in 
contents and length: Full re-training programs are compara-
ble to regular apprenticeships programs, typically lasting for 
2 years. During the programs, class-room training is com-
bined with on-the-job training to learn skills and obtain a 
professional qualification in a new field of work. A formal 
examination is often set at the end of the programs. Partial 
qualification measures, on the other hand, aim at extending 
existing competences with additional skills, e.g. in the fields 
of business administration or information technology. The 
measures are usually completed within a year, aiming to 
reintegrate the participants more quickly into working life. 
In the light of political initiatives to strengthen horizontal 
training (qualification for additional tasks), partial qualifica-
tions are becoming increasingly popular as an alternative to 
the more involved full re-training programs.

Data Collection

The data used for this analysis was retrieved from adminis-
trative records made available by the Research Data Cen-
tre of the German Statutory Pension Insurance Fund. The 
corresponding data (SUF_RSDV2013) is representative of 
the whole rehabilitant population and featured accurate, 
process-generated information on the income and employ-
ment development before and after participation in a reha-
bilitation measure. Additionally, it was also possible to link 
the data to personal socio-economic and health information. 
The retrieved data consisted of four databases: The first data-
base included a sample of all vocational re-training cases 
in the year 2005 and a range of variables linked to imple-
menting the rehabilitation programs. Moreover, it provided 
information on some labor-market-related and personal 
characteristics at the time of application for rehabilitation. 
The data included information on the type of granted reha-
bilitation measure, the rehabilitation start date, the medical 
discharge diagnosis (ICD), the employment status and the 
residential region at the time of application as well as an 
indicator variable reflecting whether the rehabilitant has suc-
cessfully completed the re-training measures. The second 
dataset was retrieved from the pension insurance follow-up 
database, providing information on the participants’ insur-
ance relationships. It consisted of observations from 2003 
to 2013, including annual individual income and days of 
(un-) employment data, overcoming the lack of detailed 
labor market data present in many other studies. In this 
study, the following variables were used from this file: year, 
yearly income, annual days of employment, annual days 

with short- and long-term unemployment, annual days with 
other social-security benefits and the occupational group in 
which the individuals was working prior to program start. 
To provide further information on the participants’ socio-
demographics, a third dataset was merged with the previous 
files. The latter file included data on the persons’ sex, birth 
and death years, nationalities and highest attained levels of 
education. Lastly, a fourth dataset provided information on 
receiving a pension. The data comprised information on 
whether a pension due to a reduced earnings capacity was 
paid.

Comparison Groups

In order to compare the impact of the re-training programs a 
trivariate indicator variable was created, reflecting whether 
the rehabilitant has either dropped out of re-training (did not 
successfully complete the measures; value = 0), successfully 
completed a 1-year re-training (value = 1) or successfully 
completed a 2-year re-training (value = 2). The outcome of 
the vocational re-training measure was identified using the 
variable “BFEWMS” from the provided dataset.

Outcome Measures

Participation in paid employment was assessed using 
nominal and inflation-adjusted income, as well as employ-
ment days, in the first 8 years after program admission 
(2006–2013). This data was collected directly from the 
provided pension insurance follow-up database. A poten-
tial drawback of the data used was that employment data 
collected by the German pension insurance was limited to 
a contribution ceiling. For annual incomes above €69,600 
(€58,800 in the former East German states), the median 
value of €77,179 (€65,400) was recorded in the data instead 
of the true value. This potentially lowered the estimated pro-
gram impact, as annual income above the specified cut-off 
value were not properly recorded. Changes in real income 
were estimated using the average of historical inflation rates 
collected from the German Federal Bureau of Statistics 
between 2003 and 2013. The mean annual discount factor 
used was equal to 1.6%.

Secondary outcomes comprised days on social-security 
benefits, days on short-term unemployment benefits, days 
on long-term unemployment benefits and an indicator vari-
able signaling whether a pension due to a reduced earn-
ings capacity was awarded. The data on social-security 
benefits included sick pay and temporary allowance pay-
ments made the during period of rehabilitation. Short-term 
unemployment benefits are benefits of the German unem-
ployment insurance, which are paid on the occurrence of 
unemployment. They are usually paid for up to 1 year, and 
for older unemployed people, for up to 2 years. Long-term 
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unemployment benefits are the basic (means tested) social 
security benefits for employable persons in Germany, who 
are unemployed for longer than 12 months. Data on days 
with long-term unemployment benefits was only available 
from 2006 to 2009. Workers who are only able to work 
a few hours a day because of their health can apply for a 
reduced earnings capacity pension. An individual can claim 
a reduced earnings capacity pension, if for the foreseeable 
future, because of ill health or disability, they are unable to 
do more than 3 h of paid work a day.

Independent Variables

The following variables were included as independent vari-
ables in the calculations: We collected the age, gender and 
level of education from the provided demographic database. 
Additionally, the residential region, the main medical diag-
nosis and the employment status were retrieved from data 
collected during the application process. Moreover, based 
on the information provided from the insurance follow-up 
database, we included several measures of past earnings per-
formance. These were the nominal income earned in the year 
2003 and 2004 as well as the last registered occupation type.

Econometric Approach

Adopting the counterfactual framework pioneered by Rubin 
[23], we tested whether completing re-training significantly 
improved the employment situation compared to the case of 
not completing re-training. In this framework a causal effect 
can be inferred from the difference between two potential 
outcomes; one that occurs if a person completes a re-train-
ing measure, and one that occurs if they do not complete 
re-training. In our analysis, we made use of pre-treatment 
micro data on the rehabilitants’ socio-economic status to 
estimate conditional treatment probabilities (propensity 
scores) in order to re-weight observations and balance the 
measured covariates across comparison groups. Through re-
weighting observations, by the inverse probability of being 
treated, a comparison group with the same distribution of 
observables as in the treatment group is implicitly created 
[24]. Because there are a variety of observable factors that 
can be linked to return-to-work outcomes, it can be cum-
bersome to determine along which dimension to compare 
treated and non-treated subjects. Propensity scores, on the 
other hand, provide a natural weighting scheme that allows 
the observed differences between comparison groups to be 
minimized. To examine changes in employment outcomes, 
the average treatment effect (ATE) and the average treatment 
effect on the treated (ATET) were consequently estimated 
using the inverse probability weighted regression adjustment 
method (IPWRA).

Propensity Score Model

The developed specification of the propensity score in this 
analysis included a variety of different variables thought to 
be characterizing the earnings ability of the rehabilitants. 
The factors used to predict program allocation/completion 
can be grouped into individual characteristics, health infor-
mation, and economic variables on pre-treatment employ-
ment outcomes. There is no comprehensive list of variables 
that would make sure that the re-weighting procedure can 
provide an unbiased estimate of the program effect. How-
ever, knowledge of the institutional criteria that govern pro-
gram allocation and the factors that have been found to be 
strongly correlated to subsequent labor market outcomes, 
are a good starting point.

One is not guided by the statistical power or significance 
of the estimated regression coefficients in the selection stage. 
Rather the objective is to create a sample in which the dis-
tribution of covariates that affect labor market outcomes 
between treated and control subjects is similar, and, thereby, 
include enough variables for the (weak form of) the condi-
tional independence assumption to hold. This is achieved 
when adding additional variables that do not (significantly) 
alter the estimated coefficients anymore.

Using Statas user-written “bfit” command, combinations 
of explanatory variables can be tested to identify models that 
exhibit high efficiency based on the combination of covari-
ates included. The statistical criteria tested to establish effi-
ciency were the Bayesian Information Criterion (BIC) and 
the Akaike Information Criterion (AIC). Both, the BIC and 
the AIC, are Penalized-likelihood information criteria that 
enable cross-comparison of different models using statistical 
power analysis [25]. The two information criteria support 
different models depending on the trade-off between the rel-
ative importance one assigns to specificity versus sensitivity.

Using all variables specified in the data section and allow-
ing second order polynomials as well as interaction terms, 
all possible combinations of covariates were tested regarding 
their joint significant and variation explained in relation to 
the main outcome variable; i.e. the sum of income earned in 
the years 2006–2013. In accordance with theory, in our esti-
mations, the model with the lowest BIC had a higher joint 
significance compared to the model with the lowest AIC, an 
F-statistic of 44.36 vs. 28.91, whereas the model with the 
lowest AIC was able to explain more of the variation in the 
dependent variable (Adj. R-squared = 0.2391 vs. 0.2244).

The final specification used in our analysis included 
all variables suggested by the model with the lowest BIC. 
Additionally, three further groups of variables were added 
to the model as suggested by the AIC in order to increase 
the amount of variation explained. These were an interaction 
term between before application earnings from 2004 and 
age at admission, indicator variables reflecting the highest 
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attained level of education and indicator variables for the 
registered medical diagnosis. Three other terms  (Wage20042, 
 Age2 and Wage2003*Age), included in the model with the 
lowest AIC, were not used in the final specification because 
they correlated strongly with already included variables, 
while not being existential for the (weak form of the) con-
ditional independence assumption to hold (they did not sig-
nificantly alter the estimated coefficients when included). 
Some of the variables, in the final regression model were not 
individually statistically significant but the likelihood ratio 
test statistic for the model was large (Prob > χ2 = 0.000). 
The F-statistic and adjusted variation explained of the final 
model were in between the models with the optimal BIC and 
AIC (F-statistic=33.80; Adj. R-squared = 0.2366).

The final specification of the propensity score model to 
estimate the conditional treatment (graduation) probabilities 
took the following functional form:

Outcome Model

The IPWRA estimator makes use of conditional probabil-
ity weights to obtain outcome-regression parameters that 
account for the missing-data problem, which arises from 
each subject being observed in only one of the potential out-
comes. The IPWRA method is characterized by a three-step 
procedure to estimate treatment effects:

(1) The propensity score was estimated using multino-
mial logistic regression in order to establish compa-
rability, modelling the program completion status as 
the dependent variable and individual characteristics 
as independent variables. Our analysis made use of 
Imbens’ generalization of the propensity score [26], 
which showed that the results of Rosenbaum and Rubin 
[27] continue to hold when the treatment is multi-val-
ued. Using Statas’1 built-in “mlogit” command, con-
ditional treatment probabilities were estimated. The 

Mlogit (treatment = 0, 1, 2)

= �0 + �1 ×Wage 20032 + �2 ×Wage 2003

+ �3 ×Wage 2004 + �4 ×Wage 2004

× Age at admission + �5 × Age at admission

+ �6 ×Working Status at admission

+ �7,8,9…15 × Job Type at admission + �16 × Sex

+ �17−20 × Education level + �21,22

× ICD diagnosis + �23 × Region + e

“mlogit” command fits maximum-likelihood multino-
mial logit models, also known as polytomous logistic 
regression. In line with Wooldridge’s advice [28], we 
included into our specification all covariates that were 
correlated with employment outcomes, even though 
they were not individually significant in the selection 
model. Following Rosenbaum and Rubin’s approach 
[29], an iterative approach to specifying the propensity 
score model was used; quadratic- and interaction-terms 
were added accordingly (shown in the previous sec-
tion).

(2) Regression models of the employment and social 
security outcomes were fitted for each treatment level 
separately (OLS for continuous outcomes, Probit for 
discrete).2 In the regression models, observations were 
weighted by the inverse probability of treatment (i.e. 
the conditional probability of people participating in 
a program). The results of the models were used to 
predict treatment specific potential outcomes for each 
subject in both the treated and the non-treated state (of 
which only one is observed in reality).

(3) The means of the treatment-specific outcomes were 
computed. The differences in these averages provided 
the estimates of the average treatment effects (ATE). In 
addition, because researchers and policy makers might 
be more interested in the causal treatment effects only 
for those who successfully completed the re-training 
measures, the average treatment effects on the treated 
(ATET) were calculated. This was achieved by limit-
ing the observations to the subset of graduates before 
estimating the mean differences between the outcomes 
with and without program completion.

Following these steps produces consistent estimates of 
the influence of the intervention because the treatment is 
assumed to be independent of the potential outcomes after 
conditioning on the covariates [30]. Hereby, it is assumed 
that all differences between program graduates and dropouts 
are due to observable characteristics. The ipwra estimator 
exhibits the double robust property meaning that it applies 
the selection and outcome model simultaneously, thus, pro-
ducing a consistent estimate of the parameters if either of 
the two models is correctly specified [28].

Post-estimation statistics were, henceforth, computed to 
describe the extent to which covariates were balanced across 
comparison groups after re-weighting of observations. In 
particular, Let x̄gj refer to the sample average of covariate j 
for the treatment groups g = 0,1,2 and let sgj be the sample 

1 All estimations were carried out using the statistical Software Stata 
14.2. StataCorp LLC, 4905 Lakeway Drive, College Station, Texas 
77845-4512, USA.

2 Statistical analysis was performed using the group of “teffects” 
commands.
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standard deviation; the calculation of normalized differences 
in a variable then takes the following form [31]:

If the variable is measured on a discrete scale, the stand-
ardized differences were calculated as follows:

where p̂1j and p̂0j denote the proportion or mean of a binary 
baseline variable in the treatment and control group, respec-
tively. Although there is no clear cut-off point defined, 0.10 
and 0.25 have frequently been considered as values the esti-
mates should be compared against. In general, a difference 
in average means larger than 0.25 standard deviations are 
substantial, and, in that case, suspicion may be called for 
[32]. In contrast, standardized differences as low as 0.10 
reflect a degree of balance comparable to what one might 
expect in a completely randomized experiment [31].

Results

Participants

Figure 1 reports the numbers of individuals at each stage 
of the study. The unique identifier, present in all four data-
bases used to merge the data, was the variable “case”. 

Standardized difference in continuous variable =

(

x̄1j − x̄0j
)

√

(

s2
1j
+s2

0j

)

2

Standardized difference in discrete variable =

(

p̂1j − p̂0j
)

√

p̂1j(1−p̂1j)+p̂0j(1−p̂0j)
2

Overall, there were 4039 observations in the initial sample 
with program start in 2005. Limiting the observations to 
those, for which the program outcome has been registered, 
reduced the sample to 3445 observations. Furthermore, 
duplicates were removed, which reduced the sample by 
four observations. Next, demographic data was added 
for all remaining observations. Given the information 
retrieved in the demographic data file, persons that passed 
away during the observation period were dropped from the 
sample. This further reduced sample size to 3360 observa-
tions. To retrieve information on the employment status 
before and after participation in vocational rehabilitation 
longitudinal labor market data was then merged with the 
rehabilitation data. Due to interrupted or missing income 
and employment records, 961 observations were dropped 
from the sample. In a last step, data on pension receipt was 
added for those cases, in which a pension due to a reduced 
earnings capacity was awarded.

The final sample consists of 2399 individuals with com-
plete employment records from 2003 to 2013. In total, the 
group of program dropouts contained 367 observations, 
while there were 278 cases with successfully completed 
1-year re-training and 1754 cases with successfully com-
pleted 2-year re-training. The group of program dropouts 
included both 1-year and 2-year program dropouts due to 
the rather small number of controls available. Out of the 367 
observations that started any of the re-training programs, but 
never completed, 328 persons started a 2-year re-training, 
while only 39 persons started a 1-year program.

In Table 1 the registered reasons for program drop-
out are listed to provide background information on the 
causes of unsuccessful program participation. Medical 
reasons were the predominant reason for program drop-
out followed by failed examination and other performance 
issues. Whether this had an influence on the estimated 
relationships was tested in a sensitivity analysis, added 
to the end of the results section, which excluded program 
dropout cases with a registered medical reason for pro-
gram dropout, from the impact analysis. For the main part 

Grouped according to treatment
n=367 (Dropouts) n=278 (1yr re-training) n=1,754 (2yr re-training)

Data on earnings incapacity pension was added 
n=2,399 (0)

Income and employment data was added
n=2,399 (-961) 

Removed deceased cases 
n=3,360 (-81)

Demographic data was added
n=3,441 (0)

Removed duplicate entries
n= 3,441 (-4)

Outcome of re-training measure is registered
n=3,445 (-594)

Vocational re-training with German Pension Insurance Fund in 2005
n=4,039 

Fig. 1  Sampling process

Table 1  Registered reason for program dropout

Dropout reason Freq. Percent

Medical (patient) 177 48.23
Failed examination 80 21.80
Performance (insurer) 24 6.54
Other (insurer) 23 6.27
Other (patient) 20 5.45
Performance (patient) 16 4.36
Personal (patient) 15 4.09
Disciplinary (insurer) 9 2.45
Economic (patient) 3 0.82
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of the analysis, all program dropouts (n = 367) were used 
as controls.

Descriptive Characteristics of Study Participants

Table 2 contains an overview of the descriptive statistics of 
the study participants at baseline. On average, individuals 
in the 1-year intervention group were older than those in the 
group of program dropouts, experienced lower pre-treatment 
earnings, were more often unemployed at the time of pro-
gram application and disproportionally more often came 
from eastern Germany. The 2-year intervention group, on 
the other hand, was marginally younger than the group of 
program dropouts, had a relatively higher percentage of 
females, had higher pre-treatment earnings and were less 
often unemployed at the time of application. The primary 
medical diagnosis differed only marginally between com-
parison groups.

The mean duration of program participation was addi-
tionally surveyed to provide background information on 
program implementation. Average program duration was 
9.72 months among those who successfully completed a 
1-year re-training and 21.19 months among those, who suc-
cessfully completed a 2-year re-training. Program dropouts, 
on average, participated in the program for 14.10 months. 
The long program participation time of program dropouts 

was linked to the fact, that many of the program dropout 
cases participated in a 2-year re-training.

Covariate Balance

Table 3 shows that the mean standardized differences in 
covariates between re-training graduates and program drop-
outs, after re-weighting of observations, were small for all 
measured baseline characteristics. The differences can be 
considered negligible when compared to a cut-off of 0.10 
standard deviations. The largest improvement in covariate 
balance, between the initial sample and the weighted sam-
ple, was attained by reducing the difference in the share of 
persons from former East German states between the 1-year 
graduates and the dropout group from 0.53 standard devia-
tions before re-weighting of observations, down to 0.01 
standard deviations after re-weighting. Similarly, the differ-
ence in income earned in the year 2004 between the 2-year 
graduates and the dropout group was reduced from 0.18 
standard deviations before re-weighting of observations, to 
0.01 standard deviations after re-weighting. Summarizing, 
the analysis of standardized differences suggested that the 
distribution of covariates between comparison groups were 
balanced after observations were re-weighted by the inverse 
probability of being treated.

Table 2  Baseline Characteristics of the 1-year re-training intervention group, the 2-year re-training intervention group and the group of program 
dropouts

Additional control variables used in the analysis but not reported in this output are indicator variables for the level of education and the last reg-
istered occupation type. For both groups of variables, there were many observations with missing data. Most individuals in the sample for whom 
education data was available have no tertiary education, but many have completed an apprenticeship. The individuals in the sample for whom 
data on the industry type was available, were most frequently formerly employed in qualified manual tasks, (semi-) professions as well as simple 
manual labor and services
SD standard deviation, ICD international classification of diseases

Baseline characteristics 1-year re-training (n = 278) 2-year re-training (n = 1754) Program dropouts (n = 367)

Age in years
 Mean (SD) 41.58 (6.82) 37.87 (6.75) 38.11 (6.98)

Gender
 Females 33% 37% 31%

Income 2003
 Mean (SD) €10,096 (€11,898) €13,249 (€12,437) €11,078 (€11,896)

Income 2004
 Mean (SD) €5849 (€9280) €6922 (€10,115) €5227 (€8991)

Employment status
 Unemployed 62% 44% 50%

Residential region
 Eastern Germany 56% 28% 30%

Medical diagnosis
 ICD 5 (mental disorders) 15% 15% 13%
 ICD 13 (Musculoskeletal Disorders) 58% 64% 63%

Actual program participation (months) 9.72 21.19 14.10
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Missing outcome data analysis

Before turning to the main results, trends in missing out-
come data are summarized in this section. In particular, the 
observations with missing or interrupted income or employ-
ment data (961 dropped observations) were closely exam-
ined in relation to the uptake of a pension due to a reduced 
earnings capacity. The results of our analysis were as fol-
lows: (1) Among all program dropouts, there was a higher 
proportion of incomplete income or employment data com-
pared to program graduates (39.14% vs. 26.30%). (2) Among 
observations with incomplete income or employment data, 

there was a substantially higher proportion of cases with a 
pension uptake due to a reduced earnings capacity (36.54% 
vs. 5.42%). (3) Among program dropout cases with incom-
plete income or employment data, the proportion of persons 
receiving a pension due to a reduced earnings capacity was 
higher compared to graduates with incomplete data. While 
every second dropout case with missing data was associated 
with pension uptake, less than every third case in the group 
of graduates with incomplete data, was associated with pen-
sion uptake (50.00% vs. 32.55%).

The same analysis was also carried out with regards to 
the uptake of an old-age pension. While the proportion of 
persons receiving old-age pension was higher in incomplete 
data cases, total numbers were very small, thus, likely only 
having a small effect on the estimated relationships. Only 
0.77% of all (complete and incomplete) cases received old 
age pension between 2006 and 2013.

Taken together, the missing data analysis suggests that 
disproportionally many cases, which were interrupted or 
incomplete, thus, not considered in our analysis, were cases 
in which a pension due to a reduced earnings capacity was 
awarded. There were more dropouts with incomplete data 
relative to graduates with incomplete data and there was also 
a higher proportion of awarded earnings incapacity cases in 
the program dropout group with missing data compared to 
the graduates with incomplete or missing employment data.

Average Treatment Effects (ATE)

Table 4 shows that the re-training programs had a significant 
influence on measured income and employment outcomes 
compared to the no re-training scenario. The ATE of 1-year 
re-training on nominal income was equal to €22,839, the 
ATE of 2-year re-training was equal to €35,620. This was in 
comparison to the counterfactual scenario of no completed 
re-training. Without successfully completed re-training, the 
average mean income over the 8-year observation period 
was assessed to be equal to €81,961. Including the effects 
of inflation, the ATE of 1-year re-training on income was 
reduced to €21,539, while the ATE of 2-year re-training on 
income was reduced to €32,776. All estimated differences in 
income were statistically significant at the one percent level.

An analysis of the number of days with employment 
showed that the income gains were mainly the result of 
more days in employment. The potential-outcome means 
with successfully completed re-training were significantly 
larger compared to the potential outcome mean with pro-
gram dropout. Over the 8-year observation period, the aver-
age treatment effect of 1-year re-training on the number of 
days in employment was equal to 322 days, while the ATE 
of 2-year re-training was equal to 445 days. Both estimates 
were significant at the one percent level. Additionally, there 
was a significant decrease in days with social-security and 

Table 3  Standardized differences before and after re-weighting of 
observations, 1-year re-training intervention group vs. control group 
and 2-year re-training intervention group vs. control group

Initial Sample, standardized differences in covariates between com-
parison groups as recorded; Weighted Sample, standardized differ-
ences in covariates between comparison groups after re-weighting of 
observations by inverse probability of being treated. The term “Abi-
tur” refers to a set of examinations taken in the final year of second-
ary school in Germany

Program dropouts Initial sample Weighted 
sample

n = 367 n = 794

1 year graduates n = 278 n = 809

2 year graduates n = 1754 n = 795

Baseline characteristics 1 vs. 0 2 vs. 0 1 vs. 0 2 vs. 0

Age 0.50 − 0.04 − 0.07 < 0.01
Female 0.04 0.13 0.04 0.02
Income 2003 − 0.08 0.18 − 0.06 0.01
Income 2004 0.07 0.18 0.05 < 0.01
Income 2004 * Age 0.12 0.17 0.04 < 0.01
Income 2003 * Income 2003 − 0.05 0.16 − 0.01 0.01
Unemployed 0.26 − 0.12 − 0.10 < 0.01
Former East Germany 0.53 − 0.05 < 0.01 0.01
ICD 5 (mental disorders) 0.08 0.06 < 0.01 − 0.02
ICD 13 (MSD) − 0.12 < 0.01 − 0.07 0.03
Neither Abitur nor apprenticeship − 0.04 − 0.11 − 0.03 < 0.01
No Abitur but apprenticeship − 0.08 0.13 0.09 0.00
Abitur − 0.04 − 0.02 0.06 0.01
University degree − 0.06 − 0.14 0.06 < 0.01
Agriculture 0.08 0.01 0.01 <0.01
Simple manual labor 0.07 0.03 − 0.11 − 0.01
Qualified manual labor − 0.13 0.01 − 0.10 < 0.01
Technician/engineer 0.07 − 0.03 − 0.01 − 0.04
Simple services − 0.02 − 0.06 − 0.07 < 0.01
Qualified services − 0.11 − 0.02 − 0.06 0.01
(Semi-) professions − 0.12 0.14 0.06 0.02
Simple commercial/administrative − 0.08 − 0.07 0.04 < 0.01
Qualified commercial/administra-

tive
0.04 0.03 − 0.02 < 0.01
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unemployment benefits linked to the completion of both pro-
grams. The ATE of 1-year programs on the number of days 
with social-security benefits was equal to − 300 days, while 
the ATE of 2-year programs was equal to − 88 days. Both 
estimates were significant at the one percent level. Moreover, 
the ATE of re-training on the number of days with short-
term unemployment benefits was equal to − 50 days with 
a 1-year re-training, and − 23 days with a 2-year re-train-
ing. The estimated ATE of 1-year re-training on short-term 
unemployment was significant at the one percent level. The 
effect of 2-year re-training on the number of days with short-
term unemployment benefits was not statistically significant. 
On the other hand, the mean effect of 1-year re-training on 
long-term unemployment was not statistically significant, 
whereas the ATE of 2-year re-training on accumulative days 
with long-term unemployment benefits was significant at 

the one percent level. The ATE of 1-year re-training on long 
term unemployment was equal to 64 days, while the ATE of 
2-year programs on the accumulative number of days with 
long-term unemployment benefits was equal to − 142 days.

The re-training programs also influenced the uptake of a 
pension due to a reduced earnings capacity. While the like-
lihood to receive an earnings incapacity pension without 
completed re-training was equal to 10.1%, it was 9.1% with 
1-year re-training and 4.3% with 2-year re-training. The cor-
responding ATE of 1-year re-training on earnings incapacity 
pension uptake of − 1.1% was not statistically significant. 
However, the ATE of 2-year re-training on earnings inca-
pacity pension uptake of − 5.8% was significant at the one 
percent level.

Table 4  Potential outcome means and average treatment effects (ATE), 1-year and 2-year re-training in comparison to no completed re-training

Accumulative results after 8 years. Long-term UE only from 2006 to 2010. Inverse Probability Weighted Regression Adjustment Method was 
used to estimate potential-outcome means. The potential-outcome means refer to the average of the outcomes, for a specific level of re-training, 
given that all individuals would have attained this outcome. The average treatment effect measures the difference in these means. Final values 
were rounded to the nearest whole number (to the nearest tenth for percentage)
***p < 0.001; **p < 0.01; *p < 0.05

Potential-outcome mean (SD) Average treatment effect (95% CI)

Income (in nominal €)
 No re-training (program dropouts) €81,961 (€3764)
 1 year re-training €104,801 (€6063) €22,839 (€8992, €36,687)**
 2 year re-training €117,582 (€1910) €35,620 (€27,546, €43,695)***

Income (in 2005 €)
 No re-training (program dropouts) €75,255 (€3424)
 1 year re-training €96,793 (€5710) €21,539 (€8549, €34,528)**
 2 year re-training €108,030 (€1769) €32,776 (€25,471, €40,081)***

Employment (in days)
 No re-training (program dropouts) 1209 (43)
 1 year re-training 1531 (76) 322 (152, 492)***
 2 year re-training 1654 (20) 445 (354, 536)***

Social-security benefits (in days)
 No re-training (program dropouts) 677 (23)
 1 year re-training 377 (25) − 300 (− 366, − 235)***
 2 year re-training 589 (7) − 88 (− 136, − 42)***

Short-term unemployment (in days)
 No re-training (program dropouts) 185 (11)
 1 year re-training 136 (12) − 50 (− 82, − 17)**
 2 year re-training 162 (5) − 23 (− 47, 1)

Long-term unemployment (in days)
 No re-training (program dropouts) 373 (26)
 1 year re-training 437 (42) 64 (− 33, 160)
 2 year re-training 231 (10) − 142 (− 196, − 88)***

Earnings incapacity pension (percentage)
 No re-training (program dropouts) 10.1 (1.5)
 1 year re-training 9.1 (1.8) − 1.1 (− 5.6, 3.5)
 2 year re-training 4.3 (0.5) − 5.8 (− 8.9, − 2.7)***
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Average Treatment Effects on the Treated (ATET)

Table 5 shows that the evaluated re-training programs had 
a large effect on the graduates’ accumulative incomes and 
employment days. Without graduation from re-training, 
1-year re-training graduates would have earned only €69,939 
over the 8-year observation period. With re-training, 1-year 
program graduates, on average, had earned €24,260 more 
in comparison. Two-year program graduates, on average, 
would have earned €84,445 without completed re-training 
measures, but were able to increase their income as a result 
of graduating from the re-training programs, on average, 
by €35,972. The corresponding ATET on real incomes was 
equal to €22,742 for 1-year program graduates, and €33,097 
for 2-year program graduates. All estimated income effects 
were statistically significant at the one percent level.

According to our analysis, 1-year program graduates were 
employed for 405 additional days in comparison to the coun-
ter-factual scenario without completed re-training. 2-year 
program completers were employed for 441 additional days 

in comparison to the no-training scenario. The estimated 
effects on employment days were significant at the one per-
cent level. Moreover, 1-year re-training completers had 316 
fewer days with social-security benefits compared to the no 
re-training szenario. Two-year re-training graduates had 
92 fewer days on social-security benefits. Both estimated 
reductions in the number of days with social-security ben-
efits were significant at the one percent level. In addition, 
1-year program graduates, on average, had 26 fewer days 
on short-term unemployment benefits in comparison to the 
non-training scenario, while 2-year graduates had 24 fewer 
days. However, differences in days with short-term unem-
ployment benefits were not statistically significant for either 
group of re-training graduates. Moreover, in comparison to 
the potential outcome mean without re-training, 1-year pro-
gram graduates, had 20 additional days on long-term unem-
ployment benefits, whereas 2-year program graduates had 
140 fewer days on long-term unemployment benefits. The 
estimated changes in long-term unemployment benefits were 
not statistically significant for 1-year program graduates, 

Table 5  Potential outcome 
means without re-training 
among treated individuals and 
average treatment effects on 
the treated (ATET), 1-year and 
2-year re-training completers 
in comparison to no re-training 
scenario

Accumulative results after 8 years. Long-term UE only from 2006 to 2010. Inverse Probability Weighted 
Regression Adjustment Method was used to estimate potential-outcome means. The potential-outcome 
means of no re-training refer to the average potential outcome, that would have occurred among those that 
graduated from a specific re-training had they not completed the re-training measures. The average treat-
ment effect on the treated measures the difference in means with and without re-training for the subset of 
treated individuals. Final values were rounded to the nearest whole number (to the nearest tenth for per-
centage)
***p < 0.001; **p < 0.01; *p < 0.05

Potential-outcome mean 
without completed re-training 
(SD)

Average treatment effect on the 
treated (95% CI)

Income (in nominal €)
 1 year re-training €69,939 (€4601) €24,260 (€12,805, €35,715)***
 2 year re-training €84,445 (€3935) €35,972 (€27,743, €44,202)***

Income (in 2005 €)
 1 year re-training €64,251 (€4250) €22,742 (€12,150, €33,334)***
 2 year re-training €77,533 (€3637) €33,097 (€25,495, €40,700)***

Employment (in days)
 1 year re-training 1095 (62) 405 (249, 561)***
 2 year re-training 1234 (44) 441 (349, 534)***

Social security benefits (in days)
 1 year re-training 647 (28) − 316 (− 380, − 251)***
 2 year re-training 684 (23) − 92 (− 140, − 45)***

Short-term unemployment (in days)
 1 year re-training 170 (17) − 26 (− 66, 13)
 2 year re-training 188 (11) − 24 (− 48, 0)

Long-term unemployment (in days)
 1 year re-training 451 (43) 20 (− 82, 122)
 2 year re-training 357 (26) − 140 (− 194, − 87)***

Earnings incapacity pension (percentage)
 1 year re-training 10.2 (1.9) − 3.1 (− 7.8, 1.6)
 2 year re-training 10.2 (1.5) − 6.0 (− 9.2, − 2.9)***
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but significant at the one percent level for 2-year re-training 
graduates.

Participation in a re-training program also had an effect 
on the likelihood of an uptake of a pension due to a reduced 
earnings incapacity. The likelihood of being awarded an 
earnings incapacity pension was 3.1% lower for completers 
of 1-year programs, and 6.0% lower for completers of 2-year 
programs. The baseline likelihood of receiving an earnings 
incacapacity pension, without successful completion of 
re-training, was equal to 10.2%. The estimated treatment 
effect was not statistically significant for 1-year graduates, 
but significant at the one percent level for 2-year re-training 
graduates.

Annual Income Development

Figure 2 illustrates the annual, inflation-adjusted, income 
development of the re-training graduates in comparison to 
the scenario without completed re-training. During the years 
2007–2013, graduates of both re-training programs had sig-
nificantly higher income compared to the counterfactual sce-
nario of no-training. The effect of the 2-year intervention 
was delayed by 1 year due to longer program duration but 
surpasses the effects of the 1-year programs starting in 2008. 
The positive effects of vocational re-training on income were 
sustained until the last year of the observation period. In 
the year 2013, the (adjusted) difference in real income of 
1-year program graduates was €2661, 95% CI [€882, €4439], 
higher compared to the non-training scenario. Two-year pro-
gram graduates earned €5369, 95% CI [€3975, €6764], more 
compared to the counterfactual scenario of no completed 
re-training.

Sensitivity Analysis: Only Non‑Medical Reasons 
for Program Dropout

In this last section, the control group was trimmed to pro-
gram dropouts who reported a non-medical reason for 
program non-completion. The most prevalent reasons for 
program non-completion were of a medical nature (48.2%), 
followed by failed examinations (21.8%) and other perfor-
mance issues (6.5%) (cf. Table 1). It could be argued that 
program dropouts who left the program for medical reasons 
carried some unmeasured confounders linked to their state 
of health, which negatively affected the employment situ-
ation. Thus, it was worth recalculating the model without 
program dropouts who left the program due to a reported 
medical reason.

Leaving out data from 177 participants reduced the 
comparison group to 190 observations (overall n = 2222). 
The analysis of standardized differences suggested that the 
distribution of covariates between comparison groups were 
balanced after observations were re-weighted by the inverse 
probability of being treated. All differences in covariates 
were reduced to a negligible level, the necessary condition 
to carry out the impact analysis. According to the reduced 
sample analysis, the adjusted differences in income were still 
significant but slightly reduced in absolute value in com-
parison to the treatment effects on the full sample. Over 
the 8-year observation period, the nominal treatment effect 
on the treated for 1-year program graduates was reduced to 
€22,451, 95% CI [€8238, €36,664], and for 2-year program 
graduates to €32,246, 95% CI [€21,568, €42,923]. For the 
other outcome measures, the estimates were trimmed by a 
similar margin (~10%).

Discussion

In this article, we have provided an empirical example of 
how to use administrative panel data when evaluating re-
training programs for people with disabilities. The main 
research goals of this analysis were linked to finding a viable 
control group and linking various data sources to examine 
the long-term effectiveness of vocational re-training meas-
ures for a representative group of rehabilitants in Germany. 
Those effects included changes in individual earnings and 
days with employment, earnings incapacity pension receipt 
and changes in the number of days on social-security and 
unemployment benefits. Based on a sample of 2399 indi-
viduals admitted into vocational re-training, we examined 
the effectiveness of the measures by estimating the average 
treatment effect (ATE) and the average treatment effect on 
the treated (ATET) in relation to the case of not having suc-
cessfully completed re-training.

Fig. 2  Graphical Analysis of annual real income development 2006–
2013 among re-training graduates in comparison to the scenario of 
unsuccessful completion of re-training; ATET; IPWRA was used to 
estimate annual treatment effects; vertical lines illustrate 95% confi-
dence interval



232 Journal of Occupational Rehabilitation (2020) 30:221–234

1 3

The treatment effects presented in this study are an impor-
tant contribution to the empirical knowledge on the influence 
vocational re-training on the employment re-integration of 
individuals with disabilities in Germany. This claim is based 
on the availability of a unique database and the application 
of appropriate statistical methods, which have allowed a 
thorough evaluation of the impact of the re-training pro-
grams. According to the estimated treatment effects, com-
pleting a vocational re-training was associated with sig-
nificant improvements in the employment status while also 
reducing dependency on social security benefits. Policies 
to promote the labor market re-integration of persons with 
disabilities should consider that vocational re-training may 
be an effective tool for sustainably improving work partici-
pation outcomes.

The choice of method for the analysis of absolute treat-
ment effects in this study adds to the methodological debate 
on how to estimate program effects from observational 
data for public policymaking. The main point of debate is 
whether policymakers can confidently rely on treatment 
effect estimates obtained from quasi-experimental research 
settings. Much of the literature indicates that the most com-
mon weakness in the quasi-experimental research setting is 
linked to using an external comparison group. While differ-
ent training programs exhibit different institutional settings, 
the foregoing analysis suggests that it is possible, at least for 
the case of vocational rehabilitation in Germany, to make 
use of information on program dropouts as an appropriate 
internal control group to obtain meaningful treatment effect 
estimates. While this study only included a relatively small 
number of controls in relation to the number of treated sub-
jects, the analysis of standardized differences has shown that 
despite the relatively small number of controls, effective re-
weighting was carried out, which limited the differences in 
covariates between comparison groups to a negligible level. 
This was the prerequisite to carry out the impact analysis.

The results of our impact analysis suggest that both 
types of vocational re-training programs analyzed signifi-
cantly improved the income and employment situation of 
the individuals involved over the first 8 years after program 
admission. After other factors had been controlled for, 
graduates of 1-year re-training were on average employed 
for an additional 405 days, 95% CI [249 days, 561 days], 
and had earned €24,260 more than without re-training, 95% 
CI [€12,805, €35,715]. Two-year program completers, on 
average, were employed for 441 additional days, 95% CI 
[349 days, 534 days], and had earned €35,972 more than 
without re-training, 95% CI [€27,743, €44,202]. Moreover, 
completing a re-training program significantly reduced the 
number of days on social security benefits and influenced the 
number of days on unemployment benefits. In addition, the 
measures also reduced the likelihood of receiving an earn-
ings incapacity pension in comparison to the counterfactual 

scenario of no re-training. Over the 8-year observation 
period, one-year program graduates had a 3.1% lower like-
lihood of being awarded a pension due to a reduced earnings 
capacity, 95% CI [− 7.8%, 1.6%]; 2-year program graduates 
had a 6.0% lower likelihood, 95% CI [− 9.2%, − 2.9%].

Whereas the missing data analysis has shown that miss-
ing employment data was positively associated with pen-
sion uptake, the estimated effects of completing re-training 
were likely smaller compared to analysis on the full sample. 
This is because disproportionally many cases, which were 
interrupted or incomplete, thus, not considered in our analy-
sis, were cases in which a pension due to a reduced earn-
ings capacity was awarded. There were more dropouts with 
incomplete data relative to graduates with incomplete data 
and there was also a higher proportion of awarded earnings 
incapacity cases in the program dropout group with missing 
data compared to the graduates with incomplete or missing 
employment data.

Regarding the relative effectiveness of the two interven-
tions studied, the estimated mean employment effects were 
generally larger for 2-year re-training programs in compari-
son to 1-year programs (despite longer program duration), 
indicating that some individuals could have potentially bene-
fitted from allocation into a full, 2-year, re-training program. 
However, the response to treatment is likely to be heteroge-
neous and dependent on the individual situation and prefer-
ences of the rehabilitants. Program participation depends 
both on rehabilitant eligibility and on the selection by the 
person in charge or self-selection by potential participants. 
In order to better understand the conditions under which 
allocation into a more involved program could lead to better 
outcomes, more information on the complex relationship 
between the applicant and the provider in the application 
and screening process is needed.

When drawing causal conclusions from the estimated 
relationships the set-up of the quasi-experiment should 
always be kept in mind. The association between the dura-
tion or level of schooling and earnings does not necessarily 
imply causality. A potential drawback of this study is that 
the range of potential variables for calculating the propensity 
score was limited to a fixed number of registered covariates. 
Although this study incorporates various proxies to model 
the earnings ability of the rehabilitants, it was not possible 
to observe or measure the rehabilitants’ motivation or other 
soft factors that have an influence on employment outcomes, 
which may lead to imprecise estimates. Program dropouts 
participated in the re-training measures before leaving the 
program, thus, also profiting from the skill training, while 
at the same time, using up time that could have been spent 
otherwise if they would have never participated in the meas-
ures at all (e.g. to earn money or to get a different training).

On the one hand, failed examination and other perfor-
mance issues being common among the group of program 
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dropouts’ signal that the former might carry some unmeas-
ured confounders, which could negatively affect their earn-
ings performance. This would mean that the estimated causal 
relationships in this article were upward biased, due to the 
negligence of these factors. On the other hand, the argument 
can be brought forward, that many of the program dropouts 
likely discontinued their training because they found another 
job opportunity (perhaps even linked to the benefits received 
from participating in re-training). This would mean that the 
treatment effects were underestimated, since some of the 
wage improvement in the control group might have been 
due to knowledge and skills attained during the period of 
rehabilitation. Incorporating proxies for these “factors” into 
future analysis could contribute to a better understanding 
of individual education and work reintegration trajectories.

To better understand the individual needs and responses 
to training, it would also be relevant to further explore the 
perspective of the individual before and during the period of 
rehabilitation as well as the role of the provider in program-
matic decision making. While about half of program drop-
outs left the program for medical reasons, further explora-
tive analysis is needed to improve the assistance provided 
during the period of rehabilitation to prevent the occurrence 
of medically related dropouts. This includes knowing more 
about the barriers with regards to the access to the re-train-
ing measure, which would allow a more accurate prediction 
of when re-training is medically appropriate and what type 
of additional assistance (accommodation) is needed for the 
measures to have the greatest chance of success.

In addition, further analysis could investigate whether 
program dropout could have been predicted before the start 
of the measures based on better screening and program allo-
cation mechanisms. Apart from medical reasons for program 
dropout, failed examinations and other performance issues 
were the other main reasons why individuals were not able 
to finish a re-training program. Consequently, future research 
should further investigate possible assistance that can be 
provided during the rehabilitation to increase graduation 
rates. Moreover, the outcome of allocation practices should 
be further examined: Were the individuals satisfied with the 
occupational re-training choice? Would they rather have 
enrolled in a different trade or occupation? Were there other 
reasons that influenced how well the rehabilitants performed 
in the examinations? Given the large benefits associated with 
completed re-training and the comparatively large costs of 
these measures, these are relevant questions.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
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