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Abstract

In this study we investigated the determinants dfathe propensity of Swiss firms to train
apprentices and (b) of the intensity of apprentiaeing as measured by the employment share
of apprentices. Innovation, firm age and compaiitmonditions on the product market are
possible determining factors that are especiallpleasized in this investigation. In a further step,
we analyzed the impact of apprentice training drola productivity when apprentice training is
considered as an additional production factor e fitamework of a production function. We
found that the skill composition of the employmanhovation activities, firm age, labour costs,
capital intensity, and competitive pressures ally@ positive or negative role, even if not at the
same extent, in determining the propensity anditenisity of apprentice training. A further
finding was that training propensity and/or tragnimtensity correlate negatively with labour
productivity.
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1. Introduction

Within contemporary advanced economies “apprertipeypically denotes employer-sponsored
programmes which integrate part-time schooling ypiint-time training and work experience [in
a firm]... within an externally defined curriculum wh contains mandatory part-time schooling
and leads to a nationally recognized vocationallifiggtion and takes at least two years to
complete” (Ryan 1998, p. 290). This is exactly dedinition of apprenticeship as it is exercised
also in Switzerland.

Firm-funded training of apprentices covering a wifgectrum of skills from construction to
information technologies and banking is the mospanant source of “middle-level” human
capital for the Swiss economy. The employees witths‘middle-level” vocational education
build the largest group among employed personsebiar, having such a (nationally organized)
vocational qualification is a precondition for thequisition of every other type of higher tertiary-
level education (with the exception of academicoation). Thus, it is quite reasonable that both
economists and economic policy-makers are greatérested in better understanding the factors
influencing positively or negatively the willingresf private enterprises to offer apprenticeships.
Of particular interest is the training behaviourte¢hnologically advanced enterprises. There is
long-term empirical evidence that both the numlmel the employment share of high-skilled (or
high-educated) workers have grown over time in m@®BCD countries. Most observers think
that this effect is attributable primarily to skilhsed technical change. Thus, technical change is
expected to further shift labour demand in favouhigh-qualified persons. In this context, it is
important for policy-makers to know if the supplyapprenticeships, thus the supply of middle-
educated persons, would be adequate also undeethéechnological conditions. In many cases
new technologies and new products are introducegolbmg firms that just entered the market.
Therefore, it is also relevant to have informationthe training behaviour of such newly-founded
firms. Finally, due to the increasing openness oflavmarkets, firms are operating under the
conditions of intense (international) competitidks a consequence, it might be of interest to
know how product market competition is influencingining behaviour (see, e.g., Gersbach and
Schmutzler 2006).

This study investigates the determinants (a) ofpfupensity of Swiss firms to train apprentices
and (b) of the intensity of apprentice training m&asured by the employment share of
apprentices. Innovation, firm age and competitionditions on the product market are possible
determining factors that are especially emphasinethis investigation. In a further step, we

analyze the impact of apprentice training on labproductivity when apprentice training is

considered as an additional production factor m filamework of a microeconomic production

function.

The data used in this study were collected in these of four surveys among Swiss enterprises
in the years 1996, 1999, 2002 and 2005 using atignesire which included besides questions



on some basic firm characteristics (sales, expamsployment, investment and employees’
vocational education) also several innovation iattics.

New elements of the analysis that distinguish @nfralready done work on this subject,
especially in Switzerlantare: (a) the focus on the role of innovation dnu fage for apprentice
training; (b) the consideration of effects of coig@en on the product market; (c) the separate
investigation of three sectors of the economy (rfeturing; services; construction); (d) the
wide spectrum of determinants of training propsngind intensity) that are taken into
consideration; (e) the use of a panel of firms ciogea period of about ten years (1995-2004).

The paper is organized as follows. Section 2 dsesishe conceptual framework of the study. In
section 3 the data are presented; this sectiorait@nalso a description of the main facts with
respect to the training propensity and trainingmsity of the firms in our sample. In section 4 we
present the specification of the training propgngiintensity) equation and the labour
productivity equation respectively. The resultstlté econometric estimations are presented in
section 5. Section 6 contains a comparison withullitef similar studies. Finally, section 7
concludes with a summary of the main results.

2. Incentives and disincentives related to the deston to train apprentices

Starting point of our conceptual framework is thenan capital approach introduced by Becker
(1964) according to which the acquisition of vooa#l education can be considered as an
investment in human capital that enables the dapiaer to achieve a higher individual
performance in the future, e.g. higher productividpth employees and employers can have
incentives for such investment, if the differend¢dhe expected benefit®.g., productivity gains
for the enterprises, labour income increases fer dmployees) and thexpected costge.g.,
training costs) is positive. We concentrate herefions’ incentives and motives to invest in
human capital by offering training, especially miag for apprenticeshipsVocational training
contains general skills that satisfy the firms’uggments at industry, sector or even country, but
also a portion of firm-specific skills that are ricainsferable to other firms (or are transferalble a
a high cost). According to the original human calpgipproach, employers have an interest to pay
only for an investment in firm-specific skills bobt for general skills that have to be financed
either by the employees or the state. However,rattite we can observe that firms bear a
significant fraction of the costs of training, evénthis training contains general skills. The
investment hypothesis has been further elaboratddrefined by Acemoglu and Pischke 1998,
1999). According to this new approach, it can beremprofitable for a firm to use skilled

"For a survey of relevant literature see Wolter @0nd Frick and Wirz (Eds.) (2006).

2 \We refrain here from discussing other motivesraihing (production motive; reputation motive) tizaé not taken
into consideration in the empirical part of thedstisee, e.g., Niederalt 2004 and MohrenweiserBaukes-Gellner
2006 for a discussion of the literature dealindgwtiite relevance of different motives).



employees that have been trained by the firm tmeskilled employees, even if the training is not
firm-specific. The main reason for this conclusia; the existence of labour markets
imperfections due to asymmetric information withspect to the productivity of external
employees, search costs, labour market institigiarh as unions and minimum wages, et

in a more abstract way, the main argument shoulthbethe expected benefits and costs of
training for a firm are primarily determined by &ctors that influence the future demand for
skilled labour’

We hypothesize that a series of factors that wmfldencepositivelythe expected demand for
skilled labour would be also important for a firndecision to train apprentices. In accordance
with literature, we identified a series of suchtéas that we comprise in five groups (see, e.g.,
Franz et al. 2000 and Niederalt 2000 for a sinmalgproach): human resources; physical capital;
innovation and technology; firm activity level, andarket conditions. A further group of
determinants that would influenceegativelythe expected demand for skilled labour refers to
cost aspects.

Human resourcesA firm’s demand for apprentices depends amongratiings on the demand
for employees with different levels of vocationdlueation. The relationship between the demand
for apprentices and the demand for other categodakl be substitutive or complementary. We
expect a complementary relationship between appesnand middle-educated employees (upper
secondary education level; ‘Berufslehre’) and asfititive relationship between apprentices and
low-educated employees (vocational education withau formal degree; no vocational
education). It is more difficult to disentangle thedationship of apprentices to high-qualified
employees (tertiary-level education). Given thatladle-educated and high-educated are mostly
positively correlated, we expect a positive relagiop of apprentices to high-qualified
employees.

Innovation and technologyhere is long-term empirical evidence that both mumber and the
employment share of high-skilled (or high-educatedykers have grown over time in many
OECD countries. While many factors have contributedhis increase most authors think that
this effect is attributable primarily to skill-basdechnical change. One of the most popular
explanations which have been offered by the ecoaditerature is based on the so-called ,skill-
biased technological change“ hypothesis, accortting’hich the reason for the up-skilling of
labour force is the non-neutrality of technologichbnge, which favours the use of skilled labour
more than the use of other labour inputs. Due ¢éoctmplementarity of skills (education) and
technology, an acceleration of the rate of techgiold change would cause an increase of the

% In a recent paper Kessler and Liilfesmann (2006)vghat when general and specific skills are comgletary to
each other employers may be willing to sponsor gerieining even in competitive labour markets.

* This indirect approach differs from that used mimportant branch of empirical literature thatéstigates the
direct the net cost and gains of training appresticee, e.g. Schweri et al. (2003) for Switzerkamd Beicht et al.
(2004) for Germany.



demand for skilled labourThe reason for the most recent acceleration di@ogical change is
assumed to be the diffusion of Information and Camitation Technologies (ICT) which seem
to have given new impetus to the substitution meaa low-skilled by high-skilled employees
(see Bresnahan et al. 2002). Empirical evidenc&vatzerland shows that technological changes
(e.g., the use of ICT) shift skill requirementdarour of high-qualified (tertiary-level education)
employees and appear to be neutral with respeuiddle-educated employees (upper secondary
education level; ‘Berufslehre’), which is the mosimerous category of employees in the Swiss
economy (see Arvanitis 2005). The demand for agjmenis closely related to the demand for
middle-educated employees, therefore the expedtedt ef innovation and technology on the
training propensity of Swiss firms is not a priolear.

Physical capital The theoretically expected impact of physicalitedn training propensity is
also ambiguous. It depends on the relationship d@twcapital and the different employee
categories. We would expect that in many casesnglemnentary relationship exists between
capital and the high-qualified (tertiary-level edtion) employees. Symmetrically, a substitutive
relationship could be probable between capital lawdqualified employees. It is not clear a
priori how capital and the share of middle-educatetployees — the employee category that
interests mostly in this study — are related tdheztber.

Firm activity level.The demand for any category of employees is depermtethe expected level
of firm activity as measured, e.g., by the expegemtiuct demand or by sales. The extent of this
dependence is related to the relative importanca oértain category of employees in a firm’s
skill mix. In general, we expect positive effectdlte variables measuring firm activity.

Market conditions.In a recent paper Gersbach and Schmutzler (2008jullpte and derive
theoretically two hypotheses about the market dardi under which industry-specific training
is likely to occur: (a) concentration is high orngoetitive intensity is low, and (b) product
differentiation is sufficiently strong. We considée intensity of price competition (as measured
in this study; see table 7) as a proxy for ‘contpatiintensity’ in the above theoretical context
and the intensity of non-price competition (as meead in this study; see table 5) as a proxy for
‘product differentiation’. Thus, according to hypesis (a) intensive price competition would
exercise anegativeinfluence on training propensity. On the contraggording to hypothesis (b)
intensive non-price competition would havpasitiveeffect on training propensity.

Competitive pressure could enhance a firm's peréoroe both in terms of productivity and
product quality as well as its innovativeness ahd pace of technological change (“free
competition effect”; see, e.g., Geroski 1995). Camt to this positive competition effect, the
older literature assumed that intensive competitioould hamper innovation activity
(“Schumpeterian effect”)ln the game-theoretic literature the impact of reargtructure (as a

°For recent surveys of the theoretical and empitficedature on skill-biased technical change seed8es and ter
Weel (2000) and Acemoglu (2002).



proxy for product market competition) upon the sthe of innovation is shown to depend
critically on the difference of profit rates preasgl and following the innovation (see e.g.
Reinganum 1981). This dependence being quite coatpli, most studies do not come to
theoretical unambiguous results with respect teeffects of market concentration on innovation.
Recently, Aghion et al. (2005) developed a modadait thredicts an inverted-U relationship
between product market competition and innovatidre authors found strong evidence for this
model using U.K. panel data. There is also some&eenme for Switzerland for a positive
correlation between the intensity of non-price cetitwn and innovation (Arvanitis and von Arx
2004).

Given the ambiguity of the effect of market concatdn on innovation and via innovation on
the demand for qualified personnel as well as hygsis (a) of Gersbach and Schmutzler above,
we would expect amsignificant(or even anegative effect of intense price competition on the
training propensity. On the other hand, we expkat tntensive non-price competition would
positively influence not only innovation but also directlyetipropensity to train apprentices
according to hypothesis (b) of Gersbach and Schewutz

What abouexpected costsCosts (e.g., training costs, recruitment cosid,l@arning by doing of
newly-hired employees) depend mostly on the requergs of technology used, the labour
market situation, and the existing institutionanfrework with respect to training of apprentices.
We expect a large portion of these costs to besimghspecific, sector-specific or even region-
specific. For example, in the Swiss apprenticeshystem duration of training, formal
requirements for trainers, performance requiremémtsapprentices, and (partly) apprentices’
wages are determined either by the state and/certipdoyers’ associations at industry or sector
level.

Further, we expect that the propensity to trainrapiices would increase with increasifiign
size Larger firms have more resources than small diess, a larger potential for investing in
education and vocational training. Moreover, if mmmies of scale exist, e.g., with respect to the
facilities of vocational education, larger firms wgd have a comparative advantage vis-a-vis
smaller ones, e.g., regarding training costs.

We are especially interested in understanding #tationship betweefirm age and training
propensity. A general characteristic of an averggeng firm that distinguishes it from the
average established firm is the considerably smalle of the young enterprise. Thus, young
firms would be expected to have generally a lowa&ining propensity than established firms. An
additional reason for newly-founded firms to beiscthnt with respect to training activities would
be that due to the more urgent problems of positgthe firm in the market little attention is
paid to training, especially when the firm foundealso the apprentice trainer. On the whole, we
expect a positive relationship between firm age #mal training propensity (see also, e.g.
Niederalt 2004).



To our knowledge there is no specific theory foplaming the training intensity as contrasted to
training propensity. Thus, we use here the samerétieal arguments for the determinants of
training intensity. Nevertheless, there are a preasons to expect that the pattern of explanation
would not be identical. For example, the decisimmffer apprenticeships is related to fix costs,
while the number of apprentices that are employedyided that the training infrastructure
already exists, implies variable costs. Thereferen if we use the same specification for both
the training propensity and the training intensity expect that differences may arise (see also
Franz et al. 2000 and Niederalt 2004).

3. Descriptive Results
3.1  Description of the data

The data used in this study were collected in these of four surveys among Swiss enterprises
in the years 1996, 1999, 2002 and 2005 using atignesire which included besides questions
on some basic firm characteristics (sales, expamsployment, investment and employees’
vocational education) also several innovation iattics quite similar to those in the Innovation
Surveys of the European Community (CIS). The suway based on a (with respect to firm size)
disproportionately stratified random sample of friwith at least 5 employees covering the
manufacturing sector, the construction sector amdngercial service industries as well as firm
size classes (on the whole 28 industries and wéahoh industry three industry-specific firm size
classes with full coverage of the class of largag$). Answers were received from 33.0% (1996),
33.8% (1999), 39.6% (2002) and 38.7% (2005) respaygt of the firms in the underlying
sample. The response rates do not vary much aandsstries and size classes with a few
exceptions. The final data set includes 9306 ersap from all fields of activity and size classes
and may be considered as representative of therlyimde industries (see table A.1 in the
appendix for the structure of the used data séhdiystry, firm size, and year respectively).

Further, we used the multiple imputations techniyeRubin (1987) to substitute for missing

values in the variables due to item non-response onzé 2001 for a detailed report on the
procedure used). The estimations were based om#an of five imputed values for every

missing value of a certain variable. However, fmmg important variables such imputations were
not possible. Moreover, for construction and serviems the information on the shares of
innovative products in the years 1996 and 1999 meascomparable with that for the other two

cross-sections and had to be removed from the pdiel data set used in the econometric
estimations contained 7967 observations.

3.2  Training propensity and training intensity in the Swiss business sector 1995-2004



In table 1, column 1 we present data on the voeatitraining propensity and the intensity of
vocational training of the firms in our sample Bc®r and industr§.Further, we distinguish a
high-tech and a low-tech sub-sector in manufactuaind a modern (knowledge-intensive) and a
traditional sub-sector in services, thus taking iatcount the differences among industries with
respect to innovativeness.

At the sector level construction firms show thehligt propensity to vocational training: 78.9%

of them reported having apprentices all over thépeof observation. The respective figures for

manufacturing and service were 66.8% and 63.8%entisely. Thus the difference between

manufacturing and service sector is small; also dtierences between the sub-sectors are
negligible. Printing, energy and wood processing tre (low-tech) manufacturing industries

with the highest shares of firms having apprent{@&80-81%). Paper (also a low-tech industry)
and machinery, electrical machinery and vehicldistifeee of them high-tech industries) come

next with shares of 71%-72%. Such innovative indest as chemicals, plastics and

electronics/instruments show a rather low trainppresity. Among service industries we find an

above-average frequency of firms having apprentinegetail trade (traditional services) and

bank/insurance (knowledge-intensive services). e tontrary, computer services, an

increasingly important industry, show a very lowduency of firms training apprentices.

The picture becomes somewhat different if we talak at the employment share of apprentices
(training intensity referring to the firms with agptices; table 1, column 2). The average share
of apprentices in the construction and the sersexor is of the same magnitude, namely about
11%. The respective figure for manufacturing isyoiiP6. Again there are no discernible
differences between the sub-sectors in the manufagtand the service sector. In manufacturing
wood processing, printing and energy in the lowttsabs-sector, vehicles and machinery in the
high-tech sub-sector show the highest shares ofeappes. Wholesale and retail trade and
personal services in the traditional sub-sectoerahove-average shares of apprentices, the same
holds true for business services in the knowledd¢gensive sub-sector. On the contrary, the
finance sector (banking/insurance) shows a belosvemye share, although the share of firms
having apprentices is above-average.

° It is important to mention here that leaving out trery small firms with less than 5 employees letada quite

different picture with respect to training propaysind training intensity as when the entire popaiteof enterprises
is observed. Miuller and Schweri (2006, p. 39) dakewd a training propensity of 15.5% (1995), 17.8%%98), and
17.6% (2001) respectively based on data for th@eepbpulation. The respective figures in our data 60.6%
(1995), 66.9% (1998), and 67.4% respectively. Tigarés for the employment share of apprentices iilév and
Schweri (2006) are 25.0% (1995), 26.6% (1998), 2613% (2001), while the corresponding figures im sample
are 8.7% (1995), 8.8% (1998), and 8.5% (2001) tsmdy. This comparison shows that if the entipplation is
taken into consideration the statistical picturdasninated by the very large number of micro fitimst mostly build
a particular segment of the firm population witloa innovation propensity.



The percentage of firms having apprentices growh wicreasing firm size (measured by the
number of employees in full-time equivalents), the& employment share seems to decrease with
increasing firm size until the threshold of 200-48Mployees, after that remaining almost
constant (table 2).

Table 3 contains some information on the trainingppnsity and the training intensity by firm
age (table 5). Very young firms (firm age of O tgéars) seem to have a higher propensity than
firms with a firm age of 6-10 years and 11-20 yaaspectively (column 2). Older firms (more
than 20 years) show a higher propensity than venng firms. The relationship between firm
age and training propensity seems to be non-lindso with respect to training intensity no
clear-cut pattern is perceptible (column 3).

4. Model specification
4.1  Specification of the training propensity / traning intensity model
Dependent variables

We use two dependent variables for the modelsairitrg propensity and training intensity: (a)
firms reporting that they have apprentices yesii®R); (b) the number of apprentices as a share
of total employment (only for firms having appreet:; TRIN) (see table 4).

Independent variables

In section 2 we discussed potential determinantgpfentice training. In this section we specify
variables for these determinants (see table 4dtailg)®

Human resourcedVe used four dummy variables for the following faategories of employees
with different education level: employees with wmsity education yes/no (LHQUALL);
employees with other tertiary-level education (uuthg graduates of universities of applied
sciences) (LHQUALZ2); employees with upper secondatycation (‘Berufslehre’) (LMQUAL);
and employees (with vocational education withoubrmal degree; no vocational education)
(LLQUAL). We used these variables as proxies fag #xpected demand for the respective
employee categories. We expect a positive effacthie high-educated and the middle-qualified
employees (upper secondary education-level) andegative effect for the low-qualified
employees.

7 Estimations based on a dependent variable foritgimtensityincluding firms without apprentice6.e. zero
intensity) in an earlier version of this paper sbdvthat the results are dominated by the pattetrebéviour found
for the training propensity. For this reason weaief here from presenting estimates for this versibthe intensity
variable.

8 For similar specifications of the propensity taitrapprentices in studies based on German or idnsirm data,
see, e.g., Neubaumer and Bellmann (1999); Frarm. €2000); Stéger and Winter-Ebmer (2001); Beckmavl.
(2002a); and Niederalt (2004).



Innovation.We used the following seven indicators to measar®vation: two variables for
innovationinput (‘R&D activities yes/no’ (R&D) and ‘R&D expenditarfsales’ (LRDS)); three
indicators for innovatioroutput (‘product innovations yes/no’ (INNOPD); ‘processovations
yes/no’ (INNOPC); and ‘patent applications yes/(féAT)); and twomarket-orientedndicators
(‘sales share of new products (LNEWS) and ‘salesrestof considerably modified already)
existing products’ (LIMPS)). The use of severakalative indicators that cover various aspects
of the innovation process helps to test the rolasstiof the effects of innovation on training. The
sign of the innovation effect is not a priori clear

Firm activity level We used a measure for the development of a figpéific product demand
(mean of past and expected development; variabl® [Pyoxy the effect of firm activity level.
We expect a positive effect of this variable.

Physical capitalDue to lack of data for capital stocks we use @& fl@riable (capital income per
employee; variable LC) as a proxy for physical talpWe have no a priori expectations for the
capital effect.

Market conditionsThe competition pressure is measured directlyhieytwo variables ‘intensity

of price competition’ (IPC) and ‘intensity of nomige competition (INP). A third variable

measures the effect of market structure; ‘numbeproicipal competitors on the (worldwide)
product market’ (CONC)). We expect a positive dfflac INPC and a negative effect for IPC.
For CONC we expect also a negative effect.

Costs.We use the labour costs per employee (LLCL) asoaypfor costs in general that are
related with recruitment and training of employdesbour costs are negatively correlated — even
if not at the same extent — with the demand for eetggory of employees. Thus, we expect a
negative effect of this variable.

Firm ageis a further variable that is included in our mod&e expect a positive effect for the
variable ‘number of years since foundation’ (LAGE).

Finally, the model contains a dummy variable forefgn firms (FOREIGN): We expect that
foreign firms being less accustomed to the Swissitutional environment than domestic firms
would show a lower training propensity than donweéitims. We also use extensive control
variables for time (if necessary), firm size, andustry.

A formal expression of the training propensity dtprais as follows:

TRP =ap + a3 LLCL + a; LHQUAL1 + a3 LHQUAL2 + a4 LMQUAL + a5 LLQUAL + g LC +
a7 INNOV +ag LAGE +ag D + 030 IPC + a1 INPC + a3, CONC(>50) +a33 CONC(16-50) +
014 CONC(11-15) +a35 CONC(6-10) + control variables + u (1)

10



(where INNOV: alternatively INNOPD; INNOPC; R&D; PA LRDS; LNEWS; LIMPS). The
same expression is used also for the training sierequation (TRIN), whereas in this case the
variable LC is dropped (see section 5).

4.2  Specification of the productivity model

Further, we constructed a variable for averageualpooductivity, defined as value added per
employee (number of employees measure in full-tipgvalents).

The labour productivity equation contains proxidsthe intensity of human capital (variable
LHQUAL,; natural logarithm of the share of employeggh tertiary-level education), physical
capital intensity (variable LC; natural logarithrhaapital income per employee) and knowledge
capital intensity approximated by R&D expenditufeariable LRDL; natural logarithm of R&D
expenditures per employee) (see table 4). Funitrercontrol for firm being a foreign one or not
(dummy variable FOREIGN), firm size, industry a#tion and time (if necessary). We expect
positive effects for the resource endowment vaeghlC, LHQUAL and LRDL. The signs for
the variable FOREIGN as well as for the firm sizemninies are not a priori clear. We insert as
additional right-hand variables (a) the trainingpensity (variable TRP) and (b) the training
intensity variable (variable TRIN). We have no @prexpectations with respect to the sign of
these variables. A formal expression of the pradiigtequation is as follows:

LQL = o+ p1 LC + S, LHQUAL + B3 LRDL + B4 FOREIGN +f5 (TRP; TRIN) + control
variables + u (2)

5. Econometric results
5.1  Estimates of the equation of training propensyt

We estimated a probit model (binary dependent kbaidRP) separately for the manufacturing
sector, the service sector, and the constructiotos€a) with pooled data of all four waves and
time dummies for the years 1998, 2000 an 2004 otispdy; and (b) with random effects to take
into consideration firm heterogeneity effects (eakB)? We present first the results for
manufacturing, then we compare them with thoseéhferother two sectors of the economy.

Human resourcesWe obtained statistically significant (at the aisuest levels) positive
coefficients for the share of employees with teyti@vel education other than university
(LHQUAZ2) and the share of middle-educated employe®QUAL), but significantly negative
coefficients for the variables for employees witla@demic education as wells as the low-educated
employees (LLQUAL). Similar effects for LHQUAZ2 and QUAL were found also in the other

° Fix effects models could not be estimated becanismbst firms the variable TRP takes the same vz 1) in
all four periods.
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two sectors. A negative effect for LHQUALL1 was fdualso for the construction sector but not
for the service sector. A positive coefficient IdlQUAL was also found in the service sector
but not in construction.

In sum, the higher a firm's employment share ofhkéglucated (without academics) and/or the
higher the share of middle-educated (with the ettgepof construction), the higher is the

training propensity. On the contrary, the highefirmm’'s employment share of low-educated

employees, the lower is the likelihood of offeriagprenticeships. Firms with a high share of
academics seem to be less inclined to apprentaiairtg than firms with a low share of

academics. Nevertheless, the strong positive effedtHQUAL?2 is a clear hint that apprentice

training remains a relevant channel for human ehformation even if labour demand is shifting
toward high-educated employees.

Innovation Table 6 shows the results for each sector andafoiseven alternatively used
innovation indicators. We found only positive siiigant effects, but only for 4 estimates out of
14 estimates in manufacturing, for 1 out of 14 le service sector and for 2 out of 14 in
construction. Thus, when there is any statisticaltynificant effect of innovation on training
propensity, it is positive and is found primarity inanufacturing. Particularly the effect of R&D
intensity in manufacturing firms appears to be sibu

Firm age We found a positive effect for firm age (LAGE)) affect with particular importance
for this study. Thus, younger firms seem to be Iesbned to train apprentices than older ones.
This effect was observed in the manufacturing ai a® in the service sector but not in
construction. For firms in the construction sectanjch is the most apprentice-intensive sector of
the Swiss economy, firm age is not a hindrancesfoploying apprentices that are cheap workers
that can become productive in short time, at leasbme occupations and whose training does
not absorb much management resources.

Firm activity level Rather unexpectedly, the variable for demand ldpwmeent shows no effect in
the estimates for manufacturing and services (aweak negative effect in one of the estimates
for construction). Given the volatility of macroemmic conditions in the reference period 1995-
2004, this result could be interpreted as a hiat the training propensity is a kind of structural
characteristic of a firm, thus independent of detheonditions.

Market conditions The results for the variable CONC show some waadllence for the free
competition effect, contrary to hypothesis (a) adrébach and Schmutzler (2006), at least for
some types of markets. In manufacturing and pértial the service sector this is the case for
firms operating in markets with more than 50 contpet versus firms operating in markets with
less than 5 competitors; in construction this effiecfound for firms in markets with 11-15
competitors versus firms in markets with less tBaoompetitors. Thus, to some extent firms
operating in less concentrated markets are mosdylito have apprentices than those in more
concentrated markets. But the relationship betwsmatentration and training propensity is not
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monotonically increasing: for example, in manufaicig no effect is found for firms operating in
markets with 16-50, 11-15 or 6-10 competitors. @#lige, competitive pressures as measured
directly by the variables IPC and INPC do not sdenbe of relevance for the likelihood of
offering apprenticeships. On the whole, the madatditions in the product market do not
appear to exercise a strong influence on the trgipropensity.

Costs We found a significant negative coefficient fdnet cost variable LLCL for the
manufacturing and the service sector but not ferstaction. Firms with high labour costs per
employee seem to be less inclined to offer appresihips than firms with low labour costs (with
the exception of the construction firms).

Physical capital The general tendency is of a negative effecthef wariable LC on training
propensity. For manufacturing and construction #fiect is not very robust. It is at strongest in
the service sector. Thus, especially in the sersamor firms having high capital intensity are
less inclined to train apprentices than firms viatv capital intensity.

Firm size In manufacturing up to the threshold of 500 empés there is a clear positive relation
between firm size and training propensity. Forabefficients for the four lower firm size classes
we found based on two-tailed t-tests not presehézd that the coefficient of a higher size class
is significantly larger that that of a lower clagéo difference is discernible among the three
upper firm size classes (200-499 employees; 50@0-8Mployees; and 2000 and more
employees). The same effect was found in the serséctor only up to the threshold of 200
employees, in construction only up to 50 employédserefore, the size-dependence of the
training propensity is limited up to a certain sidass, which is at lowest in the construction
sector.

Other control variablesAs expected, firms in foreign ownership showwa foropensity to offer
apprenticeships than domestic ones.

5.2  Estimates of the equation of training intensity
5.2.1 Testing for selectivity bias

In a first step we tested for the existence ofdpley biases that could merge if the training
intensity (as measured by the employment shareppfeatices) would significantly correlate
with the probability that apprentice training isdentaken. To this end, we estimated a Heckman
selection model separately for each sector witel@cton equation for TRP specified as in table
5 (but without the variable LLQUALY and an intensity equation for TRIN specified asaible

7. The additional identifying variable in the seien equation is the variable LC, which is

" We had to drop the variable LLQUAL form the integsequation because of the strong multicollineatitythe
other three qualification variables.
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significant in the TRP equation but does not cateelsignificantly with TRIN. We found no
evidence for a selectivity bias (see table A.2hie appendix), so we estimated three models for
the manufacturing and the service sector: (a) depo®LS model with time dummy variables;
(b) a GLS model with random effects; and (c) a Gh8del with fixed effects to take into
consideration firm heterogeneity effects (see talde For the construction sector the fixed
effects model was not econometrically feasibleywsoestimated a pooled and a random effects
model.

5.2.2 Determinants of training intensity

We present first the results for manufacturingntthve compare them with those for the other two
sectors of the economy and also with those fonitmgipropensity in table 5.

Human resourcesThe results for manufacturing show that therends significant relation
between the training intensity and the firms’ endwmmt with high-qualified (LHQUALZ,;
LHQUALZ2). Given the decision to train apprenticéise number of apprentices (as a share of
total employment) does not depend on the sharégedfvo upper employee categories.

Contrary to the findings for training propensitye viound a negative effect for the middle-
educated employees (variable LMQUAL). This resuduld be interpreted as indicating a
substitutive relationship between employees withmgleted vocational education and
apprentices. The higher the share of employees wger secondary-level education, the lower
is the share of apprentices.

There is evidence for a negative effect of LHQUAI®Rherwise the pattern for the human
resources variables in the service sector is theesas in manufacturing. Thus, for these two
sectors there are considerable differences betwleenestimates for training propensity and
training intensity with respect to the role of tii® upper categories of qualified employees. This
is not the case for construction, where the redialisthese two categories but also for the
category of middle-educated were qualitatively famio those in the propensity estimates.

Innovation Table 8 shows the results for each sector fosalen alternatively used innovation
indicators. We found positive significant effectdyfor 5 out of 21 estimates in manufacturing.
The result for product innovation (variable INNOP&ppears to be particularly robust. For the
other two sectors, the effect of the innovationalaes on training intensity tends to be negative
(9 estimates out of 21 in the service sector; 7064 estimates in construction). Thus, for the
services and construction we found some evidencadgative effects of innovation on training
intensity that are opposite to the (rather weakideswe for positive effects on training
propensity.

Firm age Firm age is much less relevant for training istgnthan for training propensity. We
found positive effects in one of estimates for nfaotwring and in an estimate for services.
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Firm activity level There is some weak evidence for a rather uneggantgative effect of the
demand variable for the manufacturing and the senfirms but not for the construction
enterprises.

Market conditions The effects of the variable CONC are weak alsdhm estimates for the
training propensity. The effects of the variablesdompetitive pressures (IPC; INPC) are also in
the estimates for training intensity very weak,atf all existing. However, both the (weak)
negative effect of the variable IPC in the sengeetor and the more robust positive coefficient of
the variable INPC in construction are in accordanitk the theoretical expectations in Gersbach
and Schmutzler (2006).

Costs The cost variable shows the expected negativeisithe estimates for all three sectors.

Firm size An intuitively expected outcome would be that theger the firm the lower is the
employment share of apprentices. This is the aaslkee manufacturing sector und in the service
sector up to the threshold of 200 employees forpibeled and the random effects estimates.
Above this threshold the differences between tredfimpents of the dummy variables for the four
upper size classes are not statistically significor construction we could not find a clear-cut
relationship between firm size and training intensi

Other control variablesThe negative effect for firms in foreign ownerstihat we found for
training propensity disappears in the estimateshietraining intensity.

5.3  Estimates of the productivity equation

We estimated two versions of the productivity mog@kipendent variable: natural logarithm of
value added per employee; LQL) separately for eachor: (a) with training propensity (TRP) as
an additional right-hand variable also taking iatcount the endogenous character of training
propensity; and b) with training intensity (TRINg an additional right-hand variable also taking
into account the endogenous character of this biaiaFor the estimates we applied three
econometric procedures (as implemented in STATA): 4 pooled two-stage least-squares
estimator; (b) a two-stage least-squares fixedceffestimator; and (c) a two-stage least-squares
random effects estimator.

As instrument variable equations for TPR and TRI&tewsed the equations for TRP and TRIN
as specified in table 5 and table 7 respectivehe Variable LAGE that correlates significantly
with TPR for the manufacturing and the service aebut not with LQL served as identifying
variable in the estimates for these two sectorse Thariable LHQUALZ2 that correlates
significantly with the variable TRP for the congdtion variable but not with LQL served as
identifying variable in the estimates for the constion sector. Accordingly, the variable LAGE
served as instrument for TRIN in the estimatestiermanufacturing sector; the variable D in the
estimates for the service sector; and the vari®fRC in the estimates for the construction sector.
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The results are presented in table 9 (variable Ta&M)table 10 (variable TRIN). We obtained
throughout the expected positive effects for theialde for physical capital LC. Also the
coefficients of the variable for human capital HQUAre throughout positive, even if not
statistically significant in all estimates. The iadte for knowledge capital LRDL shows a
statistically significant effect primarily in the anufacturing sector. Foreign firms in the
manufacturing sector appear to be more produdtiae domestic firms.

The main result for this study is related to thie@fof the two training variables TRP and TRIN
respectively. In most estimates in table 9 andetdbl we found a statistically significant negative
effect of the training variablés. An explanation for this result could be that firtgt have
already achieved a high productivity level, preshipdy applying more advanced technology
and/or having a better organization, assign a fsogmtly lower priority to the task of training
apprentices than firms with a low productivity.

6. Comparison with the results of recent empiricaktudies

We refer here only to studies from Germany, Ausarna Switzerland that deal explicitly with
apprenticeship training. On the whole, a close ammspn with other studies is not possible due
to differences either in the composition of theadatith respect to industry affiliation or in model
specification.

Determinants of apprentice training

Wolter and Schweri (2002) in a study for Swiss firfiound a negative effect of net costs of
training and a positive effect of firm size on miag intensity. Muhlemann et al. (2005)
investigated also for Swiss firms the determinamitsboth training propensity and training
intensity and found a positive firm size effect fmth dependent variables and a negative effect
for firms being foreign (a result we also foundauar investigation). Finally, Mihlemann and
Wolter (2006) found also in a study on the traingrgpensity of Swiss firms a positive effect of
the number of skilled workers (as we also foundjegative effect of firms being foreign, further
negative effects for firms having difficulties tand skilled workers and firms with a high
percentage of young people with ‘college degree’fuRher finding was that the number of
young people per firm correlated positive with tre@ning propensity.

Franz et al. (2000) in a study with a cross-sectibserman firms for 1996 (separate estimates
for manufacturing and services) found a positiieaffor the employment share of ‘qualified
workers’ (‘Fachkréfte’) (corresponding to our groop ‘middle-educated’ employees), but no
significant effect for the number of employees wétthucation at the level of ‘Fachhochschule’

™ In further estimates not presented here we usedtemative variable for the average labour prdgitg based on
the number of employees without the apprenticegoaradlag of one period for the training variabl€ke results of
these estimates were quite similar to those predenttable 9 and table 10.



(we found a positive effect for the share of emplsy with tertiary-level education other than
university) and no significant effect for innovatigerformance. Also the variables for sales
expectations (partly corresponding to our varidbjeand the variables for expected shortage for
qualified workers showed no effect. Finally, thevras a positive correlation between firm size
and training propensity, as in our case.

The results for training intensity showed the saffiects for the other categories of employees as
the estimates for training propensity. The findiwgsh respect to innovation performance are
rather contradictory: a negative effect of innovatexpenditures for manufacturing, a positive
effect for process innovation in the service indast Also the results for the variables of sales
expectations were contradictory: in this case aatieg effect of positive sales expectations for
manufacturing and a negative effect of negativessaixpectations in the service sector were
found. Finally, there were throughout positive efgefor the variables for shortage of qualified
workers.

Beckman (2002a) in study on training propensity @athing intensity with German firm data for
2000 found a positive effect for firms applying /méechnologies’ and having high investment
expenditure but a negative effect for the shareudlified workers. There was no clear-cut
pattern with respect to firm size. Further, theerawnegative effects for the rate of quits, the rat
of recruitments and the share of fix-duration waoskeOn the contrary, unionization and
subsidization seemed to have a positive influerath bn the training propensity and the training
intensity. In a further study Beckmann (2002bj)estigated the determinants of training intensity
He found that firms using theéwestechnologies’ (but not those usimewtechnologies’) were
stronger inclined than other firms to offer apprezghips. Further findings were (a) a (partly)
negative effect of capital intensity (investmenpemnditure per employee), (b) a (partly) positive
effect of the share of ‘qualified workers’, bothtbem similar to our findings, and (c) a (partly)
positive effect for firms that have invested in gwotion techniques and or ICT. He also included
in his estimation equation further factors that evaot considered in our model (unionization,
subsidization, recruitment rate, and share of firation workers). Finally a variable measuring
the difference between the firms’ effective wagte rand the minimum union wage rate was
included in the model. There was a (partly) nega#iffect of this variable.

In a further study that is based on German firnradat the year 2000 Niederalt (2004) found —
besides the usual positive firm size effect — thatpropensity to train apprentices is positively
correlated (a) with a variable measuring the tetdgical level of the production equipment; (b)
the share (of the sum) of middle-qualified and higlalified employees; and (c) expected
shortage of high-qualified employees; and negativebrrelated with (a) the investment
expenditures per employees; (b) the share of negdyuited high-qualified employees; (c) the
share of newly recruited low-qualified employeesid a(d) positive expected employment
development. Further, it appeared to be of no egleg for the training propensity whether a firm
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was newly-founded or not. Finally, firms in foreigpwnership showed a lower training

propensity than domestic ones. The estimated nwmghined also further factors that were not
considered in our study (share of employees witheim contracts; regional unemployment rate;
etc.). With respect to the training intensity thady showed a positive effect for middle-qualified
and high-qualified employees and negative effemtsfe share of newly recruited high-qualified
employees as well as for firm size. The technoleggiable and the variable for the expected
employment development showed no significant effect

Demgenski and Icks (2002) offered some evidencedas German firm data for a positive
correlation between firm age and training propgnsaitd training intensity respectively. The
study is based on data on start-up companies imdassservices in Germany that was collected
in 2001. The sample used contains not only “greeld-f start-ups, but newly-founded firms in
general that were not older than 11 years in 200&. authors conducted regression analysis for
explaining the firms’ training propensity. They falia positive effect with respect to expected
higher skill-requirements, but a negative effecttlvd share of employees with tertiary-level
education. No effect could be found for the expdatevelopment of employment and for
advanced vocational training. As in most studibsré was a positive effect of firm size. With
respect to founder characteristics, the qualificatevel of a company’s manager does not seem
to be of relevance for the probability to train eppices. A further finding of the study is that
venture start-ups show a higher training properbay company takeovers.

Stoger and Winter-Ebner (2001) investigated therd@hants of training propensity and training
intensity in Austrian firms for three points of €1§1983, 1990, and 1998). They found a positive
effect for firm age and also for firm size both hitespect to training propensity and training
intensity. They included in their training equasoalso variables related to the age and gender
structure of the employees.

Smits and Zwick (2004) in a study comparing Gerraad Dutch firms analyzed the reasons of
firms for not offering apprenticeships. These w@ethe preference of hiring experienced skilled
employees, (b) the assessment that existing profess the dual apprenticeship system are not
compatible with the qualifications required, and {lte assessment that training contents are
outdated due to technological progress. Apprerttipasbeing too expensive or apprentices being
too often absent form work due to school obligationere not reasons for not offering
apprenticeships.

In sum, there are only few findings that can besadered as robust across the existing empirical
studies. The most robust ones refer to the efi@ctsm size on training propensity (throughout
positive) and training intensity (throughout negalirespectively.

Impact of apprentice training on economic perforcan
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There are very few empirical studies that deal whik question'? Fougere and Schwerdt (2002)
investigated the contribution of the number of a&ppices to output value in production function
framework based on data for German and Frenchinldt®92/93. They estimated the production
functions separately for three firm size classess(lthan 20 employees; between 20 and 200
employees; more than 200 employees). Moreover, ¢éséiynated quartile regressions for every
firm size class. They could not find a statistigatlignificant contribution of the number of
apprentices for ‘small’ and for ‘large’ firms footh countries when using the entire sample. For
the ‘middle-sized firms they found a negative effiec the German firms (as we also found for
the Swiss firms) and once more an insignificaneeffor the French firms. The regressions based
on French data for thé'12" and & quartile respectively showed positive effects, tfar 4" one

an insignificant effect. The respective regressimnghe German firms showed a negative effect
for the £ quartile, a positive effect for thé'4uartile and insignificant effects for th&'and &
guartile respectively. On the whole, the contribng of apprentices to productivity are rather
weak for both countries.

Zwick (2007) in a paper with German firm data séatdihe influence of the share of apprentice in
German firms on the firm profits per employee aodnfd no significant effect. In a new study,

Mohrenweiser and Zwick (2008) showed that a negaéffect of the share of apprentices n
firms’ profits can be found only in manufacturingcopations but not in trade, commercial, craft
and construction occupations, for which this efisqiositive.

7. Summary and conclusions

This study investigated the determinants (a) ofpfepensity of Swiss firms to train apprentices
and (b) of the intensity of apprentice training mgasured by the employment share of
apprentices. Human resources, innovation activitiesn age, competition conditions on the
product market, and firm size are possible detanygifactors that were especially emphasized in
this investigation. In a further step, we analyzkd impact of apprentice training on labour
productivity when apprentice training is considersl an additional production factor in the
framework of a production function.

The detailed results can be summarized as follows:

Resource endowmerfor training propensity we found in all threetses a similar pattern: (a)
positive effects for the share of employees wittidey-level education (other than university);
for the share of middle-educated employees (exmeptio significant effect in the construction
sector); and (b) negative effects for the highasademics) (no significant effect for services)
and the lowest educational category (no vocatiedatation completed).

2 For productivity effects of firm-sponsored traiginn general (not specifically apprentice trainirege, e.g.,
Dearden et al. (2006).



With respect to training intensity, the effect fbe middle-educated employees becomes negative
in the manufacturing and in the service sector,rbmtains positive for construction. The effects
for the two categories of high-educated employee®ime (in the main tendency) insignificant in
the manufacturing and the service sector; they irerttee same as for training propensity in
construction.

The physical capital intensity is negatively coatetl with the training propensity (at strongest in
the service sector).

Innovation The differences between the sectors with resmettaining propensity are small.
When there is any statistically significant effedt,is positive and is found primarily in
manufacturing. Particularly the effect of R&D inggly in manufacturing firms appears to be
robust. For the training intensity we found postsignificant effects only in some estimates for
manufacturing. For the other two sectors the efd@atnovation on training tends to be negative.

Firm activity level Rather unexpectedly, with respect to the trairpngpensity the variable for
demand development shows either no effect (asdreitimates for manufacturing and services)
or a weak negative effect (as in one of the esamédr construction). Also with respect to the
training intensity is the demand variable eithenofrelevance or shows a weak negative effect.
Given the volatility of macroeconomic conditionstire reference period 1995-2004, at least the
result for the training propensity could be inteted as a hint that the training propensity is a
kind of structural characteristics of a firm, thndependent of demand conditions.

Market structure, competitive pressur@here is some weak evidence for the free conipetit
effect with respect to training propensity at lefastsome types of markets. On the whole, the
market conditions in the product market do not appe exercise a discernible influence on the
training propensity. This appears to be the case\aith respect to the training intensity.

The labour costsper employee seem to be negatively correlated thightraining propensity
(with the exception of the construction sectorvidrich no significant effect could be found) as
well as with the training intensity.

Firm age andfirm size Younger firms seem to be less inclined to trgpprantices than older
ones. This effect was observed for training propgrie the manufacturing as well as in the
service sector but not in construction. A weak fasieffect could be found also for training
intensity but it isn’t so robust. Firm size is gogly correlated with training propensity and
negatively correlated with training intensity.

Productivity effectsWe found throughout a negative effect for tragnpropensity as well as for
training intensity. An explanation for this resatiuld be that firms that have already achieved a
high productivity level, presumably by applying reaocadvanced technology and/or having a
better organization, assign a significantly loweiopty to the task of training apprentices than
firms with a low productivity.
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As a first important point of an overall assessnwdrihe findings of the study, the strong positive
effect for the share of employees with tertiaryeleeducation (without academics) together with
the even stronger positive effect for the sharetrf middle-educated employees for the
manufacturing and the service sector on the trgipimopensity can be interpreted as a clear hint
that apprentice training remains a relevant chaforehuman capital formation even if labour
demand is shifting toward higher educated emplayidewever, with respect to training intensity
we found a negative relationship between the sbmeiddle-educated employees and the share
of apprentices for the service sector. This findatmgws that even if firms with a high human
capital endowment are stronger inclined to traipraptices than firms with a low human capital
endowment, they also tend to train relatively lagprentices than the firms with low endowment
that decided to offer training.

Further, this is a second important point, firm#&wa high capital intensity and high productivity
are less inclined to train apprentices. Given tpgbductivity firms have decided to train
apprentices, they tend to hire relatively less appeces than firms with low productivity. There is
some (rather weak) evidence for a positive effdcinnovation activities both on the training
propensity and the training intensity in manufaictyr But the service sector and the construction
sector show either no effect (training propensitya negative effect (training intensity). Finally,
a third important point is that younger firms seenhave a lower training propensity than older
firms.

If the Swiss enterprise-based system of vocatiedatation should keep its position as the most
prominent channel of generating (basic) vocatickrewledge, it is necessary that it is (or
remains) strongly established in the high-prodiistiand high-growth part of the economy that
also shows a high entry rate of new innovative $irmhhus, the three abovementioned points
could be a relevant starting point for a policycdission that goes beyond the aim of this paper.
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Table 1: Propensity of training and training iniensef Swiss
enterprises 1995-2004 by sector and industry

Percentage of

Average
employment share

enterprises of apprentices
having (reference: enterprises
Industry / sector apprentices with apprentices)
Food, beverage, tobacco 59.8 4.0
Textiles 58.2 45
Clothing, leather 50.0 4.8
Wood processing 76.0 12.0
Paper 71.4 4.4
Printing 81.0 8.8
Chemicals 58.0 6.2
Plastics, rubber 56.4 4.9
Glass, stone, clay 54.6 4.1
Metal 70.3 5.9
Metalworking 64.1 8.1
Machinery 71.1 8.6
Electrical machinery 72.5 6.9
Electronics, instruments 61.3 6.1
Watches 45.5 5.8
Vehicles 71.0 9.3
Other manufacturing 63.8 8.5
Energy 78.8 8.1
Manufacturing 66.8 7.2
- High-tech manufacturing 65.8 7.3
- Low-tech manufacturing 65.0 7.1
Construction 78.9 10.6
Wholesale trade 65.5 10.4
Retail trade 73.7 14.3
Hotels, catering 63.7 9.9
Transport, telecommunication 48.9 6.3
Banks, insurance 69.7 8.2
Real estate, leasing 50.8 6.6
Computer services 38.7 5.9
Business services 66.8 11.5
Personal services 46.6 19.1
Dienstleistungen 63.8 11.0
- Moderne DL 63.3 9.8
- Trad. DL 62.9 11.0
Total 65.6 8.9
N 9306 6110

High-tech manufacturing: chemicals, plastics, maehy, electrical machinery, electronics/
instruments, vehicles; low-tech industry: food/bragge/tobacoo, textiles, clothing/leather,
paper, printing, glass/stone/clay, metal, metalwaykwatches, other manufacturing, energy;
knowledge-intensive services: banks/insurance, coanservices, business services;
traditional services: whole and retail trade, tporgation/telecommunication; hotels/

catering, real estate/leasing, personal services.
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Table 2: Propensity to training and training inignef Swiss
enterprises 1995-2004 by firm size

Average
Percentage of | employment share
enterprises of apprentices
having (reference: enterprises
Firm size apprentices with apprentices)
5-19 employees 42.6 18.5
20-49 employees 60.1 10.1
50-99 employees 69.6 6.7
100-199 employees 83.5 5.4
200-499 employees 89.2 4.8
500-999 employees 92.0 5.5
> 1000 employees 94.0 4.9
Total 65.6 8.9
N 9306 6110
Table 3: Propensity to training and training intgnef Swiss enterprises
1995-2004 by firm age
Average
employment share
Percentage of of apprentices
enterprises having | (reference: enterprises
Firm age N apprentices with apprentices)
0-5 years 553 62.4 7.9
6-10 years 473 46.3 10.4
11-20 years 1062 48.2 11.4
> 20 years 7218 69.7 8.6
Total 9306 65.7 8.9




Table 4: Definition and measurement of model vdesb

Variable Definition/measurement

Dependent variables

TRP Having at least one apprentice yes/no (training propensity)

TRIN Employment share of apprentices; only firms having apprentices (training
intensity)

LQL Natural logarithm of value added per employee (number of employees

measured in full-time equivalents)

Independent variables
Training propensity/intensity model
LLCL

Labour costs per employee
Natural logarithm of the share of employees with university degree

LHQUAL1 (academics)

LHQUAL2 Natural logarithm of the share of employees with tertiary-level education
(other than university education)

LMQUAL Natural logarithm of the share of employees with a formal degree in
vocational education ('middle' education; '‘Berufslehre")

Natural logarithm of the share of employees with vocational education a

LLQUAL formal degree ('Anlehre’) or without any vocational education ('low'
education)

LC Natural logarithm capital income per employee (capital income = value
added minus labour costs)

LRDS Natural logarithm of R&D expenditures divided by sales

LNEWS Natural logarithm of sales share of new products

LIMPS Natural logarithm of sales share of (already existing) considerably modified
products

INNOPC Introduction of process innovations yes/no

R&D R&D activities yes/no
Natural logarithm of firm age (number of years since foundation: year of

LAGE survey minus founding year of the firm)

FOREIGN Foreign firm yes/no

D Mean of two five-level ordinal variables (level 1: ‘strong decrease’; 5;
‘strong increase’), the first one referring to the development of a firm’s
specific product demand in the last three years, the second one in the next
three years (reference year: survey year); transformation of this mean to a
binary variable (value 1: values 4 to 5 of the original five-level variable;
value 0: values 1 to 3 of the original variable)

IPC Intensity of price competition; transformation of a five-level ordinal variable
(level 1: 'very weak'; level 5: 'very strong") to a binary variable (value 1:
levels 4 and 5 of the original five-level variable; value O: levels 1, 2 and 3 of
the original variable)

INPC Intensity of non-price competition; original and transformed variables as for
IPC

CONC Dummies for four different market types: more than 50 competitors on the
(worldwide) product market; 16 to 50 competitors; 11 to 15 competitors; 6
to 10 competitors; (reference group: up to 5 competitors)

Controls

Firm size Dummies for six firm size classes: 20 to 49 employees; 50 to 99
employees; 100-199 employees; 200 to 499 employees; 500 to 999
employees, 1000 and more employees (reference group: 5-19 employees)

Industry Manufacturing: dummies for 17 2-digit industries (reference industry: food,
beverage, tobacco; services: dummies for 8 2-digit industries (reference
industry: retail trade)

Three dummies for the three reference years for the quantitative variables

Year (1998, 2001, 2004); reference year: 1995

Productivity model

LRDL Natural logarithm of R&D expenditures per employee
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The ordinal variables refer to the 3-year perio884t1996, 1997-1999, 2000-2002 and 2003-2005 ré&sphg the
guantitative variables refer to the years 1995812901 and 2004 respectively.
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Table 5: Training propensity TRP by sector; poglenbit and probit random effects
estimates 1995-2004
Manu-
Explanatory variables facturing Services Construction
TRP TRP TRP TRP TRP TRP
pooled random pooled random pooled random
probit effect probit | probit effect probit | probit effect probit
Internal factors
LLCL -0.420*** -0.512%** -0.425*** -0.730*** -0.407 -0.482
(0.090) (0.178) (0.101) (0.219) (0.265) (0.424)
LHQUAL1 -0.131%** -0.162*** -0.028 -0.038 -0.302*** -0.358***
(0.026) (0.059) (0.029) (0.070) (0.111) (0.193)
LHQUAL2 0.058** 0.127** 0.091*** 0.204*** 0.297*** 0.430***
(0.024) (0.051) (0.028) (0.063) (0.067) (0.131)
LMQUAL 0.201*** 0.366*** 0.147*** 0.306*** 0.107 0.144
(0.041) (0.089) (0.038) (0.086) (0.108) (0.194)
LLQUAL -0.172%** -0.285*** -0.142%** -0.221%** -0.204*** -0.320**
(0.026) (0.054) (0.026) (0.058) (0.061) (0.129)
LC -0.043* -0.068 -0.094*** -0.172** -0.056*** -0.072
(0.023) (0.049) (0.035) (0.072) (0.074) (0.139)
LIMPS 0.018* 0.009 0.017 0.028 0.051 0.083
(0.009) (0.019) (0.015) (0.031) (0.048) (0.082)
LAGE 0.192*** 0.362*** 0.234*** 0.480*** 0.043 0.006
(0.029) (0.065) (0.037) (0.090) (0.084) (0.156)
FOREIGN -0.307*** -0.602** -0.591*** -1.275%** -1.410%** -2.382%**
(0.068) (0.167) (0.093) (0.255) (0.327) (0.712)
External factors
D -0.049 0.042 -0.020 -0.078 -0.395* -0.231
(0.057) (0.111) (0.079) (0.166) (0.238) (0.418)
IPC -0.006 -0.054 0.105 0.115 -0.024 -0.039
(0.053) (0.106) (0.065) (0.139) (0.178) (0.303)
INPC 0.013 0.021 -0.050 -0.134 0.036 0.016
(0.048) (0.094) (0.066) (0.137) (0.167) (0.297)
CONC
> 50 main competitors 0.231*** 0.389*** 0.134* 0.206 0.146 0.416
(0.069) (0.145) (0.081) (0.177) (0.210) (0.387)
16-50 main competitors 0.111 0.174 -0.098 -0.199 0.108 0.404
(0.077) (0.156) (0.105) (0.225) (0.244) (0.430)
11-15 main competitirs -0.083 -0.241 0.324 0.271 1.099*** 1.393*
(0.098) (0.194) (0.226) (0.449) (0.364) (0.705)
6-10 main competitors 0.089 0.101 0.088 0.225 0.299 0.352
(0.062) (0.124) (0.088) (0.194) (0.244) (0.395)
Year
1998 0.203*** 0.160*** 0.041
(0.068) (0.124) (0.213)
2000 0.285*** 0.174 0.045
(0.068) (0.115) (0.217)
2004 0.209*** 0.042 0.402*
(0.069) (0.114) (0.219)
Controls
Firm size
20-49 employees 0.578*** 1.260*** 0.598*** 1.329*** 0.645*** 1.025***
(0.066) (0.174) (0.080) (0.219) (0.177) (0.401)
50-99 employees 1.154%** 2.452%* 0.841*** 1.866*** 1.727*%* 2.997***
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(0.073) (0.214) (0.101) (0.279) (0.233) (0.722)
100-199 employees 1.690*** 3.581*** 1.267*** 2.705%** 1.675%** 2.909***
(0.085) (0.261) (0.119) (0.349) (0.264) (0.713)
200-499 employees 2.307*** 4.815*** 1.390*** 3.042*** 2.133%** 3.698***
(0.111) (0.349) (0.149) (0.409) (0.433) (0.967)
500-999employees 2.428*** 5.159*** 1.695*** 3.911%* 1.395*** 2.387***
(0.192) (0.514) (0.230) (0.698) (0.511) (1.043)
1000 and more employees | 2.555%** 4.878** 1.949*** 4.270**
(0.258) (0.559) (0.263) (0.723)
Industry dummies Yes Yes Yes Yes Yes Yes
N 4180 4180 2210 2210 617 617
Pseudo R2 0.260 0.216 0.312
Wald chi2 1014*** 300*** 502%** 120*** 166*** 38*
Rho 0.800*** 0.812*** 0.704

Notes:see table 4 for the variable definitions; ***, ** denote statistical significance at the 1%, 5% 40% test
level respectively; manufacturing: 17 industry duiesnheteroscedasticity-robust standard errors {@\firocedure).
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Table 6:

Training propensity TRP by sector; altéugainnovation variables; pooled probit
and probit random effects estimates 1995-2004

Manu- Services Construction
Innovation variables facturing
TRP TRP TRP TRP TRP TRP
Random Random Random
Pooled effects Pooled effects Pooled effects
probit probit probit probit probit probit
INNOPD 0.031 -0.162 -0.002 -0.030 0.145 0.218
(0.053) (0.109) (0.056) (0.110) (0.148) (0.275)
INNOPC -0.046 -0.192 0.128** 0.133 0.001 -0.169
(0.048) (0.120) (0.057) (0.110) (0.150) (0.268)
R&D 0.062 -0.031 0.023 -0.043 -0.033 -0.358
(0.053) (0.109) (0.065) (0.125) (0.179) (0.335)
PAT 0.122* 0.054 -0.141 -0.170 -0.056 -0.439
(0.064) (0.134) (0.133) (0.278) (0.338) (0.512)
LRDS 0.017** 0.026* -0.001 -0.004 0.005 -0.015
(0.008) (0.016) (0.010) (0.020) (0.033) (0.058)
LNEWS 0.007 0.002 0.018 0.038 0.102* 0.174*
(0.010) (0.020) (0.016) (0.032) (0.055) (0.096)
LIMPS 0.017* 0.009 0.017 0.028 0.051 0.083
(0.009) (0.019) (0.015) (0.031) (0.048) (0.082)

Notes:see table 4 for the variable definitions; ***, ** denote statistical significance at the 1%, 5% 40% test
level respectively; this table contains only thefticients and the standard errors of the innovatiariables.
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Table 7: Training intensity TRIN by sector; pooledsS; GLS fixed and random effects estimates 1998420

Manu Services Construction
Explanatory variables Facturing
TRIN TRIN TRIN TRIN TRIN TRIN TRIN TRIN
random fixed random fixed random
Pooled effects effects Pooled effects effects pooled effects
oLS GLS GLS OLS GLS GLS OLS GLS
Internal factors
LLCL -0.022*  -0.011**  0.005 -0.041%  -0.028** 0,012 -0.044%*+ -0.029***
(0.005) (0.004) (0.005) (0.006) (0.059) (0.010) (0.015) (0.010)
LHQUAL1 0.001 -0.001 0.001 -0.003 -0.002 -0.001 -0.014** -0.010*
(0.001) (0.001) (0.002) (0.002) (0.002) (0.004) (0.006) (0.005)
LHQUAL2 -0.001 -0.001 -0.001 0.000 -0.003*  -0.011** |0.008* 0.008**
(0.002) (0.001) (0.002) (0.002) (0.002) (0.003) (0.005) (0.004)
LMQUAL 0.000 -0.005*  -0.009*** |.0.009*  -0.011*** _0024** |0.018** 0.006
(0.004) (0.002) (0.002) (0.004) (0.003) (0.006) (0.006) (0.005)
LIMPS 7.9E-04* 51E-04  2.1E-04 |.0.002**  -8.0E-04 6.1E-04 -0.001 1.0E-05
(4.6E-04) (3.8E-04) (4.7E-04) |(0.001) (8.0E-04) (1.2E-03) |(0.002) (1.8E-03)
LAGE 0.003* 0.002 -0.001 -0.002 0.000 0.011* -0.008 -0.004
(0.001) (0.001) (0.002) (0.002) (0.002) (0.006) (0.005) (0.004)
FOREIGN -0.004* -0.003 0.003 -0.006 -0.005 -0.008 0.004 0.001
(0.002) (0.003) (0.005) (0.006) (0.007) (0.018) (0.023) (0.023)
External factors
D -0.002 -0.004* -0.002 -0.012*  -0.005 0.005 0.017 0.013
(0.002) (0.002) (0.002) (0.004) (0.004) (0.006) (0.014) (0.010)
IPC -0.003 -0.002 -0.002 -0.008* -0.004 0.002 0.005 0.008
(0.003) (0.002) (0.003) (0.004) (0.003) (0.006) (0.009) (0.007)
INPC 0.001 0.000 -0.001 0.005 0.004 0.002 0.022** 0.018*
(0.002) (0.002) (0.002) (0.004) (0.003) (0.005) (0.010) (0.007)
CONC
> 50 main competitors 0.006* 0.002 0.001 0.007 0.009* 0.013* 0.000 0.007
(0.003) (0.003) (0.004) (0.005) (0.005) (0.008) (0.014) (0.010)
16-50 main competitors 0.001 0.002 0.003 0.000 0.004 0.009 -0.015 0.000
(0.003) (0.003) (0.004) (0.006) (0.006) (0.009) (0.014) (0.011)
11-15 main competitirs 0.004 0.000 -0.005 -0.008 0.002 0.020 -0.013 0.015
(0.005) (0.004) (0.004)  [(0.014) (0.011)  (0.014) (0.021) (0.014)




6-10 main competitors -0.001 -0.003 -0.004 -0.005 -0.002 0.005 0.005 0.022**
(0.003) (0.002) (0.003) (0.005) (0.005) (0.007) (0.015) (0.011)
Year
1998 0.007* 0.014 0.005
(0.003) (0.009 (0.013)
2000 0.005 0.007 0.005
(0.003) (0.008) (0.014)
2004 0.008*** 0.012 0.003
(0.003) (0.008) (0.013)
Controls
Firm size:
20-49 employees -0.081%*  -0.066***  -0.024*** | .0, 074%+*  -0.070** .0.047** |-0.078** -0.070%**
(0.006) (0.004) (0.008) (0.007) (0.006) (0.013) (0.013) (0.010)
50-99 employees -0.103**  -0.091**  -0.042*** | .0,099%*  -0.100***  .0.074** |-0.110%** -0.096***
(0.006) (0.004) (0.010) (0.007) (0.007) (0.017) (0.013) (0.012)
100-199 employees -0.110%*  -0.099**  -0.048*** | .0.116%*  -0.113** _0.076** |-0.091*** -0.093***
(0.006) (0.004) (0.011) (0.007) (0.007) (0.022) (0.015) (0.012)
200-499 employees -0.109%*  -0.100%**  -0.051*** |.0.119%  -0.122%* .0 117** |-0.118** -0.107***
(0.006) (0.005) (0.012) (0.007) (0.008) (0.032) (0.014) (0.014)
500-999employees -0.102%*  -0.096**  -0.051*** |.0.110**  -0.111** _0.098** -0.081%*+ -0.097***
(0.007) (0.006) (0.014) (0.009) (0.011) (0.039) (0.021) (0.028)
1000 and more employees |-0.107**  -0.095***  -0.042**  |.0.117** -0.118** .0.101* -0.100%** -0.101%**
(0.007) (0.008) (0.003) (0.008) (0.011) (0.056) (0.027) (0.028)
Industry dummies Yes Yes Yes Yes Yes Yes Yes Yes
N 2879 2789 2789 1529 1529 1529 539 539
R’ad. 0.368 0.357 0.403 0.362
F 30*** 2*** 23*** 2*** 11***
SER 0.055 0.075 0.077
Roverall 0.357 0.076 0.359 0.242 0.327
Wald Chi2 899¥** 751%%* 177+
Rho 0.709 0.825 0.646 0.769 0.716

Notes:see table 4 for the variable definitions; ***, * denote statistical significance at the 1%, 5% &0% test level respectively; heteroscedasti@tyust

standard errors (White procedure); rho: share némae that can be traced back to heterogeneity.




Table 8:

Training intensity TRIN by sector; altetima innovation variables; pooled OLS; GLS fixeddlaandom effects
estimates 1995-2004

Manu- Services Constructi
Innovation variables facturing on
TRIN TRIN TRIN TRIN TRIN TRIN TRIN TRIN
Random Fixed Random Random
Pooled effects effects Pooled effects Fixed effects | Pooled effects
probit probit probit probit probit probit probit probit
INNOPD 4.7E-03* 6.0E-03*** 5.8E-03** |-8.1E-03*** -3.7E-03 3.8E-03 -1.1E-02* -1.4E-02**
(2.7E-03) (2.0E-03) (2.9E-03) |(3.2E-03) (3.1E-03) (4.1E-3) (0.6E-02) (0.6E-02)
INNOPC 4.3E-03* 2.1E-04 -2.5E-03 -9.4E-03** -6.9E-03** -4.4E-03 -3.4E-03 -1.0E-02**
(2.2E-03) (1.8E-04) (2.5E-03) |(3.2E-03) (3.0E-03) (3.9E-03) (6.1E-03) (0.5E-03)
R&D 7.8E-04 1.4E04 4.3E-04 -9.7E-03***  -6.6E-03** -3.4E-03 -1.3E-02* -1.3E-02**
(2.7E-03) (2.2E-03) (2.9E-03) |(3.3E-03) (3.4E-03) (4.5E-03) (0.7E-02)  (0.6E-02)
PAT 1.7E-03 2.0E-03 2.5E-03 -1.5E-02*** -9.0E-03 3.0E-04 -6.0E-03 1.1E-02
(2.2E-03) (2.0E-03) (2.9E-03) |(0.6E-02) (7.9E-03) (1.0E-02) (1.7E-02) (1.4E-02)
LRDS 4.8E-04 1.8E-04 3.1E-04 -1.7E-03*** -1.0E-03* -1.8E-04 -2.0E-03* -2.0E-03*
(4.3E-04) (3.1E-04) (4.1E-04) |(0.5E-03) (0.5E-03) (7.3E-04) (1.2E-03) (1.2E-03)
LNEWS 5.3E-04 4.7E-04 4.1E-04 -1.4E-03 -3.1E-04 1.9E-03 1.8E-03 1.0E-03
(4.9E-04) (4.1E-04) (5.0E-04) |(0.9E-03) (8.2E-04)  (1.2E-03) (2.1E-03) (1.8-E03)
LIMPS 7.9E-04* 5.1E-04 2.1E-04 -1.6E-03**  -8.0E-04 6.1E-04 -1.1E-03 1.4E-03
(4.6E-04)  (3.8E-04)  (4.7E-04) |(0.8E-03) (8.0E-04)  (1.2E-03) (1.8E-03)  (1.8E-03)

Notes:see table 4 for the variable definitions; ***, ** denote statistical significance at the 1%, 5% &0% test level respectively;
only the coefficient+s and the standard errordefibnovation variables.

this table contains



Table 9: Estimates of productivity equation by sed995-2004; TRP

Manu- Services Construction
Explanatory variables facturing
LQL LQL LQL LQL LQL LQL
G2SLS G2SLS fixed G2SLS G2SLS fixed G2SLS G2SLS
random effects IV random effects IV random fixed
IV (2SLS) effects IV regression | IV (2SLS) effects IV regression IV (2SLS) effects IV effects IV
regression  regression regression  regression regression  regression regression
LC 0.243%** 0.257*** 0.324*** 0.423%** 0.423%** 0.392%** 0.276*** 0.262%** 0.224%**
(0.080) (0.005) (0.062) (0.012) (0.007) (0.021) (0.015) (0.012) (0.018)
LHQUAL 0.025*** 0.029*** 0.008 0.028*** 0.029*** 0.023 0.028* 0.036*** 0.037
(0.006) (0.005) (0.008) (0.006) (0.005) (0.023) (0.014) (0.013) (0.024)
LRDL 0.020*** 0.015*** 0.003 0.009* 0.009* -0.002 0.015 0.029* 0.026
(0.006) (0.003) (0.003) (0.005) (0.005) (0.017) (0.016) (0.015) (0.023)
TRP -0.445%+* -0.399**+  0.048 -0.426%** -0.424%x% -1.29] *** -0.454 %+ -0.535***  0.104
(0.050) (0.073) (0.163) (0.049) (0.049) (0.497) (0.092) (0.110) (0.151)
FOREIGN 0.037* 0.042%** 0.027 -0.026 -0.026 0.052 -0.092 -0.112 -0.130
(0.020) (0.017) (0.023) (0.023) (0.022) (0.126) (0.059) (0.071) (0.128)
Controls
Time dummies yes Yes Yes
Firm size dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 3918 3918 3918 2198 2198 2198 622 622 622
R’adj 0.401 0.677 0.433
F 56*** 147*** 3] *x**
SER 0.315 0.294 0.260
R?overall 0.460 0.438 0.692 0.303 0.425 0.348
Wald chi2 3694*** 2.04E+Q7*** 5339%** 2.09E+06*** 522%** 2.49E06***
Rho 0.682 0.811 - 0.739 0.433 0.687

Notes:see table 4 for the variable definitions; ***, * denote statistical significance at the 1%, 5% &0% test level respectively; heteroscedasti@bust standard errors
(White procedure); rho: share of variance thatlmatraced back to heterogeneity.



Table 10: Estimates of productivity equation bytee®995-2004; TRIN

Manu- Services Construction
Explanatory variables facturing
LQL LQL LQL LQL LQL LQL
G2SLS G2SLS G2SLS G2SLS G2SLS G2SLS fixed
random fixed effects random fixed effects random effects IV
IV (2SLS) effects IV v IV (2SLS) effects IV IV IV (2SLS) effects IV regression
regression  regression  regression |regression  regression regression | regression  regression
LC 0.193*** 0.266**+* 0.319%** 0.413** 0.428%x  0.438*** 0.261*** 0.249%**  0.217***
(0.060) (0.005) (0.009) (0.023) (0.012) (0.013) (0.019) (0.016) (0.020)
LHQUAL 0.015 0.032%** 0.008 0.015 0.004 -0.008 0.034 0.057***  0.049*
(0.023) (0.006) (0.011) (0.019) (0.012) (0.014) (0.023) (0.020) (0.029)
LRDL 0.029** 0.011*** 0.003 -0.014 -0.005 0.001 -0.002 0.006 0.029
(0.013) (0.003) (0.005) (0.010) (0.008) (0.009) (0.017) (0.020) (0.023)
TRIN -15.385** -1 351* 4.194*** -8.360%** -5.697***  -1.768*** -3.657*** -4.292*  -0.951
(3.162) (0.758) (1.046) (1.207) (0.740 (0.665) (0.637) (0.638) (0.977)
FOREIGN -0.015 0.054*** -0.001 -0.047 0.002 -0.029 0.002 -0.029 -0.081
(0.042) (0.019) (0.037) (0.048) (0.050) (0.079) (0.074) (0.106) (0.184)
Controls
Time dummies Yes Yes Yes
Firm size dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 25908 2598 2598 1407 1407 1407 492 492 492
R’adj - - 0.108
E ¥ sl 34x** 2] ***
SER 0.855 0.646 0.310
R?overall 0.526 0.195 0.468 0.553 0.321 0.438
Wald chi2 626**+* 9.09E+06*** 1585*** 62E+06*** 295%** 2.09E+06***
Rho 0.928 0.862 0.890 0.791 0.597 0.636

Notes:see table 4 for the variable definitions; ***, * denote statistical significance at the 1%, 5% &6% test level respectively; heteroscedasti@tysst standard errors
(White procedure); rho: share of variance thatlmatraced back to heterogeneity.



APPENDIX:

Table A.1:  Composition of data set used by indygimn size and region

Percentage of
Industry / sector N firms
Food, beverage, tobacco 363 3.9
Textiles 141 15
Clothing, leather 66 0.7
Wood processing 204 2.2
Paper 112 12
Printing 289 3.1
Chemicals 295 3.2
Plastics, rubber 225 2.4
Glass, stone, clay 205 2.2
Metal 111 1.2
Metalworking 668 7.2
Machinery 760 8.2
Electrical machinery 218 2.3
Electronics, instruments 473 51
Watches 167 1.8
Vehicles 93 1.0
Other manufacturing 199 2.1
Energy 132 1.4
Construction 925 9.9
Wholesale trade 796 8.6
Retail trade 590 6.3
Hotels, catering 377 4.1
Transport, telecommunication 477 51
Banks, insurance 406 4.4
Real estate, leasing 65 0.7
Computer services 199 2.1
Business services 659 7.1
Personal services 91 1.0
Firm size (number of employees)
5-19 employees 2593 27.8
20.49 employees 2164 23.3
50-99 employees 1510 16.2
100-199 employees 1391 15.0
200-499 employees 1016 10.9
500-999 employees 348 3.7
>= 1000 employees 284 3.1
Year
1996 1993 21.4
1999 2172 23.3
2002 2586 27.8
2005 2555 275
Total 9306 100




Table A.2: Results of probit modeith sample selection
(STATA procedure heckprob)

Manu- Services Construction
facturing
Rho 0.015 -0.027 -0.043
Std. Err. (0.046) (0.099) (0.155)

LR test of indep.
egns. (rho = 0)

Chi2 0.11 0.07 0.07
Prob > chi2 0.739 0.789 0.785




Table A.3:

Descriptive statistics of model variahlby sector

Manu- Services Construction
Variable facturing
Mean Standard | Mean | Standard Standard
deviation deviation Mean deviation

TRP 0.653 0.476 0.628 0.483 0.786 0.410
TRIN 0.072 0.071 0.106 0.097 0.106 0.092
LQL 11.810 0.412 11.913 0.537 11.645 0.368
LLCL 11.237 0.297 11.218 0.402 11.200 0.306
LHQUAL -2.258 1.094 -2.247 1.401 -2.454 1.041
LHQUAL1 -3.834 1.033 -3.645 1.347 -4.296 0.672
LHQUAL2 -2.523 1.086 -2.602 1.318 -2.565 1.034
LMQUAL -0.998 0.769 -0.969 0.982 -0.931 0.772
LLQUAL -1.1598 1.290 -2.480 1.608 -1.827 1.472
LC 10.827 1.017 11.021 0.981 10.407 0.942
LRDS -7.398 3.734 -9.915 3.011 -10.595 2.177
LRDL 2.020 2.108 0.732 1.617 0.289 0.907
LNEWS 0.741 2.514 -0.947 2.183 -1.672 1.591
LIMPS 0.730 2.627 -0.936 2.270 -1.646 1.669
INNOPD 0.654 0.476 0.420 0.494 0.240 0.427
INNOPC 0.556 0.497 0.394 0.489 0.275 0.447
R&D 0.597 0.490 0.270 0.444 0.179 0.384
PAT 0.265 0.441 0.042 0.198 0.047 0.212
LAGE 3.747 0.879 3.531 0.965 3.748 0.842
AGE (5-9 yeras) 0.039 0.195 0.070 0.255 0.034 0.180
AGE (10-19 years) 0.093 0.290 0.150 0.357 0.081 0.273
AGE (20 years and more) 0.813 0.390 0.712 0.453 0.834 0.373
FOREIGN 0.141 0.348 0.132 0.339 0.045 0.207
D 0.237 0.425 0.245 0.430 0.097 0.296
IPC 0.736 0.441 0.661 0.473 0.777 0.416
INPC 0.403 0.491 0.395 0.489 0.213 0.410
CONC (16-50 competitors 0.223 0.416 0.354 0.478 0.402 0.491
CONC (11-15 competitors) 0.136 0.343 0.126 0.332 0.208 0.406
CONC (6-10 competitors 0.067 0.249 0.039 0.193 0.067 0.250
CONC (up to 5 competitors) 0.300 0.458 0.218 0.413 0.196 0.397




Table A.4: Correlation matrix; manufacturing

CONC(16- CONC(11- CONC(6-
LWL  LHQUAL LHQUAL1 LHQUAL2 LMQUAL LLQUAL LC LRDS LRDL LNEWS LIMPS INNOPD INNOPC R&D PAT _ LAGE FOREIGN D IPC___INPC__ 50) 15) 10)
LHQUAL 0.29
LHQUAL1 0.30 0.66
LHQUAL2 0.23 0.93 0.30
LMQUAL 0.11 -0.08 -0.07 -0.06
LLQUAL -0.13 -0.26 -0.18 -0.26 -0.52
Lc 0.10 0.06 0.08 0.03 0.01 0.03
LRDS 0.18 0.31 0.32 0.24 -0.10 0.00 005
LRDL 0.26 0.36 0.37 0.28 -0.07 .06 010 094
LNEWS 0.09 0.21 0.18 0.17 -0.09 008 005 056 050
LIMPS 0.06 0.22 0.15 0.19 -0.07 005 005 052 046 0.61
INNOPD 0.13 0.22 0.21 0.17 -0.09 004 005 064 056 0.63  0.60
INNOPC 0.06 0.10 0.13 0.06 -0.04 004 002 037 030 041 042 0.36
R&D 0.14 0.25 0.26 0.19 -0.12 007 006 089 075 058 055 0.68 0.41
PAT 0.16 0.22 0.26 0.17 -0.04 004 003 045 046 032 030 0.37 020 041
LAGE 0.04 -0.04 -0.03 -0.05 -0.01 014 003 -001 -0.03 003 0.0 0.03 0.04 003 006
FOREIGN 0.14 0.13 0.13 0.11 -0.01 000 008 010 013 009  0.06 0.09 0.00 008 009 -0.07
D 0.08 0.13 0.16 0.10 0.00 2003 009 019 021 014 013 0.14 012 017 012 -0.08 0.05
IPC 0.03 0.00 -0.03 0.00 -0.05 010 -0.04 002 001 002 003 0.02 0.02 003 004 007 0.00 -0.10
INPC 0.02 0.07 0.06 0.06 0.01 005 003 013 013 010 0.0 0.10 008 011 008 -0.10 0.06 010 -0.06
gg;Nc(lG_ -0.12 -0.10 -0.14 -0.07 0.06 007 006 -017 -008 -0.16 -0.10 -0.16 002 -016 -017 -0.04 012 -006 009 001
ESNC(M_ -0.03 -0.06 -0.04 -0.05 -0.02 006 -003 -0.07 -007 -0.02 -0.01 -0.02 20.02 -005 -004 0.03 001 -008 001 -0.03 -0.20
CONC(6-10) | -0.05 -0.05 -0.03 -0.05 0.01 004 -003 000 -001 -0.04 001 -0.04 001 001 002 005 002 000 000 0.02 -0.14 -0.10
CONC(<5) 0.03 0.06 0.05 0.05 -0.07 0.06 003 007 009 0.09 007 0.10 0.03 010 007 004 0.07 005 000 003 -0.36 -0.03 -0.18




Table A.5: Correlation matrix; services

CONC(16- CONC(11- CONC(6-
LWL  LHQUAL LHQUAL1 LHQUAL2 LMQUAL LLQUAL LC LRDS LRDL LNEWS LIMPS INNOPD INNOPC R&D PAT _ LAGE FOREIGN D IPC___INPC__ 50) 15) 10)

LHQUAL 0.34

LHQUAL1 0.31 0.64

LHQUAL2 0.30 0.89 0.32

LMQUAL 0.05 -0.33 -0.30 -0.27

LLQUAL -0.26 -0.37 -0.34 -0.30 -0.16

Lc 0.09 -0.03 -0.06 -0.02 0.11 -0.04

LRDS 0.18 0.25 0.27 0.20 -0.10 -0.09  -0.07

LRDL 0.22 0.25 0.28 0.20 -0.10 011 001 094

LNEWS 0.12 0.19 0.16 0.18 -0.04 .04 002 046 040

LIMPS 0.09 0.20 0.16 0.19 -0.04 0.04 002 049 041 0.76

INNOPD 0.16 0.19 0.15 0.17 -0.03 0.04 -002 053 046 074 070

INNOPC 0.15 0.22 0.21 0.18 -0.04 .07 001 045 0.39 058 058 0.53

R&D 0.18 0.23 0.25 0.19 -0.06 .04 -004 090 0.77 050 054 0.57 0.51

PAT 0.12 0.11 0.16 0.05 -0.04 0.02 -004 029 028 020 013 0.21 013 025

LAGE 0.12 0.02 -0.03 0.02 0.15 002 004 -002 -0.02 000 -0.02 0.01 0.02 000 -0.05

FOREIGN 0.13 0.10 0.07 0.11 0.04 2001 009 -0.01 001 009 007 0.07 002 -001 001 -0.07

D 0.11 0.05 0.01 0.05 0.06 2005 011 002 001 010 012 0.12 016 004 007 -001 0.04

IPC 0.03 0.03 -0.02 0.07 0.07 003 002 003 002 008  0.09 0.09 012 006 -001 007 0.05 001

INPC 0.04 0.02 0.00 0.04 0.04 .02 004 004 003 011  0.09 0.09 0.04 004 006 002 007 005 0.06

gg;Nc(lG_ -0.07 0.03 0.07 0.02 -0.10 001 002 002 001 -002 -0.01 -0.05 002 000 -0.03 -0.09 005 -008 -001 001

ESNC(M_ -0.05 0.00 -0.03 0.01 0.05 000 -0.06 000 -0.02 000 003 0.01 .03 000 002 0.02 0.00 001 007 -001 -0.27

CONC(6-10) | -0.04 -0.09 -0.08 -0.07 0.04 000 000 -0.06 -005 -0.11 -0.11 -0.12 012 -075 -003 0.03 0.00 005 -0.04 017 -0.13 -0.07

CONC(<5) 0.06 0.01 0.00 0.02 0.06 002 003 002 004 0.07  0.06 0.07 0.06 003 001 005 0.05 002 006 005 -0.41 -0.21 -0.10




Table A.6: Correlation matrix; construction

CONC(16- CONC(11- CONC(6-
LWL  LHQUAL LHQUAL1 LHQUAL2 LMQUAL LLQUAL LC LRDS LRDL LNEWS LIMPS INNOPD INNOPC R&D PAT _ LAGE FOREIGN D IPC___INPC__ 50) 15) 10)
LHQUAL 0.12
LHQUAL1 0.10 0.32
LHQUAL2 0.08 0.96 0.09
LMQUAL -0.08 -0.11 -0.20 -0.06
LLQUAL 0.20 -0.12 0.10 -0.16 -0.55
Lc -0.09 0.02 0.04 0.01 0.02 -0.06
LRDS 0.14 0.17 0.23 0.11 -0.07 0.09 001
LRDL 0.14 0.17 0.22 0.11 -0.05 004 005 087
LNEWS 0.13 0.15 0.10 0.12 -0.06 .04 -006 050 041
LIMPS 0.13 0.16 0.09 0.13 0.00 .04 -006 050 0.44 0.80
INNOPD 0.11 0.16 0.44 0.13 -0.04 0.02 -003 057 044 0.60  0.60
INNOPC 0.14 0.15 0.16 0.11 -0.03 002 -003 055 040 057 068 0.50
R&D 0.15 0.16 0.25 0.10 -0.03 007 001 089 065 045 047 0.60 0.57
PAT 0.15 0.13 0.11 0.08 0.00 003 005 036 039 024 022 0.27 024 033
LAGE 0.01 0.04 -0.11 0.07 0.05 006 -0.11 0.9 -0.05 000 001 -0.04 001 003 -0.20
FOREIGN 0.07 0.05 0.17 0.02 0.09 2003 011 011  0.07 001 -0.03 0.02 008 014 024 -0.10
D -0.01 0.15 -0.03 0.12 -0.03 .04 -005 015 0.5 007 012 0.05 016 013 021 -0.05 0.01
IPC 0.11 0.07 0.03 0.08 -0.10 009 -009 002 001 003 004 0.04 013 005 005 002 0.02  0.06
INPC -0.04 0.04 0.03 0.05 0.04 010 006 000 000 -001 -0.04 -0.02 2005 001 007 -0.17 0.02 -001 0.6
gg;Nc(lG_ -0.03 0.05 0.08 0.04 -0.06 001 004 001 -002 -002 -0.03 0.06 001 001 -008 -0.03 012 -001 005 0.03
ESNC(M_ 0.00 -0.07 -0.10 -0.05 -0.01 014 -017 000 -0.03 003  0.06 0.00 0.08 003 -009 017 001 000 011 -0.09 -0.42
CONC(6-10) | -0.05 -0.01 -0.04 -0.01 0.01 001 007 -012 -009 -0.16 -0.16 -0.16 017 -013 -0.06  0.00 011 -005 -010 001 -0.26 -0.15
CONC(<5) 0.02 -0.03 0.04 -0.04 0.01 -0.06 015 -0.03 003  -002 -0.04 -0.05 007 -0.04 016 -0.05 0.07 004 003 003 -0.40 -0.24 -0.15






