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Abstract

Controlling for training effort at the firm-levelsawell as firm-specific characteristics we

assess the relation between a firm’s productivéyel and the age composition of its

employees using a unique dataset from Austria. @uris to test whether the hump-shaped
age profile of the employee’s age structure on getdity that we found in previous studies

is robust once we control for training intensityttad firm level.
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1. Introduction

Similar to other industrialized countries, Austsia/orking age population will shrink and age
during the next decades. In particular, the ageinthe baby-boom generation will put high
pressure on human resource management within fifing. demographic pressure will be
exaggerated by continued disincentives for worlolder ages and for hiring old workers.
Austrian’s employment rate of older people is ansbribe lowest within the EU countries.
According to recent data by EUROSTAT labor forcetipgoation of employees aged 55 to 64
in 2004 is 29.9 percent in Austria compared to &1 & average of 45.30 percent. If lower
employability of older workers is associated withwer productivity, efforts to increase the
labor force participation of older workers and &ise the effective retirement age have to be
re-considered. Though an ageing workforce as a evli®loften associated with lower
productivity, there are no clear-cut empirical fimgs to support this assumption. The
aggregate effects of ageing in combination witlingseducation levels among younger
workers are highly uncertain. In recent years, sdvapproaches have been followed to
estimate age-productivity profiles ranging from &genings profiles, supervisors’ ratings,
work-sample tests and employer-employee matchexls#ds. Strategies of encouraging older
workers to remain longer in the workforce on the tvand and encouraging firms to hire old
workers on the other hand need to be evaluatedregghrd to the productivity profile of older
workers.

Based on a newly created matched employer-empldgige set for Austria in 2001, we
estimate the impact of the employees’ age composin the firm’s value-added controlling
for the training intensity at the firm level. Theam challenge is to isolate the effect of the
employees’ age from further influences on a comfsamyoductivity, whereby we are
particularly interested in the firm’s training imt&ty, which leads to strong identifying
assumptions. Moreover, as our data is restricteddmss-section in 2001, this only allows us
to control for unobserved heterogeneity acrossdirithus, we are not able to handle the
potential correlation between the share of olderkexs and the unobserved lagged level of
firm productivity properly to account for reversausality. We capture firms’ heterogeneity
by including firm-specific characteristics in ouegressions. Since labor is not only
heterogeneous with respect to age we also conbrothfe educational, occupational and
gender-specific structure of the workforce. Unfadtely, our data does not include any
information on hours worked, so that it only alloussto control for the share of part-time and
full-time employees within a firm.

The paper is organized as follows: We present thgirccal model in the second section
and review the data in section 3. Results are suimethin section 4. The final section
concludes and provides an outlook for further resea

2. Derivation of empirical model

Similar to Crépon et al. (2002) and Prskawetz et2807), we assume perfect substitutability
of workers of different typek = 0,..K.2 The total amount of human capitat, can be written
as:

% Marginal productivities may differ among the diffet types of employees.
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where L is the sum of the labor inpul is the productivity of the workers taken as the
reference categoryl«/L)=Wi denotes the share of workers of typ@ndyy is equal to
(A\/Ao-1). Applying the approximation log(¥}x we can write (1) a$:

K K
log(L*) =log(L) +log(Ao) +log(1+ %Vka) =log(L) +log(Ap) + % VWi - )

As discussed in Crépon et al. (2002, pp. 7 ffy,cbossing the different types of variables
(gender, qualification, age), we can classify trarkforce in a great number of categories:
young unskilled males, young unskilled females, aodon’. To reduce the number of
categories, they introduce an approach that they tee ‘simple model’. In principle their
approach assumes either that relative coefficiaotess a certain group are equal along all
other characteristics or that the categories aegl@pping and not disjoint. For instance, if we
assume the existence of three age groups and tmwpational groups, the simple model
would exclude one age group and one occupationalgas the respective reference category
and include the remaining two age groups as welthase occupational groups as the
variables that characterize the labor force. Byotwing this approach we assume that the
relative coefficients on the age categories arestmae across all occupational groups and
similarly, that the relative coefficients on thecapational categories are the same across the
age categories. A model, which would account far ititeraction of age and occupational
groups would include 11 age—occupational categol@ving out one of the groups as the
reference categories. This model is termed anteled model’ in Crépon et al. (2002).

Owing to the lack of appropriate data on the cagiiack at the firm level, we restrict our
analysis to labor productivity defined as value etigher employee at the firm level and
denoted by wherei indicates the firm. We then estimate a multivarilbear model in
which we regress log value added per employee @totih level of human capital as defined
in equation (2) and additional firm-specific chaeaistics X; to account for firm
heterogeneity. Our reduced model is

K
log(v; ) = const. + X" piiWii + X +&; , (3)
1

where the subscript denotes the firm level. The inclusion of additibrieim-specific
characteristics is aimed at capturing the hetereigggacross firms.

In order to test whether the training decision ofiren has an influence on its labor
productivity, the model of Crépon et al. (2002kidended by a variable of training intensity
Ti. Our final model is

K
log(v;) :ConSt-"'ZykiWki + X +T +g . (4)
1

In the empirical analysis we shall differentiatebda by age, gender, educational
attainment, occupational classification and numifehours worked (cf. Table 1), which is
included in the second term of equation (4). Unfoately we can apply only a rough

* This approximation will be valid as long ass rather small. In our case the approximation ieyather crude
(since x represents the sum of share variables). We follog convention in the literature and apply the
approximation that facilitates the application dingar regression.

® limakunas and Maliranta (2002) use a step-by-giggedure in which they start off by including a
comprehensive set of independent variables in thriductivity estimates and show that, by applyingore
and more limited data set (which also excludestaBpthey obtain fairly consistent results.
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classification for hours worked into part-time wes<ull-time employment. For firm-specific
characteristics, which are includedXpn we include the size as well as the age of the &inuh
whether it is a multi-plant firm or not.

3. Data
3.1. Merging procedure

We use a cross-section of employer-employee matdagal from Statistics Austria for the
year 2001 The data set emerged from matching firm level daftastructural business
statistics” with thepopulation census of Austria. It covers NACE (Nomenclature génédds
activités économiques dans les Communautés eumnopgersections C (mining and
quarrying) to K (real estate, renting and busiredsvities) and contains selected economic
indicators of 34 375 enterprises as well as saeleseio-demographic indicators of 1 563 873
employees. The economic indicators include, endprmation about the sector affiliation, the
number of white-collar and blue-collar workers la¢ ttnd of 2001, and the value added in
2001 from structural business statistics. Socio-atgaphic indicators are taken from the
population census and provide information on ageication and occupation of individuals
employed in establishments on 15 May 2001. Cuyethi& construction of a panel is not
possible because the population census is condbgt&tatistics Austria only every ten years
and information on the plant-level identifier numii@r each person interviewed in the census
is exclusively available in the 2001 version. Stnual business statistics and census data can
be merged only by using this indicator. Since vaidded is available only at the firm lefel,
our analysis is restricted to the latter and né¢reoted to the plant level.

The matched employer-employee data set is somemdiay for at least two reasons.
Firstly, in the population census the affiliatioh individuals employed may be somewhat
imprecise (due to such factors as ascertainmentr)erso that matching is imperfect or
somewhat uncertain in a minor number of casesdfferently, according to the population
census data, we might find too many or too few eygegs for some firms. Secondly,
economic data on enterprises refer to the stattieagnd of 2001, whereas data about the age
and education of employees, as well as data onpatiomal affiliation, refer to the
employment status in mid-May 2001 (= reference dafethe population census).
Consequently, not every employee in the populatiemsus could be assigned to a firm nor
could every enterprise be assigned to employees.okp analysis we assume that the
matching process did not cause any systematicandshat the sample is representative for
Austrian industries.

The advantage of the data set is the combinatietohomic data (e.g., value added) of
enterprises, on the one hand, and socio-demograjaitéc (e.g., age, gender, education and
occupation) of the respective employees on therptiveich are usually not covered by
structural business statistics. Similarly, the gapon census contains information on the
characteristics of employees but does not contayneeonomic information on the firms the
employees work for. Hence, the employer-employeécheal data allow us not only to
compare the productivity levels of enterprises wiififierent age and educational structures of

® For a more detailed description of the data amihlkes see Prskawetz and Lindh (2006).

" Our data are collected from the Structural Busirsrvey (in 2001) of Statistics Austria. The Stnnal
Business Statistics are produced by extrapolatiagésults of the survey to the main part of thetAan
economy. For details of sample selection and thadof the survey as well as the extrapolation raeisin see
Statistics Austria (2003a).

8 We interchangeably use the term ‘firm’ or ‘entéspt to denote the unit of analysis.



their employees, but also to control for possiliefspecific effects such as size and age of
firm or type of organization (e.g., multi-plant ges single-plant firms).

As a further step, we link the matched employerdeyge dataset with the data of the
second Continuing Vocational Training Survey (CV].SEhis survey was conducted by
Statistics Austria in 2001 and captures informagbout training decisions as well as training
efforts in Austrian firms for the year 1999. Simikurveys were carried out by all members
and candidate countries of the European Union. ddta were collected by a questionnaire
from a sample of firms selected from the firm régisof Statistics Austria during the first
term of 2001. In contrast to the structural bussnesrvey (that is mandatory), the firms
responded voluntarily.

The purpose of this survey was to obtain some kdgrmation about the training
provided by firms for their employees. The focusehis on continuing vocational training.
‘Continuing vocational training’ is defined as treig measures or activities, which are partly
or completely financed by the enterprise and bénkéir employees who have a working
contract. Continuing vocational training measurad activities in turn include continuing
vocational training courses (CVT courses) and otbens of continuing vocational training.
Thereby, training courses are events designedysfaelthe purpose of providing training or
vocational education taking place outside of thekwmace. For instance this might be in a
classroom or training center, at which a group @ople receive instructions from
teachers/tutors/lecturers for a period of time Hpetin advance by those organizing the
course. The survey did not cover initial vocatiamaining of the kind provided to apprentices
and others who have a training contract.

The CVTS2 covers NACE sections C (mining and quaglyto K (real estate, renting
and business activities) plus O (other communitgjal and personal service activitieand
contains selected information about training atiési of 2 612 enterprisé$.The indicators
include structural data (e.g. total number of eppés, total hours worked, total personal
cost, etc.), training policy (e.g. whether the emtise assesses the skills and training needs),
continuing vocational training courses (e.g. typd #ocus of trainings, number of employees
participating in trainings, training expenditur@né spent in training courses, etc.), other
forms of continuing vocational training, and reasarot to provide continuing vocational
training at all in 1999*

Since only firms with at lest 10 employees areuded in the CVTS2 we split our sample
of 34 375 firms into one sub-sample of ‘small fifnfat most 9 employees) and one sub-
sample of ‘large firms’ (at least 10 employees).i/lthe former sample contains 17 003
firms, the latter sample comprises 17 371 firmse Bub-sample of firms employing 10
employees or more are further merged with the itrginnformation based on CTVS2. The
resulting sample is called ‘CVTS-firms’ and contih 889 firms that have answered the
CVTS2 survey. Since not all firms included in théTS-firm data set have provided training,
we also have a control group of firms not providingining in this new reduced sample.
Summing up, we have set up four different data: detthe ‘full sample’ that includes all the
firms — independent of the size, 2. the sample dmy includes firms with less than 10
employees, ‘small firms’'3. the sample that onlylies firms with at least 10 employees

® Since the structural business survey does notr¢tbeeNACE section O, firms of this sector drop onte we
link the CVTS2 data with the employer employee data

% bue to budget and time restrictions, the grossp#asize was 6 908 at the beginning of the survegemure.
At the end of the procedure 2 612 firms respondaiich corresponds to a respond rate of 37,8 percent

1 For further details about CVTS2 in the Europeaiobisee EUROSTAT (2000). Findings from CVTS2 for
Austria are published in Statistics Austria (2003b)
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‘large firms’ and 4. the sample that includes atmg with at least 20 employees and
information on firm specific training ‘CVTS firms?

The merging of the employer employee data with daga of CVTS2 introduces two
different biases. Firstly, firms are observed ab tdifferent points in time. The training
activities are surveyed for 1999, whereas the emonalata are collected for 2001. When
firms disappear and henceforth drop out of the $arhptween 1999 and 2001 a bias may
result, which may be called ‘survival bias’. Seclgnas firms replied voluntarily and were
not obliged to answer by law, a ‘selection biasghtiplay an important role.

During the two years in-between the years 1999 20l firms may undergo several
additional changes that need not necessarily inte@d bias but need to be controlled for.
Firms may change size because they grow or sheitfier because of changes in the market
or because of mergers, acquisitions or takeoveutsoarcing of business activities (e.g.
maintenance of computer equipment) or splitting ficrmally separate companies, etc. Such
developments not only alter the size of the firnt &iso the structure of the workforce in
terms of age, education, and other characterigtitsencing productivity. However these
activities do not change the ID number of the firamd no information about mergers,
splitting etc. is included in the data set. Onlghange in the number of employees or value
added can be observed but the reason underlyisg tfenges is unknown.

3.2. Descriptive statistics

Compared to the full sample of large firms, therabteristics of the CVTS-firms sample
is rather different. . Firstly, as a consequencethaf two biases described above, many
observations dropped out of the sampl&econdly, due to several missing values in tha dat
some further firms had to be droppé&dThe number of firms used in the analyses was
reduced to 1 788. Thirdly, the mixture of firms terms of sectors changed remarkably.
Compared to the full sample of large firms the shafrfirms from mining and manufacturing
industries is higher while the share of firms bejog to the service industries is lower.

Descriptive statistics (mean values and standavihtiens for selected characteristics) for
all four samples are presented in Tabfg 1.

[Table 1 about here]

Firms included in the CVTS firm sample are partclyl characterized by a much larger
workforce with 210 employees per enterprise on ayer This size effect goes along with a
higher average share of males of 68% (a decreabkimg of females), a higher age of the firm
(24 years on average), a larger share of multitdglems (46% on average) and a lower share
of self-employelf, which intuitively makes sense and only correspotud1%, as well as a
poorer average share of investments into fixedtagss worker. Moreover, the small firms

2 For an illustration regarding the merging procedand sample size see figure 1.

13 723 firms from CVTS2 data dropped out because g not in the sample of structural businessssis.
Many observations from structural business statistiere lost, because they were not in the sanfifil&/©S2.
Due to merging the number of firms has been redtwdd389.

14 634 firms dropped out because of missing values.

15 For the sake of completeness we also show deiserigtatistics as well as analytical results f@ ¢noss
employer-employee matched data.

16 We group occupational affiliations into five egories: self-employed, white-collar workers, bagdtar
workers, apprenticeships and home workers.



can predominantly be found within the retail araber sector (NACE G), whereby the large
(training) enterprises are relatively strongly esmanted within the manufacturing sector
(NACE D).

Also the age composition of the workforce diffecsass the four samples. Among small
firms, the youngest (below age 30) and the oldest\(e age 49) age groups are of the same
size on average with 21% each. Overall, the woddamf the small firms is a little bit older
on average, since the share of the oldest age gsdughest (21%) among our samples. The
share of prime-age workers (30 to 49 years) doresm#dgr each sample, accounting for more
than 50% of all employees on average. We introdackirther indicator regarding the
distribution of the age groups within a firm by mak use of the ‘Herfindahl-Index’, which
shows, that the degree of age concentration is rhigier for small firms than for larger
ones. In other words, there are a lot of firms agnibrose with less than 10 employees, whose
age structure is nearly completely concentratepd®ed to this finding, a lot of enterprises
with at least 10 employees have a rather balangedtaucture.

Educational levels are grouped by attainment iajdb@sic education (up to 9 years); (b)
upper-secondary education with medium skill attanmwhich includes apprenticeships and
short cycle vocational education (10 to 12 yearsabiooling); (c) upper-secondary education
with higher skill attainment, which encompassesAhstrian gymnasium and its equivalents,
such as vocational colleges (12 to 13 years ofdoig); and (d) tertiary education, including
postgraduate studies, teacher training colleges Bte medium skill upper-secondary
(referred to as ‘lower secondary education’ inttiides) education level is the most prevalent
category with nearly 60%.

Obviously, the survival bias (as caused by differemings of the CVTS and the
structural business statistics together with thresae data) as well as particularly the selection
bias (caused by the fact that firms reply in theTGWvas voluntarily) introduce a rather
different structure of enterprises for the ‘CVT8ifs’ sample.

In the ‘CVTS firms’ sample we can measure trainimgensity by three different
indicators. The first one is the number of emplsyeained divided by the average number of
employees in a firm in 1999. A drawback of this swea is that it does not take into account
the intensity or length of the training course emgpkes participated in (cf. Zwick 2006, p.
35). Because training expenditures and the avedeaggh of training reflect these differences,
we defined two further measures of training intgnsthe second indicator is the number of
hours spent in training courses divided by theltotanber of hours worked in 1999. Our
third training measure is the money devoted foining courses by a firm relative to total
personal cost. In the average firm, 30 percentngbleyees attended a training course, 0.5
percent of total working time was spent, and 0.&@at of total personal costs were laid out
for training courses. Regarding training intensityour CVTS sample we can observe, that
almost one quarter of all employees have beeneainhis number relates to those firms that
voluntarily replied to the questionnaire. Therebge has to keep in mind, that our ‘CVTS’
sample also includes a control group, which is cosep by all firms that have responded, but
did not provide training in 1999 at all. By contrathe relative time spent in training as well
as the share of training expenditures are rathgligiele.



4. Regression analysis: Estimating productivity eff ects of the
employees’ age structure controlling for training a t the firm level

In Prskawetz et al. (2007) our analysis is basedhenfull employer-employee matched
sample and the influence of vocational trainingas considered. In this study we extend our
previous work by incorporating indicators of traigs intensity into our model in order to
control for training activities. As data of vocatal training is available only for a small
proportion of firms the analysis is based on a cedusample as described in the previous
sections.

In this section our results from our previous wdhat referred to the full employer-employee
matched sample, are reviewed. Afterwards we shotwomwesfor our three sub-samples.
These encompass small firms, large enterprisesfiend, which were supposed to answer
questions on their training behavior.

The following OLS (= ordinary least squares)-regiess are performed at the
enterprise level. Analyses based on the reducedplsaire conducted firstly without
controlling for training activities and secondly ronsideration of training. We report
outcomes of all estimates and discuss results dakito consideration the consequences of
selection and survivors biases.

The dependent variable in all regressions is tigarithm of value added per worker,
whereas the denominator is the average number denin 2001 as given in the structural
business statistics. Whenever possible, the indkgervariables are taken from the structural
business statistics as well. While several socimatgaphic variables, such as age and
educational level (both measured as shares), lodve taken from the set of workers that was
matched with the 2001 census, we took our indisatdrtraining activities from CVTS2.
Since we could not match all workers, this impliest some of the independent variables are
based on a sample that is smaller than the numberotkers in the structural business
statistics. The results of the estimates are ptedan Table 2. It includes regression results
for the full employer-employee matched sample (nihdeolumn 2), as well as for the two
samples subdivided into small (model 2, columnr8) kEarge (model 3, column 4) firms and
the farther reduced sub-sample of CVTS firms exalgdmodel 4, column 5) as well as
including training (model 5, column 6).

[Table 2 about here]

At this point a clarification is needed. The regies coefficients presented in the
subsequent tables indicate the marginal effechoherease in the respective share, assuming
that the omitted share adjusts.

For every sample value added per worker is regdessehree age-share variables, the
Herfindahl index, four educational-share variabthe,share of gender, firm-specific variables
such as the logarithm of the size of the firm @mms of the number of employees and
measured by a continuous variable), the logarithmthe firm's age (measured by a
continuous variable), whether or not it is a mplant firm (coded as a dummy variable) and
the logarithm of the level of investment (in tarlgibssets). A further set of variables contains
the share of workers in various occupations as aglthe share of part-time workers, nine
NACE-categories as well as nine regional dummiegtsfoategories) for Austria. As
reference categories we chose the share of primeé-agrkers, the share of basic-educated
workers, the share of male employees as well ashhees of blue-collar workers, full-time



workers, NACE D (manufacturing) and NUTS 34 (Vobarg). The training variable is added
for the smallest sampie

We briefly summarize the most striking findingstire following. We find a hump-shaped
pattern of the age structure’s impact on a firmatue added that seems to weaken for larger
sized firms. This result is significant on 1%-levet the smallest firms. That is, firms where
the share of young (or old workers increases) {hadshare of prime-age workers adjusts) by
1%, exhibit on average 14% (19%) less productivity.calculate the effect of an increase in
the share of old workers, assuming that the shiayeung workers adjusts, one can take the
difference between the two coefficients. Moreovélre Herfindahl index is negatively
significant, which means, that firms with a high#egree of concentration regarding its
workforce age composition suffer from significgnittwer labor productivity (-0.54). For the
CVTS sample the results are different. The humppetiapattern of the age variable
completely disappears and the age concentratidninadt firm does not matter anymore. This
finding is irregardless of whether we control faining or not (cp. Model 4 and 5). Thus, the
differences in the results could partly reflect iguence of the selection bias. In the reduced
sample firms are older and especially larger omamethan in the full sample, and the single
economic sectors are represented to a differemededhese three factors seem to be the
driving force that underlies the changing resultstwthe age composition of the workforce.
The diminishing impact of the hump-shaped age sirealready becomes apparent in model
3, where — although the coefficient for the youngeg groups even grows (-0.42) and is still
significant on 1%-level — the coefficient for thielest age groups becomes rather small
(-0.11) and is only significant at 10%-level. Moveo, the Herfindahl index is much lower
(-0.19) for this sample compared to the small firms

With regard taeducation we find that — relative to basic education - arease in the
share of tertiary, upper-secondary education wghdr skill attainment, and upper-secondary
education with medium skill attainment positiveffeats productivity in all samples. The
positive effects of all three categories of eduwmatre highly significant for all samples.

Compared to the share of males an increasing siaremen is throughout associated with
decreasing labor productivity, which might be doi¢he fact, that females often tend to work
part-time. Unfortunately we are not able to contonlhours worked, but included a dummy
for part-time work, which is significantly negatifer all samples as well.

Regarding firm-specific characteristics we can olxsgthat size and age of the firm plays a
more important role for small firms, whereas beangulti-plant firm has a negative
coefficient and is more important for larger firnisvestments matter positively and to the
same extent for all firms.

While a rising share of self-employees and appeestiips lead to decreasing productivity, an
increase in white-collar workers compared to blakac workers is positively associated with
the productivity at the firm level.

As already mentioned the share of part-time em@sy®s a significantly negative impact on
productivity for firms of any size as compared wt-fime employees.

7 We only show the result emanating from a regressiothe share of employees taking part in CVTviis,
as making use of the two other training measurgeau are consistent with this outcome.
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The sector affiliation of a firm as well as its &ion within Austria should obviously be
considered, as we nearly exclusively find significeoefficient for the respective dummy
variables. While the pattern within the sectomather mixed, all regional dummies show up
a negative coefficient in reference to region 3¢ (nost western Austrian state ‘Vorarlberg’).

For the last model we extend the econometric seyupdding an indicator faraining
intensity in 1999, namely the share of works trained in relationttie total number of
employees. The influence of vocational traininghtuout to be positive and clearly significant
as long as we do not control for the structuréeneféconomy, i.e. as long as we do not include
the sector dummié$ Firstly, this means that the higher the trainingnsity in 1999, the
higher labor productivity in 200%. But, secondly, the effect from training on prodvicy
clearly depends on the NACE category, to whichrédspective enterprise belongs.

Overall, the educational level as well as the seatfiliation provide the largest contribution
in explaining productivity at the firm level in tes of R2. The strong impact emanating from
sector dummies can be traced back to systematitemhehologically determined differences
of labor intensity of production processes betwiensectors.

Moreover, we tried to control for potential endogiy of the age structure within an
enterprise by using an instrumental variable (I@prmach, which has not led to the desired
effect as we were lacking an appropriate instrumkttdel 4 and model 5 have also been
analyzed making additional use of the two-step W#hean’ procedure to correct for the
selection bias, which also did not alter our resdécisively.

5. Conclusions

Summing up the results of our analysis, we findnaukaneous, negative productivity effect

of the share of young workers (29 years and yoyrayet older workers (50 years and older)
on labor productivity, which is consistent with gqurevious studies, in samples of small as
well as in samples of large firms. Only in a snmalb-sample of firms, which consists of

enterprises that participated in the Continuousatfooal Training Survey, we are not able to
find any significant effects of the workforce’s agae productivity. That sample comprises

firms mainly marked by a large size and older fage.

We use three different indicators for training gy, namely the share of employees
trained in relation to the total number of emplayene share of time spent in trainings in
relation to the total working time and the shareegpenditure for trainings in relation to
personal costs. Independently of the specific miic we used, the influence of vocational
training turns out to be significantly positivelaag as we do not include the sector dummies.
Put differently, the higher the training intensity1999, the higher the labor productivity of a
firm in 2001. This effect is invalidated as soonves control for a firm’s sector affiliation,
which indicates, that the positive effect emanafnogn training depends on the structure of
an economy as a whole.

For educational shares we found that the sharpmémrsecondary education with medium
skill attainment, upper-secondary education witfhbr skill attainment and tertiary education
increases productivity.

'8 These results are not shown.
¥ The time difference between occurrence of trairing observation of productivity is two years. Bess
almost no information about training activitiesymars earlier and later than 1999 in availables, tinhe
difference is unchangeable. Therefore we can sohiaw long it takes until training activities effe
productivity.
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As we have indicated throughout the text, our tesaked to be interpreted with caution
because of several reasons. Firstly, we cannotaldot endogeneity of the regressors within
our cross-sectional data set. On the one handintieegap of our training data (1999) and the
employer-employee matched data (2001) is reasonablecent literature shows, that there is
a time gap between the implementation of trainictivdies and its positive impact on value
added. (Moreover, there might even be a negatipaatnwithin the year, when training takes
place.) On the other hand, this does not allowousse an instrumental variable approach in
order to account for potential endogeneity of iran

Further research might address the identificatidn determinants influencing the
employment of older workers in Austria, since ags@irm’s workforce is not exogenously
given, but determined endogenously by the firmfits@r its management respectively.

Secondly, our sample suffers from survivor bias aeléction bias. The survival bias is
caused by different timings of the CVTS and theictiral business statistics together with
the census data while the selection bias is camgdite fact that firms reply in the CVTS was
voluntarily. Both biases introduce a rather difféaregeduced sub-sample’ (‘CVTS firms’) as
compared to the complete sample of our previoudiesutand may distort our results.

11



References

Crépon, Deniau and Perez-Duarte (2002), ‘Wageslyatevity and worker characteristics: A
French perspective’, mimeo., Institut National aétatistique et d’Etudes Economiques
(INSEE), France.

EUROSTAT (2000), ‘Continuing Vocational TrainingrSay (CVTS)’, European Union
Manual, Eurostat Working Paper, Population andad@zinditions 3/2000/E/N°17.

llImakunas and Maliranta (2002), ‘Labor characterssand wage-productivity gaps’, paper
presented at the DILEED [Database Integration ankdd Employer-Employee Data]
Conference, Wellington, New Zealand, 21-22 March.

Prskawetz and Lindh (eds.) (200&he Impact of Ageing on Innovation and Productivity
Growth in Europe, Research Report no. 28, Vienna Institute of Demplgy, Austrian
Academy of Sciences.

Prskawetz, Alexia, Bernhard Mahlberg and Vegardifgikik (2007), ‘Firm productivity,
workforce age and educational structure in Austimalustries in 2001’, in Clark, Robert,
Hiro Ogawa, and Andy Mason (ed.), Population Agiimgergenerational Transfers and the
Macroeconomy, Edward Elgar Publishing (in press).

Statistics Austria (2003al.eistungs und Strukturerhebung 2002 (Structural Business
Statistics Manufacturing and Services 2002), Vieigtatistics Austria.

Statistics Austria (2003bBRetriebliche Weiterbildung 1999 (Vocational Training 1999),
Statistics Austria, Vienna.

Zwick, Thomas (2006), ‘The Impact of Training Ins#y on Establishment Productivity’,
Industrial Relations, Vol. 45, No. 1 (January 2Q048). 26 — 44.

12



Table 1: Descriptive statistics - determinantsroidpictivity in 2001

employer-employee

Jariables matched sample small’ firms large’ firms CVTS' firms
standard standard standard standard
mean mean mean mean
dev. dev. dev. dev.
sample size (in no. of firms) 34 374 17 003 17 371 1788
firm characteristics
value added per worker (in TEUR) 53.05 523.76 53.71 735.58 52.40 115.07 54.86 53.01
size of firm (in persons employed) 46.65 393.27 3.75 2.46 88.63 549.98 209.81 1270.97
age of firm (in years) 15.83 15.77 12.97 12.45 18.57 17.98 23.78 22.35
multiplant (0, 1) 0.20 0.40 0.08 0.27 0.32 0.47 0.46 0.50
investment in fixed assets per worker (in TEUR) 17.26 478.64 22.47 659.04 12.20 172.34 9.52 32.59
sector affiliation
NACE C (mining) 0.00 0.07 0.00 0.07 0.01 0.07 0.02 0.15
NACE D (manufacturing) 0.26 0.44 0.18 0.39 0.33 0.47 0.55 0.50
NACE E (energy and water supply) 0.01 0.08 0.01 0.08 0.01 0.08 0.02 0.15
NACE F (construction) 0.13 0.34 0.09 0.29 0.17 0.38 0.10 0.30
NACE G (retail and wholesale trade) 0.27 0.45 0.33 0.47 0.22 0.41 0.13 0.33
NACE H (hotel) 0.09 0.29 0.13 0.37 0.05 0.22 0.04 0.19
NACE | (transport and information transmission) 0.05 0.22 0.04 0.20 0.06 0.24 0.05 0.23
NACE J (financial services) 0.02 0.15 0.02 0.17 0.02 0.13 0.05 0.21
NACE K (business consulting etc.) 0.16 0.36 0.18 0.39 0.13 0.34 0.05 0.21
region
nuts 11 (Burgenland) 0.03 0.17 0.03 0.18 0.03 0.16 0.03 0.17
nuts 12 (Lower Austria) 0.16 0.37 0.16 0.36 0.17 0.37 0.17 0.38
nuts 13 (Vienna) 0.21 0.41 0.20 0.40 0.22 0.41 0.19 0.40
nuts 21 (Carinthia) 0.07 0.25 0.07 0.27 0.06 0.23 0.05 0.22
nuts 22 (Styria) 0.14 0.34 0.14 0.35 0.13 0.33 0.13 0.34
nuts 31 (Upper Austria) 0.16 0.37 0.14 0.34 0.18 0.39 0.20 0.40
nuts 32 (Salzburg) 0.08 0.27 0.08 0.28 0.08 0.27 0.07 0.25
nuts 33 (Tyrol) 0.10 0.30 0.11 0.31 0.09 0.28 0.10 0.30
nuts 34 (Vorarlberg) 0.06 0.23 0.06 0.24 0.05 0.23 0.06 0.24
training intensity
share of trained employees in 1999 - - - - - - 0.22 0.25
share of time spent in trainings in 1999 - - - - - - 0.003 0.006
share of training expenditure in 1999 - - - - - - 0.005 0.006
employee-characteristics
proportion of employees
aged under 30 (‘young’) 0.26 0.22 0.21 0.25 0.32 0.16 0.28 0.13
aged 30 to 49 (‘prime-aged’) 0.56 0.25 0.58 0.33 0.54 0.14 0.56 0.11
aged over 49 (‘old") 0.18 0.22 0.21 0.29 0.15 0.10 0.16 0.09
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Herfindahl index (of age concentration)
proportion of

basic education

lower secondary education

upper secondary education

tertiary education
proportion of

male employees

female employees
proportion in occupation

self-employed

white collar

blue collar

apprenticeship

home worker
proportion of

part-time

full-time

0.57

0.23
0.58
0.13
0.06

0.61
0.39

0.21
0.38
0.37
0.05
0.00

0.13
0.87

0.22

0.22
0.28
0.20
0.16

0.31
0.31

0.32
0.34
0.33
0.10
0.04

0.21
0.21

0.68

0.22
0.58
0.14
0.07

0.56
0.43

0.39
0.34
0.24
0.03
0.00

0.16
0.84

0.25

0.27
0.35
0.25
0.19

0.35
0.35

0.36
0.36
0.30
0.09
0.02

0.25
0.25

0.47

0.25
0.57
0.13
0.05

0.66
0.34

0.03
0.42
0.49
0.06
0.00

0.11
0.89

0.09

0.16
0.19
0.13
0.11

0.26
0.26

0.05
0.32
0.31
0.10
0.06

0.16
0.16

0.45

0.27
0.59
0.11
0.04

0.68
0.33

0.01
0.37
0.56
0.05
0.01

0.09
0.91

0.07

0.15
0.16
0.11
0.06

0.26
0.26

0.02
0.28
0.28
0.08
0.10

0.15
0.15

Source: matched employer-employee data set, ownlatibns
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Table 2: Explaining labor productivity (= value a&didper worker) in 2001

variables Model 1 Model 2 Model 3 Model 4 Model 5
coefficient s.e. coefficient s.e. coefficient s.e. coefficient s.e. coefficient s.e.

share of trained employees - - - - - - - - 0.08 0.058
share of time spent in trainings - - - - - - - - - -
share of training expenditure - - - - - - - - - -
proportion of employees

aged under 30 -0.22%** 0.025 -0.14%** 0.034 -0.42%** 0.044 -0.23 0.185 -0.23 0.185

aged 30 to 49 (reference category) - - - - - - - - - -

aged over 49 -0.16*** 0.021 -0.19*** 0.027 -0.11* 0.066 -0.04 0.251 -0.02 0.251
Herfindahl index -0.40*** 0.028 -0.54*** 0.038 -0.19*** 0.065 0.06 0.288 0.07 0.288
proportion of

basic education (refer. categ.) - - - - - - - - - -

lower secondary education 0.10%*** 0.021 0.07** 0.028 0.25*** 0.037 0.46*** 0.116 0.45%** 0.117

upper secondary education 0.28*** 0.029 0.21%** 0.038 0.63*** 0.055 0.92%** 0.198 0.90%** 0.20

tertiary education 0.35*** 0.036 0.26*** 0.047 0.79*** 0.063 1.00%** 0.268 0.96*** 0.270
proportion of

male employees (refer. categ.) - - - - - - - - - -

female employees -0.35*** 0.017 -0.35*** 0.024 -0.26*** 0.024 -0.33*** 0.071 -0.32*** 0.071
In (size of firm) -0.03*** 0.004 -0.23*** 0.015 -0.01 0.005 0.02 0.013 0.01 0.013
In (age of firm) 0.05*** 0.004 0.07*** 0.008 0.04** 0.005 -0.01 0.013 -0.01 0.013
multiplant -0.05*** 0.012 -0.03 0.026 -0.06*** 0.011 -0.05* 0.029 -0.05* 0.029
In (investment) 0.03*** 0.001 0.04*** 0.001 0.03*** 0.001 0.04*** 0.004 0.04*** 0.004
proportion in occupation

self-employed -0.65*** 0.024 -0.82%** 0.037 -1.47%** 0.106 -1.15** 0.567 -1.18** 0.567

white collar 0.54*** 0.019 0.49*** 0.31 0.38*** 0.025 0.22%** 0.078 0.21%** 0.078

blue collar (refer. categ.) - - - - - - - - - -

apprenticeship -0.72%** 0.052 -0.45%** 0.086 -0.56*** 0.062 -0.92%** 0.214 -0.93*** 0.214

home worker 0.71x** 0.102 0.24 0.384 0.31*** 0.089 0.23 0.157 0.24 0.157
proportion of

part-time -0.71%** 0.022 -0.67*** 0.031 -0.76*** 0.033 -0.72%** 0.104 -0.72%** 0.104

full-time (refer. categ.) - - - - - - - - - -
sector affiliation

NACE C 0.45%** 0.061 0.57*** 0.106 0.37*** 0.064 0.30*** 0.087 0.30*** 0.087

NACE D (refer. categ.) - - - - - - - - - -

NACE E -0.60*** 0.063 0.53*** 0.119 0.55%** 0.063 0.54%** 0.091 0.53*** 0.092

NACE F 0.12%** 0.015 0.25*** 0.029 0.06*** 0.015 -0.04 0.047 -0.03 0.047

NACE G -0.14** 0.013 -0.10%** 0.022 -0.12%** 0.015 -0.23*** 0.047 -0.23*** 0.047

NACE H -0.15%** 0.018 -0.11%** 0.028 -0.17%** 0.024 -0.16** 0.075 -0.15** 0.075




NACE | -0.19*** 0.021 -0.25** 0.039 -0.14%** 0.021 -0.08 0.058 -0.08 0.058
NACE J 0.03 0.032 -0.14%** 0.049 0.34x** 0.040 0.48*** 0.082 0.47*+* 0.083
NACE K -0.09*** 0.016 -0.07** 0.027 -0.08*** 0.019 0.04 0.069 0.04 0.069

region
nuts 11 -0.16*** 0.030 -0.16*** 0.049 -0.18*** 0.035 -0.08 0.092 -0.08 0.092
nuts 12 -0.117%* 0.021 -0.13%** 0.035 -0.13%** 0.023 -0.167*** 0.062 -0.16*** 0.062
nuts 13 -0.07*** 0.021 -0.05 0.035 -0.15%** 0.023 -0.13** 0.063 -0.13** 0.063
nuts 21 -0.10%** 0.025 -0.10** 0.040 -0.14%** 0.028 -0.21%** 0.081 -0.21%** 0.081
nuts 22 -0.13*** 0.021 -0.12%** 0.035 -0.17%** 0.024 -0.16** 0.066 -0.16** 0.066
nuts 31 -0.06*** 0.021 -0.06 0.036 -0.09*** 0.023 -0.15** 0.060 -0.15** 0.060
nuts 32 -0.03 0.023 -0.03 0.039 -0.06** 0.026 -0.04 0.072 -0.04 0.072
nuts 33 -0.06*** 0.023 -0.08** 0.037 -0.05* 0.025 -0.06 0.066 -0.06 0.066
nuts 34 (refer. categ.) - - - - - - - - - -

constant 4.02%** 0.038 4.36*** 0.064 3.85%** 0.063 3.67*** 0.234 3.68*** 0.234

adjusted R2 0.29 0.25 0.26 0.35 0.35

F-test 426.31*** 167.60%** 182.26*** 30.78** 29.92%**

no. of observations (used) 32 846 15991 16 855 1788 1788

Note": Model 1 (employer-employee matched sample). M@dgmall’ firms). Model 3 (‘large’ firms). Modet (‘CTVS’ firms). Model 5 (CVTS' firms incl. traimg)

Noté”: s.e. = standard error

Note®: *** significant at 1%-level. ** significant at 5%evel. * significant at 10%-level
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Figure 1: Merging procedure
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