
Neubäumer, Renate; Kohaut, Susanne

Article

A double hurdle approach for company further
training behaviour and an empirical test of this using
data from the IAB establishment panel

Zeitschrift für ArbeitsmarktForschung - Journal for Labour Market Research

Provided in Cooperation with:
Institute for Employment Research (IAB)

Suggested Citation: Neubäumer, Renate; Kohaut, Susanne (2007) : A double hurdle approach
for company further training behaviour and an empirical test of this using data from the
IAB establishment panel, Zeitschrift für ArbeitsmarktForschung - Journal for Labour Market
Research, ISSN 2510-5027, Institut für Arbeitsmarkt- und Berufsforschung (IAB), Nürnberg, Vol.
40, Iss. 2/3, pp. 251-269

This Version is available at:
http://hdl.handle.net/10419/158663

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.



A double hurdle approach for company further
training behaviour and an empirical test of this
using data from the IAB establishment panel*

Renate Neubäumer and Susanne Kohaut**

In this paper the further training behaviour of firms is explained using a double hurdle
approach: the first hurdle is that the further training of employees is worthwhile for
the firms in general, the second hurdle is that demand for further training arises. The
empirical test is conducted using data from the IAB establishment panel: by combining
the balanced panel for three waves into a cross-section it is possible to determine the
effect of extending the observation period for the provision of further training (probit
estimates) and the intensity of further training (quasi-likelihood estimates). The results
confirm the double hurdle approach: variables for capital intensity, innovation orienta-
tion and the employee structure have a significant impact on whether further training
is generally worthwhile for the firms, and investment in data processing and in the
field of communication as well as organisational changes are significant motivations
for providing further training.

* This paper was released for publication in May 2007.
** We wish to thank the two anonymous referees for their constructive criticism and their suggestions.

Contents

1 Problem

2 Theoretical background and previous empirical findings

2.1 A double hurdle approach for company further training behaviour

2.2 Previous empirical evidence

3 Methodical procedure and our own empirical findings

3.1 The data set

3.2 Extending the observation period

3.3 Description and explanatory variables

3.4 Estimation procedure and results of the estimate

4 Concluding remarks

4.1 Why an extension of the observation period and not a panel model?

4.2 Summary and outlook

References

Appendix

ZAF 2 und 3/2007, S. 251Ð269 251
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1 Problem

Against the background of rapid technological and
organisational change and the demographic trend,
company further training has gained considerable
importance from the viewpoint of employers (and
employees). It therefore comes as a surprise that
some 60% of all western German firms do not pro-
vide their employees with further training. If firms
are asked to give their reasons for not providing fur-
ther training, only 19% of them report that they do
not support further training in principle; 16% say
that they only did not provide further training in the
first six months of the year but that they do support
further training in principle; 12% state that they
only did not release their staff for further training
for reasons of time, and 57% state that the skill level
of their workforce is currently sufficient (Table A1
in the appendix).1 This suggests that the length of
the observation period is of importance in questions
regarding firms’ further training behaviour.

In the light of this consideration we start out from
the hypothesis that if a longer observation period
were taken as a basis, the share of firms providing
further training would increase and their further
training intensity would decline. The theoretical
background for this is a double hurdle model as de-
veloped by Cragg for decisions to purchase durable
goods: “Two hurdles have to be overcome before
positive values of yt are observed. First, a positive
amount has to be desired. Second, favorable circum-
stances have to arise for the positive desire to be
carried out” (Cragg 1971: 831). We apply a model
of this type to the further training behaviour of firms.
Here the first hurdle is that a firm generally classifies
provision of further training as being worthwhile,
and the second hurdle is that the firm actually pro-
vides further training in concrete terms because the
skill level of its workforce is no longer sufficient or
the firm wishes to prevent this occurring.

In order to test the applicability of the model empir-
ically we first calculate the further training provision
and the intensity of further training for the 2001
wave of the IAB establishment panel and estimate
what determinants they depend on. Then we com-
bine the results of the three survey waves of the es-
tablishment panel2 between 2000 and 2005, i. e. we

1 Result from the IAB establishment panel for 2003. The question
regarding the reasons for not providing further training was only
asked in 2003 and not in 2001.
2 In the IAB establishment panel questions about further training
behaviour are only asked every two years, so no data on further
training are available for 2000, 2002 and 2004. For this reason we
assume that the results of the survey apply for a period of two
years in each case.
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make a cross-section out of the balanced panel and
obtain in this way an observation period of six years
for which we calculate the same dependent variables
and estimate their determinants.

Our paper continues as follows: in part two we sub-
stantiate our hypothesis using a double hurdle ap-
proach, which also takes into account previous em-
pirical findings concerning the determinants of com-
pany further training. In part three we examine
whether it is possible to depict firms’ further train-
ing behaviour better by extending the observation
period. For this we estimate the provision of further
training using a probit approach and the further
training intensity using a quasi-likelihood approach
following Papke/Wooldridge (1996) for the short
and the longer observation periods. Finally in part
four we discuss the differences between our proce-
dure and that of panel models as regards the issue
being investigated, summarise the findings and refer
to further possible applications of combining several
waves of a longitudinal section to make a cross-sec-
tion.

2 Theoretical background and
previous empirical findings

2.1 A double hurdle approach for
company further training behaviour

The point of departure is earlier work on the impor-
tance of the length of the survey interval for pur-
chasing decisions of households; for instance, with a
short observation period a household not purchas-
ing alcoholic beverages may mean that the members
of the household do not drink alcohol in general or
that they are using alcoholic drinks that they bought
previously (cf. Tobin 1958). Cragg (1971) explained
this using a double hurdle model: the first hurdle
that generally stands in the way of purchasing cer-
tain goods can be of social, psychological or ethnic
nature, whilst the second hurdle involves the price
being too high or the existence of supplies. If the
observation period, and thus the period in which a
purchase can be made, is extended, then the second
hurdle becomes lower because special offers for the
good become more likely and/or the supplies are ex-
hausted. Such a model can be applied to the further
training behaviour of firms.

The first hurdle is that a firm classifies provision of
further training as being worthwhile in general be-
cause the associated costs (KU) are permanently not
higher than the revenues (Er

U) expected in the future
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as a result of the training measure (cf. Neubäumer
2006):

KU � E r
U = PU · EU = PU · (E +

U Ð w +
U) (GL.1)

where E +
U = cash value of the (gross) revenues ob-

tainable in addition in the various pe-
riods as a result of further training

w +
U = cash value of the qualification-related

wage differential

PU = likelihood of the potential net rev-
enues (E +

U Ð w +
U) being realised.

Revenues resulting from further training are to be
put down to the fact that better qualified employees
make it possible to reduce production costs and
transaction costs and/or to achieve higher sales reve-
nues. These revenues differ greatly depending on
the characteristics of the firms.

Thus firms with high capital intensity can raise their
revenues more considerably by means of additional
human capital because in their case a small relative
increase in an employee’s productivity already leads
to a clearly higher absolute additional revenue.3 Ac-
cordingly we start out from the hypothesis that firms
with high capital intensity are more frequently in-
volved in further training and demonstrate a higher
intensity of further training.

What is also important for the revenues gained from
further training is the extent to which the firms com-
pete via the quality and the degree of novelty of the
goods and services they offer. For new production
processes and/or new products can be introduced
more smoothly and quickly with a skilled workforce.
It is therefore to be assumed that variables which
indicate a firm’s high level of innovation orientation,
such as modern production equipment and a firm’s
own research and development, have a positive ef-
fect on further training activities. (Since both firms’
capital intensity and their innovation orientation de-
pend on the industry, provision of further training
and the intensity of further training are likely to be
influenced equally by industry affiliation.4 Further-
more the industry reflects other determinants of fur-
ther training behaviour, such as collectively agreed

3 High capital intensity can result not only from investment in
real capital but also from investment in immaterial values such as
in research and development, market research and the develop-
ment of brands. Cf. Neubäumer/Kohaut 2002.
4 The industry is of importance empirically as an indicator of capi-
tal intensity and innovation orientation, if capital intensity and
innovation orientation can not be captured fully by the other ex-
planatory variables.
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regulations on further training, “innovation pres-
sure” and the degree of specialisation.)

The organisation structure is another factor that in-
fluences the extent to which training is used and the
way in which it is used. In the case of certain forms
of participatory organisation, such as teamwork, flat
hierarchies and employees in the lower levels of the
hierarchy having their own areas of responsibility
and possibilities of participation, the skills required
of the employees and thus also the possibilities of
utilising further training are especially high (cf. Aoki
1990). These forms of organisation require broad
skills, an understanding of relationships within the
firm, and social competence. Against this back-
ground, firms with participatory organisation forms
can be expected to be more active as regards further
training.

Finally, the revenues gained from further training
depend on the employee structure. Statistically it is
possible to detect a relationship between trainabil-
ity, and thus success in learning, and the prior educa-
tion and training, so firms with a large share of em-
ployees who have a vocational qualification or in
particular a university degree expect higher reve-
nues as a result of further training measures. What
is also of importance here is they rate a higher quali-
fication level as a “signal” for greater willingness to
perform. In the case of older workers, women and/
or part-time employees, the firms often assume a
shorter payback period for the investment in further
training, with the result that less further training ac-
tivity can be expected in firms with a large share of
these employee groups.

It also follows from equation 1 that in the general
decision regarding investment in further training it
is of importance how much of the revenues that can
be gained in this way the firms (have to) pass on to
their employees in the form of higher wages and Ð
closely linked with this Ð how likely it is that the
employees who have received further training re-
main with the firm. This depends not only on the
extent to which the human capital obtained through
further training is firm-specific,5 but also on how
competitive a firm’s jobs are, and it can be linked in
particular to the wage level, the working conditions

5 Acemoglu/Pischke 1999a, 1999b put it down to different market
imperfections that there are so-called “compensatory wage differ-
entials”, i.e. the fact that when gaining general human capital by
means of initial and further vocational training, the associated
increases in revenue are not passed on fully in the wage. They
take up numerous arguments cited in the literature for the fact
that firms also participate in the funding of general human capital.
Cf. for example the surveys in Alewell 1998 and Neubäumer 2006.
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and employment security (or labour turnover).
Firms with a generally higher wage level and more
employment security do not need to pay such high
skill-related wage differentials after a further train-
ing measure in order to “retain” their employees.
Accordingly, we assume that indicators of a gener-
ally high wage level and permanent employment re-
lationships (as well as attractive working conditions)
have a positive effect on investment in further train-
ing.

It is not possible to state definitely from a theoreti-
cal point of view what effect codetermination and
cooperative labour relations have on firms’ decisions
regarding further training. The reason for this is that
firstly works councils work towards higher wage pre-
miums to remunerate further training, and secondly
they contribute to lower labour-specific transaction
costs and to lower labour turnover.6 Therefore it is
not possible to make a statement as to whether co-
determination leads to less or more further training
activity.

The second hurdle is that the firm definitely provides
further training because the employees’ skill levels
are no longer sufficient or the firm wishes to prevent
this happening. The reason for this can be that the
last further training measures took place some time
ago or that occasions for further training, such as
the introduction of new products and/or production
processes or changes in the organisation and infor-
mation systems, have occurred or are planned.
When the observation period is longer this second
hurdle is lower, so more of the firms that are inter-
ested in further training in general can be observed.

We assume that this is of importance in particular
for small firms and put it down to cost considera-
tions and to the fact that reasons for further training
arise more irregularly in small firms:

Further training leads not only to variable costs that
depend on the number of participants but also to
fixed costs, e. g. for collecting information about suit-
able further training measures and for organising
the participation in training. (Niederalt 2004 argues
along similar lines for in-company vocational train-
ing.) For this reason further training is only worth-
while from a certain minimum number of partici-
pants. Such scale effects occur in particular for inter-
nal further training (cf. Pannenberg 1995), which
otherwise has clear cost advantages over external

6 Cf. the “exit and voice approach” of Freeman/Medoff 1979 and
Freeman/Lazear 1995 as well as Frick/Sadowski 1995, Frick 1997
and Jirjahn 1998.
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further training measures, however. If further train-
ing is conducted at longer intervals in small firms,
then with a short observation period it depends
(more strongly) on chance whether a firm that is
generally willing to provide further training is classi-
fied as a firm that does not provide further training.

In addition to this there is the fact that “demand for
further training” arises as a result of the introduc-
tion of new products and production processes and
as a result of changes in the firm’s organisation and
information systems. Thus, for example, the intro-
duction of units being responsible for their own
costs or results or of teamwork requires better
knowledge and more social competence. Such rea-
sons for further training occur irregularly and lead
to irregular further training, especially in small
firms, which, unlike medium-sized and large enter-
prises, do not have different departments with dif-
ferent product lines, production processes and or-
ganisation forms. We assume that when product and
process innovations occur and when participatory
organisation forms are introduced both the provi-
sion of further training and the intensity of further
training increase. However, only some such motiva-
tions for further training can be linked to observable
characteristics and therefore be used to explain fur-
ther training behaviour. Furthermore it is generally
not possible to state a clear relationship between the
time when the reason for training occurred and the
time when the training measure was conducted.
Thus, for example, a production innovation can lead
to (more) further training already in the run-up to
the introduction, in the same year and/or in subse-
quent years.

As far as the size of the enterprise is concerned, we
expect that if the observation period is extended
more small firms that are active in further training
will be observed, i.e. their provision of further train-
ing increases (more) clearly and their further train-
ing intensity declines.

2.2 Previous empirical evidence

The further training behaviour of firms in Germany
has so far been examined empirically using two data
sets, the Hannover Panel, which only covers firms in
the manufacturing industry and thus no service
firms, and the IAB establishment panel.

With the Hannover Panel it can be observed first for
a three-year period that 42% of the firms constantly
provide further training and 25% never do so, whilst
33% provide their employees with further training
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on an irregular basis (cf. Gerlach/Jirjahn 1998). This
is a point in favour of using our double hurdle ap-
proach and extending the observation period.

The probit estimates of the provision of further
training and the tobit estimates of the intensity of
further training confirm the hypotheses we put for-
ward in the theoretical part (cf. Gerlach/Jirjahn 1998
and 20017). Thus a high level of innovation orienta-
tion and participatory employment forms, as well as
a large share of skilled employees, attractive jobs
and a works council have a positive effect on the
provision of further training and the intensity of fur-
ther training, and a large share of part-time employ-
ees has a negative effect. Of the reasons for provid-
ing further training, only product innovations prove
to be significant and not the introduction of new
production processes.8

With regard to firm size it emerges that it only has
a positive effect on the provision of further training,
i.e. the probability of a small firm providing further
training for its employees is lower. This confirms our
assumption that (in a short period) reasons for fur-
ther training occur in fewer small firms or that cost
considerations mean that further training is better
provided at longer intervals. However, in the tobit
estimates, firm size proves to be positively signifi-
cant for the intensity of further training. We put this
down to the fact that the intensity of further training
is measured by the expenditure on further training
per employee and that this quantity is considerably
lower in small firms (in particular due to the lower
wages of employees who have undergone further
training and of the people conducting the training)
and therefore overcompensates for the larger share
of employees who have undergone further training.

In the IAB establishment panel the descriptive anal-
ysis shows that small firms provide further training

7 In the first publication three waves of the Hannover Panel (1991
to 1993) were pooled and in the second publication four waves
were pooled (1996 to 1999) (“unbalanced panel”). In each case a
pooled probit estimate and a random effects probit estimate of
further training provision were conducted as well as a tobit esti-
mate of the intensity of further training only for 1993 to 1996. For
this the provision of further training is measured by the funding
of further training and the intensity of further training by the
expenditure on further training per employee.
8 In Gerlach/Jirjahn innovation orientation is measured in terms
of state-of-the-art plant and the medium-term development of
R&D, participatory employment forms are measured in terms of
teamwork and quality circles, the employee structure is measured
in terms of the proportions of university graduates, skilled work-
ers, commercial staff, trainees and part-time employees, the at-
tractiveness of the jobs and codetermination are measured by the
existence of collective agreements, profit-sharing plans for em-
ployees and the existence of a works council, and reasons for
further training are measured by the introduction of new products
and new production processes. In some cases different variables
prove to be significant in the probit and tobit estimates.
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considerably less frequently but then provide a
larger proportion of their employees with further
training at the same time (cf. Düll/Bellmann 1998,
Bellmann/Düll/Leber 2001, Neubäumer/Kohaut/
Seidenspinner 20069). Here the intensity of further
training is measured in terms of the ratio of employ-
ees with further training to all employees. In the var-
ious probit estimates firm size is significant with a
positive sign for the provision of further training and
in the various tobit estimates it is significant with a
negative sign in only some cases for the intensity of
further training.

In addition to this, various variables for capital in-
tensity and innovation capacity, employee structure
and codetermination as well as the attractiveness of
the jobs again prove to be significant for further
training activity; the hypotheses that we put forward
are largely confirmed.10 Finally the significance of
characteristics that occur only once or only temporar-
ily, such as shortages of skilled labour, investment
in communication technology and EDP, organisa-
tional change and shifting responsibility down the
company hierarchy, suggest that some firms only
provide their employees with further training when
there is a definite reason (cf. Düll/Bellmann 1998,
Bellmann/Düll/Leber 2001, Hübler 2003, Neubäu-
mer/Kohaut/Seidenspinner 2006).

On the whole the empirical findings obtained so far
confirm our double hurdle approach in the sense
that firms’ further training behaviour is character-
ised on the one hand by longer-term largely un-
changed structural characteristics such as capital in-
tensity and innovation orientation, employment
forms, employee structure, attractiveness of the jobs
and industrial relations, but on the other hand short-
term reasons for further training occur such as in-
vestment in the fields of EDP and communication,
product innovations, shortages of skilled labour and
organisational changes.

9 Provision of further training is measured by the promotion of
further training (releasing employees to undergo further training
respectively paying the further training costs). For reasons of
comparison, in the studies by Düll/Bellmann 1998 and Bellmann/
Düll/Leber 2001 only results for western Germany are given.
10 Depending on the publication and the issue being investigated,
different variables are included in the various probit and tobit
estimates. These variables are not listed here in full. Capital inten-
sity is measured in terms of the total investment per employee
and in terms of variables for investment in intangible assets, e. g.
in market research; innovation orientation is measured in terms
of the modernness of the plant and equipment, the employee
structure in terms of the proportions of skilled employees, train-
ees, commercial staff and women, and the attractiveness of the
jobs and codetermination in terms of the existence of collective
agreements and a works council or staff council.
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3 Methodical procedure and our own
empirical findings

3.1 The data set

Our empirical analysis is based on the IAB establish-
ment panel and therefore on a representative sample
of almost 10,000 western German firms. The basis
for the sampling is the establishment file of the Fed-
eral Employment Agency, so the population in-
cludes all firms with at least one employee covered
by social security (cf. Bellmann 2002, Bellmann/Ko-
haut/Lahner 2002). Strata are formed according to
17 industries and 10 firm-size classes, and the selec-
tion probabilities are approximately in proportion
with the employee shares. The IAB establishment
panel data have been collected once a year since
1993 in western Germany and since 1996 in eastern
Germany.11

The survey units are establishments, i. e. local units
in which goods and services are produced. They are
interviewed by Infratest München on behalf of the
IAB. The annual survey programme covers struc-
tural characteristics of the establishments (industry,
firm size, investments) and questions about the de-
velopment and structure of the workforce and about
the business development (turnover, profitability,
capacity utilisation). In addition to this there are
various special focus subjects in individual years. For
example in 2001, 2003 and 2005 the firms were asked
additional questions about their further training be-
haviour.

3.2 Extending the observation period

When extending the observation period we start out
from the assumption that we were able to ask the
firms (and that they had reliable documentation of)
whether they had provided further training in the
last six years and how many employees were in-
volved. In order to approximate this assumption, in
our study we take into account only establishments
that were in the 2001, 2003 and 2005 waves of the
IAB establishment panel and gave details regarding
their further training provision in the different years
and regarding the number of employees who under-

11 We do not include eastern German firms in our analysis since
due to the transformation process the determinants of company
further training differ strongly between the states of former East
and West Germany.
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went further training in the different years.12 For
them we form the variable for the provision of fur-
ther training in the entire observation period (yBi)

yBi � �0 if all yBi t � 0 (t � 1 to 3)

1 if at least one yBi t � ] (t � 1 to 3)

where yBi t = dummy for provision of further train-
ing in period t

and the variable for the average further training in-
tensity in the entire observation period (yIi)

yli � ��
3

t�1

wit

bit � : 3 (t � 1 bis 3)

where wit, bit = the number of employees who un-
derwent further training and the
number of employees of firm i in
period t.

One limit of this assumption is that firms were only
asked about their further training behaviour at two-
year intervals, i. e. details about further training are
only available for three years of the six-year period.
To simplify the matter we assume that the firms
have always given information about their further
training behaviour in the last two years, knowing full
well that we can not capture all of the firms which
only provide further training temporarily.

This conversion of the balanced panel into a cross-
section (and thus not taking into account the longi-
tudinal variance) is to be seen against the back-
ground of our double hurdle model of further train-
ing behaviour, which has to be tested empirically:

Ð Firms’ general willingness to provide further train-
ing (and thus the overcoming of the first hurdle)
depends on a number of structural characteristics
which barely change over time (or for which
larger changes are taken into account).

Ð The firms which provide further training at irreg-
ular intervals (because they do not always over-

12 The firms were able to report both participants in further train-
ing and cases of further training; the latter were converted into
further training participants.
Details about firms’ expenditure on further training (as in the
Hannover Panel) are not available in the IAB establishment
panel. This is to be seen in the light of the fact that the costs of
further training for the firms are very difficult to record reliably
in practice: many establishments (firms) do not determine their
further training costs explicitly and some of the firms do not add
the costs related to the absence of the employees while they un-
dergo training, whilst others include these costs in their further
training costs. Cf. Grünewald/Moraal/Schönfeld 2003.
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come the second hurdle) are not fully observed,
especially when the observation period is short,
with the result that the provision of further train-
ing is shown as too low (and the further training
intensity of firms providing further training is
shown as too high).

Ð It is not only the case that reasons for further
training occur irregularly, but also that it is not
possible to state a clear temporal relationship be-
tween the occurrence of the corresponding varia-
bles and (more) further training measures. This,
too, is more noticeable with a (too) short obser-
vation period.

Finally with a balanced panel converted into a cross-
section the problem of panel mortality occurs to the
same extent: of about 9,850 establishments that be-
longed to the establishment panel for western Ger-
many in 2001 only about 3,800 replied in both 2003
and 2005, i. e. less than 40%. The panel mortality
scarcely differs in the different firm-size classes,
however (Table A2 in the appendix).

3.3 Description and explanatory
variables

Table 1 shows the effects that extending the obser-
vation period has on the provision of further train-
ing and the intensity of further training, which we
expected: whereas in the period 2000 to 2005 58%
of the firms provided their employees with further
training, it averaged only 40% in the individual
years, i. e extending the observation period the
firms’ provision of further training increased by
45%. This effect is stronger still in the case of very
small establishments: the proportion of firms pro-
viding further training grew by 58%. This indicates
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that firms’ fundamental provision of further training
is underestimated when the observation period is
(too) short. On the other hand the intensity of fur-
ther training for the firms that do provide further
training is overestimated in this way: it averages
30% in the individual years (32% for very small
establishments) and falls to 28% (26%) when the
observation period is extended. At the same time
the provision of further training by firms that pro-
vide further training no longer varies so consider-
ably between the firm-size classes.

In our estimates of the provision of further training
and the intensity of further training for the short
and the long observation periods we assume that the
further training behaviour is influenced by four
groups of variables:13 capital intensity and innova-
tion orientation; firm size, proportions which charac-
terise the firms’ employee structure; variables that
stand for the attractiveness of the jobs and for code-
termination; and variables that characterise reasons
for further training. With the first three groups we
assume that they are longer-term structural charac-
teristics which hardly change over time (qualitative
characteristics) or which vary around a certain level
over time only by coincidence or for reasons associ-
ated with the business cycle (quantitative character-
istics), whilst in the case of the fourth group of char-
acteristics we assume that they reflect irregularly oc-
curring reasons for further training as well as struc-
tural changes. This procedure is a result of our dou-
ble hurdle approach.14

13 An overview of the delimitation of the explanatory variables
and the variables to be explained is provided by Table A3 in the
appendix.
14 Cf. Neubäumer/Kohaut/Seidenspinner 2006 for a similar proce-
dure. There the selection of the first three groups of variables is
explained in more detail.
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Table 2 shows that firms which provide further train-
ing at irregular intervals Ð which are usually as-
signed to the firms not providing further training
when the observation period is short Ð differ clearly
in their structural characteristics from the firms that
do not provide further training: they are larger, in-
vest more and have more modern plant and equip-
ment, they employ fewer unskilled and semi-skilled
workers and more skilled non-manual employees,
and are more likely to have a works council and
collective agreements and pay above the collectively
agreed wage scale. However, they differ in virtually
the same structural characteristics from firms that
provide further training regularly (apart from the al-
most equal technological state of their plant and
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equipment and a high labour turnover). Reasons for
further training, such as investment in communica-
tion technology and EDP or various changes in the
organisation system, occur more seldom in firms
that provide further training at irregular intervals
(and even more so in firms that do not provide fur-
ther training).

As three attributes are available for many variables
(for 2001, 2003 and 2005), the delimitation of the
explanatory variables requires prior consideration
and pre-testing with regard to contents.

For each of the quantitative characteristics we calcu-
late the mean from the values for the three years.
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This is important above all in the case of variables
which fluctuate strongly over time, such as invest-
ment, for which constancy can be achieved in this
way (in contrast the proportions that characterise
the employee structure remain virtually constant).
For the number of employees, in addition to the at-
tribute for 2001, we also use a variable for the devel-
opment between 2001 and 2005 because a large in-
crease (or reduction) in the workforce is likely to
have an impact on the further training behaviour.15

A number of qualitative (structural) characteristics
do not change over time; this can be seen from the
fact that for most of the firms the dummy variables
have the same value of 0 or 1. For industry affilia-
tion and the existence of a works council we accord-
ingly used the dummy variable for 2001 and 2003
respectively.16 For the technological state of the
plant, for which changes occur in the firms’ estima-
tions, we use both the dummy variable for 2001 and
a further dummy variable for an improvement in the
technological state, which can be regarded as a
proxy variable for process innovations. In the case of
the existence of collective agreements and payment
above the collectively agreed wage scale, additional
evaluations found that almost all cases of a change
in the dummy occur temporarily. Accordingly we set
a dummy value of 1 for these variables if there is a
collective agreement or payment above the collec-
tively agreed wage scale in at least two of the three
surveys.

Finally the variables of involvement in R&D, organ-
isational changes, a shift of responsibility down the
hierarchy, introduction of teamwork and the intro-
duction of units having to determine their own re-
sults and costs are only available for 2001. They can
only be used to explain further training if the obser-
vation period is extended (or the appropriate cross-
section used) and then lead to an information gain.

3.4 Estimation procedure and results
of the estimate

As a reference model (model 1) we first estimate the
provision of further training in 2001 using a probit
approach and the intensity of further training in
2001 using a quasi-likelihood approach following

15 If there is a considerable change in the average number of
employees for all of the firms together, the change in the number

of employees in a firm is calculated as follows:
Bi 05 Ð Bi 01

Bi 05
.

16 Values for the existence of a works council are only available
for all of the firms for 2003.
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Papke/Woodridge (1996)17 subject to the different
explanatory variables for 2001. Then we extend the
survey interval and estimate what determines
whether a firm provided further training at least
once in the years 2001, 2003 and 2005 and which
factors determined the firm’s average intensity of
further training in these three years. For this we use
analogue variables like those in the reference model
but defined for the longer survey interval (model
2a) or we use another two additional variables that
capture changes in the survey interval (extended
model 2b).

In our (robust) probit estimates virtually the same
variables prove to be significant for both the short
and the longer observation periods for firms gener-
ally classifying further training as worthwhile: in-
vestment in real capital, modern plant and equip-
ment, involvement in R&D and firm size (each with
a positive sign), as well as the proportion of skilled
non-manual employees (with a positive sign) and
the proportion of unskilled and semi-skilled employ-
ees (with a negative sign) (Table 3). This confirms
our hypotheses that capital intensity, innovation ori-
entation and the size of the firms as well as the skill
level of their workforces are of importance for over-
coming the first hurdle.

For the shorter observation period this also applies
for the existence of collective agreements, payment
above the collectively agreed wage scale, labour
turnover and the existence of a works council, i.e.
for variables that characterise the attractiveness of
the jobs and the type of industrial relations. For the
longer observation period, however, only the exist-
ence of collective agreements proves to be signifi-
cant. This suggests that payment above collectively
agreed wage scales, labour turnover and the exist-
ence of a works council are of no (or only slight)
importance for further training in the case of (small)
firms which less frequently overcome the second
hurdle by means of concrete reasons for further
training.18

Of the reasons for overcoming the second hurdle for
further training, only investment in communication

17 The suitability of tobit estimates when the variables to be ex-
plained have a value between 0 and 1, which used to be conducted
frequently, is meanwhile being questioned by a number of authors,
who have suggested using other methods. Cf. Ronning 1992, Papke/
Woolridge 1996, Wagner 2001, Kieschnik/McCallough 1999.
18 However, fewer variables for industrial relations are signifi-
cant, too, if the probit estimates are conducted for the two other
(individual) years 2003 and 2005 (Table A4 in the appendix). This
suggests a not very stable correlation between the provision of
further training and the attractiveness of the jobs and the type of
industrial relations. According to Jirjahn 2003 this could also be
attributable to the fact that a works council and the existence of
collective agreements have to act in combination.
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technology and EDP and general changes in the or-
ganisation structure are significant (each with a posi-
tive sign), whilst the introduction of various forms
of participatory employment shows no significant
impact. Finally, of the structural changes in the ex-
tended model only an increase in the size of the
workforce proves to be significant (with a positive
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sign), but not the improvement of the technological
state of the plant and equipment.

The results in the (robust) quasi-likelihood estimates
are similar: when the observation period is ex-
tended, the same structural variables (with the ex-
ception of firm size) for capital intensity and innova-
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tion orientation as well as the skill level of the work-
force remain significant and suggest that these varia-
bles are of importance for whether it is generally
worthwhile for firms to provide a larger proportion
of their staff with further training. As regards the
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proportion of women, it stands out that it is signifi-
cant with a positive sign for firms’ intensity of fur-
ther training and therefore contradicts our hypothe-
sis of the negative impact of a short pay back period.
We put this down to the fact that particularly in
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firms with a large number of women working part-
time the intensity of further training is lower and
that we record the proportion of part-time employ-
ees separately and it has the expected negative
sign.19 (When estimating the provision of further
training the proportion of women and part-time em-
ployees had proved not to be significant.)

Differences between the results for the short and
the long observation periods are found again for the
variables characterising the attractiveness of the
jobs and the type of industrial relations: with the
longer observation period, payment above the col-
lectively agreed wage scale and the existence of a
works council are now no longer significant.20

Finally, of the reasons for overcoming the second
hurdle for further training, not only investment in
communication technology and EDP and general
changes in the organisation structure but also shifts
in responsibility down the hierarchy prove to be sig-
nificant (with a positive sign). Of the structural
changes in the extended model, the improvement of
the technological state of the plant and equipment
is now significant, whilst an increase in the number
of employees is of no importance for a higher fur-
ther training intensity. (This could be attributable to
more employees with the necessary qualifications
being hired.)

On the whole the empirical findings confirm our hy-
potheses that various structural variables (in partic-
ular of capital intensity, innovation orientation and
the structure of the workforce) have an influence, in
both the short and the longer observation period,
on whether the provision of further training in gen-
eral and a high further training intensity is worth-
while for firms, i.e. whether they overcome the first
hurdle. (Only the influence of the variables charac-
terising the attractiveness of the jobs and the type
of industrial relations proves not to be stable.) The
hypothesis that there are certain concrete reasons
for further training which result in the second hurdle
for further training activity being overcome is also
confirmed. Furthermore both the descriptive results
of a clearly lower rate of further training provision
and a higher intensity of further training in very
small firms as well as the significance of firm size

19 It is also possible that women having better school qualifica-
tions than men and firms expecting higher “trainability” and/or
motivation as a result could play a role in the positive impact of
a large proportion of women on the intensity of further training.
20 Here, too, conducting analogous quasi-likelihood estimates for
the other two individual years suggests that industrial relations
do not have a stable influence on the intensity of further training
(Table A5 in the appendix).
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(with a positive sign) indicate for the provision of
further training that reasons for further training oc-
cur less frequently in smaller firms.

4 Concluding remarks

4.1 Why an extension of the observation
period and not a panel model?

This question can not simply be answered to the ef-
fect that the data are not suitable for estimates with
a panel model. For instance although the further
training behaviour is only observed every two years
in the IAB establishment panel, we had to find a
solution (assumption) for this problem when ex-
tending the observation period, too. (One could ar-
gue, at best, that three observation times are not
many for a panel and that panel mortality would
increase considerably if there were more observa-
tion times.) Furthermore, information on some of
the variables that are relevant for company further
training behaviour is only collected in one or two of
the survey waves. With a panel model these varia-
bles would have to be left out of consideration or
assumptions would have to be made for the variable
values in the other survey waves. When extending
the observation period it is instead necessary to es-
tablish how to deal with the variable values for three
points in time.

What is far more important is that the two methods
start out from different questions. Panel models take
into account in particular changes in the variables to
be explained over time, in this case the provision
and intensity of further training. This becomes par-
ticularly clear with the fixed effects model.21 All
firms that either generally do not provide further
training (yit = 0 for t = 1 to 3) or generally do provide
their employees with further training (yit = 1 for t =
1 to 3) would “fall victim to” differencing out (cf.
Ronning 1991, Greene 2000). Accordingly only the
variables that change over time would be taken into
account in the estimates. Furthermore the same
“temporal structure” would have to be assumed for
all firms. Thus, for instance, it would be assumed
that the introduction of teamwork in t2 leads to fur-
ther training in the following period (t3); it is also
conceivable, however, that some of the firms pro-

21 In random effects models, too, changes are the focus of atten-
tion. However, no differencing out is necessary because it is as-
sumed that the unobservable heterogeneity is independent of the
explanatory variables and that only the values of the unobserva-
ble heterogeneity depend on each other at various points in time.
Cf. for example Baltagi 2001 and Arndt 2004.



Renate Neubäumer and Susanne Kohaut A double hurdle approach for company further training behaviour

vide further training only in the run-up (t1) or in the
run-up and in the introduction period (t1 and t2).

When extending the observation period, on the
other hand, further training is regarded as a longer-
term phenomenon;22 temporary changes such as
temporary non-provision of further training or fluc-
tuations in the intensity of further training are not
of interest. Against this background the balanced
panel is converted into a cross-section and a distinc-
tion is made between firms providing further train-
ing and firms not providing further training only in a
period of six years. It is accordingly of interest which
structural characteristics cause firms to provide fur-
ther training either regularly or at certain intervals.
In addition we have brought into the discussion the
new factor that when a firm is generally willing to
provide further training there are certain occasions
and changes that provoke (additional) further train-
ing measures. When extending the observation pe-
riod it is not necessary to make such strict assump-
tions concerning the temporal effect of the latter
variables as is the case with panel models.

Both of the methods Ð extending the observation
period and fixed effects models Ð “give away” cer-
tain information; this information is quite different,
however, due to the different issues from which the
methods start out. With the extension of the obser-
vation period, all short-term changes within this pe-
riod (in particular temporary provision of further
training, fluctuating further training intensity, fluctu-
ating investment activity, fluctuating workforce size)
are not included in the analysis; only variables that
represent one-off “structural” changes between the
beginning and the end of the observation period
(e.g. an improvement in the technological state of
the plant and equipment) are taken into considera-
tion. With the fixed-effects model, only firms whose
further training behaviour changes over time are in-
cluded in the estimate because in this way it is possi-
ble to quantify the impact of their unobservable het-
erogeneity on further training.

4.2 Summary and outlook

The length of the observation period is of importance
not only for the purchasing of durable goods by
households but also for firms’ further training behav-

22 Gerlach/Jirjahn (1998: 323), too, refer to the continuity of com-
pany further training behaviour and conclude that it is the longer-
term factors, such as production technology or the structure of
the workforce, that are more likely to determine company further
training activities.
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iour. This can be substantiated theoretically using a
double hurdle model which not only looks into the
general willingness to invest in further training but
also puts the sometimes irregular implementation of
further training measures down to cost considera-
tions and concrete reasons for further training.

In empirical terms the length of the observation pe-
riod can be extended fictitiously by using the results
from several survey waves of panel data sets to form
variables for a longer observation period, i. e. the
balanced panel is converted into a cross-section. For
this study, only the firms in the IAB establishment
panel which could be asked about their further
training behaviour in 2001, 2003 and 2005 were
taken into account. For these firms the further train-
ing provision in the period 2000 to 2005 and the av-
erage intensity of further training in the period 2000
to 2005 were calculated. First of all the descriptive
analysis showed that just under half of the firms
which did not provide further training in 2001 were
actually involved in further training when the obser-
vation period was longer. In particular small and
very small firms provide their employees with fur-
ther training on an irregular basis (Table 1). Firms
which do not provide further training and firms that
provide further training regularly or irregularly dif-
fer considerably as regards the means and propor-
tions of the explanatory variables (Table 2).

It emerges first of all that there are a number of
variables which have an influence on whether it is
generally worthwhile for the firms to provide further
training, i.e. whether they overcome the first hurdle.
When the observation period is extended, these
structural variables remain largely unchanged. This
is shown by comparing our probit estimates of fur-
ther training provision and our quasi-likelihood esti-
mates of the intensity of further training for 2001
and for 2000 to 2005. The same variables for capital
intensity and innovation orientation and the same
proportions for the employee structure prove to be
significant in each case (Tables 3 and 4). Only the
variables that characterise industrial relations Ð ex-
istence of a works council and payment above the
collectively agreed wage scale (and labour turnover
in the probit approach) Ð lose significance when the
observation period is longer, which suggests that
they do not have a stable influence on the general
further training behaviour.

In addition, it is possible to establish proof of a num-
ber of concrete reasons for further training, by
means of which the second hurdle for further train-
ing activities is overcome. Investment in communi-
cation technology and EDP and changes in the or-
ganisation structure are significant for firms’ provi-
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sion of further training and intensity of further train-
ing in both the short and the longer observation pe-
riod. (Shifts in responsibility down the hierarchy
also prove to be significant for the intensity of fur-
ther training in the shorter and the longer observa-
tion period.) Such reasons for further training which
enable the second hurdle to be overcome occur less
frequently in smaller firms, however. This can be
seen firstly from the fact that the provision of fur-
ther training by very small firms is clearly lower and
their further training intensity is higher for 2000 to
2005 than for the average of the years 2001, 2003
and 2005. Secondly this is also suggested by the sig-
nificance of firm size for the provision of further
training (with a positive sign).

Extending the observation period by using the re-
sults of several waves of panel data sets is a suitable
method to use for the double hurdle approaches23

cited in the literature and for other economic issues:

Ð According to the double hurdle model of Blun-
dell (1990) and Franz (1996) a supply of labour
only arises when a suitable job is available (first
hurdle) and when the individual offers labour in
accordance with his or her decision rule (second
hurdle).

Ð Dismissals for operational reasons can be ob-
served in firms (of certain firm-size classes) only
when no industry-wide collective agreements or
company collective agreements stand in the way
and/or when there will be no loss of reputation
due to implicit contracts being broken and when
reasons for such dismissals arise, such as a loss of
market shares or a fall in sales associated with
the economic cycle.

Ð A firm will convert a job that is covered by social
security into several “€ 400 jobs” only when it not
only assesses this to be worthwhile in principle
but also when enough candidates with the re-
quired social competence and “trainability” ap-
ply.

Ð Whether or not a firm uses certain selection in-
struments when making personnel decisions de-
pends not only on the fundamental decision to
use such instruments but also on the firm’s re-
cruitment demand for certain job categories and
on the applicant situation.

23 In 1992 the double hurdle approach was applied by Lambert
to the occurrence of defects in manufacturing. The first hurdle is
that the machine is not perfectly adjusted so defects occur in the
first place. The second hurdle is determinants such as the quality
of the materials or of the workers, which decide the number of
defects. Lambert developed a zero-inflated Poisson model for the
estimate.
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